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PREFACE. 

r~€>  2  0 

There  is  some  reason  to  fear  that  the  feeling  of  any  one  who  may 

examine  in  detail  this  edition  and  translation  of  Varaha  Mihira’s  astronomi¬ 

cal  work  will,  in  the  first  place,  be  wonder  at  the  boldness  of  the  editors. 

I  am  indeed  fully  conscious  that  on  the  imperfect  materials  at  our  disposal 

an  edition  in  the  strict  sense  of  the  word  cannot  be  based,  and  that  what  we 

are  able  to  offer  at  present  deserves  no  other  name  but  that  of  a  first  attempt 

to  give  a  general  idea  of  the  contents  of  the  PanchasiddhUntiM.  It  would, 

in  these  circumstances,  possibly  have  been  wiser  to  delay  an  edition  of  the 

work  until  more  correct  Manuscripts  have  been  discovered.  Two  consider¬ 

ations,  however,  in  the  end  induced  us  no  longer  to  keep  back  the  results, 

however  imperfect,  of  our  long  continued  endeavours  to  restore  and  elucidate 

the  text  of  the  Panchasiddh&ntikii.  In  the  first  place  we  were  encouraged 

by  the  consideration  that  texts  of  purely  mathematical  or  astronomical  con¬ 

tents  may;  without  great  disadvantages,  be  submitted  to  a  much  rougher  and 

bolder  treatment  than  texts  of  other  kinds.  What  interests  us  in  these  works, 

is  almost  exclusively  their  matter,  not  either  their  general  style  or  the  parti¬ 

cular  words  employed  ;  and  the  peculiar  nature  of  the  subject  often  enables 

us  to  restore  with  nearly  absolute  certainty  the  general  meaning  of  passages 

the  single  words  of  which  are  past  trustworthy  emendation.  And,  in  the 

second  place,  we  feel  convinced  that  even  from  that  part  of  the  Paneha- 

siddh&ntikk  which  we  are  able  to  explain  more  is  to  be  learned  about  the 

early  history  of  Sanskrit  Astronomy  than  from  any  other  work  which  has 
come  down  to  our  time. 

Imperfect  and  fragmentary  as  text  and  translation  are,  we  may  assert 

at  any  rate  that,  in  our  endeavours  to  overcome  the  quite  unusual  obstacles, 

which  the  corrupt  and  bare  text  of  the  Panehasiddh&ntik&  opposes  to  the 

interpreter,  we  have  spared  no  trouble.  The  time  and  thought,  devoted  to 

the  present  volume,  would,  I  may  say  without  exaggeration,  have  amply 

sufficed  for  the  editing  and  explaining  of  twenty  times  the  amount  of  text 

presenting  only  normal  difficulties.  This  I  mention,  not  of  course  in  order  to 

extol  what  we  have  been  able  to  do,  but  only  as  an  excuse  for  what  we  see 

ourselves  obliged  to  leave  undone. 

Next  to  the  lamentable  state  of  the  text  as  appearing  in  the  two  Manu¬ 

scripts  at  our  disposal,  the  greatest  disadvantage  under  which  we  laboured 

was  the  absence  of  a  Commentary.  Commentaries  can  be  hardly  done  with¬ 

out  in  the  case  of  any  Sanskrit  astronomical  work ;  much  less  so,  when  the 

text,  as  that  of  the  Pan.chasicldhhn.tika,  describes  many  mathematical  pro- 
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cesses  more  or  less  diverging  from  those  commonly  employed.  Commentaries 

probably  existed  formerly,  and  possibly  exist  even  now ;  but  we  have  failed 

to  procure  any.  The  Commentary  published  in  the  present  volume  is  an 

entirely  original  composition  by  my  Collaborator.  A  mere  translation  of  the 

text  with  notes  would,  indeed,  have  sufficed  for  the  European  reader ;  we 

however,  wished  to  make  the  results  of  our  labour  accessible  to  Pandits  also 

who  understand  no  English.  And  a  full  tik&  giving  full  demonstrations 

in  the  ordinary  Hi  add  style  will,  in  many  cases,  he  useful  to  the  European 
student  also.  ,, 

The  right  hand  columns  of  the  text  give  the  emended  text ;  the  left 

hand  columns  the  text  of  the  better  one  of  our  two  Manuscripts  which  we 

thought  advisable  to  exhibit  in  extenso.  Some  remarks  on  the  Manuscripts 
and  the  mode  of  emendation  of  the  text  will  be  found  at  the  end  of  the 

Introduction. 

As  this  preface  is  signed  by  myself  only,  I  may,  I  think,  here 

acknowledge — in  a  somewhat  more  explicit  way  than  the  mere  association  of 

names  on  the  title  page  is  capable  of  doing — the  great  obligations  under 

which  I  am  to  my  collaborator  Pandit  Mahamohopad  hy&ya  Sudhakara 

Dvivedl.  His  constant  assistance  was  altogether  indispensable  to  me,  and 

all  the  more  welcome  as  among  the  Jyautishas  of  my  acquaintance  I  know  of 

no  other,  fully  equal  to  work  of  this  kind  and  at  the  same  time  equally  ready  to 

devote  himself  to  a  task  which  in  certain  aspects  is  so  entirely  unremunerative. 

I  may  express  the  hope  that  the  Pandit,  who  is  already  so  well  known  for 

his  efforts  to  spread  a  knowledge  of  modern  higher  Mathematics  among  his 

countrymen,  will  continue  to  devote  a  part  at  least  of  his  learning  and  talents 

to  the  elucidation  of  the  ancient  history  of  science  in  this  eountry. 

I  further  wish  to  express  my  best  thanks  to  the  Bombay  Government 

and  to  Professor  B.  G.  Bhandarkar,  who  with  great  liberality  have  allowed 

me  the  use,  for  lengthened  periods  of  time,  of  all  those  Manuscripts  in  their 

charge  which  I  required  for  the  present  edition.  Nor  must  I  omit  to  record 

my  obligations  to  Professor  G.  Buehler  to  whose  activity,  when  in  charge  of 

the  search  for  Sanskrit  Manuscripts  in  parts  of  the  Bombay  Presidency,  we 

are  indebted  for  the  discovery  of  the  two  Manuscripts  on  which  this  edition 

is  based. 

All.IhabAd  : 

15th  December,  1888. 

G.  THIBAUT. 



INTRODUCTION. 

The  Panchasiddhantika  by  Varaha  Mihira  occupies  a  marked  position 

of  its  own  in  Indian  astronomical  literature.  As  a  rule  works  treating  of 

that  branch  of  science  claim  either  to  be  directly  revealed,  as  f  i.  the  Sftrya 

Siddh&nta  in  that  form  which  lias  come  down  to  our  time ;  or  else  to  base  in 

all  essential  points  on  some  older  work  of  divine  origin,  as  f  i.  the  Siddh&ntas 

by  Brahmagupta  and  Bh&skar&charya,  both  of  which  are  reproductions, 

however  greatly  amplified  and  improved,  of  an  old  Pait&maha  Siddhanta, 

One  of  the  consequences  of  this  is,  that  these  works  claim  for  themselves 

direct  or  derived  infallibility,  propound  their  doctrines  in  a  calmly  dogmatic 

tone,  and  either  pay  no  attention  whatever  to  views  diverging  from  their  own, 

or  else  refer  to  such  only  occasionally,  and  mostly  in  the  tone  of  contemp¬ 

tuous  depreciation.  The  latter  attitude  is  assumed  f  i.  by  Brahmagupta 

who  indeed  devotes  a  special  chapter  to  the  task  of  reviewing  those  astronomi¬ 

cal  systems  which  were  opposed  to  the'teaching  of  the  Brahma  Siddhanta, 
but  who  would  have  rendered  that  part  of  his  work  much  more  valuable  and 

interesting,  had  he  been  less  anxious  to  criticize  and  ridicule  than  to  impart 

information.  The  astronomical  writers,  it  is  true,  therein  only  exemplify 

a  general  mental  tendency  which  displays  itself  in  almost  every  department 

of  Hindi!  Literature ;  but  mere  dogmatic  assertion  appears  more  than 

ordinarily  misplaced  in  an  exact  science  like  astronomy,  and  the  absence  of 

all  appreciative  reference  to  the  views  of  preceding  authors  is  particularly 

vexatious,  when  we  have  to  do  with  a  branch  of  Hindi!  Learning  which 

shows  clear  traces  of  having  been  remodelled  under  the  influence  of  Greek 

teaching. 

To  the  general  rule  the  Panchasiddhantika  forms  a  striking  exception. 

As  far  as  we  can  judge  at  present,  Varaha  Mihira  was  the  only  one  among 

Hindi!  writers  on  astronomy  who  thought  it  worth  while  to  give  an  exposition 

of  all  the  more  important  forms  of  astronomical  doctrine  which  were  current 

at  his  time.  Not  that  he  was  unable  to  judge  of  the  relative  value  of  the 

systems  which  offered  themselves  to  his  examination ;  for,  as  we  shall  see 

further  on,  he  knew  very  well  in  what  order  of  merit  the  five  Siddh&ntas 

whose  teaching  he  summarizes  are  to  be  arranged.  But  he  seems  ready  to 

acknowledge  that  even  inferior  systems  deserve  a  certain  amount  of  atten¬ 

tion,  as  long  as  they  continue  to  occupy  in  certain  circles  a  position  of 

authority ;  and  he  appears  not  to  be  altogether  incapable  of  taking  a  purely 

intellectual  interest  in  examining  the  various,  more  or  less  perfect,  methods 

which  may  be  applied  to  the  solution  of  scientific  problems.  At  the  same 

time  he  seems  to  have  no  hesitation  to  acknowledge  the  connexion  of  the 
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modem  phase  of  Hindu  astronomy  -with  Greek  science.  Although  not 
directly  stating  that  the  Hindfts  learned  from  the  Greeks,  he  at, any  rate 

mentions  certain  facts  and  points  of  doctrine  which  suggest  the  dependence 

of  Indian  astronomy  on  the  science  of  Alexandria;  and,  as  we  know  already 

from  his  astrological  writings,  he  freely  employs  terms  of  undoubted  Greek 

origin.  The  Pahchasiddhautika  thus  becomes  an  invaluable  source  for  him 

who  wishes  to  study  Hindfi  astronomy  from  the  only  point  of  view  which 

can  claim  the  attention  of  the  modern  scholar,  viz.  the  historical  one. 

Regarding  its  form  the  P anchasiddMntiM  belongs  to  the  class  of  the 

so-called  karanagranthas  i.  e.  compendious  astronomical  treatises  which  do 

not  set  forth  the  theory  of  the  subject  at  comparative  length  as  the 

SiddMntas  do,  but  merely  supply  a  set  of  concise — and  often  only  approxi¬ 

mately  correct — rules  which  suffice  for  the  speedy  performance  of  all  the  more 

important  astronomical  calculations.  It  however  contains  a  few  chapters 

whose  contents  lie  outside  the  limits  of  a  mere  ltarana  and  resemble  the  cor¬ 

responding  chapters  of  the  best  known  SiddMntas  ;  notably  the  chapter  which 

describes  the  general  constitution  of  the  universe,  and  the  15th  chapter  called 

Jyotishopanishad.  And  it  of  course  decidedly  distinguishes  itself  from  all 

ordinary  karanas  by  the  fact  that  it  does  not  base  on  any  one  particular 

Siddhanta,  but  undertakes  to  reproduce  the  more  important  doctrines  of  five 
different  SiddMntas. 

These  five  SiddMntas,  named  by  Varaha  Mihira  in  the  first  chapter, 

are  the  Paitamaha,  V&sishtha,  Romaka,  Paulina  and  Saura  Sicldhantas. 

Varaha  Mihira  there  also  states  his  view  as  to  their  order  in  importance, 

assigning  the  first  place  to  the  Surya  SiddMnta,  placing  next  the  Romaka  and 

PauliM  SiddMntas  as  about  equally  correct,  and  declaring  the  two  remaining 

works  to  be  greatly  inferior  to  the  three  mentioned.  In  agreement  with  this 

estimate  very  different  amounts  of  space  are  allotted  to  the  individual  Sid- 

dh&ntas  in  the  body  of  the  work,  the  Sfirya  SiddMnta  and  Paulina  Siddhanta 

being  treated  at  some  length,  next  to  these  the  Romaka,  and  very  little  atten¬ 

tion  being  paid  to  the  Fait&maha  Siddhanta,  and,  although  this  is  a  point 

somewhat  difficult  to  decide,  to  the  Vasishtha  Siddhanta. 

In  addition  to  the  general  character  of  the  five  SiddMntas,  this  differ¬ 

ence  of  treatment  is  owing  to  a  special  cause,  mentioned  by  Varaha  Mihira 

in  the  first  chapter  viz.  his  wish  to  devote  the  Pancliasiddhantika  chiefly  to 

the  task  of  setting  forth  the  calculation  of  solar  eclipses,  the  most  difficult 

problem  attacked  by  Hindu  astronomers.  The  Paitimaha  Siddhanta  at  any 

rate  was  altogether  incapable  of  furnishing  any  rules  to  that  end ;  and  so 

perhaps  also  the  old  Vasishtha  SiddMnta. 
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IX 

I  now  proceed  shortly  to  discuss  the  teaching  of  each  of  the  five 

SiddMntas  as  represented  by  Var&ha  Mihira.  This,  however,  requires  the 

preliminary  settlement  of  two  questions. 

In  the  first  place  we  must  attempt  to  ascertain  with  accuracy  which 

chapters  of  the  Panchasiddhantika  are  devoted  to  each  of  the  five  worts  in 

question. — This  is  a  task  beset  by  considerable  difficulties,  as  we  have  no 

commentary  to  assist  us,  and  as  the  indications  to  be  met  with  in  the  text  as 

well  as  in  the  colophons  of  the  chapters,  as  exhibited  by  the  two  Manuscripts 

at  our  disposal,  do  not,  in  all  cases,  enable  us  to  arrive  at  definite  conclusions. 

I  begin  with  those  chapters,  fortunately  constituting  the  majority, 

which  allow  themselves  to  be  referred  to  their  respective  sources  with  confi¬ 

dence. — The  very  short  twelfth  chapter  is,  in  its  colophon,  called  Paitamaha 

SiddMnta,  and  is  in  its  first  stanza  declared  by  Varaha  Mihira  himself  to  base 

on  the  teaching  of  Pit&maha  ;  it  is  the  only  chapter  in  the  whole  work  which 

is  concerned  with  that  Siddhanta. — The  eighth  chapter  treats,  according  to 

its  colophon,  of  the  calculation  of  solar  eclipses  according  to  the  Romaka 

Siddh&nta ;  and  that  this  really  is  so,  we  again  have  no  reason  to  doubt,  as  the 

first  stanza  refers  to  the  Romaka  by  name,  and  as,  moreover,  the  contents 

of  the  chapter  agree  with  the  statements  made  in  the  first  chapter  about  the 

yuga  and  the  ahargana  of  the  Romaka  Siddh&nta. — The  ninth,  tenth  and 

eleventh  chapters  undoubtedly  summarize  the  doctrines  of  the  Sfirya  Sid¬ 

dMnta,  as  is  stated  in  the  colophon,  indicated  in  the  first  stanza  of  chapter 

IX,  and  borne  out  by  the  general  agreement  of  the  contents  of  the  three 

chapters  with  the  Shrya  Siddh&nta  as  known  at  present.  The  sixteenth 

chapter  contains,  according  to  the  colophon  and  to  stanza  1,  the  rules  of  the 

Sfirya  SiddMnta  for  finding  the  mean  places  of  the  planets  ;  and  the  seven¬ 

teenth  chapter  which  teaches  how  to  calculate  their  true  places  we  may 

without  hesitation  refer  to  the  same  SiddMnta. 

Among  the  remaining  chapters  of  the  work  I  at  first  single  out  those 

in  which  Var&ha  Mihira  apparently  does  not  intend  to  reproduce  specific 

features  of  one  particular  SiddMnta,  but  rather  to  summarize  doctrines  held 

by  all  the  more  advanced  astronomers  of  his  time,  and  most  probably  set  forth, 

with  greater  or  less  variations,  in  three  of  his  five  SiddMntas,  viz.,  the  Shrya, 

Paulina  and  Romaka  SiddMntas.  To  this  class  of  chapters,  in  which  we 

discern  more  of  the  individual  Varaha  Mihira  than  in  the  remainder  of  the 

work,  I  feel  inclined  to  reckon  three  or  perhaps  four  sections.  In  the  first 

place  the  thirteenth  chapter,  designated  in  the  colophon  as  ‘trailokya- 

samsth&na’,  which  gives  a  popular  exposition  of  the  sphericity  of  the  earth 
and  the  different  aspects  of  the  celestial  sphere  which  are  due  to  difference  of 
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terrestrial  latitude.  The  mode  of  treatment  of  these  questions  is  no  doubt 

V aralia  Mihira’s  own,  as  also  the  interesting  criticisms  passed  on  some 
astronomical  schools.  In  the  same  way  the  fourteenth  chapter,  which  is 

chiefly  engaged  in  showing  how  certain  results  may  be  obtained  not  only  by 

calculation  but  more  directly  by  observation  and  the  inspection  of  certain 

mechanical  contrivances,  appears,  on  the  whole,  to  be  Varaha  Mihira’s  own, 
although  the  more  scientific  of  his  five  Siddhantas  no  doubt  treated  of  those 

topics  in  a  similar  manner.  The  same  remarks  apply  to  the  fifteenth  chapter 

which  is  even  more  distinctly  individualistic,  and  contains  interesting  re¬ 

ferences  to  other  astronomers.  I  am  more  doubtful  about  the  position  of 

chapter  IV.  which  in  the  colophon  is  merely  counted  as  such,  without  any 

special  designation.  The  matter  of  the  chapter  corresponds  to  what  in  the 

best  known  astronomical  works  is  set  forth  in  the  so-called  tripra^nadhikara, 

with  the  addition,  however,  of  rules  for  calculating  the  table  of  sines  (which 

ordinarily  are  given  in  the  spashtudhikara).  It  is  not  improbable  that  here 

also  Var&ha  Mihira  sums  up,  in  his  own  fashion,  whatever  he  found  of  value 

in  the  corresponding  chapters  of  the  Romaka,  Paulina  and  Surya  Siddh&n- 

tas.  On  the  other  hand,  as  the  fourth  chapter  follows  and  precedes  chapters 

specially  devoted  to  the  Paulina  Siddh&nta,  it  is  not  impossible  that  its 

contents  are  meant  to  sum  up  the  teaching  of  that  Siddhanta  only.  The 

decision  in  this  ease  is  however  of  no  very  great  importance,  as  the  rules 

given  in  the  fourth  chapter  on  the  whole  closely  agree  with  the  general 

Siddh&nta  doctrine. 

Among  the  chapters  not  yet  discussed  we  first  notice  the  sixth  chapter 

which  the  colophon  states  to  treat  of  solar  eclipses  according  to  the  Paulisa 

Siddhanta.  I  see  no  reason  for  rejecting  this  statement ;  for  although  the 

text  of  the  chapter  itself  does  not  refer  to  the  Paulisa  Siddh&nta,  it  most 

.  probably  actually  bases  on  the  teaching  of  this  latter  work,  since  the  two 
other  chapters  (VII  and  VIII)  which  teach  the  theory  of  solar  eclipses  cer¬ 

tainly  refer  to  the  Sftrya  and  Romaka  Siddhantas.  From  this  again  it  follows 

with  great  probability  that  also  the  sixth  chapter,  which  treats  of  lunar 

eclipses,  represents  the  teaching  of  the  Paulina  Siddhanta ;  and  if  so, 

then  likewise  the  fifth  chapter  merely  designated  as  S'aSidarsanam.  These 
assumptions  are  confirmed  by  the  fact  that  these  three  chapters  treat  only  of 

the  calculation  of  eclipses  in  the  narrower  sense,  to  the  exclusion  of  all  preli¬ 

minary  operations,  such  as  the  ascertainment  of  the  mean  and  true  longitudes 

etc.  of  sun  and  moon,  so  that  an  introductory  chapter  setting  forth  those 

latter  topics  is  required.  Now,  a  chapter  of  this  nature  is  supplied  by  the 

third  one  of  the  Panchasiddhantiki  which  gives  rules  for  finding  the  mean 

and  true  places  of  the  sun  (and  of  the  moon  ?)  and  for  similar  operations,  and 
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■which,  in  its  colophon  at  least,  is  said  to  represent  the  teaching  of  the  Paulida 
SiddMnta.  The  relation,  however,  of  the  third  chapter  to  the  one  immediately 

preceding  is  puzzling.  The  second  chapter  is,  in  the  colophon,  merely  desig¬ 

nated*  as  nakshatradichchheda,”  but  its  contents  comprise  firstly  a  rule  or 
set  of  rules  for  finding  the  mean  (and  perhaps  also  true  ?)  places  of  the  moon 

(stanzas  1 — 7),  and,  secondly,  a  set  of  rude,  approximative  rules  for  calculat¬ 

ing  the  length  of  the  day  at  any  time  of  the  year,  the  length  of  the  shadow 

of  the  gnomon,  and,  from  the  latter,  the  mean  place  of  the  sun,  and  the  lagua 

(and  vice  versa  ;  stanzas  8 — 13).  The  chapter  concludes  with  the  words 

<l  This  is  the  (calculation  of  the)  shadow  according  to  the  concise  V&sishtha 

Siddhiuita.”  The  question  now  is,  whether  this  whole  chapter  has  to  be 
viewed  as  epitomizing  the  Vasislitha  Siddh&uta,  or  whether  that  work  is 

represented  only  by  its  latter  part.  The  rules  contained  in  stanzas  8 — 13  are 

of  a  very  rough  character,  and  can,  for  that  reason,  hardly  come  from  the 

Paul  ilia  Siddhanta ;  their  character,  on  the  other  hand,  agrees  very  well  with 

the  criticism  passed  by  Var&ha  Mihira,  in  the  first  chapter,  on  the  imperfec¬ 
tions  of  the  Vasislitha  SiddMnta.  It  is  more  difficult  to  arrive  at  a  couclu- • 

«ion  regarding  the  rules  embodied  in  stanzas  t — 7.  If  they  do  not  belong  to 
the  Vasislitha  Siddhanta,  it  would  follow  that  the  Pafichasiddh&ntik&,  which 

after  all  promises  to  render  us  acquainted  with  the  doctrines  of  all  the  five 

Siddhantas,  however  imperfect  some  of  them  may  be,  does  not  even  inform  us 

how  the  place  of  the  moon  is  calculated  according  to  the  Vasislitha  SiddMnta, 

while  it  yet  gives  the  corresponding  rules  from  the,  certainly  not  more  ad¬ 

vanced,  Paitamaha  SiddMnta,  very  concisely  indeed  but  yet  with  sufficient 

fulness.  On  the  other  hand  there  appears  to  be  some  reason  for  tracing  the 

rules  to  the  PauliSa  SiddMnta.  The  third  chapter,  which,  as  we  have  seen 

above,  we  may  connect  with  the  Paulisa  Siddh&nta  with  a  very  high  degree 

of  probability,  gives  in  stanzas  1 — 3  the  required  rules  for  finding  the  mean 

and  true  places  of  the  sun,  and  then  continues,  in  stanzas  4 — 9,  to  give  cer¬ 
tain  rules  about  the  moon.  Now  these  rules  have  unfortunately  remained 

obscure  to  us ;  but  yet  so  much  appears  certain  that  they  are  somehow 

connected  with  the  rules  concerning  the  moon  given  in  the  former  half  of 

chapter  II,  constituting,  as  it  seems,  a  kind  of  continuation,  or  more  accurate 

version  of  the  latter.  But  again,  on  this  latter  hypothesis  no  reason  is 

apparent  why  the  two  sets  of  rules  should  be  separated  from  each  other  by 

the  altogether  heterogeneous  matter  treated  of  in  the  latter  half  of  chapter  II. 

I  therefore  see  myself  obliged  to  leave  this  point  undecided,  and  only  wish  to 

suggest,  as  a  third  not  impossible  alternative,  that  the  method  for  calculating 

the  places  of  the  moon  which  is  set  forth  in  chapter  II  belonged,  in  its  essen¬ 
tial  features  at  least,  to  the  Paulina  as  well  as  to  the  Vasishtha  Siddhanta^ 
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and  that  stanzas  8-13  of  the  third  chapter  add  certain  details  which  were 

peculiar  to  the  former  of  the  two  Siddh&ntas.  It  is  greatly  to  he  regretted 
that  the  introductory  stanza  of  chapter  II,  which  possibly  would  throw  some 

light  on  the  position  of  the  chapter,  has  remained  altogether  obscure  to*us. 

There  now  remain  for  adjudgment  only  the  first  and  the  last  chapters 

of  the  Panchasiddhantika.  The  latter  I  shall  discuss  further  on.  The  position 
of  the  former  is  altogether  clear ;  it  contains,  subsequently  to  some  intro¬ 

ductory  stanzas,  a  rule  for  calculating  the  ahargana  according  to  the  Romaka 

Siddh&nta,  an  exposition  of  the  principles  according  to  which  the  intercalation 

of  lunar  months  and  the  omission  of  lunar  days  are  managed  in  the  Paulina, 

Romaka  and  Shrya  Siddhantas,  and  finally  a  set  of  rules  for  calculating  the 

So-called  Lords  of  the  year,  month  etc.,  which  rules  were  most  likely  given 
in  each  of  the  three  Siddhantas  last  mentioned. 

The  second  question,  which  must  be  touched  upon  before  we  can  review 

the  teaching  of  the  individual  SiddMntas,  is  whether  the  Panchasidd  hantikd 

represents  the  teaching  of  the  five  astronomical  works,  on  which  it  is  pro¬ 

fessedly  based,  with  absolute  accuracy,  or  rather  allows  itself  certain  modi¬ 

fications  of  the  doctrines  summarized.  This  question  is  one  of  considerable 

importance ;  for  before  we  have  settled  it  one  way  or  other,  we  are  unable  to 

judge  of  the  historical  position  of  the  five  SiddMntas,  and  to  compare  the 

account,  given  of  them  by  Varaha  Mihira,  with  what  we  know  about  them 

from  other  sources.  We  have,  in  this  part  of  our  investigation,  to  occupy 

ourselves  almost  exclusively  with  the  Sfirya  Siddh&nta,  because  that  treatise 

is  the  only  one  of  the  five  Siddhantas  which  has  come  down  to  our  time,  and 

thus  allows  of  our  comparing  it  with  what  Varaha  Mihira  tells  us  about  the 

Sfirya  Siddh&nta  as  known  to  him.  Now  a  cursory  survey  of  those  chapters 

of  the  Panchasiddh&ntikA  which  treat  of  the  Sfirya  Siddh&nta  shows  at  once 

that  the  treatise  of  that  name  known  to  Varaha  Mihira  agreed  with  the 

modern  Sfirya  SiddMnta  in  its  fundamental  features.  The  methods  of  the 

two  treatises  are  essentially  the  same  and,  on  the  other  hand,  sufficiently 

different  from  those  of  the  other  Siddhantas  summarized  by  Varaha  Mihira, 

to  ensure  to  the  S&rya  Siddh&nta  in  its  two  fold  form  a  distinct  position  of 

its  own.  At  the  same  time  we  cannot  fail  to  notice  that  in  certain  points  the 

teaching  of  the  old  Sfirya  SiddMnta  (by  which  name  I  shall,  for  shortness 

sake,  designate  the  SCirya  Siddh&nta  known  to  Var&ha  Mihira)  must  have 

differed  from  the  correspondent  doctrines  of  its  modern  representative.  If 

we,  for  instance,  observe  that  the  old  Sfirya  Siddh&nta  assigned  to  the  mean' 

diameters  of  sun  and  moon  the  values  32'  5"  and  30'  54"  (P.  S.  IX.  15;  16), 

while  32'  3."6  and  32'  are  the  corresponding  values  according  to  the  modem 
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treatise  ;  or  if  we  notice  the  values  assigned  in  XVII  1.  2  to  the  epicycles  of 

the  apogee  which  altogether  differ  from  those  stated  in  the  modern  Sfirya 

Siddhanta ;  we  are  driven  to  the  conclusion  that  in  these  and  similar  points 

the  treatise  used  by  Var&ha  Mihira  really  differed  from  the  modern  one  known 

to  us.  For  we  are  altogether  unable  to  imagine  any  reason  why  Yaraha 

Mihira  should  have  changed,  in  the  details  referred  to,  the  doctrines  of  the 

book  which  he  aims  at  epitomizing. 

There  is  however  a  series  of  other  cases  in  which  the  decision  is  not 

quite  so  simple.  While,  as  remarked  above,  the  mathematical  processes 

prescribed  in  the  old  Surya  Siddhanta  agree  on  the  whole  with  those  of  the 

modern  treatise,  it  at  once  appears  that  Varaha  Mihira  whose  intention' it 
is  to  write  a  karana  considers  himself  entitled  to  represent  the  teaching  of 

his  original  in  a  somewhat  condensed  form,  facilitating  the  quick  despatch 

of  the  required  astronomical  calculations.  What  he  f.  i.  says,  in  the  first 

chapter,  about  the  yuga  of  the  Sfirya  Siddblnta,  clearly  is  an  abbreviated 

statement  of  the  corresponding  doctrines  of  the  old  Sfirya  Siddhanta,  and 

we  therefore  have  no  reason  to  doubt  of  the  old  SiddMnta,  as  well  as  the 

modern  one,  having  taught  that  4320000  years  constitute  a  great  age,  and 

that  one  thousand  such  great  ages  go  to  a  kalpa.  The  fact  is  that  for  all 

the  merely  theoretical  part  of  a  Siddhanta  there  is  no  room  in  the  karana, 

and  that  hence  the  latter  does  all  that  is  required  if,  instead  of  describing 

the  great  periods  of  the  world,  it  states  the  smallest  possible  aggregate  of 

years  comprising  an  integral  number  of  lunar  months  and  natural  days.  So 

far  we  have  no  reason  to  hesitate  in  accepting  Yar4ha  Miliira’s  statements  as 
a  faithful,  though  somewhat  modified,  rendering  of  the  meaning  of  the  old 

Sfirya  Siddhdnta ;  the  question  however  assumes  a  somewhat  different  aspect 

when  we  compare  the  number  of  natural  days  contained,  on  the  one  hand, 

within  the  maldyuga  of  the  modern  Surya  Siddhanta,  and,  on  the  other  hand, 

within  the  corresponding  period  according  to  Yaraha  Mihira.  The  modern 

Sfirya  Siddh&nta  teaches  that  a  mah&yuga  of  4320000  years  comprises  1593336 

intercalary  months  and  25082252  omitted  lunar  days,  whence  it  follows  that 

the  number  of  savana  days  contained  within  the  same  period  amounts  to 

1577917828.  Yar&ha  Mihira  on  the  other  hand,  following  his  Sfirya  Siddhanta, 

states  that  a  period  of  180000  years  comprises  66389  intercalary  months  and 

1045095  omitted  lunar  days,  so  that  a  mah&yuga  (  =  24  x  180000  years)  con¬ 

sists  of  1577917800  s&vana  days,  i.  e.  28  days  less  than  according  to  the  modern 

Sfirya  Siddh&nta.  Here  it  certainly  appears  possible  that  Var&ha  Mihira 

should  have  slightly  diminished  the  number  of  the  s&vana  days  of  the  maha- 

yuga,  and  implicitly  the  length  of  the  solar  year,  in  order  to  be  able  to  reduce 
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that  number,  as  well  as  the  number  of  the  years  of  the  yuga,  by  twenty-four 

and  thus  to  arrive  at  figures  more  easy  to  manipulate  ;  all  the  more  as  the 

inaccuracy  involved  in  that  change  would  affect  to  an  almost  insensible  degree 

only  the  comparatively  short  periods  to  which  the  rules  of  the  karana  grgmtha 

are  meant  to  be  applied.  But  in  spite  of  this  undeniable  possibility  I  am  in¬ 

clined  to  think  that  in  the  present  case  also  Varaha  Mihira  proceeded  with 

strict  accuracy,  and  that  his  Surya  Siddhauta  actually  assigned  to  the  great 

yuga  twenty-eight  days  less  than  the  modern  treatise  does.  Bor  in  addition 

to  the  general  consideration  that  there  are  several  other  items  in  which  the 

old  and  the  new  Siddhantas  differed  beyond  any  doubt,  we  have  in  the  pre¬ 

sent  case  two  special  reasons  viz.  firstly  that  it  would  have  sufficed  to  diminish 

1577917828  by  four  (instead  of  twenty-eight)  in  order  to  make  it  divisible  by 

twenty -four  ;  and  secondly  that  the  estimation  of  the  length  of  the  solar  year 

implied  in  the  statement  of  the  old  Sftrya  Siddhauta  agrees  exactly  with  that 

value  of  the  length  of  the  Solar  year  that  results  from  the  elements  of  that 

Paulina  Siddhanta  about  which  Bhattotpala’s  commentary  on  the  Brihat 

Sainhita  and  PrithMaka  Svamin’s  commentary  on  Brahmagupta’s  sphuta 
Brahma  Siddlninta,  furnish  some  information.  As  we  shall  see  at  once, 

Var&ba  Mihira’s  Sftrya  Siddhauta  agreed  with  that  Pauli&i  Siddh&nta  in 
several  other  points  also,  and  it  therefore  is  not  improbable  that  the  two 

Siddh&ntas  were  at  one  also  concerning  the  length  of  the  solar  year.  If  this 

is  so,  the  most  important  item  by  which  hitherto  the  Surya  Siddluinta  was 

considered  to  be  distinguished  from  the  Paulisa  Siddhauta  (as  reported  by 

Bhattotpala  etc.)  would  vanish;  which  clearly  shows  that  an  accurate  inves¬ 

tigation  of  the  degree  of  strictness  with  which  Varaha  Mihira  reproduces  the 

doctrines  of  his  Siddh&ntas  cannot  be  dispensed  with. 

Similar  to  the  case  just  discussed  is  that  of  the  mean  revolutions  of 

tlie  planets,  as  reported,  according  to  the  Surya  Siddh&nta,  in  the  Kith  chapter 

of  the  PaficliasiddMntikiL  As  appears  from  the  notes  to  the  translation 

and  the  latter  part  of  this  Introduction,  the  periods  assigned  to  the  mean  re¬ 

volution  by  the  old  Sftrya  Siddhauta  differed  more  or  less  from  the  correspond¬ 

ing  values  stated  in  the  modern  treatise.  There,  however,  the  hypothesis  of 

Vanilla  Mihira  having  for  some  reason  or  other  modified  the  elements  of  tl>e 

work  with  which  he  had  to  deal  seems  altogether  excluded.  If  he  had  chosen 

to  state  the  length  of  the  revolutions  of  the  planets  in  the  ordinary  form  i.  e.  by 

establishing  periods  within  which  the  planets  perform  integral  numbers  of  com¬ 

plete  revolutions,  he  might  possibly  have  had  reason  to  manipulate  the  tradi¬ 

tional  numbers  to  a  certain  extent,  so  as  to  reduce  them  to  more  manageable 

terms.  But  in  the  ease  under  discussion  he  follows  another  plan  viz.  of  at 

first  stating  the  time  of  one  revolution  in  round  numbers,  and  then  directing 
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us  to  apply  a  certain  correction,  in  order  to  make  up  for  the  inaccuracy  in¬ 

volved  in  the  employment  of  those  round  numbers.  Now  it  is  easy  to  see 

that,  if  Varaha  Mihira’s  Sftrya  Siddhanta  had  exhibited  the  same  figures  as 
the  modern  Siddh&nta,  the  amount  of  the  corrections  would  differ  from  that 

actually  stated  by  him,  and  we  therefore  are  entitled  to  conclude  that  regard¬ 

ing  the  revolutions  of  the  planets  also  the  old  Surya  Siddh&nta  actually 

differed  from  the  modern  one  ;  a  conclusion  moreover  made  more  acceptable 

by  the  circumstance  that  several  of  the  values  assigned  to  the  mean  revolu¬ 

tions  by  Var&ha  Mihira’s  Siddhanta  agree  with  the  teaching  of  the  Paulina 
Siddhanta  known  to  Bhattotpala,  and  with  that  of  Aryabhata. 

That  the  difference,  observed  between  the  numbers  of  the  natural  days 

of  the  yuga  as  stated  by  the  two  Surya  Siddhantas,  is  due  to  a  real  discrep¬ 

ancy  of  the  two  books,  is  further  confirmed  by  the  rule  given  in  Chapter  X 

2  and  4  for  finding  the  mean  place  of  the  moon.  This  rule  is  based  on  the 

elements  of  the  yuga  as  stated  in  chapter  I,  but  for  the  sake  of  greater 

facility  of  calculation  employs  reduced  numbers.  Instead  of  multiplying  the 

given  ahargana  by  (the  numerator  of  which  fraction  are  the  side¬ 
real  revolutions  of  the  moon  during  the  period  of  180000  years,  and  the 

denominator  the  savana  days  comprehended  within  the  same  time),  it  directs 

us  to  employ  the  expression  aisSSSli*  ari(l  thereupon — in  order  to  make  up  for 

the  error  involved  in  this  substitution — to  deduct  from  the  mean  place  of  the 

moon  thus  found  for  each  revolution.  In  other  words,  Varaha  Mihira  is 

unwilling  to  allow  to  pass  an  error  in  the  mean  position  which  amounts  to  no 

more  than  one  sixtieth  of  a  second  of  space  for  each  revolution.  But  if  he, 

on  the  other  hand,  had  purposely,  for  mere  convenience  of  calculation,  lessen¬ 

ed  the  length  of  the  inah&yuga  by  twenty-eight  days,  he  would  thereby 

have  reduced  the  length  of  each  sidereal  month  by  about  four  hundreths  of 

a  second  of  time,  which  in  its  turn  would  have  implied  an  error  in  the  moon’s 
mean  place  amounting  to  about  one  fiftieth  of  a  second  of  space  for  each 

revolution.  So  that,  while  anxious  to  correct  one  small  error,  he  would  have 

allowed  another  greater  one  to  pass;  an  assumption  which  we  have  absolutely 

no  right  or  reason  to  make. 

The  investigation  of  special  cases  thus  certainly  favours  the  conclusion 

that  the  changes  which  the  old  Stirya  Siddhanta  has  undergone  in  Varaha 

Mihira’s  representation  are  purely  formal,  and  that  convenience  of  calculation 
is  held  by  him  to  be  a  consideration  of  altogether  secondary  importance. 

We  therefore,  and  this  is  the  most  important  conclusion  to  be  drawn 

from  the  preceding  enquiry,  may  hold  ourselves  entitled  to  look  in  the  same 

light  upon  Var&ha  Mihira’s  rendering  of  the  other  Siddhantas  which  we  can 
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check  neither  by  means  of  the  originals  nor  with  the  assistance  of  modern 

recasts.  There  also  we  must  hold  Varaha  Mihira  to  have  closely  followed 

the  elements  and  methods  of  the  authors  of  the  Siddhintas,  and  to  have 

permitted  himself  only  minor  changes,  such  as  facilitate  calculation  with¬ 

out  affecting  the  fundamental  character  of  the  rules.  General  principles, 

enabling  us  to  judge  with  certainty  how  far  those  changes  may  extend,  can 

however  not  be  laid  down ;  we  rather  must  judge  each  given  case  on  its  own 

merits.  When  we  f  i.  find  that  the  yuga  of  the  Romaka  Siddhanta  com¬ 

prised,  according  to  Var&ha  Mihira,  only  2850  years,  we  may  raise  the  ques¬ 

tion  whether  this  yuga  is  the  true  yuga  of  the  Romaka,  or  only  represents 

a  subdivision  of  the  true  yuga,  analogous  to  the  180000  years  of  the  Sfirya 
Siddh&nta  which,  as  we  have  seen  above,  must  be  considered  as  the  smallest 

fraction  of  the  mahayuga  with  which  the  calculation  of  the  ahargana  can  be 

effected.  But  we  shall  without  much  hesitation  decide  in  favour  of  the 

former  alternative,  in  the  first  place  because  the  yuga  of  the  Romaka 

SiddhAnta  is  expressly  called  a  yuga  of  the  sun  and  moon,  for  the  formation  of 

which  a  comparatively  small  number  of  years  was  sufficient,  and  in  the  second 

place  because  Brahmagupta,  in  a  passage  to  be  quoted  later  on,  testifies  that 

the  Romaka  Siddhanta  did  not  conform  to  the  traditional  views  concerning 

the  large  periods  of  time.  If,  again,  we  find  that  according  to  the  Paficha- 

siddh£ntik&  the  Paulina  Siddhanta  made  no  use  of  yugas  of  any  kind  to  the 

end  of  calculating  the  ahargana  and  the  mean  positions  of  the  planets,  but 

employed  for  those  purposes  a  peculiar  system  of  its  own,  we  certainly  must 

conclude  that  system  to  have  been  actually  taught  in  the  original  Paulina 

Siddh&nta,  and  not  constructed,  as  indeed  it  might  have  been,  by  VarMia 

Mihira  on  the  elements  of  the  Paulina  Siddh&nta.  Ror  why,  we  must  ask 

ourselves,  should  he  have  transformed  in  that  way  the  elements  of  the  Paulina 

Siddhanta  rather  than  those  of  the  other  Siddhantas  which  without  any 

difficulty  might  have  been  thrown  into  the  same  form  ?  And,  to  single  out 

one  further  point,  if  we  find  that  the  Pahchasiddhantikft  gives  a  rule  how  to 

calculate,  according  to  the  Sfirya  Siddhdnta,  the  equation  of  the  centre  of  sun 

and  moon  for  any  given  anomaly,  while  it  represents  the  Paulina  and  Romaka 

Siddhantas  as  merely  stating  the  amount  of  those  equations  for  a  certain 

series  of  anomalies,  without  teaching  us  how  to  calculate  the  equations  for  the 

intervening  anomalies ;  we  must  again  suppose  that  "Var&ha  Mihira  faithfully 
renders  characteristic  features  of  the  original  Siddh&ntas  as  he  found  them  ; 

for  if  he  had  held  the  opinion  (which  as  the  writer  of  a  karana  he  indeed 

might  have  held)  that  the  practical  astronomer  knows  enough,  if  be  can 

assign  the  equations  of  the  centre  for,  let  us  say,  each  fifteen  degrees  of 

anomaly,  he  would  no  doubt  not  have  given  the  general  rule  from  the  Surya 
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Siddhanta,  lout  calculated  from  it  the  amounts  whose  knowledge  he  considered 

indispensable,  and  inserted  them  ready  calculated  in  his  text. 

We  therefore  arrive  at  the  conclusion  that  VarUha  Mihira  has  in  no 

case  obliterated  the  characteristic  features  of  the  'Siddhantas  he  had  to  deal 
with,  and  that  whatever  distinguishes  those  works  from  one  another  in  the 

text  of  the  Pafichasiddhantika  really  distinguished  them  in  their  original  form. 

We  may  note  in  conclusion  that  there  is  one  interesting  circumstance  which 

furnishes  a  kind  of  counterproof  to  this  conclusion.  According  to  VII.  1. 

and  VIII.  9  the  Paulisa  and  Rornaka  Siddhantas  calculated  the  parallax  in 

longitude  at  a  solar  eclipse  in  exactly  the  same  manner.  Now  Varaha  Mihira 

accentuates  this  agreement  of  the  two  works  by  stating  the  rule  each  time  in 

•exactly  the  same  words.  But  an  author,  who  is  so  evidently  desirous  to  mark 

the  points  in  which  the  different  authorities  on  which  he  draws  are  at  one, 

may  certainly  he  supposed  to  be  no  less  scrupulous  in  stating  the  details  in 

which  they  diverge. 

After  having  thus  cleared  the  way,  I  proceed  to  give  short  summa¬ 

ries  of  the  doctrines  of  the  five  Siddhantas,  beginning  with  that  one  which, 

owing  to  the  existence  of  a  modern  recension,  is  best  known,  viz.  the  Stirya 
■SiddMnta, 

According  to  I.  14  the  SEtrya  Siddh&nta  of  Var&ha  Mihira  taught  that 

180000  years  contain  66389  intercalary  months,  and  1045095  omitted  lunar 

days.  The  number  180000  is  the  twenty-fourth  part  of  the  years  of  a  mah&- 

yuga ;  if  we  therefore,  for  comparison’s  sake,  multiply  the  figures  given  above 
by  twenty-four,  and  deduce  from  them  the  number  of  the  savana  days  of  a 

yuga,  we  obtain  1577917800  ,;  while  the  corresponding  figure  for  the  modern 

Siddhanta  is  1577917828.  The  length  of  the  sidereal  year  resulting  from 

these  figures  is  365d  6h  12'  36"'56  in  the  case  of  the  modern,  and  365d  6h  12' 

36"  in  the  case  of  the  old  Shrya  SiddMnta.  The  latter  value  exactly  agrees 
with  that  which,  according  to  Bhattotpala  and  others,  was  assigned  to  the 

solar  year  in  the  Paulina  Siddh&nta, 

What  the  old  Sfirya  Siddh4nta  taught  about  the  mean  motions  of  the 

sun  and  moon,  is  immediately  apparent -from  the  above  statement  concerning 

the  nature  of  the  yuga.  The  number  of  the  moon’s  sidereal  resolutions  dur¬ 
ing  the  yuga  is  the  same  as  in  the  modern  Siddhanta ;  whence  it  follows  that 

each  revolution  is  a  little  shorter  (the  yuga  of  the  old  Siddh&nta  counting 

twenty-eight  days  less  than  that  of  the  modern  one).  Rules  how  to  calculate 

the  mean  positions  of  the  sun  and  moon  are  given  in  chapter  IX ;  they  how¬ 

ever  call  for  no  special  remarks,  as  they  follow  immediately  from  the  constitu¬ 

tion  of  the  yuga, — The  duration  of  the  revolution  of  the  moon’s  apogee  may 

Sftrya  SkUlb&i 
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be  derived  without  difficulty  from  stanzas  3  and  4  of  the  same  chapter.  From 

stanza  3  it  follows  that  one  resolution  is  performed  in  3231d  23h  42'  16"-76; 
while  the  duration  resulting  from  the  elements  of  the  modern  Siddhanta 

amounts  to  3232a  2h  14'  53"-4.  And  if,  accommodating  ourselves  t<5  the 
general  Siddhanta  practice,  we  determine  the  number  of  revolutions  performed 

within  one  mah&yuga,  we  obtain  488219  for  Varaha  Mihira’s  Surya  Siddhanta ; 
while  the  modern  Siddhanta  gives  488203  only.  We  note  that  according  to 

Aryabhata  also  the  apogee  performs  488219  revolutions  within  one  inah&yuga. 

From  stanza  5  of  the  same  chapter  we  learn  that  the  old  Surya  Sid¬ 

dhanta  agreed  likewise  with  Aryabhata  in  reckoning  232226  revolutions  of  the 

moon’s  node  to  one  mainly uga  ;  while  the  modern  Siddhanta  counts  232228. — 

In  estimating  the  greatest  latitude  of  the  moon  at  270  minutes  (stanza  6)  the 

old  Surya  Siddhanta  agreed  with  the  modern  one. 

According  to  stanza  7  the  old  Shrya  Siddhanta  assigned  to  the  sun’s 

apogee  the  longitude  of  eighty  degrees.  Aryabhata  gives  78°  only,  and  a 
calculation  of  the  place  of  the  apogee  for  the  epoch  of  the  PanchasiddhantikA, 

based  on  the  elements  of  the  modern  Sftrya  Siddhanta,  gives  about  77°.  The 
Pahchasiddhflntika,  says  nothing  about  the  revolutions  of  the  apogees  of  the 

sun  and  planets,  and  it  hence  is  possible  that  the  old  Surya  Siddhanta  was  not 

yet  acquainted  with  the  theory  held,  on  entirely  insufficient  grounds,  by  the 

modern  treatise,  and  modern  Hiiidfi  astronomers  in  general,  that  the  apogees 

of  the  sun  and  the  planets  perform  a  certain  number  of  revolutions  within  a 

mahayuga  or  kalpa.  Oil  the  other  hand  it  might  be  supposed  that  Var&ha 

Mihira,  although  acquainted  with  that  doctrine,  yet  confined  himself  to  stating 

the  places  which  the  apogees  occupied  at  his  time,  since  so  much  is  sufficient 

for  the  purposes  of  a  karaija-writer. — The  rules  for  finding  the  true  places  of 

the  sun  and  moon,  which  are  given  in  stanzas  7  and  8,  are  analogous  to  those 

of  the  modern  Sfirya  Siddh&nta,  with  the  one  important  difference  that,  while 

the  latter  assumes  epicycles  of  different  size  for  the  even  and  odd  quarters  of 

the  revolution  of  the  two  bodies,  Varaha  Mihira’s  Surya  Siddh&nta  knows  of 
one  epicycle  only  for  the  sun  as  well  as  for  the  moon.  The  rules  for  finding 

the  true  motion,  etc.  given  in  stanzas  13  and  14  agree  with  those  of  the 

modern  work. 

The  rules  for  calculating  solar  and  lunar  eclipses  agree  with  the  modern 

rules  as  far  as  general  methods  are  concerned,  but  at  the  same  time  show 

many  deviation  in  details ;  so  f  i.  in  the  calculation  of  the  parallax  in  solar 

eclipses.  Some  of  these  rules  we  have,  moreover,  not  been  able  to  elucidate 

to  our  full  satisfaction. 
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The  mean  motions  of  the  planets  (apart  from  sun  and  moon)  are  given 

in  chapter  XVI.  The  following  statement  shows  the  numbers  of  complete 

revolutions  during  one  mah&yuga  according  to  the  old  and  modern  Surya 
SiddMntas. 

Old  Sfi.  Si. Modern  Sfi.  Si. 

Mercury 
17937000 17937060 

Venus 7022388 7022376 

Mars 2296824 2296832 

Jupiter 
364220 364220 

Saturn 146564 146568 

The  two  SiddMntas  thus  agree  concerning  Jupiter  only,  and  disagree 

therein  from  Aryabhata,  according  to  whom  Jupiter’s  revolutions  amount  to 
364224  in  one  malniyuga.  The  old  Sfirya  Siddhanta  agrees  with  Aryabhata 

and  the  Paulisa  Siddhanta  (according  to  Bhattotpala),  as  far  as  Venus,  Mars, 

and  Saturn  are  concerned,  while  it  agrees  with  the  Paulina  Siddh&nta  only 

concerning  Mercury  and  Jupiter, 

The  positions  of  the  apogees  and  the  dimensions  of  the  epicycles  of  the 

apsis  and  the  conjunction  are  given  in  XVII,  1 — 3.  If  will  be  observed  that, 

as  regards  the  numbers  indicating  the  size  of  the  epicycles  of  the  apsis  of 

Venus  and  Saturn,  the  translation  diverges  from  the  corrected  text  given  by 

us.  The  manifestly  corrupt  text  was  at  first  emendated  on  the  basis  of  the 

dimensions  stated  in  the  modern  Sfirya  Siddhduta,  the  hypothesis  of  the 

agreement  of  the  two  SiddMntas  in  this  detail  being  resorted  to  in  the  absence 

of  evidence  decidedly  favouring  any  other  assumption.  But  I  afterwards 

discovered  that  such  evidence  exists.  The  statements  which  Brahmagupta  in 

his  Khan<jakMclyakakarana  makes  about  the  places  of  the  apogees  and  the 

dimensions  of  the  epicycles  agree  with  those  made  in  the  sixteenth  chapter  of 

the  Panchasiddh&ntikA,  in  all  those  details  in  which  the  text  of  the  latter  work 

needs  no  emendation,  and  it  therefore  may  be  presumed  that  the  agreement 

extended  also  to  the  epicycles  of  Venus  and  Saturn.  And  examining  the 

traditional  text  of  the  Panchasiddhdntikii  from  this  point  of  view,  we  find  that 

instead  of  the  ‘  Sur&s  ’  of  stanza  1  we  have  to  read  not  ‘  Mras  ’  but  ‘  svar&s’ 

and  that  the  ‘  trim&th  ’  is  correct  without  any  further  addition.  It  is  true 
that  thus  the  Aryft  remains  defective  ;  but  the  word;  or  words,  missing  were 

most  probably  expletive  rather  than  essential  to  the  sense.  Brahmagupta 

maintains  his  karana  to  be  founded  on  Aryabhata,  or  at  any  rate  to  give  re- 
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suits  equal  to  those  to  be  derived  from  Aryabhata  it  is  then  a  somewhat 

curious  circumstance — into  the  discussion  of  which  I  cannot  enter  in  this  place 

— that  the  dimensions  of  the  epicycles  and  the  positions  of  the  apogees  assumed1 
in  the  Khandakh&dyaka  (as  well  as  in  the  sixteenth  chapter  of  the  Paiiclia- 

siddhantika)  differ,  all  of  them,,  more  or  less  from  those-  recorded  in  the  Laghu- 

Aryabhatiya.t 

The  method,  taught  in  chapter  XVII,  of  calculating-  the  equations  of 
the  apsis  and  of  the  conjunction  agrees  on  the  whole  with  that  prescribed  in 

the  modern  Shrya  SiddMnta,  although  there  are  several  divergences  in  details. 

Peculiar  are  the  special  rule  given  for  Mercury  in  stanza  10,  and  the  correction, 

to  be  applied  to  Venus’  place  according  to  stanza  11.  The  statements,  as  to- 
the  distance  from  the  sun  at  which  the  planets  become  visible  differ  to  some- 

extent  from  those  made  in  the  modern  Siddhlnta;.  so  also  the  greatest  latitudes, 

of  the  planets  given  in  stanzas  13  and  14. 

An  omission  which  might  make  us  suppose  that  the  chapter  as  given 

in  our  Manuscripts  is  not  complete  is  that  nothing  -whatever-  is-  said  about  the 

places  of  the  planets’  nodes. 

We  next  turn  to  the  Paitamaha  Siddh&nta  which  indeed  has  not  come¬ 

down  to  our  time,  but  whose  teaching  throughout  agrees  with  that  of  a  well 
known,  section  of  Hindu  astronomical  literature. 

Of  this  SiddMnta  there  treats  only  one  very  short  chapter-,  of  the 

Pahchasiddhantika  viz.  the  twelfth  one  ;  bu-t  its  five  stanzas  manifestly  suffice  to 

reproduce  everything  of  importance  contained  in  that  very  primitive  treatise. 

The  PaitiUnaha  SiddMnta,  known  to  Varaha  Mihira,  represents  Hindft  Astro¬ 

nomy  as  not  yet  affected  by  Greek  influences,!  and  thus  belongs  to  the  same 

category  as  the  Jyotisha-Ved&nga,  the  Garga  Samhita,  the  Su-ryapraj napti  and 

similar  works.  From  what  Varaha  Mihira  says  about  its  contents,  we  might 

almost  identify  it  with  the  Jyotisha  Vedariga.  The  yuga  on  which  the  calcu¬ 

lations  of  the  Paitamaha  Sidclhuuta  base-  is  the  well  known  quinquennial  one,. 

*  Brahmagupta’s  Khanda-kh&dyuka  begins  with  the  following  stanza 
nfujofa  wuTua  i 

aoarfrt  it 

t  It  is  also  worthy  of  notice  that  Amasarman,  one  of  the-  Commentators-  of  the  Khanda- 

khadyakft,  quotes  some  stanzas  from,  a  Paulisa  tantra  which  make  the  same  statements  about  the 

dimensions  of  the  epicycles  as  the  KhancLak hfidyaka  itself,  and,  moreover,  seems  generally  to  treat 

the  doctrines  of  Aryabhata  and  the  Paulisa  as  equivalent. 

1  As  already  pointed  out  by  me  in  my  paper  on  the  Jyotisha-ved&nga,  Journal  of  the 

Asiat.  Soc.  of  Bengal  1878. 
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which  consists  of  five  solar  years  of  366  days  each,  and'  contains  sixty  solar 

months,  sixty-two  synodical  months,  and  sixty-seven  so-called  n&kshatra months 

i.  e.  sidereal  revolutions'  of  the-  moon.  The  beginning  of  the  yuga  is  marked 

by  a  Conjunction  of  the  sun  and  moon  at  the.  first  point  of  the  nakshatra 

Dhanishtha.  The  duration  of  the  longest  day  of  the  year  amounts  to-  eighteen 

muhurtas,.  that  of  the  shortest  to  twelve  muhurtas  ;  in  the  intervening  periods 

the  days  increase  or  decrease  by  the  same  daily  quantity. — The  Paitarnaha 

Siddhanta  refers  to-'two  points  only  which  appear  not  to  be  mentioned  in  the 
Jyotisha  Ved&hga,  as  far  as  I  have  hitherto  succeeded  in  making  out  the. 

meaning  of  that  difficult  treatise.  It,,  in  the  first  place,  gives  a  rule  for  calcu¬ 

lating  the  so  called  vyatipata  yogas  (s-t.  4);  and  in  the  second  place,,  fixes  a 

period  from  which  the  quinquennial  yugas  are  to-be  counted.  In  st.  2  Varaha 

Mihira  directs  us  to  deduct  two  from  the  Silica  date-,  and  to  divide  the  remain¬ 

der  by  five ;  which  implies  that  a  new  yuga  is  supposed  to  begin  with  the 

third  year  of  the  S'dka  Era,,  or  two  S&ka  elapsed. 

Whether  this  direction  is  due  to  Varaha  Mihira  only,  or  was  already 

contained  in  the  Paitarnaha  Siddhanta,  may  be  considered  doubtful ;  the  latter 

alternative,  however,  appears  to  be  more  probable,  as  Varlha  Mihira,  If  in  any 

way  adding  to — or  rendering  more  definite — the  teaching  of  the  Paitarnaha 

Siddhanta,  would  most  likely  have  adapted  it  to  the  same  initial  date  as  the 

other  Siddh&ntas,  viz.  427  SSka. 

The  Paitarnaha  (Brahma)  Siddhanta  known  to  Varaha  Mihira  has  thus 

to  be  distinguished  from  the  Brahma  Siddhanta  oh  which  Brahmagupta’s 
Sphuta  Siddhanta  is  based.  That  Br&hma  or  Paitarnaha  Siddhdnta  is-  a  short 

treatise  in  prose,  forming  part  of  the  Vishnudharmottara-Purana,  and  belong¬ 

ing  altogether  to  the  modern  phase  of  Hindfr  Astronomy.  The  number  of 

Brahma  Siddh&ntas,  known  at  present,  thus  amounts  to  four,  viz.  the  Paitd- 

maha  Siddhanta  summarized  in  the  Pahehasiddhantika,  the  Paitarnaha  Sid- 

dhdnta  forming  part  of  the  Vishnudharmottara,  the  Sphuta  Brahmasiddhanta 

by  Brahmagupta,  and  that  Brahma  Siddhanta  whose  more  ordinary  name  is 

Shkalya  Siddh&nta. 

There  now  remain  the  Romaka,  Paulina  and  Vasishtha  Siddh&ntas,  for 

the  teaching  of  none  of  which  we  have  any  other  source  of  importance  but 

the  Pauchasiddhantika.  I  begin  with  the  first  mentioned  of  these  three 

treatises. 

The  fifteenth  stanza  of  the  first  chapter  shortly  describes  the  nature  of 

the  yuga  employed  by  the  Romaka  Siddh&nta.  The  yuga  is  called  ‘  one  of 

the  sun  and  moon’  i.  e.  a  lunisolar  one,  and  said  to  comprise  2850  years, 

<r 

XCooaaka  Siddh&tktok 
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which  period  is  further  stated  to  contain  1050  adhim&sas  and  16547  pralaya3 

i.  e.  tithipralayas,  omitted  lunar  days.  The  above  numbers  of  years  and 

intercalary  lunar  months  allow  of  being  reduced  by  150,  and  we  thus  find  that, 

in  the  opinion  of  the  author- of  the  Romaka,  19  solar  years  exactly  contain 

seven  intercalary  months,  or — if  we  take  the  entire  sum  of  months — that  19 

solar  years  comprise  235  synodical  lunar  months.  The  yuga  of  the  Romaka 

is  thus  evidently  based  on  the  so-called  Metonic  period,  named  after  the 
Athenian  astronomer  Meton  who,  about  430  B.  C.,  showed  the  means  of 

improving  the  Greek  Calendar  of  his  time  by  the  assumption  of  19  tropical 

years  comprising  235  synodical  months. — That  the  Romaka  SiddMnta,  instead 

of  making  use  of  the  simple  Metonic  period,  employs  its  one  hundred  and 

fiftieth  multiple,  has  a  reason  not  difficult  to  discern.  The  author  of  the 

Romaka,  although  manifestly  borrowing  his  fundamental  period  from  the  west, 

at  the  same  time  wished  to  accomodate  himself  to  the  Indian  fashion  of  cal¬ 

culating  the  sum  of  days  which  has  elapsed  from  a  given  epoch  (the  so-called 

ahargana)  by  means  of  a  cyclic  period  comprising  integral  numbers  of  solar 

years,  lunar  months  and  natural  days.  Now  the  simple  Metonic  period  does 

not  represent  an  aggregate  of  the  nature  required,  neither  if  we — with  Meton 

himself— -estimate  the  length  of  tire  tropical  year  at  365  j|  days,  nor  if  we  avail 

ourselves  of  the  more  accurate  determinations  by  which  later  Greek  astrono¬ 

mers  improved  on  the  work  of  Meton,  and  it  therefore  becomes  requisite  to 

employ  a  multiple.  What  the  multiplying  number  is  to  be,  of  course  depends 

on  the  value  assigned  to  the  length  of  the  year,  and  wo  therefore  have  to  as¬ 

certain  the  opinion  hold  on  this  point  by  the  author  of  the  Romaka.  The 

data  supplied  in  stanza  15  enable  us  to  do  so  without  difficulty.  For  if  we 

multiply  the  2850  yoars  of  the  Romaka  yuga  by  12  (in  order  to  find  the  num¬ 

ber  of  corresponding  solar  months),  add  the  1050  adhimdsas  (whereby  wo 

obtain  the  number  of  synodical  lunar  months),  multiply  by  30  (so  as  to  find 

the  lunar  days),  and  finally  deduct  the  16547  tithi  prakyas,  the  final  result 

amounts  to  1040953  natural  days  ;  which  being  divided  by  2850  (the  number 

of  the  years  of  the  yuga),  we  obtain  for  the  length  of  one  year  365(l  5h  55'  12". 
But  in  order  to  form  an  aggregate  of  years  which  contains  an  integral  number 

of  days  and  at  the  same  time  is  divisible  by  nineteen,  19 x  50  =-2850  years 
have  to  be  taken. 

Whence  the  above  determination  of  the  year’s  length  was  adopted  by 
the  author  of  the  Romaka,  there  cannot  be  any  doubt.  The  year  of  the 

Romaka  is,  down  to  seconds,  the  tropical  year  of  Hipparchus  or,  if  we  like, 

of  Ptolemy  who  accepted  the  determination,  considerably  faultive  as  it  was, 

made  by  his  great  predecessor. # 
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The  rule  for  calculating  the  ahargana  according  to  the  Romaka 

(I.  8 — 10),  and  so  likewise  the  rules  for  finding  the  mean  places  of  the  sun 

and  the  moon  (VIII.  1.  4)  immediately  follow  from  the  constitution  of  the 

yuga,  and  have  been  elucidated  in  the  notes  to  the  translation.  The  length 

of  the  periodical  month  would,  according  to  the  Romaka,  amount  to  27d  7h 

43'  6.3". 

To  the  apogee  of  the  sun  the  longitude  of  75°  is  ascribed  in  VIII.  2. 
— The  apogee  of  the  moon  and  its  periods  of  revolutions  are  not,  in  the  usual 

Indian  style,  treated  apart  from  the  moon’s  motion ;  the  8th  chapter  (stanza  5) 

rather  contains  a  rule  for  calculating  the  moon’s  position  with  regard  to  her 
apogee  directly  i.  e.  without  any  preliminary  separate  calculation  of  the  apo¬ 

gee’s  place.  The  kendra  mentioned  there  is  the  moon’s  anomaly,  and  the  rule 
implies  that  the  anomaly  revolves  110  times  within  3031  days,  in  other  words 

that  the  moon  returns  to  her  apogee,  or  performs  one  anomalistic  revolution, 

in  27d  13h  18'  32".  7. 

By  deducting  the  longitude  of  the  sun’s  apogee  from  the  mean  longi¬ 

tude  of  the  sun  we  find  the  sun’s  anomaly,  and  may  then  proceed  to  calculate 
his  true  longitude.  For  the  latter  process  the  Romaka  SiddMnta  however 

does  not  supply  any  general  rule,  enabling  us  to  deduce  the  required  equation 

of  the  centre  for  any  given  anomaly ;  but  contents  itself  with  stating  the 

amounts  of  the  equation  from  15  to  15  degrees  of  anomaly.  These  amounts 

are  stated  in  VIII.  3,  and  it  is  of  interest  to  note  that  they  agree  very  closely 

with  the  corresponding  amounts  given  by  Ptolemy.  The  greatest  equation 

of  the  centre,  which  according  to  the  modern  Surya  Siddhanta  amounts  to 

2°  10'  13",  and  which  in  no  other  Hindi!  text  book  known  to  me  greatly  differs 

from  this  latter  value,  according  to  the  Romaka  amounts  to  2°  23'  23",  while 

Ptolemy  assigns  to  it  the  value  of  2°  23' ;  and  also  the  equations  for  the 
smaller  anomalies  show  a  pretty  close  agreement,  as  appears  from  the  follow¬ 

ing  tabular  statement 

Degrees  of  Anomaly. mm 30 

45 

GO 75 

90 

Equation  of  centre  according 
to  the  Romaka. 

34'  42" 
1°  8' 37" 1°  38'  39" 2°  2'  49" 

2°  17' 5" 

2°  23’  23" 

According  to  Ptolemy. 

1°  9' 

i 

1 

2°  r 

2°  23' 

The  values  quoted  from  Ptolemy  are  those  given  by  him  for  the  quadrants  of 

the  apogee.  The  Romaka  SiddMnta  apparently  makes  no  distinction  of 

quadrants,  but  employs  the  same  equations  indiscriminately  for  all. 
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In  an  analogous  manner  stanza  6  states  the  moon’s  equations  of  the 
centre  from  15  to  15  degrees  of  anomaly.  These  equations  do  not  agree  very 

closely  with  the  corresponding  ones  of  Ptolemy,  according  to  whom  the  great¬ 

est  equation  amounts  to  5°  l'. — The  length  of  the  revolution  of  the  moon’s 

node  amounts,  according  to  VIII.  8,  to  67S6d  7h,  in  pretty  close  agreement 

with  Ptolemy’s  determination  of  the  same  quantity,  viz.  679  6d  14h  etc. — Con¬ 

cerning  the  greatest  latitude  of  the  moon  we  have  two  conflicting  statements 

implied  in  VIII.  11  and  VIII.  14,  provided  the  interpretation  of  those 

stanzas  given  in  the  translation  be  right.  According  to  the  former  it  would 

amount  to  240';  according  to  the  latter  to  270',  which  is  the  value  ordinarily 
met  with  in  Hindi!  astronomical  works.  Regarding  the  explanation  given  in 

the  translation  of  stanza  14  I  have  to  remark  that  it  is  an  attempt  on  the  part 

of  my  colloborator  to  connect  the  rule  with  the  usual  estimation  of  the  moon’s 
greatest  latitude,  while  the  fraction  f,  if  its  denominator  be  taken  as  the 

reduced  Radius,  would  strictly  lead  back  to  a  greatest  latitude  of  28(7.  That 

different  values  should  be  ascribed  to  the  same  quantity  in  one  and  the  same 

book,  might  primA  faeie  appear  inadmissible ;  but  it  is  by  no  means  impossible 

that  in  some  of  the  older  Siddhantas  there  were  incorporated  empirical  rules, 

borrowed  from  various  sources,  the  rationale  of  which  was  not  understood. 

Stanza  13  gives  30'  and  34'  for  the  mean  measure  of  the  diameters  of 

sun  and  moon  respectively,  and  st.  15  gives  the  ordinary  Indian  rule  for  find¬ 

ing  the  true  diameters  from  the  mean  diameters  and  the  true  and  mean 
motions. 

The  greatest  parallax  is,  as  in  Indian  astronomy  generally,  supposed 

to  bo  equal  to  the  mean  motion  during  four  nadikas ;  hence  the  rule  given  in 

st.  9  for  calculating  the  parallax  in  longitude,  the  result  being  the  difference 

of  the  parallaxes  of  the  sun  and  the  moon. 

The  parallax  in  latitude  is  calculated  on  the  same  principle  (stanzas  10 

— 14),  the  result  however  not  giving  the  difference  of  the  solar  and  the  lunar 

parallaxes,  but  merely  the  latter  one,  the  solar  parallax  being  neglected.  An 

inaccuraey  in  the  preliminary  determination  of  the  zenith  distance  of  the 

nonagesimal  is  noted  in  the  translation. — The  rule  for  calculating  the  duration 

of  the  eclipse,  after  the  true  latitude  has  been  ascertained  (st.  16),  is  the 
usual  one. 

What  remains  unexplained  of  the  Romaka  SiddhAnta  are,  principally, 

the  different  kshepa-quantities  met  with  in  the  rules  for  finding  the  ahargana 
(Chapter  I),  and  the  mean  places  of  sun,  moon.  etc.  (Chapter  VIII).  They, 
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of  course,  are  intended  to  enable  us  to  start  in  our  calculation  from  tbe  epoch, 
of  the  Panchasiddhantika  (or  of  the,  or  some,  Romaka-Siddhanta,  about  which 

see  below),  and  their  elucidation  would  probably  lead  to  some  interesting 
results.  It  will  be  observed  that  the  rule  for  calculating  the  ahargana 

professes  to  be  adapted  to  the  meridian  of  Yavanapura,  while  the  rules  for 

finding  the  places  of  the  sun,  moon  etc.  refer  to  the  meridian  of  TJjjayini.* 
The  difference  in  longitude  of  those  two  places  is  stated  by  Vardhamihira — 

following  the  Paulina  Siddhdnta  as  it  appears — in  III.  13. — A  further 
reference  to  the  Romaka  which  has  remained  obscure  to  us  seems  to  be  made 

in  III.  73. — Whether  any  of  the  rules  concerning  the  planets  which  are 

given  in  the  last  chapter  base  on  the  Romaka  Siddhdnta,  is  doubtful. 

Prom  this  short  summary  of  the  contents  of  the  Romaka  Siddhdnta 

I  pass  on  to  the  consideration  of  its  authorship  and  time  of  composition, 

coupling  therewith — for  reasons  which  will  appear  later  on — an  enquiry  as  to 
the  date  of  the  Pafiehasiddlidntikd  itself. 

Hitherto  it  has  been  generally  held,  on  the  authority  of  Colebrooke 

and  Bhdu  Dfiji,  that  the  original  Romaka  Siddhdnta  was  composed  by  S'rishena; 
an  opinion  which  I  myself,  when  writing  my  paper  on  the  Panchasiddhantikd 

(Journ.  Asiat.  Soc.  of  Bengal)  was  not  prepared  to  abandon  entirely,  although 

then  already  certain  considerations  led  me  to  suggest  that  S'rishena’s  work 
might  after  all  have  been  a  mere  recast  of  an  older  treatise  of  the  same  name. 

This  latter  view  I  now  feel  inclined  to  set  forth  as  the  only  true  one. 

The  authorities  for  Colebrooke’s  and  Bhdu  Ddji’s  opinion  were 
Brahmagupta  and  his  commentator  Prithfidaka  Svdmin.  Brahmagupta,  in 

a  considerable  number  of  passages  of  his  Sphuta  Siddhdnta,  refers  to  S'rishena 
by  name,  and  in  connexion  with  those  passages  his  commentator  repeatedly 

remarks  that  S'rishena  was  the  author  of  the  Romaka  Siddhdnta.  And  in 

one  passage  at  least  Brahmagupta  himself  mentions  S'rishena  in  connexion 
with  the  Romaka  Siddhdnta.  That  passage  which  is  found  in  the  Tantra- 

parikshddhydya  (the  I  ltli  chapter  of  the  Sphuta  Siddhdnta)  was  discussed  by 

uie  in  the  paper  referred  to  above  (pp.  290  ff.),  but  owing  to  the  very  corrupt 

form  in  which  the  Manuscripts  of  the  Sphuta  Siddhdnta  exhibit  its  text  I 

did  not  at  that  time  fully  understand  it,  so  that  the  meaning  of  just  its  most 

*  The  truth  of  this  remark  of  course  depends,  iu  the  first  place,  on  the  correctness  of 

;he  emendation  in  VIII.  5  owing  to  which  we  have  substituted  s  UwUra  (read  so  in  the 

;ext,  instead  of  senmas^aTw)  for  the  °*rUrma33T  of  the  Manuscript;  and  in  the  second  place,  ou 

die  assumption  that  the  clause  “at  sunset,  at  Avanti  ”  has  to  be  connected  generally  with  the 
rules  given  in  stanzas  1—5.  But  both  this  assumption  and  the  emendation  appear  to  me 

veil  founded. 
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important  clause  escaped  me,  as  it  seems  to  have  escaped  Colebrooke  and 

BMu  D&jl.  The  text  of  the  passage,  as  appearing  in  Colebrooke’ s  manuscript 
(now  in  the  India  Office  Library),  runs  as  follows: — 

O  r'  >o 

truaTfafauareu?  afrtfsau  resugroin  i  ̂  

vrstawemum  vr^su  gTronfa  Sisaif*  t  a 
aenfu  i  a 

snraisga'sraiii  g  i  i 

guaiHaSHJHBisgTfeisii?Ej3iq5ifa®fivi3TJj  i  ® 

jisig  qfifymaT^astsKiJQinanaHST^  i  c 

sftiroR  uOrcn  *§Tfn?raafiSi??mw:  i  € 

UrtWcl  IJUtfUT  aiTUCST  I  10 

The  other  Manuscripts  of  the  Sphuta  Siddhanta  known  to  me  (one 

belonging  to  the  .Bombay  Government ;  one,  a  modern  copy,  in  the  library  of 

the  Benares  College ;  and  one  in  the  Royal  Library  of  Berlin)  have  some 

important  different  readings.  They  all  read  in  line  1  hts°  instead  of  *rra°  and 

in  line  5  srrcnp 0  instead  of  amiuwa  °.  In  line  7  the  Ben.  MS.  reads  mFwitga0 ; 

the  Berlin  MS.  has  au'&eraaqffissritrrsT^ ;  and  the  Bom.  MS.  afusaTjkrgrma 

(smTSTfj?  In  line  8  the  Born,  and  Ben.  MSS.  read  qftfamagrest^TOiawi0.  Line 
9  runs  in  the  Berlin  MS.  sfu^njstrai  vsh:  The  Ben.  MS. 

reads  aiulrm  renform^a:  arau,  and  the  Bom.  MS.  listen  srai^TOnwr?|  ®a: 

In  line  10,  instead  of  mratst  the  Ben.  MS.  has  fsrfsnsT,  the  Bom.  MS.  fafsmfa 

(not  to  mention  loss  important  differences). 

The  general  purport  of  this  passage  is  clear.  It  is  meant  as  a  criticism 

of  the  performance  of  SVlshcna,  who  in  composing  his  astronomical  text  book 

borrowed  rules  and  processes  from  various  sources,  and  combined  them  into 

an  incongruous  whole.  Leaving  aside  for  the  present  the  second  half  of 

line  7,  and  line  10,  we  may — emendating  the  text  as  given  above  with  the 

help  of  the  varictas  leetionis — render  the  passage  as  follows. 
A 

‘Brora  the  fact  that  S'rishena,  Vishnuehandra,  Pradyumna,  Aryabhata, 
Lata,  and  Simha  contradict  one  another  regarding  eclipses  and  similar  topics, 

their  ignorance  is  proved  daily.  The  criticisms  which  I  (in  the  preceding  part 

of  the  chapter)  have  passed  on  Aryabhata  are,  with  the  requisite  modifications, 

to  he  applied  to  the  doctrines  of  each  of  those  teachers  as  well.  I  will  however 

make  some  further  critical  remarks  on  S'rishena  and  others. 

S'rishena  took  from  Lata  the  rules  concerning  the  mean  motions  of  the 

su  n  and  moon,  the  moon’s  apogee  and  her  node,  and  the  mean  motions  of 
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Mars,  Mercury’s  S'ighra,  Jupiter,  Venus’  S'ighra  and  Saturn  ;  from - the 
elapsed  years  and  revolutions  of  the  yuga ;  from  Aryabhata  the  rules 

concerning  the  apogees,  epicycles  and  nodes,  and  those  referring  to  the 

true  ihotions  of  the  planets  ;  and  thus - ’ 

Here  we  are  confronted  by  the  latter  half  of  line  9,  which  seems  to 

state  that  thus  the  Romaka  (Siddhanta)  was  composed  (kritah)  by  SHshepa. 
But  this  would  leave  unexplained  the  last  word  of  the  line  which  three 

Manuscripts  give  in  the  form  ‘kantM.’  Keeping  therefore  this  latter  reading, 

and  substituting  (with  the  Berlin  and  Bom.  MSS.),  ‘  ratnochchayo  ’  for  the 

four  aksharas  preceding  £  Romakah,’  I  translate  c  and  thus  the  Romaka 

(Siddhanta)  which  was  (or  ‘  is  ’)  a  heap  of  jewels  (as  it  were)  has,  by 

Srishena,  been  made  into  a  patched  rag  (as  it  were).’ 

In  other  words  :  S'rishena  incorporated  into  the  old  genuine  Romaka 
Siddhanta  elements  borrowed  from  various  heterogeneous  sources,  and  thereby 

spoilt  it,  making  it  look  like  a  piece  of  cloth,  or  dress,  made  up  of  various 

patches. 

The  Romaka  Siddhanta  going  under  S'nshepa’s  name  was  thus  not  the 
original  one,  but  merely  a  recast  of  it,  into  which  new  matter  borrowed  from 

different  astronomical  writers  had  been  introduced.  This  is  neither  improb¬ 

able  in  itself,  nor  altogether  destitute  of  collateral  proof.  Bor  if  we  compare 

the  information  concerning  SMsheria’s  Romaka  Siddhanta,  given  by  Brahma¬ 
gupta,  with  wliat  we  now  know  about  the  Romaka  Siddhanta  epitomized  by 

VarAha  Mibira,  certain  differences  between  the  doctrines  of  the  two  works 

present  themselves  at  once.  I  here  confine  myself  to  two  points,  the 

consideration  of  which  does  not  necessitate  a  reference  to  any  other  passage 

from  the  Sphuta  Brahma  Siddhanta  but  the  one  quoted  above.  The  first 

point  of  disagreement  is  that  Srishena,  according  to  Brahmagupta,  borrowed 

his  rules  for  the  spasbtikarana  i.  e,  for  the  calculation  of  the  true  places  of 

the  planets,  from  Aryabhata.  Now  Aryabhata’s  rules  are  known  to  us  from 
the  Laghv-Aryabhatiya,  and  we  observe  that  they  agree  in  all  essential  points 

with  the  corresponding  rules  of  the  Surya  SiddliAnta,  specifying,  as  the  latter 

work  does,  the  dimensions  of  the  paridbi — epicycle  of  each  planet,  and 

teaching  how  the  equation  of  the  centre  is  to  be  calculated  trigonometrically 

for  any  given  anomaly.  VarAha  Mihira’s  Romaka  SiddbAnta  on  the  other 
hand,  as  we  have  seen  above,  makes  no  mention  of  epicycles,  does  not  in  fact 

give  any  generally  applicable  rule  for  calculating  the  equation  of  the  centre, 

but  merely  states  in  a  tabular  form  the  equations,  howsoever  calculated,  for 

each  fifteenth  degree  of  the  anomalies  of  sun  and  moon.  That  Romaka  Sid- 

dhAnta  therefore  manifestly  had  not  borrowed  its  rules  from  Aryabhata,  and 
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hence  cannot  be  identified  with  S'rlshena’s  work.  On  the  other  hand  it  is 

quite  intelligible  that  S'rishena,  who  appears  to  have  followed  the  old  Romaka 
Siddlianta  as  far  as  the  mean  motions  of  the  planets  are  concerned,  should 

have  borrowed  the  rules  for  calculating  the  true  places — which  his  principal 

authority  was  unable  to  supply — from  the  work  of  Aryabhata.  A  second 

argument  may  be  drawn  from  what,  in  line  7  of  the  extract  quoted  above 

from  Brahmagupta,  is  said  about  S'rishena  having  borrowed  from  some  other 
work  (apparently  some  Vasishtha  Siddlianta)  his  theory  as  to  the  elapsed 

years  and  revolutions  of  the  yuga.  J udging  from  the  expressions  made  use 

of  in  that  place  and  from  the  context  in  which  it  stands,  Srishena’s  views 
about  the  yuga  must  have  been  akin  to  those  generally  held  in  the  Siddh&ntas 

on  that  point,  the  yuga  being  a  vast  period  of  time  comprising  integral 

numbers  of  complete  revolutions  of  all  the  planets.  But  as  we  have  seen 

above,  the  yuga  employed  in  the  old  Romaka  Siddaanta  was  an  altogether 

different  one,  of  a  strictly  lunisolar  character  and  hence  consisting  of  a  com¬ 

paratively  moderate  number  of  years.  When,  therefore,  Brahmagupta,  in 

the  first  chapter  of  the  Sphuta  Siddlianta,  animadverts  on  the  non-traditional 

character  of  the  Romaka  Siddlianta,*  he  manifestly  does  not  refer  to  the 

recast  by  S’rishena  in  whose  hands  the  Romaka  Siddlianta  had  assumed  a 

more  orthodox  form,  but  to  the  genuine  Siddlianta,  which  at  Brahmagupta’s 

time  was  no  doubt  still  in  existence  and  duly  distinguished  from  Srishena’s 
treatise. 

Wo  next  have  to  consider  the  bearings  of  a  date  which,  in  the  first 

chapter  of  the  Panehasiddhantikii,  is  mentioned  in  connexion  with  the  Romaka- 

Siddhauta.  Stanzas  8 — 10  which  give  a  rule  for  calculating  the  ahargana 
(i.  e.  the  sum  of  civil  days  which  have  elapsed  from  an  initial  epoch  up  to  a 

given  date)  direct  us  first  to  deduct  427  from  the  number  of  the  current  Saka 

year,  which  means  that  the  initial  epoch  of  the  calculation  is  427  Saka.  It 

then  proceeds  to  explain  the  details  of  the  calculation  of  the  ahargana,  and 

closes  with  the  words  ‘  this  is  the  ahargana  in  (or,  according  to)  the  Romaka 

Siddhikita.’ 
That  this  date — 427  Saka — is  mentioned  in  the  Panchasiddhantikfi, 

has  been  known  to  scholars  since  a  considerable  time.  The  astronomers  of 

Uj jay  ini  who  furnished  to  Dr.  William  Hunter  the  list  of  astronomers  with 

their  dates,  published  by  Colebrooke  (Algebra  p.  XXXIII),  gave  427  Saka  as 

the  time  of  (their  second)  Varaha  Mihira.  Albe.  4ni  refers  to  it  as  the  date 

awig  imm  r  mfasnsiR  » 
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of  the  Panehasiddh&ntik4.  BhAu  Bajt  quotes  the  stanza  from  the  Paiicha- 

siddh4ntik4  as  furnishing  the  epoch  of  the  Romaka  Siddhanta,  adopted  hy 

Var4ha  Mihira  also.  (Journ.  Royal  Asiat.  Soc.  ISTew  Series  Vol.  1).  Idr. 

Kern  i®  inclined  to  look  upon  427  S'aka  as  marking  the  year  of  tire  birth  *d 

V araha  Mihira  who,  as  appears  from  a  passage  quoted  by  Blulu  Duji,  died  in 
Saka  509. 

All  these  views  clearly  have  no  further  foundation  than  the  passage  of 

the  Paiichasiddhantik4  about  the  calculation  of  the  ahargana.  The  view  that 

427  S'aka  is  the  year  of  Var4ha  Mihira’s  birth  we  may  set  aside  without  hesita¬ 
tion.  Dr.  Kern  was  led  to  that  hypothesis  partly  by  the  consideration  that  the 

Panchasiddh4ntika,  which  in  one  place  refers  to  Aryabhata’s  views,  could 
hardly  have  been  composed  in  505  A.  D.  when  Aryabhata — born  in  47(5 

A.  D. — was  only  29  years  old.  We  now  know — from  Dr.  Kern’s  edition  of 
the  Aryabhatiya — that  Aryabhata  composed  his  work  in  499  A.  I),  already, 

so  that  he  might  very  well  have  been  quoted  in  a  book  writtten  in  505  A.  I  >. 

The  other  argument  brought  forward  by  Dr.  Kern,  viz.  that  Vara  ha  Mihira 

died  in  587,  certainly  goes  some  way  to  prove  that  the  Paneha.sid«  lb  a  u  t  i  ka 

was  not  written  in  505,  but  not  that  Var4ha  Mihira  was  born  in  the  latter 

year.  The  text  of  the  Pauchasiddh&atik4  enables  us  at  present  to  judge  of 

the  position  of  Var4ha  Mihira  with  regard  to  the  date  427  b'aka.  Prom  the 
chapters  on  the  Shrya  SiddbAuta  it  appears  that  Varaha  Mihira  considers 

that  year  to  he  the  epoch  of  his  karanagrantha  from  which  all  astronomical 

calculations  have  to  start;  for  all  the  kshepa  quantities  involved  in  the 

different  rules,  given  in  those  chapters  for  finding  the  mean  places  of'  sun, 
moon,  and  planets,  can  be  accounted  for  satisfactorily  on  that  buds.  1 

have  no  doubt  that  also  the  kshepa  quantities  stated  in  the  Romaka  and 

Paulina  Chapters  admit  of  being  explained  on  the  same  .supposition,  but 

unfortunately  we  have  so  far  not  succeeded  in  finding  the  clue  to  their  right 

understanding.  Now  it  would  certainly  be  most  satisfactory,  if  we  could 

assume  that  the  Paiichasiddli4ntik4  was  composed  in  the  very  year  which  it 

selects  for  its  astronomical  epoch,  or  at  any  rate  within  a  few  years  of  that 

year;  for  as  nearness  of  the  epoch  tends  to  facilitate  all  astronomical  calcula¬ 

tions  and,  at  the  same  time,  to  minimize  the  inaccuracies  resulting  from  the 
fact  that  kararia  rules  arc  often  only  approximative^  correct,  it  is  the  interest 

and  the  practice  of  kararia  writers  to  choose  for  their  epoch  a  year,  as  little 
remote  as  may  he  from  the  time  of  the  composition  of  their  treatises,  Thu 

positive  statement,  however,  made  by  Amar4ja  (as  quoted  by  Jibuti  Dap) 

about  the  date  of  Var&ha  Mihira’s  death  does  not  favour  such  an  assumption  ; and  we  moreover  find  that  the  deduction  of  427  forms  part  of  a  rule  which 

in  the  end  is  said  to  be  ‘  in  ’  or  ‘  according  to  ’  the  Romaka  Siddhanta.  This 
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last  circumstance  indeed,  taken  by  itself,  would  not  suffice  fully  to  convince 

me,  that  the  date  427  S'aka  is  not  one  of  Varaha  Mithras  own  choosing' ; 

for  the  phrase  ‘according  to  the  Romaka  Siddlifuita ’  might  only  mean  that 
the  general  principles  on  which  the  ahargana  is  calculated  (viz.  the  equations 

between  solar  years  and  lunar  months,  and  again  between  civil  days  and  lunar 

days)  arc  taken  from  the  Romaka  Sidd&nta,  while  at  the  same  time  the  fixa¬ 

tion  of  the  initial  epoch — a  point  comparatively  unessential  and  moreover 

specially  requiring  to  be  settled  anew  in  the  case  of  each  new  Karana — might 
Ire  due  to  Varaha  Mihira.  But  as,  after  all,  427  Saka  cannot,  for  the  reason 

stated  above,  be  the  date  of  the  composition  of  the  PanchasiddMntiH,  we 

may  admit  that  the  whole  rule  about  the  ahargana,  inclusive  of  the  kshepa 

quantity  427,  was  borrowed  by  Varaha  Mihira  from  the  Romaka  Siddhanta, 

as  was  assumed  by  Blntu  Bajl  already.  It  is  true  that  we  are  unable  to 

assign  a  sufficient  reason  for  Varaha  Mihira’s  choosing  to  take  over  the  epoch 
of  one  of  his  Siddhantas  rather  than  to  lix  his  own,  which  would  have  been 

a  comparatively  easy  matter.  There  may  have  been  special  circumstances 

rendering  the  year  427  S'aka  a  more  convenient  starting  point  than  a  later 
year ;  but  I  am  not  for  the  present  able  to  point  out  any  such. 

For  the  time  of  the  composition  of  the  Paiichasiddhitntikfi,  itself  there 

would  thus  remain  the  period  between  505  and  587  A.  D.,  so  that  we  shall 

probably  be  not  far  wrong  in  fixing  it  about  the  middle  of  the  sixth  century, 

A  further  question,  however,  arises  in  connexion  with  the  date  427 

S'aka.  Admitting  that  it  was  taken  over  by  Varttha  Mihira  from  the  (or  a) 
Romaka  Siddhanta,  have  we  to  understand  thereby  the  original  Romaka,* 

and  consequently  to  fix  the  date  of  that  work  as  late  as  505  A.  D  ?  This 

question  is  one  of  interest  in  itself,  and  moreover  has  a  bearing  on  the  moro 

general  question  as  to  the  period  to  which  we  have  to  assign  the  beginnings 

of  the  modern,  scientific,  phase  of  Hindu  astronomy. 

For  reasons,  which  I  shall  set  forth  after  having  finished  the  survey 

of  the  contents  of  the  five  Siddhantas,  I  consider  it  altogether  improbable 

that  any  of  those  treatises  should  have  originated  so  late  as  505  A.  D.,  i.  c,, 

not  earlier  than,  let  us  say,  forty  or  fifty  years  before  the  composition  of  the 

Panchasid d h anti k;t.  Meanwhile  I  wish  to  direct  attention  to  a  special  cir¬ 

cumstance  which  seems  to  favour  the  conclusion,  that  the  original  Romaka 

Siddhanta  at  any  rate  was  composed  earlier  than  the  date  mentioned. 

From  the  third  stanza  of  the  first  chapter  it  appears  that  already 

before  the  composition  of  the  Pahchasiddhantika  the  Romaka  Siddh&nta  had 

*  The  qualification  ‘  original  ’  ia  of  course  meant  to  exclude  iSrishena’s  performance. 
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been  commented  upon  (vyfikhyata)  in  some  way  or  other  by  L&tadeva.  Now 

it  is-  not  of  course  impossible  that  Latadeva’s  vyakhyAna  was  merely 
an  ordinary  explanatory  commentary,  composed  at  some  time  or  other  in  the 

period  intervening  between  A.  D  505  (supposing  this  to  have  been  the  date 

of  the  original  Rornaka)  and  the  year  (let  us  say  about  550)  in  which  the 

Panchasiddh&ntikA  was  written.  Another  alternative,  however,  appears  to 

me  the  more  probable  one,  for  the  following  reason.  I  do  not  consider  it 

likely  that  Varaha  Mihira  should  have  mentioned  Ldtadeva  at  all  in  connexion 

with  the  Rornaka,  had  he  been  nothing  more  than  an  ordinary  commentator 
of  that  work.  The  fact  that  he  does  so  mention  him  seems  rather  to  indicate 

that  Latadeva  occupied  a  somewhat  more  independent  position  with  regard 

to  the  Rornaka,  possibly  that  of  a  writer  who  recasts  an  earlier  work,  or 

adapts  it  to  a  later  epoch.  That  Latadeva  was  more  than  a  mere  scholiast, 

appears,  moreover,  from  the  fact  that  Brahmagupta  refers  to  him  as  an 

astronomical  writer,  and,  what  is  particularly  important,  that  Var&ha 

Mihira  himself,  in  XV.  18,  thinks  it  worth  while  to  quote  the  opinion  of 

Lata  (of  whose  identity  with  the  L&tadeva  of  the  first  chapter  I  see  no 

reason  to  doubt)  concerning  the  time  ’of  the  day  from  which  the  ahargapa 
has  to  bo  calculated.  And  the  details  given  in  this  last  quotation  lead  us  a 

step  further.  It  is  there  said  that  according  to  Latn’s  view  the  beginning  of 
the  astronomical  day  has  to  be  reckoned  from  the  moment  when  the  sun  has 

half  set  at  Yavanapura.  Now  this  very  same  view,  which  here  is  mentioned 

as  peculiar  to  Lata  and  as  such  contrasted  with  the  diverging  views  of  other 

astronomical  writers  on  the  same  subject,  is  found  incorporated  in  the  rule 

(I.  8)  which  professes  to  teach  how  the  ahargana  has  to  be  calculated  accord¬ 

ing  to  the  Rornaka  Siddhanta.  That  rule  we  therefore  are  entitled  to  look 

upon  not  as  directly  borrowed  by  Varaha  Mihira  from  the  old  original 

Rornaka  Siddhanta,  but  rather  as  constructed  by  Lata  on  the  elements  of 

that  work  in  such  a  form  as  to  answer  the  requirements  of  his  time,  and 

transferred,  by  Varaha  Mihira,  from  Lata’s  work  to  the  PaiiehasiddMntika. 

Hence  the  date  427  S'aka  also  has  to  ho  taken,  not  as  the  date  of  the  original 
Rornaka  SiddMnta,  but  rather  as  the  date  of  Lata  or,  more  definitely,  as  the 

date  which  Lata,  in  his  comment  on — or  adaptation  of — the  Rornaka  chose 

for  his  epoch.  How  much  older  the  original  Rornaka  SiddMnta  may  have 

been,  is  a  point  which  we  will  touch  on  below. 

Concerning  the  special  character  of  Lata’s  work  we  may  conjecture 
that  it  stood  to  the  Rornaka  Siddhanta  in  somewhat  the  same  relation  as 

Karanas  generally  stand  to  Siddhantas.  In  conclusion  I  point  out  that  some 

connexion  between  Lata  and  the  Rornaka  Siddhanta  seems  to  follow  also 

from  the  statement  made  by  Brahmagupta  in  the  passage  quoted  above 
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at  length  viz.  that  S'rishena  took  the  elements  of  the  mean  motions  of  the 
planets  from  Lata.  For  unless  Lftta  himself  had  taken  these  elements  from 

the  Romaka,  there  would  appear  no  reason  whatever  why  the  work  of 

S'i  ishcna,  who  according  to  Brahmagupta  had  borrowed  all  other  elements 

from  other  sources,  should  have  been  called  a  ‘Rom aka’  Siddhanta.  We  can, 
on  the  other  hand,  understand  that  a  Hindi!  astronomical  work  should  adopt 

the  name  of  that  Siddhanta  with  which  it  agreed  in  the  rules  for  calculating  the 

mean  motions  of  the  planets  ;  for  the  latter  constitute  the  most  characteristic 

item  by  which  a  Siddhanta  distinguishes  itself  from  other  works  of  the  same 
class. 

The  Paulisa  Siddhjtnta  next  calls  for  a  short  review. 

The  fundamental  information  about  this  SiddMnta  viz.  that  concerning 

the  formation  of  the  aliargarta  is  contained  in  stanzas  11-13  of  the  first 

chapter  which  unfortunately  appear  in  the  Manuscripts  in  so  corrupt 

a  form  that  we  are  unable  satisfactorily  to  explain  the  details.  The  leading 

principles  of  the  calculation  may  however  be  discerned,  all  the  more  readily 

as  they  seem  not  to  present  any  altogether  new  feature.  The  number  976 

(ritu — '.sapta — nava — bhaktah)  which  in  stanza  11  is  exhibited  as  a  divisor, 

no  doubt  indicates  the  number  of  solar  days  after  the  lapse  of  which  a  lunar 

month  has  to  be  intercalated,  and  tire  63  of  the  same  stanza  (tri — ritu)  seems 

to  refer  to  the  number  of  lunar  days  going  to  one  avama  or  omitted  lunar 

day.  The  two  next  stanzas  then  most  probably  state  the  corrections  which 

the  employment  of  the  stated  round  numbers  renders  it  necessary  subse¬ 

quently  to  apply  ;  the  amount  and  mode  of  those  corrections  we  are  however 

unable  to  extract  from  the  incorrect  text. — The  Paulina  Siddh&nta,  thus,  in 

order  to  find  the  total  of  civil  days,  which  have  elapsed  from  a  certain  epoch 

up  to  a  given  date,  takes  the  usual  steps  through  adhimiisas  and  avamar&tras 

(tithipralayas),  does  not,  however,  base  its  calculation  on  any  cyclic  period 

comprehending  integral  numbers  of  years,  lunar  months  and  omitted  lunar 

days  ;  but  reaches  its  aim  in  a  more  direct  manner  by  establishing  small  aggre¬ 

gates  of  days  which  approximately  contain  one  intercalary  month  or  one 

omitted  lunar  day,  and  subsequently  applying  an  appropriate  correction. 

Our  imperfect  understanding  of  the  details  of  tho  text  prevents  us 

from  deriving  from  the  two  stanzas  discussed  the  exact  length  of  the  year 

and  the  month  according  to  the  Paulisa  Siddhdnta.  The  length  of  the  year, 

however,  follows  from  another  passage  viz.  III.  X,  which  teaches  how  to  find 

the  sun’s  mean  place,  and  bases  on  the  assumption  of  a  year  of  365d  6h  12m. 

The  rule  for  finding  the  place  of  the  moon,  given  in  the  former  part 
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of  the  second  chapter,  *  is  of  a  nature  widely  differing  from  the  corresponding 
rules  exhibited  by  the  best  known  Siddhintas.  It  therefore  puzzled  us  for 

a  very  long  time — all  the  more  as  the  text  the  two  Manuscripts  exhibit  is 

just  in  "that  place  far  from  correct — ,  until  light  fell  on  it  from  a  somewhat 
unexpected  quarter.  If  we  indeed  had  noticed  from  the  outset  that  the 
divisor  3031  mentioned  in  stanza  2  is  the  same  as  the  one  which  the  Romaka 

Siddhanta  (viii.  5.)  employs  for  finding  the  place  of  the  moon’s  kendra,  we 
might  have  penetrated  more  quickly  to  the  sense  of  the  rule  given  in  the 

Paulina  Siddhanta ;  but  that  circumstance  escaped  our  attention  at  the 

time,  and  the  first  clue  to  the  solution  of  the  difficulty  was  actually  supplied 

by  the  observation  that  the  contents  of  the  earlier  part  of  chapter  II.  of  the 

Panchasiddh&ntiM  show  clear  analogies  to  the  methods  employed,  according 

to  Warren  and  Bailly,  by  the  astronomers  of  certain  parts  of  southern  India 

for  the  purpose  of  finding  the  mean  and  true  places  of  sun  and  moon.  Ac¬ 

cording  to  Warren  (Kila  Sankalita  pp.  118  ff.)  the  astronomers  of  all  those 

regions  of  the  Deccan  where  the  Tamul  language  is  spoken  make  use,  for 

calculating  the  longitudes  of  sun  and  moon,  of  a  peculiar  process  called  by 

him  the  solar  or  Vakiain  process,  whose  characteristic  feature  is  that  it 

enables  us  to  find  the  true  places  without  having  previously  ascertained  the 

mean  ones.  This  is  accomplished  (if  we  limit  ourselves  in  what  follows  to  the 

processes  concerning  the  moon  which  alone  are  analogous  to  those  employed 

in  the  Paulina  Siddhanta)  by  directly  calculating  how  many  times  within  a 

given  ahargana  the  moon  has  returned  to  her  apogee  or  perigee,  rejecting  the 

days  within  which  complete  revolutions  have  been  performed,  and  taking  the 

true  motion  for  the  remaining  days.  To  that  end  there  are  established 

periods,  comprising  integral  numbers  of  days,  within  which  the  moon  per¬ 
forms  a  certain  number  of  anomalistic  revolutions,  and  by  these  periods  the 

given  ahargana  is  divided  in  succession  ;  the  quotients  may  then  be  rejected 

each  time,  and  only  the  last  remainder  taken  into  account  for  finding  the 

moon’s  place.  These  periods  are  four  in  number,  called  t  Vedam,  Rasa 

Gherica,  Calanilam,  and  Devaram.  The  Devaram  consists  of  248  days  which 

comprise  9  complete  anomalistic  revolutions  of  the  moon;  the  Calanilam 

comprises  3031  days  =  1 10  revolutions;  the  Rasa  Gherica  comprises  123/2  days 

=  441  revolutions ;  the  Yedam  again  is  a  certain  multiple  of  the  Rasa  Gherica 

and  comprises  1600984  days.  The  given  ahargana  is  at  first  divided  by 

12372;  again  the  remainder  by  3031;  and  again  the  remainder  by  248. 

*  I  here  adopt  the  alternative,  discussed  above,  of  the  earlier  part  of  the  second  chapter 

reproducing  doctrines  of  the  Paulisa  Siddhanta. 

f  I  give  these  names  in  the — presumably  incorrect— forms  in  which  Warren  exhibits  them. 
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The  remainder  of  this  last  division — called  by  Warren  Chandra  Vakiam 

Dhurmavahanam — is  then  used  as  the  argument  of  a  table  which  gives  the 

moon’s  true  place  and  true  motion  for  each  day  of  a  period  of  248  days  ( =  9 

anomalistic  revolutions). — If,  on  the  other  hand,  the  moon’s  mean  place  is 
required,  use  is  made  of  certain  constant  quantities  indicating  the  amount  of 

the  moon’s  mean  motion  during  each  of  the  periods  stated  above,  to  which 

there  is  finally  added  the  moon’s  mean  motion  during  the  days  indicated  by 

the  last  remainder.  For  one  devaram  f  i.,  the  moon’s  mean  motion,  according 

to  the  Telugu  Astronomers,  amounts  to  27°  44'  6"  (entire  revolutions  being 

rejected) ;  during  one  Calanilam  to  11s  7°  31'  1",  and  so  on. 

Now  the  rules  given  in  the  beginning  of  the  second  chapter  of  the 

Pahchasiddhantika  are  analogous  to  those  of  the  Telugu  Astronomers.  The 

periods  employed  there  for  calculating  the  moon’s  place  are  two  in  number  ; 
one  called  ghana  and  comprising  3031  days,  which  is  identical  with  the 

Calanilam  of  the  Telugus ;  and  another  called  gati,  which  consists  of  248  ninths 

of  a  day,  and  thus  represents  one  anomalistic  month.  No  reference  appears 

to  be  made  to  longer  periods  such  as  the  Vedam  and  the  Rasa  Gheriea  of  the 

Telugus  ;  periods  of  the  latter  kind  are  indeed  not  required  for  the  purposes 

of  a  Karan  a  whose  rules  are  meant  to  be  applied  only  to  comparatively  small 

ahargaijas.  If  then  we  retrench  from  a  given  number  of  days  all  the  entire 

ghanas  contained  in  it,  and  again  retrench  from  the  remainder  all  the  entire 

gatis  which  it  comprehends,  the  last  remainder  alone  is  required  for  calculat¬ 

ing  the  moon’s  true  place ;  for  it  indicates  what  fraction  of  the  current 
anomalistic  revolution  the  moon  has  performed,  and  a  simple  rule,  or  table- 

will  then  suffice  to  show  the  amount  of  equation  of  the  centre  which  has 

to  be  added  to — or  subtracted  from — the  moon’s  mean  longitude  in  order  to 
render  it  true.  Another  set  of  rules  is,  however,  required  for  enabling  us 

to  assign  the  mean  longitude  of  the  moon.  This  want  the  PanchasiddhantiM 

supplies  by  stating  the  total  amount  of  mean  motion  accomplished  during 

each  ghana,  and  each  gati ;  so  that  wo  have,  in  each  given  case,  to  multiply 

those  amounts  by  the  number  of  elapsed  ghanas  and  gatis  and  add  up  the 

results.  It  then  remains  to  find  the  mean  motion  for  the  fraction  of  the  non- 

completed  gati,  and  to  determine  the  corresponding  amount  of  equation  of  the 

centre.  Rules  for  these  procedures — or  for  a  part  of  them— are  most  probably 

contained  in  stanzas  5  and  (5,  which  wo  however  are  unable  to  explain. 

It  further  can  hardly  he  doubted  that  stanzas  4 — 9  of  the  third  chapter 

return  to  the  moon,  and  give  some  further  rules  for  ascertaining  her  true 

place  and  motion  ;  this  the  general  wording  of  the  passage,  and  terms  such  as 

ghana  and  gati  which  occur  in  it,  seem  clearly  to  indicate.  But  we  have  not 
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succeeded  in  unriddling  those  stanzas ;  and  are  therefore  also  not  in  a  position 

to  explain  why  they,  if  bearing  on  the  teaching  of  the  same  Siddhanta  as  the 

former  half  of  chapter  II.,  should  yet  be  separated  from  the  latter  by  an 

intervening  set  of  rules  concerning  altogether  different  matters. 

The  rule  for  finding  the  true  place  of  the  sun  (III.  2,  3)  resembles 

the  corresponding  rule  of  the  Romaka  Siddh&nta,  in  so  far  as  it  does  not 

Jeach  a  general  process  for  finding  the  equation  of  the  centre  for  any  given 

anomaly,  but  merely  states  the  amount  of  the  equation  for  each  thirty  degrees 

of  anomaly.  The  degrees  of  the  anomaly  are  however  not  reckoned  from 

the  apogee,  but  from  the  first  point  of  Aries,  so  that  the  equation  of  the 

centre  can  be  added  to — or  subtracted  from — the  sun’s  mean  longitude  with¬ 
out  any  preliminary  deduction  of  the  mean  longitude  from  the  longitude  of 

the  apogee. #  The  latter  quantity  is  estimated  at  80  degrees.  Stanza  III. 

17.  contains  a  corresponding  rough  statement  of  the  sun’s  mean  daily  motion 
during  each  month  of  the  solar  year  ;  here  too  we  miss  a  general  rule  enabling 

us  to  calculate  the  true  motion  for  any  given  time. 

The  estimation  of  the  length  of  the  revolution  of  the  moon’s  node 
given  in  III.  2G.  differs  but  little  from  that  made  in  the  Surya  Siddh4nta  and  » 

the  great  majority  of  Hindu  astronomical  works. — The  greatest  latitude  of 

the  moon  is  put  equal  to  270'  (III.  31).  But  here  also — as  above  in  the  case 

of  the  Romaka  Siddhanta — we  meet  with  another  rule  which  appears  to  pre¬ 

suppose  a  greatest  latitude  of  240'  only,  viz.,  the  rule  given  in  VL  5.  for 

calculating  the  duration  of  total  obscuration  during  a  lunar  eclipse.  A  '  simi¬ 
lar  rule  on  the  other  hand  which  likewise  seems  to  belong  to  the  Paulisa 

SiddMnta  (VI.  G)  again  seems  to  be  based  on  the  assumption  of  the  moon’s 

greatest  latitude  amounting  to  270'. 

The  processes  prescribed  in  the  Paulina  Siddhanta  for  the  calculation 

of  lunar  and  solar  eclipses  are  of  a  very  rough  nature  and  much  less  accurate 

than  the  corresponding  operations  according  to  the  Romaka  and  Sfirya 

Siddh&ntas.  The  author  of  the  Paulina  apparently  aimed  at  nothing  further 

than  the  establishment  of  convenient  numerical  formulas,  gave  no  exposition 

of  the  general  theory  of  the  subject,  and,  for  the  sake  of  ease  of  calculation, 

introduced  merely  approximative  values.  No  rule  is  prescribed  for  ascertain¬ 

ing  the  true  (apparent)  dirhensions  of  sun,  moon,  and  shadow  at  the  time  of 

an  eclipse  Prom  VI.  4.  it  seems  to  follow  that  the  mean  value  of  the  moon’s 

diameter  is  supposed  to  amount  to  34’,  and  that  of  the  shadow  to  76'.  Some- 

*  In  the  note  on  the  translation  of  III.  2,  3.  the  remark  is  made  “  The  reason  probably 

is  etc,”  But  I  think  it  would  have  been  more  appropriate  to  say  that  it  certainly  is  so. 
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what  different  values  seem  however  to  result  from  VII.  6,  which  stanza  also 

appears  to  imply  a  statement  of  the  sum  of  the  diameters  of  sun  and  moon. 

It  is  difficult  to  speak  on  these  points  with  assurance,  as  the  details  of  the 

rules  cannot  in  all  cases  be  explained  with  full  confidence,  and  severaP  entire 

stanzas  have  remained  altogether  obscure  to  us. 

The  stanza  VII.  1.  gives  the  ordinary  rule  for  calculating  the  parallax 

in  longitude.  "We  are  unable  to  point  out  any  rule  for  determining  the 
parallax  in  latitude. 

Among  other  items  of  doctrine  which  appear  to  be  based  on  the 

Paulina  Siddhanta  there  may  be  noted  the  interesting  statement  of  the  differ¬ 

ence  in  longitude  of  Yavanapura  on  the  one,  and  Ujjayinl  and  Benares  on  the 

other  hand,  which  agrees  fairly  well  with  the  assumption  of  Yavanapura 

being  Alexandria*  Next  the  rule  (III.  14)  for  calculating  the  difference  in 

longitude  of  two  places  whose  distance  in  yojanas  is  known  ;  an  approxima¬ 
tive  rule  which  would  give  tolerably  correct  results  for  places  not  very  remote 

from  each  other. — The  same  chapter  (21)  also  contains  the  famous,  often 

quoted,  statement  regarding  the  former  position  of  the  solstice,  in  which  the 

word  ‘right’  (yukta),  as  we  now  see,  can  only  be  explained  from  the  context 
in  which  stanza  20  stands  with  the  preceding  one. 

We  may  also  mention  in  connexion  with  the  Paulisa  Siddkdnta  the 

table  of  sines  given  in  the  fourth  chapter,  although  it  is  doubtful  from  which 

Siddh&nta  it  was  borrowed  by  Vardha  Mihira.  It  may  have  been  common  to 

the  three  scientific  Siddhdntas ;  the  values  assigned  in  it  to  the  different  sines 

are  employed  by  Variha  Mihira  throughout  the  Panchasiddhantika,  where- 

ever  such  are  required.  The  most  interesting  feature  of  the  table  is  that  it 

bases  on  a  subdivision  of  the  Radius  into  120  parts  and  of  each  of  those  120 

parts  into  60 ;  instead  of  subdividing  the  Radius,  in  the  ordinary  Indian 

fashion,  into  3438'.  It  thus  closely  follows  the  Greek  fashion  of  expressing 
the  values  of  sines,  only  preferring  to  divide  the  Radius  into  120  parts  instead 

of  sixty.  In  the  majority  of  cases  the  agreement  of  the  stated  values  of  the 

sines  with  those  given  by  Ptolemy  is  as  close  as  possible,  taking  into  account 

that  the  latter  writer  subdivides  his  hundred  and  twentieth  parts  of  the 

diameter  into  minutes  and  seconds,  while  the  table  in  the  Panchasiddhantika 

subdivides  into  sixtieth  parts  only.  There  are  however  a  small  number  of 

cases  in  which  the  agreement  is  not  complete.  The  Sanskrit  text  had  in  a  few 

places  to  be  emended  to  a  considerable  extent,  and  it  thus  is  not  impossible 

that  a  more  correct  text  would  exhibit  an  even  closer  agreement  with  Ptolemy. 

*  Compare  on  this  point  the  Journal  Asiatic  Society  of  Bengal  1884.  p.  265. 
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On  the  other  hand  the  circumstance  that  the  amount  of  each  sine  is  not  stated 

directly,  but  has  to  be  arrived  at  by  the  summation  of  the  amounts  of  all  the 

preceding  sines  favours  the  presumption  of  the  emendations  made  being  the 

right  (fnes  on  the  whole ;  for  if  they  were  not,  the  table  as  it  now  stands 

might  be  expected  to  show  greater,  and  more  regularly  progressing,  de¬ 

viations  from  the  true  values  of  the  sines  than  it  actually  does. 

It  may  be  noted  that,  in  case  of  the  table  of  sines  basing  on  a  Greek 

prototype,  the  plan  of  subdividing  the  Radius — and  not  the  diameter — into 

120  parts  would  have  enabled  the  borrower  to  take  over,  without  any  change, 

the  amounts  assigned  in  the  Greek  table  to  the  chords  of  the  angles,  and  to 

insert  them  in  his  own  table  as  the  values  of  the  sines  of  half  those  angles. 

We  finally  have  to  compare  the  information  about  the  Paulina  Sid- 

dh&nta  given  in  the  Pafichasiddhantika  with  what  we  know  from  other  sources 

about  the  same  work,  or  at  any  rate  a  work  of  the  same  name.  The  sources 

alluded  to  are  principally  Bhattotpala’s  commentary  on  Varaha  Mihira’s 

Brihatsamhita,  and  PrithMaka  Sramin’s  commentary  on  Brahmagupta’s 
Sphuta  Brahmasiddhanta,  and  from  them  Colebroolce  already  extracted  the 

most  noteworthy  points.  It  appears  that  the  Paulina  Siddhanta,  known  to 

the  two  Scholiasts  referred  to,  was  a  work  following  the  same  general  methods 
A 

as  the  Shrya  Siddhdnta,  Aryabhata  and  all  the  later  astronomers ;  at  any 

rate  it  agreed  with  the  great  majority  of  IT indft  astronomical  works  in  es¬ 

tablishing  a  maMyuga  which  contains  an  integral  number  of  s&vana  days  etc. 

and  of  revolutions  of  the  planets.  The  data  proving  this  are  to  be  found  in 

Colebrooke’s  essays  vol.  II.  p.  3G5  ;  from  them  it  also  follows  that  the  length 

of  the  year,  according  to  the  Paulisa  Siddhanta,  amounts  to  365d  6h  12m  36". 
Now,  in  spite  of  the  corruption  of  the  text  of  those  passages  in  which 

Varaha  Mihira  treats  of  the  Paulina  Siddhanta,  it  is  clear  that  the  work  of 

that  name  whose  contents  are  summarized  in  the  PaiichasiddMntik&  followed  a 

plan  altogether  different  from  that  of  the  Paulina  SiddMnta  referred  to  by 

Bhattotpala.  I  need  not  restate  here  in  detail  what  has  been  remarked 

above  about  the  methods  employed  by  the  Paulina  of  the  Pahchasiddhhntika  ; 

it  will  be  remembered  that  in  calculating  the  ahargana,  and  the  mean  as  well 

as  true  places  of  the  planets,  it  employs  peculiar  methods  of  its  own,  which 

sharply  distinguish  it  from  the  Paulina  of  Bhattotpala  and  works  constructed 

on  analogous  lines.  The  length  of  its  year  amounts  to  365d  6h  12m,  while, 

on  the  other  hand,  the  length  of  the  year  of  the  Paulina  known  to  Bhattotpala 

is  the  same  as  that  of  the  year  of  the  Surya  Siddh&nta  known  to  Varitha 

Mihira.  And  if  any  of  the  rules,  given  in  the  last  chapter  of  the  Paneha- 

siddMntikft  for  calculating  the  places  of  the  planets,  base — as  not  improbably 



XXXVIIX 
INTRODUCTION-. 

they  do — on  the  Paulisa  SiddMnta,  they  supply  an  additional  feature  mark¬ 
ing  off  the  two  Paulina  Siddhantas  from  each  other. 

We  are  thus  led  to  the  conclusion  that  the  Paulina  Siddhanta  also  has 

in  the  course  of  time  undergone  recasts,  and  that  that  form  of  it  which  was 

known  to  Bhattotpala  widely  differed  from  its  original  form,  so  widely  indeed 

that  there  is  some  reason  for  wondering  that  the  later  work  could  go  by  the 
same  name  as  the  earlier  one. 

i*hfha  sitUUuiuta.  About  the  Vasishtha  Siddh&nta  the  PafichasiddMntikd,  as  exhibited 

in  the  two  Manuscripts  at  our  disposal,  gives  only  very  scanty  information. 

Var&ha  Mihira,  indeed,  places  the  Vasishtha  Siddhanta,  together  with  the 

Paitamaha  Suldlulnta,  in  the  lowest  rank  of  tl re  works  whose  tenets  he  repro¬ 

duces  ;  yet  it  appears  strange  that  its  teaching  should  not  be  treated  at  some¬ 

what  greater  length.  If  anything,  it  is  the  small  space  allotted  to  the 

Vasishtha,  Siddhanta  in  the  text  of  the  PaiichasiddMntikd  as  here  edited, 

which  might  induce  us  to  suppose  that  certain  parts  of  the  work  are  missing 

in  our  Manuscripts.  It  is  indeed- — as  I  already  have  remarked  above  when 

discussing  the  allotment  of  the  different  chapters  of  the  Pah chasid d h a n ti k a 

to  the  different  SiddhhutaH — a  somewhat  difficult  task  to  ascertain,  how  much 

of  the  matter  contained  in  the  Pafiehasiddh&ntikfl  in  its  present  form  has  to 

1)0  traced  back  to  the  Vasishtha  SiddMnta.  With  confidence  we  may  re- 

cognise  its  teaching  only  in  the  rules  given  in  the  second  part  of  the  second 

chapter  which  are,  at.  the  end,  designated  by  Varitha  Mihira  himself  as  being 

founded  on  the  Vasishtha  Siddh&nta,  and  which  moreover  are  of  a  quite 

peculiar  character,  marking  them  off  very  decidedly  from  the  doctrines  of 

the  other  Siddlnlntas.  The  rule,  given  in  stanza  8  for  calculating  the 

length  of  the  day  at  any  time  of  the  year,  is  similar  to  that  of  the  Paitd- 

maha  Suldlulnta  in  so  far  as  assuming  an  equal  daily  increase  ;  but  it  differs, 

from  it  regarding  the  length  of  the  shortest  and  longest  days.  The  rules, 

given  in  stanzas  9 — 13  for  finding  the  length  of  the  shadow,  the  mean 

longitude  of  the  sun  and  the  lagna  are  also  of  a  very  primitive  nature  ■; 
but  yet  superior  to  what  a  work  of  the  type  of  the  Paitamaha  Siddhanta. 
could  supply. 

We  may  infer  from  them  that  the  Vasishtha  Siddh&nta  no  longer  oper¬ 

ated  with  nakahatras,  but  subdivided  the  sphere  into  signs,  degrees  and 

minutes ;  and  we  also  notice  that  it  knew  about  the  so-called  lagna  i.  e.  the 

ecliptic  point  which  is  on  the  eastern  horizon  at  any  given  time.  But,  apart 

from  this,  the  methods  are  so  rude,  and  so  completely  omit  to  distinguish  be¬ 

tween  mean  and  true  astronomical  quantities,  that  the  Vasishtha  SiddMnta 

can  hardly  be  included  within  Scientific  Hindh  Astronomy. 
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That  the  rules  concerning  the  motions  of  the  moon  contained  in  the 

former  part  of  the  second  chapter  are  of  an  entirely  different  character,  has 

been  remarked  above  already  (p.  XI).  In  spite  of  this  it  is,  as  said  in  the 

same  jflace,  not  altogether  impossible  that  they  should  base  on  the  teaching 

of  the  Vasishtha  Siddhanta,  which  may  have  borrowed  various  rules  and 

methods  from  different  sources.  The  point  must  be  left  unsettled  for  the  pre¬ 

sent. — The  Vasishtha  SiddMnta  is  not  referred  to  in  any  other  part  of  the 

Panchasiddhantika,  with  the  exception  of  a  colophon  in  the  last  chapter, 

about  which  something  will  be  said  later  on. 

There  yet  remains  the  question  as  to  the  relation  of  the  Vasishtha 

Siddhanta,  known  to  V araha  Mihira,  to  that  Siddhanta  of  the  same  name  about 

which  we  know  from  later  commentators,  chiefly  those  repeatedly  referred  to 

in  the  course  of  this  introduction.  Prom  them  Colebrooke  already  has  im¬ 

parted  some  information  about  a  Vasishtha  Siddhanta  which  he  ascribes  to 

Vishnu  Chandra,  on  the  authority  of  the  last  line  of  the  passage  quoted  above 

(p.  XXVI)  from  Brahmagupta.  The  right  interpretation  of  that  line  clearly 

depends  on  the  way  in  which  the  preceding  lines  concerning  Srlshena’s  treatise 
are  explained.  Following  the  version  of  them  given  by  me  above  we  have  to 

translate  “  and  by  Vishnu  Chandra,  taking  the  same  (astronomical  elements) 

the  Vhsishtha  (Siddhanta)  (was  disfigured)”  i.  e.  Vishnu  Chandra,  by  borrow¬ 
ing  various  items  of  doctrine  from  different  sources,  gave  to  the  original 

Vasishtha  Siddhanta  the  same  variegated,  incongruous  appearance  which 

S'rishena,  acting  in  an  analogous  manner,  had  imparted  to  the  original  Romaka 
Siddhanta.  To  the  existence  of  a  Vasishtha  Siddblnta,  older  than  the  recast 

by  Vishnu  Chandra,  there  moreover  testifies  the  seventh  line  of  the  passage 

from  Brahmagupta,  which  apparently  says  that  S'rishena  borrowed  the  (num¬ 
bers  of  the)  elapsed  years  and  (planetary)  revolutions  of  the  yuga  from  a 

Vasishtha  (Siddhanta) ;  and  the  second  half  of  that  line  further  seems  to 

intimate  that  that  Vasishtha  was  composed  by,  or  at  any  rate  somehow  con¬ 

nected  with,  Vijayanandin.  An  astronomical  writer  of  that  name  is  mention¬ 

ed  by  Brahmagupta  in  another  place  also,  and — which  is  of  some  importance 

as  more  definitely  indicating  his  time — also  by  Varh.li a  Mihira  himself  who,  in 

the  last  chapter  of  the  PanchasiddhantikcL  (XVIII.  62),  refers  to  Vijayanandin 

as  having  given  rules  for  the  calculation  of  the  places  of  the  planets. 

Neither  Vijayanandin’s  nor  Vishnu  Chandra’s  treatises  appear  to  have 
come  down  to  our  time.  The  (Laghu)  Vasishtha  Siddhanta  which  we  possess* 

does  not  evince  any  relationship  either  to  that  Vasishtha  Siddh&nta  which  was 

known  to  Varfiha  Mihira,  or  to  the  work  of  Vishnu  Chandra,  with  some  details 

of  which  we  are  rendered  acquainted  by  Brahmagupta  and  later  commentators. 

*  Published  by  P.  Yindbyesvari  Prasada  Dube,  Benares  1881. 
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Having  thus  taken  a  survey  of  the  chief  doctrines  of  the  five  Siddhantas 

as  exhibited  in  chapters  I — XVII  of  the  Pauchasiddhantika,  and  before  exam¬ 

ining  in  detail  the  contents  of  the  last  chapter,  a  few  remarks  may  be  added  about 

what  Varaha  Mihira  states  in  XV.  33 — 38  about  the  longitudes  and  latitudes 

of  certain  stars.  What  authority  he  follows  therein,  we  are  unable  to  say. 

The  statement  referred  to  gives  the  longitudes  and  latitudes  of  a  small 

number  of  junction-stars  of  nakshatras.  How  the  longitude  and  latitude  are 
measured,  the  text  does  not  define ;  we  can  only  presume  that  the  Siddhanta 
which  Varilha  Mihira  here  extracts  followed  the  usual  Indian  method  viz.  of 

referring  the  stars  outside  the  ecliptic  to  the  latter  circle,  not  by  latitude- 

circles,  but  by  declination-circles,  so  that  the  quantities  stated  are  what  Whit¬ 
ney,  in  his  translation  of  the  Surya  Siddliilnta,  calls  polar  longitudes  (dhruva) 

and  polar  latitudes  (vikshepa).  The  degrees  of  (polar)  longitude  are,  as  in  the 

Stlrya  Siddhanta,  taken  from  the  beginning  of  the  nakshatra  (  =  twenty- 

seventh  part  of  the  ecliptic)  to  which  the  junction,  star  belongs.  The  latitudes 

are,  in  a  peculiar  manner,  expressed  not  in  degrees,  but  hastas,  which  we  are 

enabled  to  turn  into  degrees  by  remembering  that  one  hasta  comprises  thirty- 

four  ahgul  is,  and  that  the  diameter  of  the  moon — here  assumed  equal  to  34 

minutes — is  divided  into  fifteen  ahgulis.  We  give  the  results,  in  a  tabular 

form,  adding  at  the  same  time,  in  order  to  facilitate  comparison,  the  corres¬ 

ponding  statements  made  in  the  Surya  Siddh&nta  (Whitney  p.  321.) 

Atn\  to Panclmsithlhiuitika, Aec.  to  Surya.  Siddhanta. 
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Why  Varaha  Mihira  should  have  confined  himself  to  stating  the  longi¬ 

tudes  and  latitudes  of  seven  junction  stars  only,  remains  unaccounted  for. 

Possibly  the  Manuscripts  are  defective  just  at  that  place.  The  details  given 

concerning  those  seven  stars  (supposing  our  interpretation  of  the  text  to  be 

correct)  diverge  so  widely  from  the  corresponding  statements  of  the  Surya, 

Siddhanta  that,  considering  the  incompleteness  of  the  material,  a  critical 

comparison  of  the  two  appears  hardly  feasible  at  present. — About  the  rule 

concerning  the  heliacal  rising  of  Canopus  (XIV.  39 — 41)  a  few  remarks 
will  be  made  further  on. 

I  now  proceed  to  the  examination  of  the  last  chapter  of  the  Pancha- 

siddhantika,  which  is  one  of  the  most  interesting  but  at  the  same  time  most 

perplexing  of  the  whole  work.  The  text  itself  apparently  does  not  state  to 

what  Siddhanta  the  rules  about  the  planets,  constituting  the  matter  of  the 

chapter,  have  to  he  traced.  To  some  indications  given  in  the  colophons 

I  will  refer  later  on. 

A  survey  of  the  contents  of  the  chapter  shows  that  it  consists  of  two 

different  sets  of  rules,  of  which  the  former  extends  from  stanzas  1 — 60,  while 

the  latter,  preceded  by  some  personal  remarks  on  the  part  of  Varaha  Mihira, 

comprises  sttnzas  G6  up  to  the  end,  I  begin  by  analysing,  as  far  as  feasible, 

the  former  set  of  rules. # 

The  plan  generally  followed  in  this  part  of  the  work  is  to  state  at  first 

for  each  planet  a  rule  enabling  us  to  calculate  how  many  (heliacal)  risings  of 

it  have  taken  place  within  a  given  ahargana,  or — in  other  words — how  many 

synodical  revolutions  it  has  performed.  To  that  end  we  are  directed  to 

divide  the  ahargana  by  the  duration  of  the  different  synodical  revolutions. 

In  Venus’  ease  the  rule  prescribes  (stanzas  1  and  2)  to  divide  the  ahargana  by 
584,  and  to  add  to  the  remaining  days  the  eleventh  part  of  the  quotient  of 

the  division  ;  i,  e,  in  other  words,  the  length  of  Venus’  synodical  revolution 

is  estimated  at  584  — j1,  days.  In  the  same  way  it  follows  from  stanzas  6  and 
7  that  one  synodical  revolution  of  Jupiter  is  estimated  at  399  —  ~  days  ;  from 

stanzas  14  and  15  that  one  revolution  of  Saturn  amounts  to  378  ~  days  ;  from 

stanzas  21  and  £2,  that  one  revolution  of  Marais  estimated  at  780  days  minus 

IGl  vinadikas  (  =  ,  about,  J.th  of  a  day) ;  and  from  stanzas  36  and  37,  that  one 
synodical  revolution  of  Mercury  is  supposed  to  amount  to  115  days  plus  52 

nadikas  plus  45  vinadikas  (for  the  rules  given  there  imply  that  8  synodical 

revolutions  occupy  927  days  plus  2  nddikks). 

*  It  will  be  observed  that  the  English  translation  of  that  chapter  confines  itself  to 

a  literal  rendering  of  the  Stanzas.  The  following,  systematic,  discussion  of  the  contents  of  the 

chapter  is  meant  to  supply  the  place  of  explanatory  notes  to  the  translation* 
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In  the  second  place  the  rules  teach  ns,  how  to  calculate  the  amount  of 

sidereal  motion  performed  by  the  planets  within  the  given  number  of  synodi¬ 

cal  revolutions.  —Stanza  1  says  that  during  one  period  of  rising,  i.  e.  during 

one  synodical  revolution.  Venus,  passes  through  7s  5°  30',.  and  this  is  indeed 

the  approximate  motion  of  Venus  within  584  — d  days,  if  we  suppose  its 

mean  motion  to  be  the  same  as  that  of  the  sun,  and  reject  the  entire  revolution 

performed. 

In  Jupiter’s  ease  we  are  directed  (stanza  7)  to  multiply  the  number 

of  synodical  revolutions  contained  within  a  given  ahargana  by  36,  and' to 
divide  by  3:91 ;  which  shows  that  3.91  synodical  revolutions  are  supposed 

to  be  about  equal  to  3.6  sidereal  revolutions.  This  is  indeed  nearly  the  case  ; 

for  if,  basing  on  the  duration  of  a  synodical  revolution  of  399  days  (not 

399_I  days)  and  on  the  assumption  of  364220  sidereal  revolutions  of  Jupiter 

being  performed  within,  a  mahayuga  of  1577917800  days,  we  calculate  the 

sidereal  revolutions  performed  during  the  lapse  of  391  synodical  revolutions,  we 

find  E6  revolutions  plus  about  four  degrees.  And  for  these  four  degrees  also  an 

allowance  is  made,  viz,  in  stanza  10,  where  we  are  told  to  multiply  the  num¬ 

ber  of  risings  by  five,  to  divide  by  eight,  and.  to  take  the  result  as  minutes ;  for 

2£^pga  iff  nearly  equa]  to  «J»gSg..  . 

The  rules  for  calculating  the  sidereal  motions  of'  the  other  planets  are 
of  a  similar  nature.  Assuming  the  sidereal  revolutions  of  Saturn  within 

one  mahayuga  to  amount  to  146568,  the  quantity  of  sidereal  motion  within 

a  period  comprising  256  synodical  revolutions  of  378- days  each  is  equal  to 

nine  revolutions minus,  four  degrees  eight  minutes.  We  are  hence  directed, 

(st.  15)  to,  multiply  the  risings  of  Saturn  by  9,  and  to  divide  by  256  ;  and 

(st.  17)  to.  multiply  the  risings  by  3, "to  divide  by  32,  and  to.  look  on  the  result 

as  minutes,  to  be  deducted  ;  for  4° +  8' =  248',  and  ~|=-p. 

For  Mars  we  have  the  assumption  (st.  22)  that  fifteen  synodical 

revolutions  comprise  eighteen  sidereal  revolutions  ;  hence  we  multiply  the 

number  of'  the  risings  by  eighteen  and  divide  by  fifteen.  The  quotient  which 
indicates  the  entire  revolutions  is  rejected ;  the  remainder,  multiplied'  by  12 
and  divided  by  15,  gives  the  mean  place  of  Mars  in  signs  and  so  on.  In 

Mercury’is  case,  finally,  389  synodical  revolutions  are  supposed  to  be  equal  to 
123  sidereal  revolutions  ;  hence  st.  37  directs  us  to  multiply  the  given  number 
of  synodical  revolutions  by  123,  and  to  divide  by  389. 

So  far  the  rules  contained  in  the  last  chapter  can,  be  satisfactorily 
explained.  We  now  however  are  met  by  a  series  of  rules  whose  rationale 

we  are  unable,  to,  assign..  Hitherto  we  have  been  told  how  to  calculate  firstly 
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the  full  number  of  synodical  revolutions  of  n  planet  which  have  taken 

place  within  a  given  ahargana,  and  secondly  the  full  number  of  sidereal  re¬ 

volutions  within  the  same  period ;  and,  for  the  purpose  of  ascertaining  the 

amount  of  synodical  as  well  as  sidereal  motion  which  the  planet  has  accom- 

■plished  in  addition  to  complete  revolutions,  we  have  at  our  disposal  the 

remainder  of  the  two  divisions  whose  quotients  indicate  the  number  of  the 

full  revolutions.  Now,  from  these  remainders — which  represent  in  both 

eases  a  certain  number  of  days — the  mean  motion  and  the  mean  position 

of  the  planet  at  a  given  time  can  be  calculated  without  diiliettlty  ;  hut  what 

is  required,  and  what  the  rules  of  the  test  apparently  mean  to  supply,  are 

directions  enabling  us  to  determine,  roughly  at  least,  the  true  place  of  tin* 

planet  at  the  end  of  the  given  ahargana.  We  are,  however,  unable  to  point 

out  the  general  principles  on  which  the  rules  are  constructed. 

I  begin  with  Saturn  in  whose  case  the  rules  appear  to  be  simpler  than 

in  that  of  the  other  planets  (setting  aside  Venus  about  which  later  on). 

Stanza  15  directs  us  to  multiply  the  number  of  the  synodical  revolutions  hyp, 

and  to  divide  by  25G,  the  quotient  of  the  division  indicating,  as  explained 

above,  the  number  of  completed  sidereal  revolutions.  The  remainder,  the 

text  goes  on  to  say,  is  the  ‘park.’  The  remainder— -which  alone  is  required 
for  the  calculation  of  the  true  place  of  a  planet — is  thus  denoted  by  the  same 

term  which,  as  wo  have  seen  above,  was  employed  in  tire  PnuliAi  (or  Vusishtlm) 

SicldMnta  to  denote  the  remainder  of  days  from  which  tin*  true  place  of  the 

moon  is  ascertained.  The  text  then  goes  on  to  distinguish  three  different 

amounts  of  the  pada,  viz.  30,  127  and  DU  ;  audit  will  be  observed  that  the 

sum  of  the  three  fractions  jjj,  JjJ»  ̂  j.  amounts  to  I.  r.  one  entire  revolution. 

There  are  further  mentioned  certain  additive,  or  subtractive,  quantities,  which 

have  to  be  applied  in  ease  of  the  padas  reaching  the  mentioned  amounts,  and 

it  certainly  appears  probable  that  those  quantities  are,  in  some  way  or  other, 
connected  with  the  equation  of  the  centre,  which  lias  to  be  added  or  sub¬ 

tracted  in  order  to  render  the  planet’s  place  true.  But  we  are  quite  unable 
to  demonstrate,  by  a  satisfactory  explanation  of  the  three  amounts,  the  truth 

of  this  hypothesis.  The  text  finally  (in  18,  and  ID)  states  certain  amounts 

of  motion  which  Saturn  performs  within  the  three  khantjas,  i.  »>.,  apparently, 

the  three  fractions  of  a  revolution  (JJJ>  .j*)  which  were  mentioned  above. 
But  here  again  we  meet  with  a  difficulty;  fhr  while  the  text  states  for  the 

two  first  khandas  the  following  amounts:  JH  15  51' and  5*  2s  ;i,V,  a  <adetdu* 

tion  of  the  mean  motion  proceeding  on  tlm  data  of  the  text  gives  |  1  |-j  i 

for  ggth  of  a  revolution,  and  fr  27'  U'  for  *J."'  of  a  revolution.  It  is  indeed 
by  no  means  unlikely  that  the  discrepancy  may  be  owing  to  tic*  eirenmsmnn- 
of  the  text  wishing  to  state  the  amount  of  true — not  mean — motion  ;  but 
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we  ao-ain  are  unable  to  prove  this  by  calculation.  (The  amount  of  motion 

durino’  the  third  pada  stated  above  viz. ,  ̂th  of  a  revolution  is,  according  to 

calculation,  equal  to  4s  19°  13',  not  to  4s  7°  30'  .as,  by  mistake,  stated  in  the 

commentary  p-  101.  The  emendation  of  the  text — munayo  liptas  chatur- 

o-uiiilh  sapta,  stanza  19 — -which  bases  on  the  erroneous  quantity  stated  in  the  • 

commentary  must  on  that  account  be  rejected.  Owing  to  the  obscurity  of 

the  meaning  it  is  hardly  feasible  to  propose  another  emendation). 

The  text  finally  gives  (stanzas  19  and  20)  a  statement  of  the  different 

phases  of  Saturn’s  motion  in  the  course  of  one  synodic  revolution,  dividing 

that  period  into  seven  minor  periods,  and  mentioning  the  amount  of  motion 

during  each. 

-  We  have  similar  rules  in  Jupiter’s  case.  There  too  (st.  7)  we  are  told 
to  take  the  remainder  of  the  division  whose  quotient  indicates  the  completed 

sidereal  revolutions,  and  to  term  it  pada.  Again  three  different  padas  are 

distinguished  (st.  9),  whose  sum  amounts  to  one  complete  revolution  (~  +• 

j_  !iL  =  ?il),  and  for  each  of  these  padas  there  is  stated  a  certain  additive  or 

subtractive  quantity  of  obscure  meaning.  And  again  there  are  stated  three 

different  amounts  of  motion  which  do  not  very  widely  differ  from  the  amounts 

of  mean  motion  that  Jupiter  performs  within  each  of  the  three  fractions  of 

a  revolution  stated  above ;  the  amounts  given  in  the  text  being  5s  9°  30'; 

63;  13°,  while  the  calculated  amounts  are  53  15°  43';  5s  29°  33';  14°  44'. 
Here  too  we  can  only  conjecture  that  what  is  aimed  at  is  a  statement  of  the 

true  motion  within  the  given  intervals.  But,  in  addition  to  these  rules  which 

so  far  are  strictly  parallel  to  those  concerning  Saturn,  we  have,  in  stanza  8, 

some  additional  directions  concerning  mean  and  true  quantities  whose  sense 

has  remained  quite  obscure  to  us,  so  that  even  the  attempted  literal  render¬ 

ing  of  the  words  of  the  text — which  has  been  given  in  the  translation — must 

be  looked  upon  as  altogether  tentative  and  provisional. — Stanzas  12  and  13 

exhibit  a  statement  of  Jupiter’s  apparent  motion  during  each  of  nine  minor 
periods  into  which  the  entire  synodical  period  of  the  planet  is  subdivided. 

With  regard  to  Mars  again  another  plan  is  followed,  of  which  the 

details  however  have  likewise  remained  obscure  to  us.  In  Mars’  case  the 

text,  after  having  given  the  rules,  explained  above,  for  finding  the  elapsed 

synodical  and  sidereal  revolutions,  proceeds  (in  24)  to  make  a  statement  re¬ 

garding  the  difference  of  the  planet’s  mean  and  true  places,  it  being  obscure, 
however,  in  what  way  the  true  place  is  supposed  to  be  found,  and  then 

declares  that  the  course  (eMra)  of  Mars  will  be  stated  according  to  the  dif¬ 

ferent  motions  (gati).  To  judge  from  stanza  35,  these  motions  appear  to  be 

eight ;  and  as  the  text  mentions  the  terms  vakra,  anuvakra,  anugati,  ativakra 
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and  sighra,  we  may  assume  that  we  have  to  do  with  something  like  the 

eight  kinds  of  motion  enumerated  in  Surya  Siddhanta  II.  1.2,  among  which 

we  meet  with  vakra,  anuvakra  and  sighra.  But  most  of  the  details  we  must 

leave  unexplained,  owing  partly  to  the  corruption  of  the  text,  and  partly  to 

the  obscurity  of  the  subject.  Stanzas  25  (conclusion)  and  26  state  the 

periods  intervening  between  the  time  of  the  heliacal  setting  of  Mars  and  its 

conjunction  (when  it  becomes  niramSa),  and  between  the  conjunction  and  its 

heliacal  rising.  The  meaning  of  stanzas  27  and  28  is  obscure.  Stanzas  29 — 

32  treat  of  the  motion  of  Mars  in  three  of  its  gatis  (op.  the  ‘  trayo’  in  32),  of 

which  the  ‘vakra’  i.  e.  no  doubt  the  retrograde  motion  is  the  first ;  the  nature 
of  the  two  other  motions  we  are  unable  to  explain,  the  text  exhibiting  only 

the  vague  term,  ‘anugati’  (in  29).  In  st.  33  we  meet  indeed  with  the  terms 
vakra,  ativakra  and  anuvakra,  and  we  hence  suppose  that  those  three  motions 

are  referred  to  in  29 — 32  also  ;  but,  considering  the  various  senses  in  which 

the  terms  ativakra  and  anuvakra  are  used  by  different  authorities,  we  do  not. 

attempt  to  assign  the  meaning  they  bear  in  our  text. 

For  Mercury  the  text,  after  having  given  the  'general  rules  for  syno¬ 
dical  and  sidereal  motion,  at  once  states  the  amount  of  supposed  true  motion 

for  eight  periods  of  days  whose  total  aggregate  amounts  to  5580  days,  the 

amount  of  true  motion  being  360  degrees.  From  this  latter  circumstance  it 

appears  that  what  is  aimed  at  is  a  statement  of  the  different  phases  of  true 

motion  during  one  mean  revolution  of  the  planet  (which,  of  course,  is  viewed 

as  equal  to  one  mean  revolution  of  the  sun).  Why,  however,  the  cor¬ 

responding  period  of  days  is  said  to  amount  to  380  days  (rather  than  to  365), 

we  are  not  able  to  explain,  although  so  much  may  be  suggested  that  the  dis¬ 

crepancy  is  most  probably  due  to  a  mixing  up  of  sidereal  with  synodical  motion. 

The  text  then  goes  on  to  give  a  general  rule  (obscure  to  us)  about;  the  adjust¬ 

ment  of  mean  and  true  motion  (stanza  41 ),  and  thereupon  gives  a  detailed  ac¬ 

count  (42 — 53)  of  the  difference  of  Mercury’s  motions  according  to  the  sign  of 
the  ecliptic  in  which  the  planet  stands  at  the  time.  Wo  are  unable  to  account 

for  those  rules  by  calculation. 

There  now  only  remains  to  be  noticed,  in  the  first  set  of  planetary  rules, 
what  is  said  about  the  true  motions  of  Venus  in  stanzas  3—5.  The  treatment 

of  this  latter  planet  differs  from  that  of  all  other  planets  inasmuch  as  it  ap¬ 
pears  not  to  take  into  account  the  influence  of  the  equation  of  the  apsis,  but 

limits  itself  to  a  rough  representation  of  the  true  motions  in  so  far  as  depen¬ 
ding  on  the  equation  of  the  conjunction.  The  difference  is  quite  intelligible, 

if  we  remember  that  the  eccentricity  of  Venus’  orbit  is  very  much 
smaller  than  that  of  any  other  planet.  The  text  specifies  the  true  mo- 
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tions  for  eleven  minor  periods  of  days,  the  sum  of  which  amounts  to  six 

1  undred  and  ten.  Out  of  these,  584  constitute  one  synodical  revolution  of 

'enus,  while  the  last  26  days  must  be  viewed  as  the  period  within  which 

'onus,  after  having  performed  one  synodical  revolution  and  having  again 
itercd  into  conjunction  with  the  Sun,  advances  so  much  as  again  to  become 
isiblo  in  the  west. 

Obscure  and  unsatisfactory  as  are  many  'details  of  this,  first  set  of 
planetary  rules,  we  yet  recognise  with  sufficient  clearness  that  the  elements 

on  which  they  are  based  do  not  greatly  differ  from  those  generally  employed 

in  Hind  A  astronomy.  The  periods  of  sidereal  and  synodical  revolution 

diverge  very  little  from  the  ordinary  ones,  and  the  calculation  of  the  true 

places  appears  to  presuppose  the  recognition  of  the  two  separate  planetary 

inequalities  (excepting  the  case  of  Venus  as  noticed  above).  But  we  begin 

to  feel  on  strangely  new  and  unsafe  ground  when  now  turning  to  the  second 

set  of  rules  for  the  calculation  of  the  planetary  motions,  which  are  contained 

in  stanzas  6G — 81  of  the  last  chapter. 

The  position  and  appearance  of  these  rules  are  anomalous  from  several 

points  of  view.  On  the  rules  explained  above  which  come  to  a  conclusion  in 

stanza  60,  there  follow  a  lew  stanzas  which  look  very  much  as  if  they  were 

meant  as  concluding  stanzas  of  the  whole  work,  the  author  mentioning  in 

them  his  name,  and  drawing  a  parallel  between  his  own  performance  and  the 

less  successful  eilorts  of*  other  astronomers.  But  these,  prima  facie  final, 
stanzas  are  followed  in  their  turn  by  a  further  stanza  (65)  which  seems  to  be 

meant,  by  Varaha.  Mihira  as  an  introduction  to  another  set  of  concise  planet¬ 

ary  rules  (grahakarika  tan  tram) ;  for  although  the  rules  extending  from  stanza 

66  to  the  end  of  the  hook  are  comprised  in  16  stanzas  (or  in  seventeen,  if  we 

add  to  them  stanza  65),  it  yet  seems  most  probable  that  the  ‘eighteen  dryas’ 
mentioned  in  stanza.  65  refer  to  this  concluding  portion,  with  which  possibly 

one  of  the  stanzas  preceding  65  may  have  to  he  counted,  or  which  originally 

may  have  contained  one  stanza  more  than  our  manuscripts  exhibit. 

The  matter  contained  in  this  concluding  portion  is  of  a  comparatively 

simple  nature.  The  rules  at  first  teach  how  to  calculate  for  each  planet  the 

number  of  synodical  revolutions  which  have  taken  place  within  a  given 

ahargaija,  and  then  state  the  chief  phases  of  motion  within  each  synodical 

revolution,  or  half  revolution  as  in  Venus’  ease.  No  rules  are  given  for  cal¬ 
culating  the  true  motions. 

But  what  is  extraordinary  are  the  durations  assigned  to  the  synodical 

revolutions.  They  stand  as  follows — 
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Mars 0  .. 

768| 

days- 

Mercury ... 

114» 

?? 
Jupiter 

.... 

393f 

V  enus . .... 

575| 

n 

Saturn «  ,0.,. 

372§ 

These  amounts  agree  neither  with  those  assigned  to  the  synodical 

motions  in  modern  Hindu  astronomy  generally, ^  nor,  therefore,  with  the 

true  periods  from,  which  the  periods  implied  in  the  teaching  of.  the  Siddhantas 

differ  to  a  very  inconsiderable  extent  only.  To  meet  in  Hindu  astro¬ 

nomy  with  a  set  of  numerical  quantities  ,  widely  differing  from  those  generally 

accepted  is  indeed  so  startling,  that  one  at  first  feels  strongly  inclined  to 

doubt  of  the  soundness  of  the  text,  especially  if.  one  remembers  the  generally 

unsatisfactory  state  of  the  two  available  Manuscripts  of  the  Pancha- 

siddhantika;  but  it  so  happens  that  just  in  the  concluding  portion  the  text 

appears  to  be  fairly  correct,  does  at  any  rate  not  immediately  call  for  incisive 

emendations.  Moreover,  each  figure  is  given  twice  over,  and  that  in  two 

different  forms,  the  text  stating  at  first,  the  length  of,  the  synodical  revolu¬ 

tion  in  a  fractional  form  (as  f.  i.  ̂-  =  398^-  in.  Jupiter’s  case),  and  afterwards 
giving  the  details  of  motion  for  a  certain  number  of  subdivisions  of  the 

synodical  period;  and  we  find  that  the  results  arrived, at  by  summing  up  the 

days  comprised  within  those  subdivisions  agree  almost  throughout  very  closely 

with  the  former  statements  (in  Jupiter’s  ease  f.  i.  we  have  16  +  54  +  70  +  109 

+  88  +  40  + 16  =  393).  We  therefore  can,  for  the  present,  hardly  help  accept¬ 

ing  the  rules  as  they  stand,  in  spite  of  their  startling  uniqueness. 

It  remains  to  consider  from  which  Siddhantas  Varaha  Mihira  may  have 

borrowed  the  matter  of  the  entire  last  chapter.  The  text  itself  appears  to 

contain  no  indication  on  that  point;  there  are  however  two  colophons  which 

furnish  some — possibly  accurate — information.  After  stanza  5  the  Manu- , 

scripts  read,  Vasishtha-siddhunte  aukrah,  and  at  the  end  of  the  chapter, 

Paulisksiddhante  t&ragrah&h.  If  we  accept  the  former  statement  as  true, 

it  would  follow  that  the  Vasishtha-siddhanta  possessed  an  accurate  knowledge 

of  the  length  of  the  planetary  revolutions  ;  for  although  the  statement 

directly  refers  to  Venus  only,  it  is — for  reasons  not  requiring  to  be  set  forth 

at  length — altogether  improbable  that  the  Vasishtha  SiddMnta,  or  in'  fact  any 
Siddhanta,  should  have  been  well  informed  about  the  theory  of  one  planet 

only.  It  is  moreover  by  no  means  impossible  that,  .what,  the  colophon  .directly 

*  The  Siddhantas  do  not  indeed  state  the  duration  of  the  synodical  revolutions  of  the 
planets,  directly,  but  it  is  of  course  easy  to  derive  them  from  .their  sidereal  revolutions  combined 
with  the  revolution  of  the  sun. 
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states  about  Venus  only,  should  hold  good  with  reference  to  the  other  planetary 

rules  also  which  extend  up  to  stanza  60,  There  is  indeed,  as  shown  above, 

that  difference  between  the  rules  concerning  Venus  and  those  relative  to  the 

other  planets,  that,  while  the  former  do  not  take  any  account  of  the  equation 

of  the  centre,  the  latter  manifestly  do  so,  although  in  a  manner  whose  details 

have  remained  obscure  to  us.  But  as  already  remarked,  that  difference  may 

simply  be  due  to  the  circumstance  that  the  equation  of  the  centre  of  Venus, 

being  very  much  smaller  than  that  of  the  other  planets,  was  disregarded  on 

purpose.  On  the  other  hand,  the  circumstance  of  a  special  colophon  being 

introduced  after  stanza  5,  combined  with  the  fact  that  the  rules  from  stanzas 

6 — 60  after  all  do  differ  from  those  concerning  Venus,  might  be  viewed  as 

favouring  the  assumption  of  the  two  sets  of  rules  being  based  on  different 

authorities,  We  however  must  notice  that  the  rules  relative  to  Jupiter 

Saturn  etc.  employ  the  same  term,  viz.  pada,  to  denote  an  important  remainder, 

which  had  been  used  in  the  same  sense  in  an  earlier  part  of  the  work  (chap¬ 

ters  II.  and  III).  I  had  to  leave  it  an  open  question  the  doctrines  of  which 

Siddhantas  are  reproduced  in  the  earlier  part  of  Chapter  II.,  it  however 

appearing  not  improbable  that  the  Vasishtha  Siddhanta  is  the  authority 

relied  on.  And  thus  the  fact  of  ‘  pada 5  being  met  with  in  the  earlier  part  of 
the  last  chapter  also  appears  to  strengthen  the  conclusion  that  that  whole 

part  (stanzas  1 — 60)  epitomizes  the  doctrines  of  the  V&sishfcha,  Otherwise 

we  might  perhaps  think  of  the  Paulina  which,  as  I  have  above  shown  some 

reason  to  believe,  seems  to  have  agreed  with  the  Vasishtha  in  the  rules  for 

calculating  the  phases  of  the  moon.  But  this  latter  assumption  would 

conflict  with  the  statement  made  in  the  colophon  at  the  end  of  the  chap¬ 

ter,  which  appears  to  designate  the  rules  contained  in  stanzas  66  to  81  as 

based  on  the  teaching  of  the  Paulina  Siddhanta.  I  therefore  see  myself  unable 

to  propose  any  definite  views  as  to  the  sources  of  chapter  XVIII.  The  last 

set  of  rules  especially  is  perplexing,  and,  were  it  not  for  the  direct  assertion 

made  in  the  colophon,  nobody  I  suppose  would  be  inclined  to  trace  the  deter¬ 

minations  of  periods  given  in  it  to  a  Siddhanta  which  seems  to  have  been 

specially  dependent  on  Greek  teaching- 

A  few  additional  general  remarks  on  the  character  and  the  pre¬ 

sumable  time  of  the  works  epitomized  by  Varaha  Mihira  may  here  be  added. — • 

Taken  together  the  five  Siddhantas  appear  to  enable  us  to  form  a  fairly 
accurate  notion  of  the  transition  of  old  ..Indian  astronomy  into  its  modern 

scientific  form. '  The  P ait&maha  Siddhanta,  in  the  first  place,  is  the  repre¬ 
sentative  of  the  prescientifie  stage  of  astronomical  knowledge,  the  other 

sources  for  which  are  the  Jyotisha  Vedanga,  the  Garga-Samhita,  the 
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astronomical  books  of  the  Jainas,  and  a  number  of  quotations  from  various  old 

authors  as  f  i.  ParMara.  During  that  period  nothing  of  importance  seems 

to  have  been  elaborated  but  the  doctrine  of  the  quinquennial  lunisolar  yuga. 

The  authors  of  all  the  works  mentioned  share  the  same  essential  characteristics, 

in  so  far  as  displaying  a  very  imperfect  knowledge  of  the  mean  motions  of  the 

sun  and  moon  (and,  some  of  them,  of  the  planets  also),  and  connected  therewith, 

of  the  length  of  the  years  and  months ;  being  altogether  unacquainted  with 

true  motion  as  distinguished  from  mean  motion  ;  teaching  an  equal  daily 

increase  or  decrease  of  the  length  of  the  day  ;  dividing  the  sphere  into 

twenty-seven  or  twenty-eight  nakshatras ;  entertaining  utterly  fantastic 

notions  about  the  constitution  of  the  earth  and  the  universe  ;  and  evincing 

a  very  marked  tendency  to  work  out  in  minute  detail  large  sets  of  numerical 

rules  founded  on  altogether  insufficient  premisses.  They  all  moreover,  with 

the  exception  of  the  Jaina  books,  agree  in  fixing  the  winter-solstice  at  the 

beginning  of  the  nakshatra  Dhanishthh.  That  from  this  latter  circumstance 

no  conclusion  can  be  drawn  as  to  the  time  when  the  different  works  mentioning 

it  were  composed,  is  at  present  admitted  pretty  generally.  For  it  is  neither 

possible  to  derive  from  the  given  data,  with  any  degree  of  accuracy,  the  time 

when  the  original  observation  was  made  ;  nor,  even  if  that  could  be  done, 

would  the  result  prove  anything  regarding  the  period  when  the  works  in 

question  were  composed,  since  it  is  quite  clear  that  the  place  of  the  solstices 

having  once  been  ascertained  was  adhered  to  and  stated  in  works  composed 

many  centuries  after  it  had  ceased  to  bo  true.  That  in  V araha  Mihira’s 
account  of  the  teaching  of  the  Paitamaha  Siddhanta  the  calculation  of  the 

quinquennial  yuga  is  made  to  start  from  2  Sitka,  has  been  mentioned  above. 

There  are  two  chief  points  in  which  those  early  works  have  influenced 

later  scientific  astronomy.  The  latter  derived  from  them  firstly  the  idea  of 

a  yuga  i.  e.  a  cyclical  period,  at  the  end  of  which  the  heavenly  bodies  return 

to  the  same  relative  positions  which  they  occupied  at  the  outset.  And  in 

the  second  place,  the  "writings  of  the  earlier  period  already  show,  fully 
developed,  the  peculiar  Indian  lunar  calendar  which  treats  the  tithi  i.  e. 

the  thirtieth  part  of  a  synodical  month  as  the  true  chronoinetrical  unit, 

so  that  in  all  calculations  of  the  length  of  elapsed  periods,  and  of  the 

position  of  heavenly  bodies,  the  sum  of  natural  days  can  be  ascertained  only 

through  a  previous  knowledge  of  the  number  of  elapsed  lunar  days. 

Concerning  the  position  of  the  Vasishtha  Siddhanta  known  to  Varflha 

Mihira  it  has  been  said  above  that,  while  apparently  more  advanced  than  the 

Paitamaha  Siddhanta,  it  yet  seems  to  have  been  decidedly  inferior  to  the 

scientific  Siddh&ntas.  We  therefore  shall  most  probably  not  be  mistaken  in 
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assigning  it  to  the  period  marking  the  transition  from  the  old  purely 

indigenous  systems  to  those  works  which  were  constructed  altogether  on  the 

basis  of  Greek  science. 

<P 

The  three  remaining  SiddMntas  fall  under  one  category,  all  of  them, 

however  much  they  differ  in  details,  representing  the  modern  phase  of  Hindfi 

astronomy  which  is  completely  under  the  influence  of  Greek  teaching.  The 

general  features  of  that  phase  are  too  well  known  to  require  restating  in  this 

place.  If  we  enquire  into  the  individual  characteristics  of  each  of  the  three 

Siddhantas,  we  may,  I  think,  discern  certain  features  in  which  the  Romaka 

and  Paulina  Siddhantas  agree,*  while  at  the  same  time  differing  from  the 
Sftrya  SiddMnta.  In  the  latter  work  only  modern  Hindu  astronomy  has 

fully  assumed  that  type,  which  it  has  since  preserved,  and  with  which  European 

scholars  have  since  a  long  time  been  familiar,  chiefly  from  the  (modern) 

Surya  Siddhanta  itself,  and  from  the  SiddMnta  S'iromani.  In  the  first  place 
the  Surya  SiddMnta  only  fully  adopts  the  traditional  Kalpa  and  Yuga  system, 

to  which  it  adapts  the  length  of  the  revolutions  of  sun  and  moon  and  the 

planets,  so  as  to  obtain  integral  numbers  of  them  all  during  the  kalpa  or 

yuga.  The  Romaka  Siddhanta,  on  the  other  hand  (which,  as  we  have  seen 

above,  is  specially  blamed  by  Brahmagupta  for  not  accepting  the  tradi¬ 

tional  teaching  as  to  the  great  periods  of  time)  does  indeed  form  a  yuga, 

but  one  Of  its  own  invention  viz.  by  multiplying  the  Metonic  period  of  nine¬ 

teen  years  by  150,  so  as  to  obtain  the  smallest  possible  aggregate  of  years 

which  contains  integral  numbers  of  lunar  months  and.  civil  days.  The 

original  Paulina  Siddhanta  again  seems  not  to  have  established  a  general  yuga 

of  any  kind,  but  to  have  proceeded  in  each  individual  case  with  the  help  of 

specially  constructed  short  periods  of  time. — In  the  second  place,  the  Sfirya 

SiddMnta,  as  is  noticed  by  Varaha  Mihira  himself,  represents  throughout  a. 

more  advanced,  or  at  any  rate  more  highly  elaborated,  system  than  the  two 

other  SiddMntas.  This  appears  f  i,  as  already  remarked,  in  the  treatment 

of  the  equation  of  the  centre,  where  the  Surya  ‘  Siddhanta  only  gives  a 
general  rule ;  and  specially  in  the  theory  of  solar  and  lunar  eclipses,  where  the 

comparatively  full  and  careful  rules  of  the  S.  S.  stand  in  marked  contrast  to 

the  meagre  rules  of  the  Romaka,  and  yet  more  so  to  the  roughly  approxima¬ 

tive  formulas  of  the  Paulisa. — In  one  point  the  Surya  SiddMnta  and  Paulina 

SiddMnta  (if  understood  by  us  rightly)  seem  to  have  agreed,  while  differing 

from  the  Romaka.  The  latter  SiddMnta  employs  tropical  revolutions  of  the 

sun  and  moon,  while  the  Surya  SiddMnta  certainly,  and  the  Paulisa  pro¬ 

bably,  treated  of  sidereal  revolutions  only.  The  Romaka  SiddMnta  is  in 

fact  the  only  one  of  all  Indian  astronomical  works,  which  is  based  on  the 

tropical  system.  Nothing,  by  the  way,  tends  to  show  that  Var&ha  Mihira 
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was  aware  of  the  circumstance  which  accounts  for  the  difference  of  the  dura¬ 

tions  assigned  to  the  solar  year,  and  to  the  revolution  of  the  moon,  by  his 

different  Siddhantas.  That  the  summer  solstice  formerly  was  at  the  middle  of 

Aslesha,  but  in  his  time  at  the  beginning  of  Punarvasu,  appear  to  be  viewed 

by  him  as  two  distinct  facts,  each  to  be  taken  by  itself,  fie  certainly  does 

not  render  it  clear  anywhere,  that  the  change  in  the  solstice’s  place  is  duo  to 
the  gradually  accumulating  effect  of  a  process  which  had  been  going  on,  and 

still  is  going  on,  constantly,  and  that  that  process  accounts  for  the  different 

lengths  ascribed  to  the  revolutions  of  the  celestial  bodies. 

That  the  similarities  observed  between  the  Greek  and  Hindi!  systems 

are  due  to  a  transfer  of  the  elements  of  the  former  to  India,  will  at  present 

be  hardly  called  into  doubt  *,  and  it  certainly  appears  highly  probable  that 
the  Paulisd  and  Romaka  Siddhantas  were  the  earliest  Sanskrit  works  in 

which  the  new  knowledge  imported  from  the  West  was  embodied.  That 

these  two  works  were  in  some  special  way  dependent  on  Greek  astronomy, 

has  since  a  long  time  been  inferred  from  their  names  ;  and  that  conclusion 

is  now  confirmed  by  what  we  learn  from  Varaha  Mihira  about  their  contents. 

It  certainly  is  no  fortuitous  coincidence  that  one  of  those  fwo  Siddhantas 

whose  names  point  to  the  west,  used  the  tropical  solar  year,  and  calculated  its 

ahargaiia  for  the  meridian  of  Yavanapura,  and  that  the  other  expressly  stated 

the  difference  in  longitude  of  Yavanapura  and  Ujjayini.  And  that  they 

were  the  first  representatives  of  Greek  astronomy  in  India,  is  at  any  rate 

highly  probable,  as  we  have  no  information  about  older  astronomical  works 

of  hellenizing  tendencies.  While,  thus,  the  general  question  as  to  the 

sources  of  scientific  Hindff  astronomy  admits  of  one  answer  only,  doubts 

begin  to  suggest  themselves  as  soon  as  we  proceed  to  ask,  from  what  parti¬ 

cular  Greek works  the  early  Siddhanta  writers  may  have  borrowed,  and  to 

what  time  the  first  transmittance  of  astronomical  knowledge  has  to  b<* 

assigned.  Professor  Whitney  to  whom  we  are  indebted  for  the  most 

thorough  discussion  of  these  matters  (translation  of  the  Snrya  Siddh&nta  pp. 

470  if.)  has  expressed  the  opinion  that  the  absence,  from  the  Hind  A  system, 

of  any  of  the  improvements  introduced  into  Greek  astronomy  by  Ptolemy 

seems  to  favour  the  conclusion  that  the  original  transmission  of  astronomical 

knowledge  into  India  took  place  before  Ptolemy ;  which  at  the  same 

time  would  account  for  the  many  differences  in  detail  between  the  Hindu 

system  and  the  teaching  of  the  Syntaxis. — Now  with  this  view  we  certainly 

may  agree  so  far  as  to  consider  it  altogether  improbable  that  the  Hindu  system 

should  have  based  directly  on  Ptolemy’s  work.  Regarding  certain  innovations, 
indeed,  by  which  Ptolemy  improved  on  the  astronomical  theories  of  his  Greek 

predecessors  (such  as  f.  i.  the  introduction  of  the  evection  into  the  lunar 
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theory)  it  might  be  supposed  that  the  Hindi!  astronomers,  even  if  borrowing 

directly  from  the  Syntaxis,  excluded  them  from  their  own,  strictly  practical, 

works  as  needless,  and  hence  cumbersome,  refinements ;  but  if  assuming  the 

Hindtis  to  have  been  acquainted  with  Ptolemy’s  work,  how  shall  we  Explain 
the  numerous  discrepancies  in  essential  items  of  doctrine,  such  a  &  f..  i.,  to 

mention  only  one  out  of  a  vast  number  of  cases,  the  different  dimensions 

assigned  to  the  epicycles  of  the  planets  by  the  Hindus  and  Ptolemy 

respectively  ?  But  nevertheless  it  would  be  hazarded  to  conclude  therefrom 

that  the  beginnings  of  scientific  Hindh  astronomy  go  back  to  a  time  earlier 

than  that  of  Ptolemy.  The  whole  question  indeed  is  rendered  incapable 

of  decisive  treatment  by  the  fact  that  our  knowledge  of  Greek  astronomy 

anterior  to  Ptolemy  is  so  very  imperfect ;  a  few  points  however  which  bear 

upon  it  may  be  briefly  referred  to. 

As  well  known,  the  theories  of  the  sun  and  moon  were  settled  in  all 

important  points  by  Hipparchus  already  and  merely  borrowed  from  him  by 

Ptolemy.  It  would  therefore  not  be  impossible  that  any  scientific  Hindi! 

work,  confining  itself  to  an  exposition  of  the  motions  of  those  two  heavenly 

bodies  and  of  rules  for  the  approximative  calculation  of  their  eclipses,  should 

have  originated  in  the  period  intervening  between  Hipparchus  and  Ptolemy. 

Hipparchus  again  had  already  given  determinations  of  the  mean  periods  of 

revolution  of  the  planets,  which  Ptolemy  found  means  to  correct  in  some  very 

unimportant  details  only.  On  the  other  hand,  it  had  indeed  not  escaped 

Hipparchus  that  the  true  motions  of  the  planets  can  be  satisfactorily  explained, 

only  if  wo  recognise  two  distinct  inequalities;  but  he  had  not  undertaken  to 

separate  those  inequalities  in  each  case,  and  so  to  establish  a  workeable  theory 

of  tin;  planets.  The  latter  achievement  Ptolemy  distinctly  claims  for  himself, 

and  we  therefore  must  conclude  that  any  Hindi  works — such  as  f  i,  the 

Sunn  Siddlnuita- -in  which  the  anomaly  of  the  apsis  and  the  anomaly  of  the 

conjunction  are  clearly  distinguished  are  later  than  Ptolemy  from  whom  alone, 

directly  or  indirectly,  they  could  have  derived  their  theory.  In  spite  of  what 

we  have  learned  from  the  Paftcha  Siddh&ntild,  we  arc  unfortunately  not  yet 

sufficiently  informed  about  the  entire  contents  of  the  earlier  Siddhantas  to 

apply  the  preceding  remarks  to  a  determination  of  their  age.  The  Paneha- 

siddhantika  says  nothing  about  any  planetary  rules  being  given  in  the  Romaka 

Siddh&nta,  and  that  treatise,  in  its  original  form,  might  therefore  possibly  have 

been  one  confining  itself  to  a  system  of  lunisolar  astronomy,  such  as  could 

have  been  established  on  the  teaching  of  Hipparchus  alone.  That  among  the 

works  which  represent  the  first  remodelling  of  Hindh  astronomy  on  Greek 

lines  there  should  have  been  some  which  treated  of  the  sun  and  moon  only, 

will  not  be  considered  unlikely,  if  we  remember,  firstly,  that  the  theory  of 
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those  two  heavenly  bodies  suffices  for  the  construction  of  a  'calendar,  and, 
secondly,  that  also  the  purely  astronomical  works  of  an  earlier  period — such 
as  the  Jyotisha  Vedariga,  the  Paitamaha  Siddh4nta  known  to  Varaha  Mihira, 

and  thb  Sfrrya  Prajnapti — do  not  treat  of  the  motions  of  the  planets.  But 
none  of  these  considerations  compel  us  to  date  the  Rornaka  Siddhanta  earlier 

than  Ptolemy,  while  on  the  other  hand  the  very  name  of  the  treatise  seems 

to  point  to  a  time  when  the  fame  of  Rome  had  become  so  great  that  even  in 

the  distant  east  her  name  naturally  attached  itself  to  new  views  and  doctrines 

entering  India  from  any  western  country  i.  e.  to  a  time  hardly  earlier  than  the 

century  of  Ptolemy. 

The  Vasishtha  and  Paulina  Siddhantas  treated  of  the  planets  also,  as 

we  learn  from  the  last  chapter  of  the  Panehasiddh4ntik4.  The  earlier  set  of 

rules  given  there  apparently  distinguishes  the  two  planetary  inequalities  ; 

but  as  we  understand  the  text  only  very  partially,  I  cannot  undertake  to  discuss 

the  connexion  of  those  rules  with  Greek  science.  Of  the  rules  given  in  the 

last  part  of  that  chapter  it  might  perhaps  be  conjectured  that  they  represent 

a  stage  of  the  theory  of  the  planets  more  primitive  than  that  of  Ptolemy  ; 
for  what  is  stated  there  about  the  true  motions  of  the  planets,  apparently 

takes  into  account  only  the  more  conspicuous  anomaly  which  depends  on  the 

planet’s  position  with  reference  to  the  sun,  while  the  anomaly  dependent  on 

the  planet’s  distance  from  the  apsis  is  neglected.  That  the  mean  motions 
attributed  to  the  planets  in  that  chapter  differ  in  an  altogether  unaccountable 

way  from  the  true  ones  (and  hence  also  from  those  determined  with  such 

extraordinary  accuracy  by  Hipparchus,  and  adopted  from  him  by  Ptolemy), 

I  have  remarked  above  already.  But  these  facts  do  not,  after  all,  supply 

valid  reasons  for  supposing  any  knowledge  of  astronomical  matters  to  have 

reached  India  from  Alexandria  before  the  time  of  Ptolemy.  That  certain 

details  in  the  Indian  system  appear  more  primitive  than  Ptolemy’s  teaching, 
may  simply  be  due  to  the  fact  that  the  Indian  astronomers,  with  their  strictly 

practical  tendency,  did  not  aim  at  any  great  accuracy,  and  neglected  what 

in  their  view,  would  not  affect  the  result  of  their  calculation  to  an  appreciable 

degree.  And  there  is  yet  another,  and  in  my  view,  very  important  considera¬ 
tion  which  may  account  for  the  divergencies  from  Ptolemy  on  the  part  of 

Indian  works,  of  a  date  later  than  his  ;  a  consideration  which  Biot  already 

has  repeatedly  suggested.  It  is  by  no  means  impossible  that  the  astronomical 

knowledge  which  the  Hindus  have  worked  up  in  their  Siddhantas  was  not 

derived  from  any  of  the  great  scientific  works  of  the  Alexandrian  astronomers, 

but  rather  from  an  altogether  different  class  of  books  viz.  the  manuals  used 

by  Greek  astrologers  (as  Biot  suggests)  and,  as  we  many  not  improbably  add, 
almanac  makers.  The  astronomical  views  of  men  belonging  to  those  classes 
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may  reasonably  be  presumed  to  have  been  rather  imperfect,  and  to  have 

diverged  in  more  than  one  point  from  the  theories  of  the  great  scientific 

astronomers  ;  they  might  have  borrowed  from  the  latter  whatever  appeared 

indispensable,  neglected  what  seemed  likely  to  cause  greater  trouble  in 

calculation  than  would  be  justified  by  the  results,  and,  at  the  same  time,  pre¬ 

served  elements  of  older,  long  antiquated,  doctrines.  The  rules  given  in  their 
manuals  might  not  improbably  have  resembled  in  their  form  the  rules  met 

with  in  the  early  Indian  Siddhantas,  especially  the  Paulina  Siddhanta,  which 

apparently  did  not  even  hint  at  the  theory  of  the  subject,  but  only  aimed  at 

enabling  the  practical  astronomer  or  astrologer  to  perform  with  the  greatest 

possible  ease  and  rapidity  the  calculations  absolutely  necessitated  by  his 

profession.  The  assumption  of  the  earliest  scientific  (or  quasi-scientific) 

Hindu  astronomers  being  acquainted,  not  with  the  writings  of  men  like 

Hipparchus  or  Ptolemy  or  Theon,  but  only  with  works  of  the  class  mentioned 

above,  would  I  believe  help  to  render  the  whole  process  of  transmission  more 

intelligible.  Whatever  distinguished  the  teaching  of  the  practical  calculators 

of  Alexandria  from  that  of  the  scientific  men,  would  in  that  case  have 

perpetuated  itself  in  the  Indian  treatises,  and  would  thus  from  the  outset 

have  differentiated  the  latter  from  works  of  the  class  of  the  Syntaxis.  The 

fact  of  there  having  been  transmitted,  not  a  complete  astronomical  system,  but, 

only  practical  rules  joined  perhaps  with  vague  indications  of  general  principles 

would  moreover,  I  think,  account  satisfactorily  for  the  many  differences  in 

point  of  theory  which  distinguish  the  completed  Indian  system  from  its  Greek 

prototype.  That  a  work  of  the  class  of  the  Surya  Siddhituta  should  spring 

directly  from  a  work  such  as  the  Syntaxis,  would  be  almost  incomprehensible, 

even  if  we  made  the  very  largest  allowances  fbr  the  tendency,  on  the  part 

of  the  Hindu  adaptator,  to  harmonize  the  new  foreign  doctrine  with  indigenous 

tradition  and  modes  of  computation,  and  to  simplify  his  original  to  as  large  an 

extent  as  possible.  But  if  we,  on  the  other  hand,  suppose  that  only  a  very 

imperfect  knowledge  of  Greek  astronomy  was  transmitted  to  India,  and  that 

Hindu  Jyautishas  endeavoured  to  erect  on  that  basis  a  complete  system  of 

their  own,  we  can  understand  how  there  came  into  existence  works  of  the 

type  of  the  Surya  Siddbanta,  which,  although  evincing  a  fundamental  depen¬ 

dence  on  Greek  astronomy,  yet  show  unmistakeable  traces  of  originality  in 

numerous  details,  remaining  indeed  in  by  far  the  greater  number  of  eases 

inferior  to  their  original,  yet  hitting  here  and  there  on  new  devices  and 

methods  of  undeniable  merit  and  ingenuity.  The  perfect  Hjnd$  system  would 

in  that  case  have  to  be  characterized,  not  either  as  a  mere  loan  from  the 

Greeks,  nor  as  a  mere  adaptation  in  the  ordinary  sense  of  the  word,  but  rather 

as  a  combination,  and  farther  development  proceeding  on  partly  original  lines, 
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of  elements  of  astronomical  knowledge,  transmitted  in  a  rude  and  detached 

condition  from  the  west.  And  the  merit  of  originality  as  far  as  it  goes,  would 

most  probably  belong  to  the,  unknown,  author  of  the  old  Surya  Siddh4nta. 
• 

We  next  must  enquire  whether  the  older  Siddhantas  themselves 

furnish  any  indications  of  the  time  when  they  were  composed,  and  so 

indirectly  of  the  time  when  Greek  astronomy  was  introduced  into  India. 

The  evidence  on  that  point  which  is  supplied  by  the  Panchasiddh4ntik4  itself 

as  understood  by  me  is  as  follows.  V araha  Mihira  I  suppose  to  have  written 

his  treatise  about  the  middle  of  the  sixth  century  (see  above  p.  xxx),  and  to 

have  taken  for  his  epoch  the  year  505  A.  D.  which  I  understand  to  indicate 

the  time  of  the  astronomical  writer  Lata,  who  himself  is  said  by  Var&ha  Mihira 

to  have  commented  on  the  Romaka  Siddhanta.  The  latter  treatise  therefore 

must  have  been  composed  at  some  time  anteceding — and  possibly  considerably 

earlier  than — 505  A.  X).  That  the  Romaka  Siddhanta — and  in  fact  the 

other  four  Siddhantas  also — are  a  good  deal  earlier  than  Varaha  Mihira, 

is  confirmed  by  the  general  attitude  of  that  writer  with  regard  to  the  works 

on  which  his  treatise  is  based.  Varflha  Mihira  clearly  distinguishes,  on  the 

one  hand,  individual  and  manifestly  modern  writers,  to  particular  views  of, 

whom  he  refers  in  a  few  places,  without  however  crediting  them  with  complete 

independent  systems  which  it  would  be  necessary  to  abstract ;  and,  on  the 

other  hand,  treatises  of  generally  recognised  authority,  not  to  be  neglected 

by  any  writer  who  aims  at  giving  a  complete  survey  of  the  astronomical 

doctrines  current  at  that  time  in  India.  Of  the  class  of  writers  referred  to, 

Varaha  Mihira  mentions  Lata,  Aryabhata,  the  guru  of  the  Yavanas,  Simha, 

Yijayanandin  and  Pradyumna.  Of  Lata  we  have  reason  to  suppose  that  he 

flourished  about  505  ;  of  Aryabhata  we  know  that  he  composed  his  treatise, 

termed  Laghv4ryabhattyam,  in  499.  Whether  the  other  writers  mentioned 

by  Varaha  Mihira  were  earlier  or  later  than  Aryabhata,  there  is  so  far 

nothing  to  show.  But  it  is  certainly  an  intrinsically  probable  view  that  the 

authoritative  treatises,  to  the  exposition  of  whose  doctrines  Var£ha  Mihira 

devotes  his  work,  and  which  to  him  appear  to  exhaust  Indian  astronomical 

learning,  were  earlier  than  the  individual  writers  to  detached  views  of  whom 

he  alludes  incidentally,  and  whom  he  manifestly  does  not  in  any  way  consider 

superior  to  himself. 

This  conclusion  is  in  conflict  with  a  view  expressed  with  more  or  less 

definiteness  by  several  writers  on  Hindh  astronomy,  according  to  which 

Aryabhata  is  the  oldest  of  scientific  Hindu  astronomers ;  for  three  at  any 

rate  out  of  the  five  Siddhantas  which  we  suppose  to  be  earlier  than  Arya¬ 

bhata  have  to  be  classed  as  scientific  works,  But  there  is  in  reality  nothing 
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to  prove  that  Aryabhata  was  the  first  to  embody  in  a  Sanskrit  treatise  the 

new  theories  transmitted  from  the  west.  Had  he  held  that  position,  he 

would  of  course  have  been  entitled  to  have  his  doctrines  fully  abstracted  by 

a  writer  like  Var&ha  Mihira,  who  constituted  it  his  special  task  to  summarize 

all  the  more  important  theories  current  at  his  time.  But,  as  remarked  above, 

to  V arahu  Mihira  Aryabhata  clearly  is  only  one  of  those  numerous  writers, 

who  occupied  a  position  not  unlike  his  own,  as  being  engaged  in  remodelling, 

and  possibly  here  and  there  improving  on,  the  teaching  of  the  received 

Siddh&ntaa  I  cannot,  in  this  place,  enter  into  a  full  discussion  of  Arya¬ 

bhata’s  doctrines  ;  but  even  a  somewhat  superficial  examination  shows  that 
they  stand  in  a  particularly  close  relation  to  the  Surya  Siddhanta,  whose 

teaching  they  indeed  modify  and  attempt  to  correct  in  many  details,  but  yet 

unmistakcably  follow  on  the  whole.  This  becomes  evident,  if  we  compare 

the  Aryabhatlyam  on  the  one  hand  with  the  Paulina  and  Romaka  Siddhantas 

as  summarized  by  Vartlka  Mihira,  and  on  the  other  hand  with  the  Shrya 

Siddhanta  as  reported  by  the  same  author,  or,  for  the  matter  of  that,  with 

the  Sfirya  Siddh&nta  in  its  modern  form,  although  we  have  had  occasion  to 

remark  that  in  some  points  the  old  treatise  agreed  with  Aryabhata’s 
teaching  more  closely  than  its  modern  recast.  Var&ha  Mihira  therefore,  in 

only  occasionally  directing  attention  to  special  views  held  by  Aryabhata,  did 

all  that  could  he  expected  from  him. 

Tim  presumed  priority  of  works  of  the  nature  of  the  Shrya  Siddhanta 

to  treatises  of  the  stamp  of  the  Aryabhatlyam  is  moreover  strongly  confirmed 

by  a  consideration  of  the  general  form  of  the  two.  The  former,  even  in  its 

modem  shape,  is  a  diffuse,  loosely  written,  ill  arranged  treatise  ;  the  latter,  on 

the  other  hand,  is  a  compact,  highly  finished  and  systematical  compendium 

which,  like  other  works  of  similar  kind,  is  much  more  appropriately  viewed  as 

marking  the  end  of  a  certain  phase  of  literary  development  than  its  beginning. 

In  a  certain  sense  indeed  Aryabhata  may  perhaps  be  said  to  occupy  both 

positions  at  once.  Belonging  to  a  later  period  than  that  in  which  the  new 
astronomical  theories  had  for  the  first  time  been  embodied  in  works  such  as  the 

Paulina,  Romaka  and  Saura  Siddh&ntas,  he  yet  may  at  the  same  time  have 

been,  among  astronomers  and  mathematicians,  the  earliest  of  that  group  of 

polished  writers,  who  aimed  at  summarizing  and  systematizing  in  treatises, 

distinguished  l>y  conciseness  and  elegance  of  form  and  style  (and  apparently 

most  of  them  composed  in  the  Ary&  metre),  the  contents  of  the  less 

ambitious  literary  products  of  the  preceding  period.  He  may  thus,  in  the 

special  field  of  astronomy,  have  been  the  first  representative  of  that  literary 

development,  which  Professor  Max  Miiller  with  so  happy  a  term  has  called  the 

Renaissance  of  Sanskrit  literature,  and  of  which  Var&ha  Mihira  himself  was 
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one  of  the  chief  ornaments.  This  at  any  rate  is  possible,  and,  as  far  as  our 

present  knowledge  goes,  not  improbable,  although  we  cannot  positively  assert 

that  no  writers  of  a  similar  type  had  come  forward  before  Aryabhata’s  time. 
Lata,  whom  I  consider  to  have  been  an  author  of  the  same  class,  appears 

to  have  been  a  somewhat  younger  contemporary  of  Aryabhata.  That  the 

other  writers  quoted  by  Varaha  Mihira  and  Brahmagupta,  all  of  whom  we 

may  assume  to  have  had  aims  similar  to  those  of  Aryabhata,  should  have 

been  younger  than  the  latter  astronomer,  is  barely  possible. 

Originality  of  doctrine  can  thus  hardly  be  claimed  for  Aryabhata, 

even  if  we  understand  originality  in  the  limited  sense  of  teaching  what  had  not 

before  been  taught  in  India.  The  only,  and  indeed  weighty,  exception  is  the 

doctrine  of  the  revolution  of  the  earth  on  its  axis,  if  indeed  that  also  had  not 

somehow  been  transmitted  from  Greece.  Aryabhata’s  work  is  the  only 
Indian  one,  known  to  us,  in  which  that  doctrine  is  set  forth,  and  Brahmagupta 

ascribes  it  to  him  ;  but  yet  it  is  not  quite  certain  whether  it  originated  with 

Aryabhata,  or  was  an  opinion  held  by  others  also  and  merely  adopted  by  him 

In  chapter  XIII.  of  the  Panchasiddh4ntik£  Varaha  Mihira  when  attempting 

to  refute  it  does  not  intimate  that  it  belonged  specially  to  Aryabhata. 

The  great  fame  which  Aryabhata  no  doubt  enjoyed  we  are  thus  not 

able  to  account  for  quite  satisfactorily.  It  may  have  been  due  partly  to  the 

finished  conciseness  of  his  performance,  a  feature  always  highly  esteemed 

by  Hindfis ;  partly  perhaps  also  to  his  peculiar  system  of  notation.  His 

astronomical  work  is  moreover  the  oldest  among  those  known  to  us  in 

which  there  appears  a  chapter  on  mathematical  science  in  midst  of  the  astro¬ 

nomical  rules,  and  the  astronomical  matter  itself  is  exhibited  in  two  separate 

sections,  a  gola  pada  and  a  ganita  pada.  Not  improbbaly  he  really  was  the 

first  to  effect  this  amalgamation  of  the  results  of  native  mathematical  science 

with  the  astronomical  science  of  foreign  extraction,  and  to  render  the  exposi¬ 

tion  of  the  astronomical  theory  clearer  and  more  systematical  by  a  well 

founded  subdivision  of  topics ;  and  that  also  might  account  for  part  of  his 

reputation. 

There  is  one  further  point  which  requires  to  be  touched  upon  in  a 

discussion  of  the  possible  age  of  the  Siddliantas  on  which  Var&ha  Mihira’s 
work  bases,  viz.  the  position  of  the  initial  point  of  the  sphere  from  which 

all  longitudes  are  reckoned.  As  is  well  known,  all  scientific  Hindi!  astrono¬ 

mers  speak  of  that  point  as  the  first  point  of  A^vini  or  the  last  point  of 

Kevati,  and  this  is  manifestly  also  the  tacit  presumption  for  all  the  different 

rules  given  in  the  Panehasiddh4ntik4 ;  one  exception  viz.  that  according  to 

the  Pait&maha  Siddhanta  the  first  point  of  Dhanishth4  marks  the  beginning 



LVIII INTRODUCTION. 

of  the  sphere,  is  specially  noticed  by  Var&ha  Mihira,  Now,  for  fixing  the 

precise  whereabouts  of  the  first  point  of  Asvini  we  have  to  avail  ourselves 

of  the  statements  as  to  the  longitudes  of  certain  stars  which  are  made  in 

various  old  astronomical  treatises,  the  earliest  of  them  being  the  Surya  Sid- 

dkanta,  according  to  which  the  so  called  vogatara  of  the  asterism  Revati  has 

no,  or  almost  no,  longitude  i.  e.,  coincides,  or  nearly  coincides,  with  the  first 

point  of  Asvini.  And  as  that  junction  star  which  has  been  identified  with 

Z  piseium  had  the  same  longitude  as  the  vernal  equinox  in  572  A.  D.,  the 

latter  year  is  supposed  to  mark  approximately  the  beginning  of  the  scientific 

period  of  Hindu  astronomy.  If,  instead  of  following  the  majority  of  writers, 

we  prefer  to  adhere  strictly  to  the  statement  made  in  the  Sftrya  Siddh&nta, 

according  to  which  the  longitude  of  the  junction  star  of  Revati  is  not  zero 

but  359°  50',  we  are  led  to  560  A.  D.  instead  of  572. 

This  determination  of  the  beginning  of  the  scientific  period  of  Hindu 

astronomy  has  of  course  always  rightly  been  looked  upon  as  roughly 

approximative  only,  since  we  have  no  good  reasons  for  believing  that  the 

Hindhs  of  that  period  were  able  to  perfom  so  difficult  an  operation  as  the 

determination  of  the  place  of  the  equinox  with  great  accuracy.  That  the 

beginnings  of  scientific  astronomy  have  to  be  dated  back  another  seventy 

years  at  any  rate,  already  follows  from  the  admitted  time  of  Aryabhata  alone. 

That  the  Siddhautas  on  which  Varaha  Mihira  drew,  among  them  the  old 

Sdrya  Siddh&nta,  were  also  older  than  572,  follows  from  Yaraha  Mihira’s  own 
time.  Professor  Whitney,  who  has  discussed  most  thoroughly  the  bearings 

of  the  statements  which  the  Shrya  Siddh&nta  makes  about  the  longitudes  of 

the  junction  stars,  points  out  that  if,  instead  of  relying  solely  on  the  longitude 

assigned  to  Z  Piseium,  we  compare  the  longitudes  assigned  to  the  junction 

stars  of  all  the  27  nakshatras  with  their  actual  longitudes  in  560  A.  I)., 

a  certain  uniformity  of  error  observable  in  the  statements  of  the  Surya 

Siddh&nta  leads  us  to  suspect  that  tile  measurements  of  position  on  which 

the  list  was  established  were  made  from  an  equinox  situated  about  1°  to  the 
east  of  that  of  A.  I).  560  and  hence  at  a  time  preceding  the  latter  date  by 

about  severity  years. 

At  any  rate  the  S&rya  Siddh&nta  supplies  us  with  data  enabling  us  to 

decide  what  point  of  the  fixed  sphere  is  supposed  to  mark  the  first  point  of 

Aivint  But  these  data  fail  us,  if  we  turn  to  other  astronomical  works. 

As  we  have  seen  above,  the  Pahchasiddhantika  itself,  where  stating  the 

longitudes  of  certain  junction  stars,  says  nothing  about  the  junction  star  of 

Revati,  and  from  what  it  says  about  other  junction  stars  we  are  unable  to 

draw  any  well  settled  inferences.  But  it  is  of  course  by  no  means  unlikely 
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that  Var4ha  Mihira,  whom  we  suppose  to  have  written  the  PanchasiddMntika 

about  the  middle  of  the  sixth  century,  should  have  agreed  with  the  Sfirya 

SiddMnta  in  giving  no,  or  almost  no  longitude,  to  the  star  ?  piscium. 
•  ^ 

But  what,  we  must  proceed  to  ask,  did  Aryabhata,  and  his  predeces¬ 

sors,  such  as  the  authors  of  the  Romaka  and  Paulina  SiddMntas,  understand 

by  the  first  point  of  Asvini  ?  The  Laghv&ryabhatiyam  says  nothing  about 

the  longitudes  of  junction  stars,  and  we  are  therefore  unable  to  determine 

what  point  of  the  sphere  coincided,  in  Aryabhata’s  view,  with  the  first  point 
of  Asvini.  The  same  remark  applies  to  writers  whom  we  may  suppose  to 

have  anteceded  Aryabhata.  That  the  authors  of  the  Romaka  and  Paulisa 

already  treated  the  first  point  of  Asvini  as  the  initial  point  of  the  sphere, 

appears  to  follow  from  the  PahehasiddhantiM ;  but  nothing  shows  that  they 

supposed  the  small  star  t  Piscium  to  be  situated  just  at  that  point.  To  me 

it,  appears  most  probable  that  the  earliest  scientific  SiddMntas  used  the  term 

‘  the  first  point  of  .Asvini  ’  in  the  same  sense  as  the  Greeks  used  the  term 

*  the  first  point  of  Aries’  viz.  to  denote,  not  a  fixed  place  in  the  sphere,  but 

simply  the  place  of  the  vernal  equinox.  From  the  term,  the  4  first  point  of 

Afivini  ’  so  much  indeed  follows  that,  when  it  was  first  coined,  the  vernal 

equinox  was,  according  to  the  observations  of  the  Hindfi  astronomers,  some¬ 
where  to  the  west  of  the  asterism  Asvini  and  to  the  east  of  the  asterism 

Revati ;  but  about  the  exact  point  meant  to  be  indicated  by  that  term  we 

know  nothing.  If  indeed  the  limits  of  the  nakshatras  had  been  accurately 

defined  already  before  the  period  of  the  SiddMntas,  the  term  ‘  a£viny-4di  ’ 
would  have  from  the  beginning  indicated  a  definite  place  in  the  fixed  sphere  ; 

hut  there  is  nothing  to  show  that  that  was  the  case,  and,  as  pointed  out  by 

Professor  Whitney,  it  certainly  is  intrinsically  improbable  that  the  small 

star  t  piscium  should  ever  have  marked  any  important  point  in  the  sphere 

before  the  time  when  it  actually  happened  to  coincide  with  the  vernal  equinox. 

Thus  to  the  author  of  the  Romaka  f  i,  the  term  ‘  the  first  point  of, Asvini  ’ 

may  have  meant  a  spot  one  or  two  or  three  or  four  or  five  degrees  east  of  'C 

piscium,  any  spot  indeed  lying  to  the  east  of  the  junction'  star  of  Revati 
and  to  the  west  of  the  junction  star  of  A&vinl.  Later  on,  let  us  say  about  the 

middle  of  the  sixth  century,  it  was  observed  that  the  place  of  the  equinox 

coincided,  or  nearly  coincided,  with  the  junction  star  of  Revati,  and  as  at  that 

time  the  fixed  sidereal  system  had  exclusively  established  itself  in  India, 

that  star  has  ever  since  been  held  to  mark  the  beginning  of  the  sphere. 

But  the  earliest  testimony  we  have  for  this  its  position  is  the  statement 

which  the  S&rya  Sidclh&nta,  as  known  at  present,  makes  about  the  longitudes 

of  the  junction  stars,  and  that  statement  in  no  way  proves  that  the  same  view 

was  set  forth  in  other  books  of  a  presumably  earlier  date. 
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The  preceding  remarks  merely  aim  at  showing  that  there  is  no  evi¬ 

dence  for  the  earliest  Siddhantas  having  identified  the  place  of  the  vernal 

equinox  with  that  of  1  Piseium,  and  that  we  hence  are  not  compelled  to  look 

for  the  beginnings  of  scientific  Hindfi  astronomy  in  a  period  not  earlier  than 

the  fifth  century.  I  do  not  on  that  account  wish  to  assign  the  old  SiddMntas 

to  a  very  much  earlier  time.  All  I  am  interested  in  is  to  show  the  possibility 

of  there  having  intervened  between  the  early  Siddhantas  and  Varaha  Mihira 

a  period  of  sufficient  length  to  account  for  the  authoritative '  position  which 
the  former  manifestly  occupy  in  the  view  of  the  author  expounding  their 

doctrines.  Every  requirement  may  I  think  be  looked  upon  as  satisfied  if  we 

suppose  the  Romaka  and  Paulisa  SiddMntas #  to  have  been  composed  not 
later  than  about  400  A.  D. 

The  present  edition  of  the  Panchasiddhantika  is  founded  on  two 

Manuscripts,  belonging  to  the  Bombay  Government.  The  text  of  the  better 

one  of  those  two  Manuscripts  is  reproduced  in  the  left  hand  columns  of  our 

edition,  while  the  foot  notes  give  all  the  more  important  different  readings 

from  the  other  Manuscript.  A  comparison  of  the  traditional  text  with  the 

emended  one,  as  given  in  the  right  hand  columns  of  the  edition,  will  show  that 

the  former  had,  in  many  cases,  to  be  treated  with  great  liberty.  Not 

unfrequently  the  emended  text  is  merely  meant  as  an  equivalent  in  sense  of 

what  we  suppose  V araha  Mihira  to  have  aimed  at  expressing,  while  we  attach 

no  importance  to  the  words  actually  employed  in  the  emendation.  The  many 

quotations  from  the  Panchasiddhantika,  which  are  to  be  met  with  in  Bhattot- 

pala’s  commentary  on  Varaha  Mihira’s  Brihatsamhitd,  and  which  as  a  rule 
exhibit  the  text  in  a  more  correct  form  than  the  Manuscripts  of  the  Pancha- 

siddhantika,  have  been  of  great  help  to  us.  In  a  complete  ‘  apparatus  criticus’ 

of  the  Panchasiddhantika  Bhattotpala’s  readings  would  of  course  have  to  be 

exhibited  in  full ;  but  as  Bhattotpala’s  text  itself  has  come  down  to  us  in  a 
very  questionable  condition  only,  we  have,  for  the  present,  refrained  from 

doing  more  than  tacitly  availing  ourselves  of  Bhattotpala’s  readings  where- 
ever  they  seemed  to  deserve  preference.  A  few  stanzas  quoted  by  Bhattot- 

pala  and  manifestly  belonging  to  the  Panchasiddhantika,  although  not  to  be 

met  with  in  our  Manuscripts,  we  have  inserted  in  the  emended  text. 

*  I  take  this  opportunity  of  correcting,  according  to  my  present  views,  the  translation 

of  I,  10.  As  the  translation  stands,  the  last  "words  of  that  stanza  would  make  an  interesting 
statement  as  to  the  relative  ages  of  the  Romaka  and  Paulisa  Siddhantas.  But  I  at  present  have 

little  doubt  that  the  words  ‘  na  atichire’  do  not  mean,  ‘which  is  not  much  older’  but  rather  ‘with 

no  great  distance  ’  (or  ‘difference  ’),  the  meaning  of  the  test  being  that  the  results  of  a  calculation 
of  the  ahargana  according  to  the  principles  of  the  Paulisa  do  not  differ  very  much  from  those  of  a 
calculation  proceeding  on  the  data  of  the  Romaka  Siddkanta,  ■ 
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What,  in  the  attempt  to  reconstitute  the  text  of  an  astronomical  or 

mathematical  work,  has  chiefly  to  be  kept  in  view,  is  of  course  to  arrive  at 

rules  which  are  capable  of  being  proved  mathematically.  This  consideration, 

has,  in  Taore  than  one  place,  led  us  to  introduce  changes  even  where  such 

appeared  hardly  to  be  required  by  the  external  form  of  the  traditional  text. 

I  may  quote,  as  an  example,  the  rule  for  calculating  the  heliacal  rising  of 

Agastya.  The  considerable  deviation  from  the  text  of  the  Manuscripts  which 

our  emended  text  exhibits  in  that  place  appears  to  be  absolutely  called  for  by 

the  general  principles  on  which  such  calculations  have  to  be  performed 

according  to  all  scientific  Hindu  treatises,  and  is  moreover  justified,  as  my 

collaborator  shows  in  the  Sanskrit  Commentary,  by  the  circumstance  that 

the  result  of  the  emended  rule  of  the  Patlchasiduhantika  agrees  with  a  state¬ 

ment  made  by  Varaha  Mihira  in  the  Brihatsamliita.  In  a  few  cases, 

notably  in  the  last  chapter,  where  wo  were  unable  to  emend  the  readings  of  the 

Manuscripts  in  any  satisfactory  way,  Pandit  Sudluikara  has  substituted  for  the 

traditional  text,  rules  founded  on  the  general  principles  of  Hindu  astronomy; 

a  proceeding  which  will  hardly  be  objected  to,  as  the  cases  in  question  are 

pointed  out  in  the  Commentary,  and  as  side  by  side  with  the  substituted  text 
the  traditional  text  is  exhibited  in  full. 

U.  ?h. 
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zrm  sn?ti  iR%T  *m:  =  +  s#  (  §ra  - 1 )  *n  a^jjrrairRji^isRRifw  ^ 

#R^i  T§gr%fi^^5f%^^a^T3i%5r  tR^ti  *m:  =»  h« 

+  y  =  ytT’a  =  y(^f5^-,i  +  WT)  fin  &  *m 

tr^n  *im  ̂ FfT,  gaiRia^gia  gimmraim^  *3%  \ 

^msrar^iH  ct^wir  ^  gfwgm  i 

m  puni^i  r  faum  tsw^q  n«n- 

jxhr^  ?:rOT^n:  ̂ R*mr:  i  ^r:  fH:  i  a?w- 

i  ̂ RURig^:  t  n%^i;  i  *?$:  i  t  nm:  i  ̂ re:  t  srh^ii  i 



^5gf«fTW?|5RTJr?BTB(m  < 
e 

ggg:  i  gq=?:  i  tfir:  i  qrsn  i  i  an  i  i  it:  i  «a:  i  5?:  1 

1  aw:  1  qattc  1  giftas:  1  an:  1  gif  1  at:  snssi:  1  ̂ rj: 

^t:  1  ftra:  wn:  1  gr^t  wfa:  1  ggn  g^n  1  ht:  q^q:  igon:  1  gg  wif 

*TOT  R^rTXi:  tr^T  ̂ is|l  gTWHiqqmfaf^q<g|pTtlTqiTg*J  I 

^WT’STtfH:  I 

*—"<30005^6)660— ■*■ 

q.  firmiijfinfe  1 

gFft  siraR  rat  qigarfiTH  ̂   fra^  Seagram  1 

*?-S  ?3T^1  I  T^55H^raTI5  I 

«5S  a«  rfrf:  girona^o^^  m  Rf^r- 

wv&\  g^waT  iur  ̂ q  qgfSr:  Treajqg  ggfg^  fsfagq  Rsgafaqgr 

q^qg*  iai  t  gqq^  ?i  m  pjf  gq;q  ggaqi  tR^  tt^eut3t 

Tuigq  ggfqq  ̂ q  wranrn^s  Tf%?wj  1  as  ntrararaa  gag  {  n^  ggqg  jgm, 

gigaFRgaa  qaaq  |g  tr^  TigjTT^  *qqsai  1  fgqa^cia:  qcy  u^Tunfa- 

qfs^g&Rqagn  qffNhN  ai%m  afaBRigiqiq  am^reN  ?ht  efi^iraqj  tr^ 

<g?fta  auri  13m  1  ut^h  are  qreg|p  cf^r  amqiiq  acag 

gq  afif^T  ̂ a  gq®  agrai  ar<aa  i  q^ri:  q^agspi^  ̂ bjt^i:  gnsai:  gq  ?rei 

aawa  ga*j  1  gri:  *qqgggg*aiH:  ̂ i^Traat  q^ag  wqng  Tifrra^  q>Riggg- 

aifasR  goi  gqqafaaT  aarea  gcai:  1  ̂rrgrfi  aare  a^i  qiaregr  t^i- 

raqjT  H3TT  ̂ foitm^agTa  %rq2rggi  fifai  ?irTwi  gqrosqg  ̂ rsm  g=saT 

qaiaaq^aai  aaraTajffoniqi  ̂ rsare'rei  asnaqa^T  aafa  rirt^:  q^gg^r 

agaani  q;g  ̂ aa  1  ggig  g^Tcfojgq^q  g?qi  gfgaa  agwm  gfgnf^:  *aa- 

a^TlW  1  qq  qiqqa^H  q^jaqi  ffRq^qiosBgg  ^iqqiR  ggg^ggig: 

«?8<18  im  q|q  H^qq^qf^??  faqgiqp  ̂ RI? gsfi  q»g  g  t*iiafff(*aHg^  ta 
?i3i  qi^T  gyqgg^T  gqfffcog:  1 

gqiqqm:  1  graiaqnwqqreq  ^q^ga  srH  griii:  a^iTwggqg 

wwrq  qgg  ^f?F§g  1  ggfg^qiagg  fg?fa  ggwfgggq  fg?^g  aurgqt  1 

q^qg  g  ggfgfggqg  ggia  mri  ̂ rcq  rtgj  f^mqiTg  gig  ̂ qigrt 

=gq  x  ̂ 0^  +  —  +  ~  ̂   ggf  g^afai  q^qg  wa:  g^i^ar 

g^iggg  qanro  1  ?reraT  ugggwi  fggqg^jqgqg^: \J>  N>  C\ 

rrfsi  gfsr  wn  nTar  trfar 

=  q  ~  ̂   ggg^i  gg~  ~  +  ̂  eriri:  ngggrqaggqg^:  gg  q»Rg?t 



*5qfogT?5?I3iTRSRTftR!T  I 

Hit 

lifts 

8C5T  +  aW> 

sr;  =  is  ??  +  ̂  hc[t  =  ( *$  a  +  ̂  )  -  (ag*-~— )  + 

iifai 

9  a 
9€«1 

MU 

lifts 
lifts  IT* 9  U 

9£J>1 «n 

hti 

lifts  II* 2  SJ  ,  9  H 

=  (  *  S  3  +  $ )  -  ̂   ̂   ̂   S  -  ( *$  *1  ~  ^  “  V  + 

9f«l 

wn 

wua\*n  n^PPi^  («iS5i-*o  ?m  rr?i 
lifts  lifts 

HIT 

$  -  —  +  —  *R^,  s?5?  -  ̂   qftiroiTril  I  TJflTIIlirqi  s 
Mcnia 

9£>3<l 
fe=R 

m 

c 

arai: 

«* 

m 9R5TT: 
nf?K 

=  a  +  (  wi  t-  — )  ufa + (  W!  *m  -  — ) 

r* 

i|rnmniiicq^(  «*roif3rcf%?i: =  *rfn  -  ?2?ftagrai.sft  |  fsRWt- 

a?o  murai:  asai:  ,  ,.awm =cc  =  1  +^c  U3»Wi: 

+  »r#*  gsrawforeti 

Tg^JPl^Traqi^re^frt^l  SR3lfa=*P^3  Slfarig  I  JI?qg  ̂ RrTgZRJaRKSJ 
nm  h  1 

a-  ?5RT  I%^g^HJ3Rl7Tl  i  1 

JjfRT:  tot;  1  qq  30^3^  q^jwiifq  Rra*i=if?*  ?n 

51^1  %m  frqq:  I 

?T 

1  sreg|^  =  3  +  *  + 

s»*»t: 
stot: 

=  ̂ 0XS«X85  +  e0X8^f^T  SWmig^RJJl  ̂ rSlf^T 

Tfa=.=r»m=i  30X60X83  go  X8*  3X6X83,3*  _,3  * zicHg*  HH  =  -  H - = - - =3.3-4 - «3 
coo  coo  c  30  ^  no 

H2W*3*ri  qrRg^lHH  TJrnqia^  ~  W3f  oRmR^g^Tqnra  f^fjJIOI^ 

*.  _?.  «*.  
.  ^ 

StWR^W^  Rriq|fTfnR  =  £.=q  zr  n^QTOl^  Hq^|f4T  «qpf!  i 
w  rm  gflgggnFwftreen^  ir?n 

^  .  ?T 

*Jfm  «^*TcJmi  ̂ Rg^T^qRq  I  JR5m?|  =  3f  +  ̂  *l?ft  sqi^: 



Tlt^TgTf^TOmSKTfeRT  I 

11 

«*3  +  *«-*®X*3r  +  **  =  =H*n:  I  clfTI  5T3[3TT»WT*TW  fafaRlPf  JTrTcjraHT^ 

=  3-°^-3  +  —  =  s?  g  +  ---  ̂ nfa  T3rfiw?rg  Tri^ra^ra  N  safari  mm  m k- 

=  n  m  i  wi  swa  f?njzjT*w*:flR  i  foreran:  jf^Jr  sfa  lt  qrw- 

sma:  i 

>01 

c.  ̂ g;i3i  i  jq^T^rafn  i 

hsvo^t  fz*i  15^  g^fM^faSm  55RTO|sjjwfi:  wm 
Ishuh  gpfefiiti  nsft  ^rf%Ri=t  i 

^iwra:  I  ̂ FriSRTXii  qsjwtl  qwir*iw  gpmfjqiffiri 

mzw  mn:  m^na^i  u<?rorsa  sri^t  fa^WFi ' ’m  sf|pBnw 
sfitefiiti  KTmw  sr^mifa  sk^wi^!  ̂ ^m^gfsemrgtoiiifn  PKrsnsjg  i 

£-*10,  ̂ 3Fff  fl^ng^iai  ^Tai%  mm  t  wfeRTfer®#!  i 

wfeRnsg  ̂ 3|#  H^wi  flan  nsm§  ®tut  fl^sranzta  groi 

wri^  a?^R^wpi^fFrr«rg?n^  %ai  ?i5Tyfww  *sif|  u 
*n  ^sot  rrwT  *iftr*iro?*  wsi  xnnm^  Tfa*k- 

nfn  1  granro^  g  giro  h^3*iwj:  nzi  tft&rffl  1 

^urafa:  1  ̂ f^sRini  urekw?!  wi?RTf2rrem  wSwi  ftraronrain x 

’wuroren*  *|T  sKfeKiRfir^  vmm  W*nm  wiwi^!  *1%  ̂ t  wwisf^g- 

I§*t  wm  srf^mTSrt:  sRfeRTfag  gw  Jiiaifel  *i^ra?gw*i  1  *i*nw- 
gasrc  B2Ti  wcRSifa^i  tfwran  gw  w?r  rtqjgnw  gp^mjw- 

m it  gp5WH?ra|i^iHi  «srm  wlnw=m  *r  -emretoFi  tgwr  imifej 
wrawr#T«jftf?j?RTr  1  mn  td^Qinn^  vraffl  cti«jwwk»I  *%tr 

S*  X 

rm  ?gf5%  w^3rt^%tr  x\tmm  tggw  n^mg^ior^i  wwig^grurew- 
*$9t  WRlftWIR  «f%aj;lr  ?rg  ̂ iftWOTPwil  Wr^si  I  J!W5- N»  Njl  C\  son  ̂  

*ra*t  Hwriti  kiriw^sr  ^  rrwQig^iai  m  TgfjftifWcR^r^g^TPO^ngri- 

gpapa>0Wi  ?r 

vm = Is?  -  *  ( ) 

’m:  s?  ( -  iwji 



<10 

trsgfsg tfcisRro^TFsiaiT  i 

crai,  -~nn&  garciRratf  tiRr*^  mwzx- 

m  «n?TO3*izft  =  <w-~  “33TIEFI  Utoa  ti^rai nj  s»  "5 

*fg£grficswra  vtfh  i 

<M-<13  tSrff  31R1FPH  1  gI3^IW:  ̂ ^T^RrUTif  I 

TfljFfwi:  reftsig  *tm:  aiwrcnm  dg^grai  gissrariT  *r<»i?w- 
XlRI  TK:  3i^SrI?tT  fTC*D  *nsq  faf?*  rt^ini  WlRlHT^  *3%ci  cRT 

51R  jqgRr  uRgnsRxn^  g  asm  zr~j5*i  ̂ an^iRra^fg^^  ^  tfsraRraRR 
sti  g  H5T  *raRi )  *ra  5FRr^raRn%  g  5^^  Rretrea  Siren  Rijn  sn 

sn^g#  iu  ngfa  g  m  RwT^an^ii?R5ii5n^iTf§f%«jrefj3fi 

srafa  1  gfaTg  1  ̂irar^Tg5ra%3ta^T5iT  gp^igiP^Ri  $8=oo  ̂   *n^ 

f  ̂  n$$g  hsrrS  313*1  Slnan:  ̂   trang^gpn  %m\  ?*3i  siggfngfagFrn- 

ggR^gani  $isi  TOftra^:  1 

1  jRTi^irr^i  u:  5^*1:  mf  f%Ri%  5mfo  cre^g  wh- 

ftjRi  bright  *W3ire?R  ̂ 3^  tfiRg  5fR  R^ig  ̂ 5qr^T5Tfagwn& 

se«  mmrx  nzj  nonf  g*^rc=rR  g^OTTg^gro^pr^  =  ̂ 1  - 

flfgiajfg  I  cTRcUaR  £13*1  ̂ [SSIRai^I  3*3  £13*1*^  tfgSP^KrfR 

tiftro?  <3«^  rj?r  ̂ qgftgwznjpipnfa  fowfa 

*TW?r?s»i  iram  1 

52W^  = 

X  S 

#=J.S35T  „  33  Jngjmsrc®  *ti  51R  ngfa  gfera- 

mi§  g  33^*  uRgnfafagr  anPrifrna  a:  u^ti 

f*33  gsRi^TsrfwsRi^Tai  ci3i  *rrarafH  ̂ 3^3  tfg 
g^T^a  5P3  inSiRi  11  gg  5P3rg5iaRg%  jnsugrorel  ̂ pgi^R^w^g  ggi- 

ggrafRi  q^t  aRgngjaii  g  713551*  ggn^T^iaa  gshgaraifm  m®  Rrarfa 
tophr*  sR5not?aRn^?:  Tig  ggRtrmRcw^  ^t^5rhjt®^po?r- 

wifW^ig^i^qi5riT<ii  *mg  1  Trarji  ̂   1  g  = 
3£  X  qcoo 

la  +  ?®i  -  w«t gacoo +  ?«si-nwT 

^  ? 5I-H®T  =  ̂ ^  =  51  gg:  f^T  =  51  —  <1^  +  JR^l  I  frU- "  N» 

wi  1 

^TcT  Tr^TT^^og^:  [ 



^Sar^lTfsaSKTRSRTfw  « n 

<*-£  fzrfr  i  *?*nf3  i 

si^f^rraivisirro^i  gfaft  nfagjRgi^gfgrag  ggfetgfgpfrtti 

^  m^A  wgi  sERng  awpugig  wmi^T 

flKQU^I  Vcm^i  R^rf  rfr?  Rlf^gra  fsigfgggfeg  fc^T  SK^Rt  I  mi 

^Fcifwn  agcrarai:  aw  *gi  vm  ̂ tg^i  gg  g  sRilsai  gg^  ngiro- 

nra|  ssruiggirOT:  er^i;  g^i  Tgcftaq|  g?g  waFri  g^r  RtR^T  ̂ fipqsrf^i  1  m: 

sr an»,  n^Riara,  n  ̂ g^wggr^iftwc  «c  §^rgr  gflfg^iggjjfg;  $£  %a 

^afRT  graft:  gg:  *N  $e,  gere^r  ggra^rg??  y»,  ggffmg  g§jfggf?t:  ̂   1 

ggi  **0  sg^RRtggygnfrog  8C  Rffffft:  00  ganfg«RT  g  ̂ jjfg:  ©i  ggq^: 

gg:a?iig<f  w  a^figsg  ̂   1 

figiwtt  ng»rara@ifg  =  <*<*  1  «c  1  se  1  se  1  s?#  1  *w 

fgginiaq^ifg  ==  <*o  1  ge  1  qo  1  e%  1  qg  1 

g*g  jesto  sjjifp^g^ra  gpom  gfggigg^ngpj  *mai  g^r  garafa- 

gj^i  jraRranitFg  w  gating,  fg^amiTcg  g  ̂ g  g^iaiit  etm  u^tfig^sR- 

fggm;  1  gfggig%^:nqra  *tfgq|  ngRRani>g<E^  tugfegfo:  1  fgfifais- 

*n>a  g  g^fsgf?fggiam  mti  g^aw  g^pgg  w&r.  t 

m  gjreifggg  wsgiga^  gg:  gunggirgi^Tgi  gw  tori:  tra^tsf  m 

gi#tjaig  ugi  gfagig%gj  ^ifgq^ifgg  ggg^i  fggiwr  ga^ifa- 

wto:  gnragpnfew:  gtiran  ft^m:  m^samzi  nz?  gg^a  ggt- 

f*j?R  ggfg  ??gg:  1  ga  xrFgggftg  ara  k^z  RnwigegwigxiggigTaai  g  fgf%g- xp 

gmragg^  i 

g^mafg:  1  sr?5**^  jR^tgi:  <*o°  1  8»0  1  oo°  1  <*oo°  1  <*^o°  \  <t«o° 

m:  iho'  q^it  g^<E§t  gnfggig^jqn  awn  g^ggifg 
a»  =*  <*a°  1  80°  l  sw>°  I  1oo°  i  <^»°  t  W»° 

m\k  =  *?<*  1  «»  1  w  t  w  1  vz  1  «<i 

tROTSgi:  =  w  1  £0'  1  I  <t3C'  i  <tOO'  I  8»' 

gg  qiiffigj^igg  a»°  «  «ofl  i  oo°  1  qoo°  1  <t$a°  1  «tso°  im  ffoqwmg Ci  S>  XJK*  X 

nfgcp  «nm:  stwg 

’a  =  ̂   1  =?  !  31  «t  ̂   \  5  ̂ m^TfgggFgtttggigraf^tfg 

=  W  »  8C  I  S£  I  $£  1  88  I  ̂  

=  ̂ 0  I  8<=  I  ao  |  Q<|  \  5^8  I  ̂  

wzm  =  s?i  1  es  1  h^e  !  w  1  <*o<=  1  #o  urn:  «gi:  RgEgtgt^ifgiingg^- 
_  -Ny  «__«  ’  f\.  t\ 

<R?PRgrarai  tpimi  ggtgtgg  i 

"X.  **X  . .‘"X. 
gggiara  fig  gitgr  RFEfgg«Rfn: 



sm^ran  sre*  i 

10-1??  i  fg^fmTgftrsnfe  i 

H'SExf^r:  «?o  mg:  sigi  1$  1  50  uitm:  *ji  £  1  as?  ̂   *frs§r: 

JJipn^T  aWT^fSKHIU  ̂ ncqT^r?5T  WT^T  ̂ nn§Tft  mSflPWSnfa 

iqgfirl  T%^lf515  fT|irra^^:  iTOScTOT  SRsfesKRTJ  f%TTI%3  r^- 

ggirra^i;|:  ̂ ^^5ifnT525fT|^T|T5 :  szng  1  n^raj  *3»£3- 

ft^n:  *?ng  1  jjwiTOrizrai  hsiht  y  ̂ sfsfxri  amifjpiffi:  gigifg:  mtrai:  w  ̂  

Itf^rtl  ̂ fim:  <100  I  85?  I  58  ̂ TT^  *3<F§Tfa  ttWP  I  3r5RHTrl  58  I  89  i  100 <0  N.  X 

SR^TT3^3TOT  <W;  sOTTrT  100  |  85?  I  58  O^WcsROTH  58  I  8s?  I  100 S)  \  S3  Nj  \>  N. 

I^lRpraWTIJ  I  ̂   ^rciTTN 

5.  n_-  TIT-  cfi-  TO*  ER«IT*  H-  %•  V‘  IT- 

100  I  85?  I  58  I  58  I  8^  I  100  |  Mfewi  100  I  85?  I  58  I  58  l 

w.  rit-  »•  g*  fw- 

8»  i  ioo  ̂ e?  qrcsFri  ̂ iTf  f, ̂  mi#it  ’grxrnui  ioo  i  185?  i  qa$  gssrav 

as  ♦  ftf*  sfrau.  g*  $*  M3‘  jr* 
SNi  ̂ TOT  1»^  I  185?  I  qoo  I  XTcfilfllH  cIRRHT  ^POT  100  |  185?  |  19£  I  19£  ! 

3!-  W*. 
S3 

185?  I  100  | 

SHltpiTPi:  I  SS&T^TRWI  geRRU  TOSnssnqfa  vfz  wf% 

g?j5Tf%^rra^  frft  fs^iTJra^trg'nT  f^romra^i^raTXRir 

mf%  Ig-JOITR  fr^I  fg^fHRrZJIR  gfetUfa  HWTjgmftl  IMHUT 

Tg^^^JFSTR  rJlTgi^HI  f%^51  IgW^T^sHTSIH  ftr-SETTR  ̂ 51*- 

^rUrt  i  ̂ rrf^TTsrc^i  t%^- 

tftpcroM  i  q$  f^ira  w^i^Trar^g  Rjtrg. 
sto  ssiT^fri  i  *3  ̂ tPi^t%5ri5R5r  ^injainmxrrwr^^  wg 

I  5r!§Tfi  «5JR  ^rai^S  ^qi^cgq 

lRHITVJ^7Ir^?n^?rJfI^  Iclfcl  ffa^JF^TOf 

tarafn  i 

15--1^  ?3TC#f  ̂ T^TniW  I  frqil%  | 

^jg^rQT  9=n?g?;m  QiHFfR^iHFnf^ran  s  i  5?o  ̂ n^w;q^m;  gpc* 

m^roreii  g  f%f  igprl  (  3FER  H«RR  ̂ ^JUrUT- 
^ia:  1  Rffhsng  ̂ ggniirug  co 
fm^^j  rrtnig  ̂ rlTT%fngf%fng 



13 TOIrT  TO?T  StoOT  £TR  V<p^  <151  ̂ Il^gfeKT  mfsrl  ̂ ^grSJWi: 

gai^i  trii§  ̂rTCTfra  g?*!i  ERga***  i  gsfiw  gig=g  gigmJng  g 

ITg:  35HSEJT  cfiZJ  mzi  ̂ J^T  flgfpf?  ggRUfa  Sftna$TT^  WC  c3%g  I 

wur:  i  5R?^  *  wiiftmig  rt^nwTrf?:irr  g  gr  sprang  g  ̂ 

T^nigm^irf  g  ^  wggg:  gjggrcrg:  ^ 

gggi=i  g  ̂iTO<^TO=rc^TsgiT?ig  zrrar  *rorcfggr  gangrene 

m  m  TO  ̂   =  — — -  gigmqf  wftfguH  ̂ °°  toht  g^T  =  „ - WJ  c\  3500 
€  2T3T  ̂   . 

— - ,  ̂   fj  3Ei^igi?rl^gTi  aft:  ̂ ^qn^KTrT  f%£p5f  gir3  HEfiOTf CO  N»  V  ^  ^ 

ggpriTO  gtfro  gnm^  hr  351 

Cs, 

H  legga  ggi^ra  gf|^grfir[  1  gt  a^KTOri 

°  fici  gig  gjwg  11 

15.  ?3RT  fgfeggggiggrn^  1  fgjngrffg  1 

ggggifgpT  ssr^j  ggra  cf^T5gqmi|wsKRTw4gg  graro  1  gg^rR  ggfa 

vfaFRi  ^ggnf gi  ̂ sg  ggggg  *raiH  %gsff^n  gftmgggszi  ggcRgisgT  ftig 

gggfgi:  tip  to^t:  great  ?ruw:  1  ga 

g^T  gggot  ggigroSt  grag^m:  Etna:  1  atij  afgargiTg:  afggfesRreg^T  g^ai- 

tow:  f%g  1  h^t:  a^nt  W  ncumg  gi^fi  ggr^g  1  ga  fgfg^argreFt  tfa- 

g=5SuirTO**RW*  giuferg^:  1 

qo.  giggt%  Tfagfarnggnr  1  gtnfiH^renfs  1 
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Sl^cTTSOaOT  T?TTO  I  **%!  UfO  %T5iT  *3010  I  ’STOWT  xmg%^  3lfeR  qiferfeTr 

f^pt  TF^ra?  'ate  Hwe^TsjTgpswi^iaq^i  im^  n’aawfTO^m^oin  a^ia 

0=WnT%T£ai  sRFoQT  art  Om%q^  SiPcST  TTWO  T^lOl  Tafa:  a^tT  TOcffem:  I 

^Tqqfe:  I  fejOTga^  3JT  ITT'arTfg^  ?5iai  TIT  qnJTT  «%  gTS*  Vilfzi 

ogn^mq^  q^qnS^is^qr^T  afar  qnsui  q<?wwoT?T2tT  o^tt  w  m  gift 

^5»TS^P0T  cT^iqaijT  WTfe  Wgfe5*  O  IT'aa^pTTgT^TIsnfemRlPq^  Tl  *TarsRT&- 

Tn^TSgtffer  3jfe  TTWSR^T  H^aqf^THT  «%T  5T«>%  oat.T  f%5EWT  fe  ̂ TOT  H'cERfU- 

TOCTT  n^rq  H^q^TTfT:  %  OrTT5*!^  sRl^OTTIT^rTniHl  ^1  OOTTIT: 

5RT^TI3mT  ̂ TOfeT:  TU!  I  3[f%qi  Tfl^  O  sffl=raOTTI%FJO?aT  JT^ZROTTIT  TOfeT  I S*  X*  N»  ^ 

*i%t  ̂ mrn:  an=c3«Tfw?iT  ̂ iottit  Tiafer-wcaqqiij  i  ht**  natr  rr^ii  ̂ ot- 

5!i%  3riTT  -TrriTii  srafer  ri^T  o  ̂ fUTtFn:  an^oniT:  q^TTiT  wsR^fe  %xrfiim  t 

^?*  T^TOt  TrarT^STJJlWl  1  *MqijHa^caiT3[  I 

s?TT*tfe  ’mkn  asr^QT  3fTt  attwh^  o  qn^T  ̂ tio:  otb:  i  ri^ni 

nfe^nffefqTlqg^H  7?«saTin:  fasurtnTq  3j^Rfrq%  ̂   gre^i- 

qfenT  3ii  v(faw.  toifw  niajtfgqri  ̂ t  i^Tsqn^  «T3iT  iwffer&:  I 

^^qqfe:  i  5rt^qt  ifog^noi  rT^zng^rimT  jqgfer  n^JT  o 

=i?iTTpai  wio:  i  ?Tfeqqoqi=fTTTrqci;  sTife:  i  t^Tj^qr^i  rr^pTai- 

%raaT  sffliwi  vpmza  §p5TRiraai  U  mw  **Bi^*fe  «r^^qqin| » 

tr 



SS^fagTfWRT^fiffSRT  I  ^ 

ssrcr  wsrari  ^rnr  i  i 

s» 

f%55tggqi5^5ui  i  mrafti  i%^e?t  n§j|Rn^  otp$i  ̂ naram 

mm  i  ̂   5BiPn«qii^in^5?TCRiR^  fg^Tf^rrT  n^\  f^sarre:  Erg’ll:  i 

sTCSFsnT  ni^:  f?n  i  ^arwrcreiFissi 

spji  ̂ iggwwtrcNirism^  3  wi  sRWrt  ?tT- 
’qftnmj  i 

«W-^!  13fl^  ̂ TI5aiTT=rl^I^rI%^5Eirei^f  I  I 

^afiw^n;:  i  3=^:  gji  i  gg^ugi  t  trfrem  gR^rraicTHEcisjT  sr^ji 

\  iro  1  iircpiwi  ̂   ̂ nraiu^iorT:  aiif^sm:  ut^sth:  sr^t  sR^ir 

^4  ̂ gf^rf?i:  t  fora:  u^53  1  g^iggra^^iftforF  1  wfofe^TfSrcwi.- 
H  g  fir 

ftlTOT3T  I  sfiTTfo^qi  =  ̂ 8  '  It  8^  I  <*i?  II  He  I  8C  I 

m  fg^m  afom  ugfrom  i  rajpra  ̂ ru^racsn  i  3$ra^c3T  3§»i3H3r3T 

3lf  m  nzx  fararafoi  ̂ n*fira3raT  xn;sg  5pt=t3I  iqfasR*5*sjfoii^T  anit 

q^TjF^rafo®^ira%t  sr^sit  i  =?r§Tci  ^fsiiK^iilpfi^irasR :  i  firarcsi 
w  g  ftr 

g^3re5F^Tfow:  sRHaj:  i  vji  fafsrajre:  =  ̂   n  s?*?8  i  «a  u  s?<*e  i  <w  i 

m^iw fo:  i  <i*o  tjjs  tosrtftj^t  wsfo  atari 

jRgsauT  Tircrassrai  fofofo  i  ̂   ̂ gp?  sRif^rT^Bfi  afar  ̂ giacfai 

m:  uratrfeareifT  ̂ PT^sffo  i  ̂ c^gnrafewjgRi  fgwiti- 

^RlrioingfjT^  maxrfsrrem^f^rrg^  i 

*$•  ^TWWTS  I  5UT3sRITfo5iIigifo  f 

feggsstlT  ̂ rgsUT  SUTCraiTfosHT#  sa#T  3c?RT[fo5£l|Wir 

UT  31  3&135fiTfc^raT  I  ̂ EtTcJ  I  TgaroiNSErai  SRlffossazn  ̂   3rasar 

gfo?fl  cfol  ̂ STSF^OT^rn  SflP^3  I1  a^Rl^sa^sf  ̂   ictt 

m&ZJ  <€TC5®n  I&m  I  ct^TXRF?flffofafm  fqgfesRl  sraffo  i 

i  'siggai  gm^tari  sRiffosum  m  ̂ ®ai  span  ciaft 

^a^i^rnafo  ̂ 5ui  riirograi  W3fo  vmfm  3^1^  *rf§*:3f>#R  usi  t 

°*m:  fe=wi33ra3ra  ̂ Rnm^rswaw  1. 

^q-^S  !WtKFnt^w«iWMcw  mm  »  1 

TOTO33?  a:  iral^r  IgrfFiT^^^  ̂ rai  w=3^  ̂ U3i  wnoswnpira: » 

Sus^T3:  1  ̂ tro^iwi  3tf^  w  i< 



FiR  oEEP5TJgW!JT  l^ffl^Eli  R^ifrf  I  WIJJ  S7533T- 

«icl  I  rTFUiWf^RT  271  ̂ cfltScJRn:  5FSP0T  mi  OToEII  3W5r«UT 

aaft  i  r^iwr:  i  at  Wsrrrga;  T^aa?  ssai  sam  tot: 

wsaiRRiwRam:  i  irse^t  rt^t  crt  ̂ jsuin  t%  *imi  ̂ mj  =  — ^  ^  s>  'O 
scrmxus ara    __  ^  ^  ^ 

=  ■ — — . . *  ̂ *h  zRmmuwn  i  ̂   5fta?n  sra: ^  X  ^  V  V5  S3  a 

*I3RtiT  ̂ >4:  1  ̂ 3£7igihJ7m>giITrt:  I  a^naRtR  SpUT  ijifT  RWiFf  Rc£T  ft^JI- 

SPIR  RH  a?IrfIS^557I  cRT  R^RJRaRRftRTOra^aat  « 
S3  sS>  X. 

^£-?o  ^|jTcf7iPnf  i  ̂m^jq^n^raif^  i 

^qitH  ̂ iwwRpn^l  saiaa^ct'^iaia^rrsaTaa^  wi§:J7T%'5H'sn?j^3 

ta  fspRwi  37iHR=iu7i^^sara|fn?i^N  r^'ta'iog  ri^T 
7TO73f?7^TR  CT:  |  RR  =gia772II?3  77Tf777  I  ̂ 3TR  sfi^OI  OTSaicfERH 

S3  '  X»  X 

wroRagi;  «s»e  ww  sags  ^£  ^  fra^pa- 

araarcri  h  tt^  aim  liia^m:  aff^rei^RiRi  rwr  ^  =  *?££ 

SRHETT:  =  ReTOR  ̂   RosfiRTri!  TSIWRR^I  RRRI§:  RRlIt^  TT5R2RWRTR 

m:  i  m  rrfit:  --  s^c  i  iR^w  =  ̂ ££  i  Raa:  =  ̂   t  ^  i 

fWTR7  =•  *?££.  J7RR7  =  x0*=  7T^  RTRiSRT:  ^Rrl  I 

■sremfFi:  i  sfiiPc?iH  Rumi^aift^T  aa&^c^ifaT5RT  *tr- 

^aiRTRt  h^Ikir^r  tnR^Raaai  crgiam  trrttir  aiwrr 

aft  giiffiT  %ifewgfi  ftaEraT  f*K  rr  atnwTsut  igawiRsai  ̂ wthis^t  spa  r 

anawreenat  Hri^^iwara  arJfH  rir  rrir  aqjawR  at 

riwi  a^r  iwrgrc:  i  ?5Rt  rtsrwt::  i  ̂ rt:  ar^Taira  cfsiw^i  aw:  i 

aa^rnft  trails  gRirifi  i  ?raispi 

W2TTRT  I  Ra3SRR  1 

^  fttwi^aT^a!  ^aTft^a'g^RSfR^  €tojt  #rt:  ̂ n^i:  i  nau^ 

**n:  sKWifcTwajRfla^tRTcsET^R:  wiitaqaif  «=tiR  i 

n  m  faaftmmRiftamiiT^  i 

aw  asuwi  Staift^^^iR^R^iR  ^  i  m  \  <*£ 

5r  ij  fe  «  fi  *&*n 

?7^T  fs^wisai:  -  «<oc  1  S?E£  I  ̂   I  ̂   I  s?££  l  ̂ c  t 

i}Q  «  l  'it  I  IS.  I  «5  I  *P _ 

«Rm«3fai:  *»  ̂   i  sy^  i  ̂ °«  i  i  i^  i 



Rs^fRgTTWRmsRTnfsRT  t 

*5 

m  53  T^tTOcTI^lfeWT^  l  RW  3fa  2iT  clrRRRR^ 

skt^risH  min  i 

^ixpim:  i  alraiRaf^^RB^sr  mzi  gasng- 

s> 

g?i^i  «cjt?{  ?rr  g^R^rcsi  iR^iFcr  i  m  sm^iriRj  w.  jj^g: 

tr#f^ri7l%  RSfffl  m^RRWtfgffl^  ?*R  JJRJ  TI%%3[3RFT  clrggRRJ  Fl^snRl- 

RimiicgTOR  i 
O  X 

sarref  rr^hriw  i  i 

va 

Igl  Sm^mmRsOTTRW  m  m  aiRT^^a^aqtnswre'n  Rftim 

RlR^gfaqi  f r5R  S^HJ  rl^TUIga^q  u:  SRim  I  RSffR  I  Sfaeiw  gni- 

rrt  wm^*r\i  JJcjT  ̂ ^mmRiafT  sr:  3?ra?mlRjj  RR^  RR- 

RingRRti  RRRQ^^at^i  sjrf!  i  pj^Rjf  m^m  sri^r 

wH  rtraffT  tncri:  xff^RiRtrra  ̂   tr:  rrrif§^  nfagm  t[%wrr 

*pnf3*|j  R  RRIR  *ll  ̂ ^RRRJFSRH^RIRTR  lrQ§:  I 

g%w»:  i  sKiFf^t  ̂ t:  f^iim  g^fm  gife:  rrr|?:  srx|:  i  ̂ ^tra- 

H^gssraT  T%^T  <{R0  R*j;  sRTT%J5qqi  fsR  RR" 

m R^TO  g  RRRH^^lRraftTOI^  3TCRR  c R#  RR^rl  cI^RR  3FI^  RRI  RR- 

R<T3R  UTc%0f  I  tfijHRreRR  T3R  R%5fUFci:  IRBR!  5RFCH^  fl3ff  rngffT  ̂   I3f=Rf^ 

wi:  m^wcRini  jr:  rrr^r  qiitgiFt  isRRrorRcgxrtra^  i  si%*o- 

*ti§i  ra^igxrR  ̂ ira^RRRinsrai^  aim:  i  gar  srcrsi  R  RRmtR  i 

38-  15RT  R^RTW  I  ̂ ^Wfcr  I 

sRiFrioR  glg^  ̂ 80  fgnw^sqqi  R^i  ’cJ^n  gg^qai  g  nm  5ff9rasrorj 
VJ|  V> 

f  m  g?ti  f|R5n^3araT  g  pm  xfiggimg  rsrr:  rrx§:  ugig:  r  m 

fc^iigag  Jsurg:  i  ggiR  g*  mfzfa  i 

g^Rtjfg:  i  girmsarr  mfe:  fonitmgfn  Rrsr:  fgfhg  ssrarot  ’SSRSi- 

g^R^isgxa^i  Rfe  enroun  %i^n  sRtftisriii  fsp  gim 

f^HmirrmRiRig  frt^  fasn  ̂   ̂ Rwm  xR^iR^mfar- 

?gqxraR  i 
■>48»  >* 

RR^RIW  I  ?1R  I 

Rrrcifl^jE^iqT  ̂ Rggqi  ERigl^R  fgR^qqT  awn  mtl  gsRqqi  gggqqi 

Rjpi  nsj  g|t^^5RT  R^iFfi  i  mw:  sif IgiffSRifR:  rrr^^rt  rt-sqi  i  ggig 

fisEn  gparRjwn  ̂  r^i  ̂ mi^:  ^ist  rqt^  i 



"8  l 

i  xrfgr  f%gTO?u^ggi  I^stout  eRiFPrem  TOS^mgr  im 

ww  anf^sju  =  -?T^I5qT  ’roaimiira  fg^i+4kcKi  WFrrsnwiiR  fi& 

«n?r:  gggjg:  i  gg:  smf*rai#ysr:  gpjRi  g<|m:  qnra:  sr^;  i 

.  era* a*S i  w *mg:- i?  =  ̂Iijgj.' 3,raH , 
*  WSJT  fax^T  ajOTT  W” 

3$-^a  ̂ WtRg  TOT^TO&TWIW  I  WWW>g?^i|cgiT2f  1 

tor:  i  ww<r§^israatg^T  gRifg  i  wig<F5^  gernrcfg 

gi  ̂«ai  TiRi^fT  ?wrt  g:  n^TOsr:  i  g  grig  totr  graafg  \  w%r  giro  tfg: 

wwi>§g  giRiR-grig  g:  sRTziKrfn  gw  ? m  TO®  acgg  fiiwro  =g  gjsrcrig  ̂  

m  wnf  *tor  §ra  snRrfg  «  ̂ Rgm  3jf3r  qgig  ggor  Tfg^sfi  gg*ii  gj|  g^i 
g^gfa^:  famoERiiRM  ?ngg  ̂ fewiawsig  f m  ar  WRgiwcinsfq  giisfa 

fa  Tfa  g  wnafg-^cgg  gnf :  i  ̂ wg  cNigwta  wSisfa  ggfgfg  tfggg:  gg- 

JWg?ra^^^TT5^lW^rm3^[^cI  gifagraTOWg  gfa  gasif  ?tr  sfamg  tm  i 

?c.  gnmpg^wngimw  i  ̂ gfenamr  i 

fftf^RXrgiS  Tfagg^TOfafegifagi  1^  '5a|TWRT  J73T  gsbqtf  ̂ rj 
afarafg  gw  ga:  wmTO-mg:  *gifafa  iag  i  u^i  gw  *fa:  wio^  nfaTO 
©V  ^ 

gW  WPP§^r  3?WT  ̂   RW  ̂ g?F35rerofl^  ngfa  I  ̂ 1  ̂ H^gTOW- 

ggrogi  g^m^Tuf  gw  fagggifg  i 

fganfwsgai  g^sgreroTO  fen  gfa^iFg^rawiqwKfl  g?t[ 

^rsfag  gssrsggi  i?t  ̂ is%  gfas:  grei  httorwh  q#TqTO3mgicgTqwTg  x.\k- *  .  <* 
*sg  gi^a  gijg  mwtm  w oaiwtwprrr  i 

^raqffi:  i  fam%  TjgitRfa^tT  aiggiwtqr  ^faojgg*; 

^fg  Hfgfggfg  m  gssgrsgfa  hrNr!  to  i  wen  wl:  i  wr^i:  t  anRfi^n 

^jfsRoqg^fH^TSWl^I  ulsf  ̂ tSTSEfT^T^JT  T%5q(5fite3fl  ?Rlf^3in^T^lT  R 

httomot  tm:  nf?rfHgffi  ̂ oqgmKRi^  fro- 

rflpEjqqiin  I 

80.  n^m^W^TWlTOW  I  ̂   f^TR  I 

fgqioato^=i  to  sRiRfism  qRisin^=nsqi»RMR  im 
^  \>  <tv  <- 
gragsn  g^iq  ̂   ̂ RffNi  g^g  ̂ s^Mnw: 

tow:  i 

wmfff:  i  q|g5RK^q(irg^  gRi^^gT^iT^^T  f^sgirog  sri 

%ifo^i?il  wsfm  yi^iqjnqiiggt»|gTOTO  wNi  ggfmww:  ^JK?gqg^  i 



tfsgf^fTfjasBTIISRTf^SBT  I 

...  <\r- 
M-88-  I  ̂ c^IfRtcJITte  I 

fg3R#  'Z&H  HT  T^RT^  T^TT^TOf  XfT  T§2f^%  I  rf  Tgg 
wicq  3rTRi%ajtT?raT:  gs^n  ttfnrafn«j 

«fUI^  T5I^5Rg  <3raT5l^cr  ̂   I  5?  ̂   3T^$  cT^T  femSETUT  Tpaffaffgi;- 

f%^TiTf^r?i^5Uzn  Well  T^CTflT  ̂   «RT5T  I  Ef^f  g  SfTSgffFIT 

wgn^racn  fian  tIrst  ufgroFHRT  nrai  *& fai  ̂ x 

^»Han  i  *m  ut  ̂ ^^ffff^trsin  fri  ̂ rai  <?jc2n^  ̂ i- 

^RlriaiR^  fa  fafagq  ^jsrsgigfafR  i=grafi:  ^tp^fasnif: 

^CCOO  faRHTg*l%ftFR  'SU^r^fRffl^ET  I  riff:  JI^^g^fTWTHT  a«800 

rlf^IftTaqTffnJft  cf^fapMf;fwctRT  Ufq£  ^Rff^T^pi- 

^  tRR  ̂ iJfi  wratfui:  i c 

^reiwff:  i  gl  j^urqfiifii  firereursfa  sriRfi  ffT^WH^i^rera 

fgRRIcrofft  T5f=frgfTfWgR  =g*  TgpirfT  cirefR  S13fai;Him  <tfgf  ri  ff3ff  ̂  

gfe;,T  ̂   ̂ 3?fToR5R  ^ti'Srei’KRTa  nrarff  Hff  ETSR^t  TElfe^TIfTlfa^  SRTff  I 'erfa*!!  x  s  'afeRT 

5  X  SO 

wm: 
^  x  so 

50 

^nj 

$mzn  STWtrei  g  gm: 

’Stotar  ^rusfri^wrafa  *rfci  ff^afTin:  wjarcffawTgifm 

ffc^ngm^Fi  ̂ t^EfziT  gfi  3[M^  wfafagi^fEiT  saig  i  fffi  fffsR^iuig- 

HTff:  I  ufe  T%5*JUT  ’fgT^fUT  cT^T  3FHUII  T5R  SfTctT  ̂ gfffi: 
X  3IOTT 

<1^0 

^wr*n  x  -zzimt 

syo 
i  ■sw^gfTfr:  eR^:  i  ̂ w:  %trt:  i  us cr  *ra  t^reraw  i  tt^t- 

sgtfTfr:  i  ufa:  f%5Bn^=f  ^w^n%Tfe?fftgfrEfT  t^r  ̂ rifi 
^sn^rSTT  X  5  33OTt  X  <35HT  ?«5fCTI  X  5  335UT  X 

5«o  x  qso 
x^ccoo 

*m:  *re3n*OTgpi3$  i  «ra  *i| 

BRl'^fea^ra’TT  c£*5ETT  =  sj  fa*  —  ̂   =  \J *18800  -  jp  l  1J5R- 

gtJIHT  uvz  ̂ SR^T^n  3*HfTg5TCcfST  sp2rfn^ff%l^fl  f5R  ̂ ITflT  ̂ l^Iff 
fai^cig  i 

8M-8Q-  ?3TRf  ̂ raiff  ̂ SRTfWIW  I  I 

^iniin  gR^iRT  ̂   ̂ ^inTfa?  n^=f  fsp  fgf^|5| 

?g?5ra^T^ig^%:  f^coo  gsRmfgpqsa  ut  ̂ f5«:  wFei  fran^taregi  iin  i 

ffWR  JIT  rffTHOT  ffHI  fsmsf^qT  I  ̂ 5*11  RW  5fl^5^Tg  ffT  ̂   I  ̂  

m  ̂ t^t:  ̂ t  *3iiE2JT  i  ̂ if3[w|  m  nw^n,  ^g^i^Tirmr 



vsgf^fT^n^msBTf^RT  r 

fasTOT  i  TOi3pst|?  g  5Rg?Ri  j  rift:  sn  ̂ sjrnroipjm  trisBnfacrssrr  m 

jr  |  ̂^so^g^msairT  gror?l  sitoN  Tgjjmsgssrai  «TMff  m  rfm  i  §  '*m 

f  i  ̂ wigsnfej  srofg^i^rgm'sigFJ  m  t  wg  gfi^i^ 
TOT  m  VrlZW.  ^gcTI  ̂ 1  ^ifesfil  *SR%ai;  I 

wnrffi:  i  ̂ imspgposjiT^in^  ̂ TUFufe^rsgqm:  i^rararaRgrero- 

^rfe^arr  rtotoh  Hr  to  ig^:  i  crit  afc  ̂ tra^mT  ten  T%^En®4 
tcist  fr  m^ggSrensn  ^wr  n^ir^i  tots:  $ m  i  5# 

wsnmi** - —  =  — ^  ?to  r  *m 
^tor  x  sjott  mm  x  mm  x  *tott  ^ 

fsaiTOTimgwtT  ufe  ^towtoisi  srt^tot  fr  tot 

m  m  yvim  wfam  1  ?gfm:  irt  simir  gm  ̂ r^to5^- 
^ot  iN  m  ̂ ito  to  to  i  toto 

Ironirrofimr  TOizroj  f ̂  mm  griTirei  criroimrm  ̂ nt  Prii- 

nrai:  %?!^Tfgg^-diTO^n^  isri| fm  *fbit  ̂ t^t  *FTOfcgiitB*i  j 
»C  ̂ T^f  TFRITO^gTOW^  f  <Tff?  *f?l  * 

*rerai  &5iitttot%toto  i  ?oti^  i3^jtoto  isrgi  ̂ fni^ 

FR  g^fll^qil^aj^raKTi^:  <Rt  f5R  §&:  ^aaT: 

aif^n%  Jim:  ureii  *u=m  ̂ isjt  tftto-to  i 

^sremro  froiwn^gTOit  mpri  »  *ra  wawaiTiicigT^ 

g^roiiiifr  U3fi  §R  faf^gifpi  mzmzi  ski  1  *to  totoi^  ?g- 
ftt 

**  x  —  2  ^ 
^m:  = - ? —    - to  \  jgru^tist'ji^t  ht  to*: 

TOWTFfT  rfi:  TTO  silPWFroril  mNN:  I  TOT§9  ̂   ̂ Tgglfffi^oSRfzFT 
^  c\  ^  ̂   ^ 
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m\m  ^a  ^5:  ( £0  -  ̂  )  =  $&  ̂ rsaFf^- 
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snjgiit;  faiHnTO^rsTcWTngjI:  w n  ?th  i N>  O 
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TOci  c[Wl  citea  3rH:ite  TO:  TOT  a|mte?KJflTte  te  To 
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W  =  m°  ’STO  U5T  fteTOWT  ^CfTOc?! 
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cTOn  te|^T5nT  te  ofgftegrlnte 
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it^sr^i  simn^rerofai:  =  *&c°  i  <ur  5rJ  ̂ itai:  ̂ a^surm- 
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R’RIRr  r?f  RHRmmim  i 

^q-^c.  mi  fa%wr?  i  ^oEjTi^r  i 
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tor  f5RR  f^^ri-^FraRgis^TOTO  *Rfm  i 

^num:  i  f^Rm^femr  wfT  ̂   i&TRT  ̂ etrsrr&i 
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WITH  HR?  HRRim  HT^iRTRi  RRRRRNli  R  RICHER  rafHH  ?*R  5RifirI^rT- 
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^  jqwrnfu^w^  mi  q^T^rR  n 
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-*  WfTT^mafWI^mWrrw:  WFr?  I  WMWli^cKT  wi?t- 
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gra  qqrafqqi*  TOrfiraf^ranRisaiiig^  &  qna  m  qR’ar
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inmtm  ̂ if^fisE^rcnw:  «3sn:  i  15  sH  jSrrott^nh^- 
wtt|^  ̂   5Kia^  1  rren  55- 

trairi  f>ri  %  q»^Tcr  1  q^qqni^:  1 

qs?TOifci:  1  9frtT  i 

rR^lrT:  j^w^aTOnsn^i^ifi^ 
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BT5  qfcf-pqtsRcasqsT  ^R-^gsai  qfecEri  q^-jjnfcnaraT  R  gjiriTj- 
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1^  r<2^  f5t^  Tgg^TOswrf^iafg  g^ixri^n^j  q^?si  ’srgqprn:  qig^nurn 
TggfeKT  T5»T%JT  fg^RSRI  gjTcU  f  c^qq^JJ  I 

**— $•  i^rt  ̂ raifg^Rmi  1  rirgi :  q^g^a  grains'  1 

v  s 

^I^ST  qfqfqiftT  WIT  aqsjfirT  ̂ qR^IRT  ̂ JT  qiFiaqf  (=35R  sqTq§%cg?- 

iqgqi  qiHI )  sqreigR  ̂ T  gqj  qliTOJciT  qjq  ̂ TUI  5qi^[  I  qq  JU'sqfeRl  HHJig- 

5 



q5afegT^rI5RTHHf!rTOgRT  i 

^ht  nnmgi  %yai  i  m  f%«ai  qi^ji  fprenRzrgra  mri  ̂ muT 

WRT  SR^Sn  ̂ ^TiTg^T^mr^«^7T  IRgirnfe  ferfg  I  ?ry  n^g^ 

^s^untr  gg  fafg^iraj  xmfg  ga?ng  fgiggqftvii^m  ?xg%y  ̂ icsRtpm 

wtfg  ricaT  ̂   ttgro:  xngi  grai:  ^cri^tt  jw- 

f%-?fg  i  in  nRlru^w  nra^:  i 

i  graW  mTmt  f^rag-'gircRfg  silcRTssr.  i  mi*  m, 

Jts^feTeRT^snqR  ̂ naragg  i  y?:  a;t^ggm:  i  yrsr: 

^3%rn:  f^T^TTJRT  WiTT^clrJErUT  ^RRaff  ^ 

sfij^m^gcsfww  syrai^i^imrn 

*  T^rlTORT  3?RRWRi  often  ̂ 3JRTfT  SRT?T  l  *WT 

gfgf%3mri  y[  wtfti  raRfggsgg  gig  fgfgg,  sr, 

^fyfrg^  gg^RT^czmftTTy  *H  ZH I  *<RTR  gR 

m  a^fa:  i  g^nn;  asrcra  ̂ mrgg,  flja;  a^£gi*n: 

gin^T  wf  «*  fgg  i  ̂ u  saiuigi^i  gs*  i  *w  nfe 

m,  ̂ w^Rn:  *if :  §gwi%  ytvw.  asnajg 
imm  jgfggssfg^gR  ?N  ?f3fT 

©v  * 1^51371  i  f*  «re*TRT- 
kih  naiwRW  ggj 

<3Cgg  «  <  ̂ g 1  <  *gg  =<  t- 

g^=gg%T  i  x&  =  %  i  'stg: 

=  ¥&,  ̂ g^wRXRg<nrag  i  m 
*r#  g$g  a:,  *iiiF3fr  mm 

agfagm  genii  sref  ggasiRf  Rssn  m  sgim  g^wgj  ggn^ra- 

^$«T  m  fenm:  %rai  tin  fggwigi^ir^nw  ttsrarin:  arfwqftan^ 

3H57I  w?:  m»m  3^tJ3ftht  wg?ftrSTHR  i 

a.  f^i^mnw  i  f?mi|fg  i 

fofen  anfaggg  flsfariiRgRT  ̂ sn  g«tT  anf^^ai  ̂ gifagg  m  m 

umi  wi  ny^onifH  gfirn^i  fawjwi:  5Rm^fei^ni^irfiRTfeRT  *gPg  i 

**  ̂ ^QMTpgoingiT^Ktisaani  m'tftwi  irafg  i 

^Rmqfg;  i  giRT^g  ̂ nfeinifai  ̂ T  SRajft  I  gc3Rlf=gonT  gWfjjnRTC- 

^  ^TfeT^i^joQT  g?ft  snangg  gami'an:  mvm\  ^Tfein:  i  ̂ nfeRi: ^  %j»  ^  ^ 

w^jf^gr  ̂ rt!%^t  wm  a^rai  ̂ gnrngi  iggifeKi  sfigi  ?ramreg  i ^  »  \i  v 

qo 



e8  qraf^flfjasEreSRTf^T  I 

e.  I  W<&  flR^TR  I 

jfrcii  fa^a^a  af$  Ta^aa*  *m:  ^aiaa:  ^gf^iaTsaia:  nip  aRf 

^ii:  aanaisfcaa;??  aa  afaa  sa  a^aia  rnifa  aa  ̂   aiaRa  Taaata=R- 
6jni  ®v  G\ 

 ^ 

jqj^^T  ̂ rii:  girarn  ̂ naia :  i  i  aRa  Tamai  ̂ srrzRjf 

u^Taa^a  aafiafmaiaRciasr  ar^RciaraTa  aaRi  a^T  fawai^  Kiaareia- 

a^irer^m  uojt|  maaafaarqi  tRsRTRr?aaaT  aaia  i  s^fij^ai  g  ai^graa^- 

aTga^isgiaraR  ^fsasR^  w  T3fa*aaziRi  agiwaTSaia- 

aam:  aj?RTaaa;ri  aM  aa  jaatfaisR  airfira  i  TaaagaTc^a*reHara^RRa- 
aari:  JsreaRcraRa  fiiaaFrRTaTei  a^i  fRna  i 

£-10  ̂ laiagiagraan  i  RFawisiaTa  i 

T5^a^ai55ai?ia  ^Tara^wai  rrri  i  ̂iimnsa^issh^TaTaii  ai: X  N*  %,  Cs. 
Vi 

aifa:  wraa^T  a:  giwiraa  RcaaHFrR  aa  aRRmasri  tor^ri 

ai?  aa  uRai  auairi^Rai  aafa  aa*  raaaRRar  ar^RcioRai  ^  a^^r 

ais%  aaia  i  aa  laaiansRRa  a^irai^nri  a  nsR^rafeia  i 

ajamqia:  i  aa  af  iwai  a^i- 

lam  i  riraife  a^T  i  ara^i:  aanai- 

acaapfRT  aOTT  aa  auai- 

rim^ti  aaia  y-s  aaranqafa- 

aaai  aa  mu  amiaT  Serial  a^ari 

a^Fana  RaifiTFH  i  aaraiaa^ 

aaia  a*ai§  ai  agiw^iareifr  av 

raa t  aaw  a  magi  aa^ar  are  a^iRsri  a^a^  a^i  *sRai<riai  a^pn  a^faa- 

as  ala  t  ̂   a^iwamia  TaawsRaaiiaaaaa  i 

10-11  f^iaf  aaa  *Tlraiaaif  i  igsiaRaTTS  i 

fgswfa  t?^  a^augreraaii  ai%  ̂ isaa:  sfiiRaaaaail  aran  wai 

aasui  iRaaaniaaat*aiRaai  sRaan  5fiiFr?iaRiaa|r!ai^Fa^R^^Ta^a  wi- 

iaraa:  i  am  ani^aia  aaa  ai  *vi  ?qaia  a  aiaaataiii  iia:  i  aiaai*fa 

araTresfiaa  iraaa^  aamai  aai  aa  ftsai  wgiaagrajjai^  ar^i- 
aamareaai  a  asn  waii^rer  ^iaaaatfa  i 

aremfa:  i  asai|  ^Taafnaia  ^irai  ̂ awraiaiai  aa^R  jaa:  » 

arenas  ̂ ifriai  artiaraiai^aa^i  ai?  ̂   anian  srto  am- 



i  ©vi 

*ref?r-^gtiiro  ht^t  hfwhr  m  sr^?* 

^isr  pre^^i,  m  aiiFriiriwT  <  firar = ^8°  %n  Rgoi^mR 
anFrllrlT^I^^T  Tm3ffTFrIa*?T  ^JTWm  Hrt:  ̂ fitTS!TcST%*p|[ 

T%%rawr^i m  =  ™*,^~r  ̂ T S^ran  ^cf:  x\k^i%  gffr 

wsrtfi  ?*f  rom  ̂ fwrrareTct:  i 

?3fHT  fmmf^WT^TO  I  I 

^imc^Rgn^Tf^lSBfrejqzigrTi^T^lii'g^i^K^^T  v  ̂ fTUTFr?  ?&- 

&w^§i3*ifc:  <?£3T  ̂ t  ̂ jTS^im  mm:  m  iai  i  mn  ̂ ^^ri%5aranagn: 
3m  q^iskng,  x, ■gitirar 

i  ^is^r  faraim  i 

mm  tfsrar^Rrcnifa  3j^#m  tjIwh- s>  C\ 

^  fawt  *n*5R*  xm  a^i  <izinsa  jj=s- 

^cf  ?1K3R^  SKl^  PwiISfiW%  mritfft  I 

^imwKiHwwT  1  urn  ^1  &imm  n?a\ 

mrfo  ufar  ̂ inrc:  ?i$i  1 

%s-<iz  wramwaRmi  \  ̂ twji; 

^wit  ra^nafife;  siw  *t|t^iur  w%t w  wmvT3^w§T 

qrwra?m5^  ̂ ^prr=^^f%:^riq^ani  are  ur^i  Ijjmwi^  fsp^arwrei 

f^olT  gW  *TOS?I  Wcl  Hafff  clfolg  fs$  ?5WI  m 

tiftfrow  *ix©{?i  1  *j§pr:  ̂ g^ifFrwi^tfwtiasff  m  ̂ rgafiiriT  wrafft  1 

ci=TT>rs~^  ̂ rpicg  m  aagrrc  f3m- 

«RTC  Wri  W^f%i  r*fcfR  JTWT|r 

I  JW^^R^EFTin  cficWt 

•sd^T^UITT^a^Sfif^R 

f^  u,r$,-qMi  nf§ri»=§ttri  m^%n- 
r^:,  1 

wii:  ti^gK^sa^l:  *fl,?,*T.TO3lratn: 

af%4r  arg  n§q- 

U!W  rtfwg  fe^^TOT 

imfo  1  ffrt  in^mar.  1  wfiwfeig 

fzfr  gtif  ̂ $TOWl  fo*  SR^W*  H?I  mi  W3W815*  IrlTO*  « 



q^m^n^isainsnFT  i 

i  arecreir«f  ̂ larredjqmm^q  sr^eih  331 

«JTn  aWTr!  m  5g^IWT  fcIT  rHT  T®TO“ 

ss 

g^i  uOTfann  mfa  ifrsraasrT 

us2ffig^piT  ̂   ̂ fq^nrc^ai^n  ’JWif^rsRis^i  sr^rc*sfT 

J?CTTIWnI  sr^T  3!%55TrRWT  ̂   *5fcfll?t  I 

<i$>-<ic.  f 5i^t  faiftsnfssreromis  i  wferMriiirar  i 
'  *>  3*T 

zra^q  m^3  rasRfasr  juttokr  ̂ wi  ci^sr 

WRsj  raRMTiim  1  *£  fafasi  s^itoi:  gilrahrroTO 

mi  gfw?T  cRRsaFf  1  msw.  1  TOsmca^TOT^ife^rasR^ 

"V.  \$ 

n^WTffi:  SfiTEri:  I  ̂ r?«JIBl^RrigiTo9  ^  WSI»%  ̂ J?IH  I  'SJ'&T^ 

mm  a  ̂ reH=Kram^n:  ^  1  zji  t&izznwmuj  a:  err*:  g 
•S>  ^ 

<l£-^o-  f^qf  ^fijgqrR  ̂ 11  1  ̂?J5i^SRqT«imoqiT5  I 

wi^qrora  ERtrren^ri  TT^3^^if%ERrr5Wso^: 

^Tlfi  gRRT  T^WTT|H[  35RIW||  r^3i%H  SR]^  SIRSHERR  ̂ r^Ilira- 

mrareirph^  ̂   fr^i  ̂ js&ht  ggsnaiaflRreci  res*  3pm  1  ̂>i~ 

<pG  1  m  ̂ sfi  ̂ ngud  g^n*  ̂ t  ff^l  ̂orsrgT  str*terr  ̂ iwcq  qrgra*rg- 

^naEfiiT  ERHozi  m  33^11  ̂ qfqi5HW5^T^T^T:  1  m  qliq^ra^iri^^^xRi- 

^Irt^qfrllT'ai^'aEtaTg^TJIT  3%3^  ̂ irfrT  cPT  ̂ jR  qR^imi^EJERlM^i  ifa: 

saro:  1 sd  zr*sferifl:  err^t  m  m  crag mm  cm^znRTfaER^i- 

aTfwgqrcaT  ̂ ot:  tIt  ̂ Rc^pn^  33$t  nfa?S3*ra*r 

mm  1 35^§^TrasK^Tznra^w'OT'g  tristfai  fg^SEf  aim  gfen:  m:  1 

Nfc 

^raqqfa:  1  m  nm  sw^wsvi^r  mi3^  ire  ̂ purg^ra  *mwt  ere? 

^5R  qft»p3nOTn1SKR$  ?;iott;  ^nft?n  P  UMI^asrRrf^liTJT^^r 

^^iirftji  ERi^crrraistEi^jj  sire  ri^T  xtamai  aT^wai^sfiifl^foi^fi^iaTrtaT 

sig^ra  *fesRriiR%  uitH  ctcRc&iifeq  T33RJ  nicii  gfe^I  ̂ sFcire 
tii  gcii  5R*i  1  m  *iercj  ̂   m 

^jqn  TOt^iwn;  ^T  Jj;  Tf§fi  3nqq3ai|!i 

^Rsd  t?ri  w3Ta  f wr,  f tH  iR^qi  raqurjjjR[qi:t^  t 

^a-^.  3313T  3^3  Tran^Hf^rliWI^^II  l  ̂ I¥1¥IW|^J1T3  I. 

»=PTOli^:^OT|rt^ER  '35RJR^T^f%^gri  Rf^sTW 

\wi  ̂ sg^  1  =aa  aai  ma^qqi.  ?i^iSi 



J?  wirim  f  *p<h  ’uRmfsiOT  x\k- 
3f  {V  j^***0'"  ■  ^  ®V 

\_  s'  JW4  n^^Sf  IrTO^ra^feTrra^rT XV  \  CV  C\  V  C\ 

/\  \  Irrrww^T  asmdai:  ^Ti^rrai 
/  \  \  W*m  I  5TWT  rll^'f^  miffa^m  SJOJIg  ̂ f%- 

[  \  n  ]  fe*m  Tiana**  nraj  mmsoi^  ^cr^ror- 
\  \  I  wi  ̂   t#  UTC^T  clfa^pR  cF^I  niV^ura^? 

\  N.  /  .  asm:  mm  m  ̂ ^'^crtct  ̂ ammaRm 
\.  ,aj  *a#ciren  wamim  niFrarftJi  nragm  i 

^~*i}-  ^RT  Jrf:  HSRTO^I^gSfil^. 

J\  mi  ama  i  ̂ ^iR^gm^Sioaif^  t 

<?C 

m*  1??  gg^Tsinf  ag^msm  jrem  f  ̂  wwa  ^ 

m^aq^3iiimaq^m%3ri  tot®  m  ̂ feiiri^T:  nm  *mi=i  iTransii  agi 

^Klfil^T  Wafa  FTgfrT  Waqisi  J|p*I,  J|5  ̂ oWjqgfa  qftq- 

XWPt  ̂ ITfrT  fr5JT  T*sITgfa  <Efiia  cl^l^a  TJq  7&m- 

§ ̂   qR%  Ili^WJJiIW  %vjicfq?qiqi3Ki^g^iq|Tg 

sum  wmi^ciRfR  mnmmas&imsjRR  fHsfqsRRjn  ̂ r  ̂ vj:  «q  nsRT^ 

^Ffi  ̂   ̂  I^OT^ngRT^sK’Ci^if^fn i ■*&??  nman=rsa  ̂ ssn^rjifg 
^areigqrom  fa^rcfaiF*  i  mrnrmf  TOwRai%®graa??aif?^[im  msifa- 

mgsgfOT  smiRRIH  a%?KR  5Cf%|Wl  ?r*  mrgifRqif^q3%HaqfIw|{J§T- 

aittFifaagai  a^g  ami  *m:  i^piisg 

fifgagmai  ̂   giaiwcicgsmgm  n^',m  i  ami  «ra^  3s®i*mgg,  fam,t  Risfa- 

a  <&  50  as-a  rnm^aiimirRmrs^  ^fgr- 

f?T3i,r^a,  maafym§|;i  mfr^fer 

TN^rfTFI  l 

SRVRTlRR^rUR  I  *m  Sfi*a?t 

«  ̂ mwRR?R,  ?ganH  TRirngg, 

nstuma  rafiw  g  grerawt 

,^?I5T  i^R  p®  ai  msaami 

igargJismm  aranrim:  afwnsi 
saRR  ̂  

m  fmarntfei  i 



ec  TfosKTiniiTF^T  I 

fiRiflfreTOTOiw  i  s§3toth  i 

*rai  afroif^fi  w&^ai5Rm«nfe^rt^* 

cTT3^  f3RfT|SSTO  1  rl^r^l%  g^II3[W3^  cISZI  T3TOFI 
 WTH.*  SETTr!  I 

stoto^^&TO5**^^  ^Tgurn  mum  tost  ijxriTOra:  i 

G\ 

=smwq:  i  sregfa- 

qptlFl  TOT  HR  m  3JTR  ̂ rR^^^f^PWrePW5?!  ^TTO5?!^  TO?TOTO=r! 

pSIT  W^cTM  I 

^a-^c.  f i grjqf  q^satfaeTOffTFi  TO  i  3qrafa§?*nfa  i 

asjTOSPriqifq:  sprogfi^RnTOTFi  wf^fTcnfa  gsciFi  aia^wri  jt^j 

^IT5?nf3r5RRn!TH  W^Frf  l  ̂UT^TOIIi:  ’ffe  iWTO5^pRI  SR^TOgSTF 

TOKTCTIW  TFaifa  ̂ RrtT  TOIFIJ  I  g^SrH^lfeTO^I^^TORTS^TO?  f^STO 

I  TSTOTIiq  ̂ S5[I  gipTOTO  JTJJ  sfH  W?TO ;  | 

R£-*Q.  ??W  ̂ TORTOTO  1  *jfaTO^^aTTS  I 

fW*f?T  FR^^Sl  xrfe?^  spent  TJMFTf  l?n  clfeR 

to  frit  g^ili  5 ci^to  fri^^  nm*  fgns^ffaT  *pk- 

gTtsfU^IrR^T  tuTS^T  TO^TOHg^TOifa  *59  TOFrRTTOT  TORTTO 

to:  aran  i  rr^rRro:  aTggnn  TToq=rrTOwa?ii  toIt 

*rafa  i  a  to:  rewlr  fai^aa3T^g#rTTO»  *tm  tn^ro^ai- 

^  rasawraii*!^  ?=5jAmri  ̂   s*=?raisli  i  w  figofn 
FR^gTOI  ̂ rrfSTO  %TTOTOltT  =3  #RSc!3tf>%^|  SI  ?g5RM: 

¥11^  ^  tTOR  ftl^Selta^TTO*  TOTRIrT  I 

i  fr^I^  mti  gratm  fFtrsTOs  gi^sfisfi^ssffi^T  iq*. 

5ITO  gSjTFITO:  SHl|q  TOTO^I  rTTgaRfa  gqTO^lil  R^rflfrl 

a  TOT  I  3rR*?T^  ̂ qrfsqsa  TITO  fTOTOIcTOSTOR  fasi  aai3fRSrI. 
>a  ^  ^  ̂   <  C\  c  Cv 

TOlftS^TOS^TOTfri:  JTOSpITOT  RTO  5f{wtl^  R  JTTO  FRij  TO:  aq^qt 

I^T^TO  ̂ RTtrTRS%TO:  ^gSRlil  RTOTO  aq  FRTOf  I 

$1-§5-  f5Ta!  a^U^jqf  I  TOTOR^fUTFf  I 

?2^|3W  ̂ TOTS%RHFf  3a  ̂ R^SlRli  TO^fafTO  qsai^j: 

pgj$owjTOT  tpi  aiij  gfa^T  aTO  to  stocT:  to^tito:  i  «tt  to:  g^- 
aiqiTRTO^R  ̂ raTJrrafflq;  to:  ai^SRTaTiT  l  ̂   33pjfq  i 

rireniT^  fTOlil^R*  ’ETTOITO  ai  m  wi  ̂   TOR  I  ̂  fqq^  ̂  
iTO  ̂ TITO  I  m  TO?  wt  TO  TO]  fltsa^  m  g^  ar^SRT  q|^l  SETT15FT  I 



qsaftr^TfoqiTHSRTfsEISRT  I 

®<£ 

JTO13  TO^T^TcaTg  cRtT  5RH33T  aWTSgT  PT^TT  ̂   aig^cT* 

^i^qi  aTgarc  f^wTOg  Ptertfa  st  gfesRi  nag  i  ag  asaicasTTancr 

trigsjqji:  ̂ m:  ffe*a  3iaT  ***  m:  tot^t  «am  i  ̂ ro^fawgn  si  Hsrt 
i  siarawfspiii  atar^i  aro:  ̂ srt  qqTOTfai:  i 

ssreiaara:  i  ̂ tircresna*  aTgafesT  mFcr  cptogarfft  zttse:  a^agnsircig 

nrasro  pj:^ri  ?rownrai  sral  nssm  T5R  ̂ Irt^raai  HI^ctTOHH 

^  TOWTOTOm  (  3HTOI  5RI^  fgrpftu:  fauqtfpt  cJc^TO! 

fgiTOTQWrl^flrT^ra^i^  TO  a^agfol  =nst  PN  ̂ ratfaa^a=nt^GI  ^  <=*| 

WoJFI  I  affair  ̂ rigjg^5F  TO  *J  ga  TOI- 
^raiWSRT^TSfi:  a^T°fiaglT  1^1  I  ^nqijlSRTT 

TngfarZUl^TOi^^N  a2T3aH  fPttl  I 

?3rt  fircra^Taismiw  i  f^raMaiartifH  i 

'TOJ'FJ  Tgia  arc  a^vsn  W^t  cTOT  m*rTO3$rc=rTC  ^  ̂ gUWTg^  TOl?  m 
fqf^Fa  rTr?  ̂ gcfiTPt  Trf%F?X!RSIT  f \rm  <3^1*23  m  rTRITOmmi^THj:  | 

?8-^«-  apro  ^qt  fgggaanT  ̂ itokwt?  i  af  pnagiaii=pr  ifaifar  i 

si^nm:  fffaanai  a:  agsna^^p?  rcaang  5Ri^r?irn§3tf  mi£  wraa- 

5^K  f  m^lTOKTWrl  I  'SlgWFTF^  ̂ if^ilTgf^HTSgqgj?  Wig 
I  a^a^TTgat  JqptSgl^T^rTC  sfiTFrllrn^afsfsi  g  ̂gaflrTC  PiT^ 

^uirmnsa  awt  i  aansr  <gga«rcf  s^tosW^i^  anfc*?rng5*T  ̂ marci  i 

jgiaFJiTOaiai  ^a!  jraiwrcf  wt  ggcwn^  artf^??qijjfgroj?ft  ̂ iTOrcirrccf- 

to5rt  ̂ laftTO  i  Troaw  jqanan  aa  agwm  smrclFti  mfa  g^;- 

^f53^TOTmiajqi&mia  ^ttokt  naran  i  fggjaT  'ajgigtwi^  fafat^m- 

naR^  sRiFrtlfng^n^i  ̂ TTOrcrsfeq  i  ,*ra  arar^sa  <g^?a  n^aioi^reiT 

fsiiasTOT^ci^T^^T^sR:  arc:  $?n  i  gnwfpTPag;:  arc:  arcafcrc?^  na»rc 

TPi<am  a^aairc:  Marauig  arcig  sjiswRta  paj^T  a^araanri^TOa:  fcu^aai- 

TOm^a^are^ai^pwH  fagn^ntaig  i  nm  f^qiafag^ar  aro  n  i 

^raRt%i^  'TO^tc^pfcK  Ta=aia  ’g^^a  fegafai  af?ian^r  %a  tfh  i 
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CHAPTER  I. 

Introductory, 

1.  Having  at  tho  outset  done  devout  reverence  to  the  various  most 

excellent  Munis  among  whom  Sitrya  and  Vasishtha  are  foremost,  and  to  my 
father  and  teacher  by  whom  I  was  instructed  in  this  Sastra, 

2.  I  shall  endeavour  to  state  in  its  entirety,  according  to  the  opinions 

of  earlier  teachers,  that  correction  of  the  planetary  motions  (bija)  which  is 

most  excellent,  easy,  clear  and  a  wonderful  mystery. 

The  term  bija  signifies  any  correction  applied  to  astronomical  elements 

which  aims  at  bringing  about  an  agreement  between  the  celestial  phenomena 
such  as  calculated  and  such  as  actually  observed.  Varaha  Mihira  seems 

anxious  to  show  that  the  bija  applied  by  him  is  not  his  own  invention  but 

bases  on  the  authority  of  former  teachers. 

3.  There  are  the  following  Siddhfuitas  :  The  Paulina,  the  Romaka, 

the  Vasishtha,  the  Saura  and  the  Pait&maha.  Out  of  these  five  the  first 

two  have  been  explained  by  Lafcadeva. 

4.  The  Siddhanta  made  by  Paulisa  is  acourate,  near  to  it  stands 

the  Siddhanta  proclaimed  b,y  Romaka  ;  more  accurate  is  the  S&vitra  (Saura)  ; 

the  two.  remaining  ones  are  far  from  the  truth.. 

5.  That  subject  which  is  the  greatest  mystery,  which  perplexes 

the  minds  of  the  writers  of  astronomical  works,  viz.,  the  eclipses  of  the  sun 

1  am  going  to  explain  in  this  work,  dismissing  all  jealousy* 

6.,  Moreover,  there  are  contained  in  this  work  the  (rules  for  the 

calculation  of  the)  direction,  the  duration*  the  period  of  total  obscuration. 



(  4  ) 

the  hypothenuse,  the  time  of  the  measures  (i.  e.,  bteginning,  middle,  etc., 

of  eclipses) ;  the  eclipses  or  (eventual)  non-eclipses  of  the  moon ;  the 

conjunctions  and  obscurations  of  the  stars  and  planets  ;  the  means  of  finding 

the  difference  in  longitude  ; 

7.  The  prime  vertical ;  the  rising  of  the  moon ;  the  construction 

of  astronomical  instruments ;  the  shadow  of  the  gnomon ;  other  useful 

matters ;  the  sine  of  terrestrial  latitude ;  the  sine  of  colatitude ;  the 

declination  and  other  topics, 

8.  Deduct  the  S'aka-year  427  (i.  e,,  deduct  427  from  the  number  of 

that  S'aka-year  for  which  the  ahargana  is  wanted),  at  the  beginning  of  the 
light  half  of  Chaitra,  when  the  sun  has  half  set  in  Yayanapura,  at  the 

beginning  of  Monday, 

9.  Turn  (the  number  of  solar  years  remaining  after  the  deduction 

of  427)  into  (solar)  months,  add  the  months  ( i .  e.,  the  elapsed  lunar  months 

of  the  current  year),  set  the  result  down  in  two  places  ;  multiply  it  (in  one 

place)  by  seven  and  divide  by  228  ;  add  the  resulting  adhimasas  (to  the 

number  of  solar  months  obtained  above) ;  multiply  the  sum  by  thirty ; 

add  the  tithis  (i  e„  the  elapsed  tithis  of  the  current  month) ;  set  the  result 

down  in  two  places. 

1

0

,

 

 

Multiply  it  (in  one  place)  by  eleven,  add  514  and  divide  by 

703 ;  deduct  
the  quotient  

(from  
the  number  

of  tithis  
found  

above).  
The 

final  
result  

is  the  (savana)  
ahargana,  

according  
to  the  Romaka  

Siddhanta, So  it  is  also  according  
to  the  Paulisa  

which  
is  not  much  

older  
(?) 

The  three  preceding  stanzas  contain  a  concisely  stated  rule  for  the 

calculation  of  the  s&vana  ahargana  (i.  e.,  the  number  of  civil  days  which  have 

elapsed  from  a  certain  epoch  up  to  a  given  date),  according  to  the  Romaka 

Siddh&nta,  The  general  principles  of  the  calculation  are  those  followed  in  all 

Indian  astronomical  books  and  therefore  do  not  stand  in  need  of  elucidation. 

The  special  features  of  the  calculation  according  to  the  Romaka  are  as  follows. 

The  proportion  by  means  of  which  the  number  of  the  intercalary  months 

of  the  given  sum  of  years  is  calculated  is  i.  e,,  seven  months  have  to  be 

added  for  each  period  of  228,  This  proportion  results  from  the  principles 

—stated  in  stanza  15 — on  which  the  luni-solar  yuga  of  the  Romaka  SiddMnta 
is  constructed.  Nineteen  solar  years  contain  235  lunar  synodical  months; 
in  order  to  obtain  the  synodical  months  of  a  period  of  228  Indian  solar 
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months  (=19  years)  we  therefore  have  to  add  seven  to  228.  For  the 

purpose  of  converting  the  lunar  months  into  savana  days  the  Romaka 

Siddhanta  employs  the  proportion  A  ;  703  lunar  days  contain  11  k  shay  alias 

i.  e.,  omitted  lunar  days.  Since,  as  we  see  from  stanza  15,  the  yuga  of  the 

Romaka  comprises  altogether  1057500  lunar  days  out  of  which  16547  are 

kshayahas,  the  numerator  of  the  above  fraction  would,  strictly  speaking, 

have  to  be  increased  by  ;  but  for  simplicity’s  sake  this  rather  insigni¬ 

ficant  fraction  is  neglected.  About  the  additional  quantity  514  (as  well  as 

other  similar  quantities  involved  in  the  calculations  of  the  Romaka  Siddhanta) 

see  the  introduction. — The  beginning  of  the  day  is  reckoned— -not,  in  the 

usual  Indian  fashion,  either  from  midnight  or  sunrise,  but  from  sunset ;  and 

not  from  the  meridian  of  Lanka  (or  Ujjayini)  but  from  that  of  Yavanapura, 

i.  e.,  Alexandria.  The  epoch  finally  from  which  the  calculations  start  is  the 

first  of  Chaitra  427  S'aka  elapsed,  i.  e.f  505  A.  D. 

11.  12.  13.  Three  stanzas  apparently  containing  a  rule  for  calculating 

the  aliargana  according  to  the  Paulina  Siddhanta.  The  details  are  obscure. 

Compare  the  Introduction. 

14.  According  to  the  Saura  (Siddhanta)  there  are  in  180000  years 

66389  intercalary  months  and  1045095  omitted  lunar  days. 

15.  The  luni-solar  yuga  of  the  Romaka  comprises  2850  years ;  (in 

these)  there  are  1050  adhimasas  and  16547  omitted  lunar  days. 

16.  The  sum  of  the  months  of  the  years  of  the  yuga  constitutes  the 

solar  measure  ;  if  we  add  the  intercalary  months  we  have  the  lunar  measure  ; 

if  (from  the  lunar  months  multiplied  by  30)  we  deduct  the  omitted  lunar 

days  we  have  the  savana  measure  ;  and  if  we  add  to  the  lunar  measure  the 

years  we  have  the  sidereal  measure. 

The  lunar  synodical  months  plus  the  revolutions  of  the  sun  give 

the  lunar  sidereal  months. 

17,  Add  2227  to  the  ahargana  and  divide  by  2520;  divide  the  re¬ 

mainder  by  360  ;  the  result  are  the  elapsed  years, 

18.  Add  to  them  the  current  year,  multiply  by  three  and  deduct 

four.  Divide  by  seven ;  the  remainder  gives  the  Lord  of  the  year,  beginning 
from  the  sun. 
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19.  Divide  the  ahargaria  by  thirty,  add  to  the  resulting  months  the 

current  month  and  multiply  by  two,  Dividing  by  seven,  the  Lord  of  the 

month  results  from  the  remainder,  beginning  from  the  sun, 

20.  The  Lord  of  the  day  is  found  by  dividing  the  ahargana  by  seven. 

Multiply  the  latter  by  three,  deduct  one  and  add  the  elapsed  haras  ;  multiply* 

ing  by  five  and  dividing  by  seven  \ye  find  the  Lord  of  the  hour  (hora). 

21.  The  Lord  of  the  year  is  eaeh  fourth  number  (in  the  series  of 

planets  arranged  in  the  order  of  the  days  of  the  week) ;  the  Lord  of  the 

month  each  third;  the  Lord  of  the  hour  each  sixth;  the  Lord  of  the  day 

each,  immediately  following  one. 

22.  What  the  (astrological)  result  of  all  this,  is  with  regard  to  the 

year  and  the  month,  that  I  shall  explain  in  the  composition  of  the  horlt- 

tantra,  etc.,  after  having  examined  the  utterances  of  the  Munis  on  those 

points. 

Rules  for  finding  the  so-called  Lords  of  the  year,  month,  day  and  hour. — •„ 

The  rule  for  finding  the  Lord  of  the  year  bases,  on  the  assumption  of  years 

of  360  days  ;  the  Lord  of  the  year  so  constituted  is  that  planet  which  rules 

over  the  first  day.  In  order  to  facilitate  the  calculation,  the  rule  directs  us 

to  divide  the  whole  given  ahargapa  into  periods  of  2520  =  7  x 360, days;  as 

during  each  of  these  periods  the  yarshapati  revolves  through  the  whole  series 

of  seven,  they  may  be  disregarded  in  the  calculation.  The  kshepa-quantity  is 

manifestly  added  to,  the.  end  that  the  calculation,  may  start  from  the  epoch  of 

the  karana.  The  days  remaining — after  the  periods  of  2520  days  have  been, 

rejected — are  divided  by  360  ;  to  the  resulting  years  one  is  added  for  the 

current  year,  they  are  multiplied  by  three  because  in  the  series,  of  the  planets 

arranged  in  the  order  of  the  days  of  the  week  the  Lords,  of  the  years  follow 

one  another  at  intervals  of  three,  and  finally  four  are  deducted  (which  is  the 

same  as  adding  three-)  in  order  to.  enable  us,  to  count  the  varshapatis  from 

the  sun,  instead  of  Budha  who  is  the  Lord  of  the.  year  of  the  epoch.  We 

finally  divide  by  seven  when  the  remainder  shows  the  varshapati  of  the  current 

year. — Tire  Lord  of  the  month  is  found  in  an  analogous  manner.  The  result¬ 

ing  number  of  months  of  thirty  days  each  is  multiplied  by  two  because  the 

Lords  of  the  months  follow  one  another  at  intervals  of  two  places. — The 

Lord  of  the  day  is  found  by  a  simple  division  of  the  ahargaija  by  seven. — The 

formula  for  the  elapsed  Lords  of  the  hours  would  be  ;  Lord  of  the  day 

+  5  (elapsed  hours  — l) — for  the  Lord  of  the  first  hour  is  the  Lord  of  the 
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day  and  the  Lords  of  the  hours  succeed  one  another  at  intervals  of  five —  ; 

but,  in  order,  apparently,  to  render  the  above  expression  more  homogeneous, 

14  x  Lord  of  the  day  (which  as  being  a  multiple  of  seven  does  not  change  the 

final  result)  is  added  and  we  thus  have  5  (3  x  Lord  of  the  day  —  1  +  elapsed 

hours).  This  latter  expression  being  divided  by  seven,  the  remainder  indicates 
the  Lord  of  the  hour. 

23.  Increase  the  ahargana  by  one  and  divide  by  365  ;  divide  (the 

remainder)  by  30 ;  the  quotient  represents  months  and  the  remainder  is  to  be 

considered  as  belonging  to  the  Lords  of  the  degrees  of  the  signs. 

24.  (These  Lords  are  as  follows) :  Brahman,  Prajapati,  Indra,  S'iva, 
Chandra,  M&nya  (?),  Visas  (?),  Lakshmi,  Agni,  Yama,  Surya,  Chandra, 
Indra,  Go,  Nirriti. 

25.  Hara,  Bhava,  Guha,  the  Fathers,  Varuna,  Baladeva,  Vavu, 

Yama,  Vach,  S'ri,  Kuvera,  the  Mountains,  Bhumi,  Brahman,  the  highest 
Person  (Vishnu). 

A  rule,  as  it  appears,  for  finding  the  Lords  of  the  current  degree 

which  is  roughly  identified  with  the  current  day,  years  of  365  days  being 

identified  with  total  revolutions  and  months  of  30  days  with  signs.  Several 

of  the  names  of  the  Lords  of  the  degrees  are  doubtful ;  some  others — as  will 

appear  from  an  inspection  of  the  traditional  text — had  to  be  supplied  in  order 

to  complete  the  required  number,  viz.,  thirty.  We  have  not  met  in  any  other 

work  with  a  similar  enumeration  of  the  Lords  of  degrees.  The  subject  is  of 

course  one  of  altogether  subordinate  interest. 



CHAPTER  II. 

Determination  of  Nakshatras,  Etc. 

1.  A  stanza  of  obscure  import. 

2.  Add  to  the  ahargapa  1936  and  divide  by  3031  ;  the  quotient  are 

the  ghanas.  Multiply  the  remainder  by  nine  and  divide  by  248  ;  the 

quotient  are  the  gads  and  the  remainder  is  the  pada. 

3.  Divide  the  ghanas  by  16  ;  multiply  the  remainder  separately  by 

three,  divide  by  four  and  deduct  the  result  taken  as  signs,  etc.,  from  the  simple 

remainder  taken  as  revolutions ;  add  the  ghanas  multiplied  by  2  and  divided 

by  2971,  taken  as  signs  and  so  on. 

4.  One  hundred  and  eighty  five  multiplied  by  the  gatis  and  lessened 

by  the  tenth  part  of  the  gatis  are  the  minutes.  In  case  of  the  number  of 

the  pada  being  124,  half  a  gati  is  to  be  added  (to  the  gatis)  and  the  same 

amount  is  to  be  deducted  from  the  pada. 

5.  For  each  half  gati  six  signs  are  to  be  added  together  with  four 

lipt-as  and  degrees  equal  in  number  to  the  remaining  pada.  According  to  the 

latter  the  result  has  to  be  added  either  as  a  positive  or  a  negative  quantity. 

6.  Deduct  one  from  the  pada  and  multiply  by  five,  add  1094  and 

deduct  from  2414  ;  multiply  the  remainder  by  the  pada  and  ditide  by  sixty 
three ;  the  resulting  minutes  (?)  . 

Of  the  above  stanzas  we  have  succeeded  in  making  out  the 

sense  in  part  only.  They  manifestly  teach  how  to  find  the  mean,  and 

perhaps  also  the  true,  positions  of  the  moon  by  means  of  a  process  more 

compendious  than  the  one  usually  employed  in  Indian  astronomy.  What 

preliminary  operation  is  prescribed  in  stanza  1,  we  are  altogether  unable 
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to  say.  Stanza  2  directs  us  to  add  a  kshepa  quantity  of  1936  to  the 

ahargana  and  thereupon  to  divide  the  latter  into  periods  of  3031  days  each 

which  are  called  ghana.  The  remainder  is  to  be  multiplied  by  9  and  divided 

by  248,  i.  e.,  it  is  to  be  divided  into  periods  of  days  each  which  are  called 

gati.  The  remainder  of  the  last  division  is  called  pada.  The  whole  given 
ahargana  is  thus  subdivided  into  a  certain  number  of  ghanas  plus  a  certain 

number  of  gatis  plus  a  pada.  The  rationale  of  this  subdivision  is,  that  the 

period  of  -f-  days  very  nearly  represents  one  anomalistic  month,  while  the 

ghana  period  of  3031  days  is  nearly  equal  to  one  hundred  and  ten  such  months. 

Hence  in  any  integral  number  of  ghanas  and  gatis  the  moon  returns  to  her 

apogee  (from  which  the  calculation  must  be  supposed  to  start)  and  thus  no 

equation  of  the  centre  need  be  applied  to  it.  The  latter  in  fact  depends  solely 

on  the  remainder  which  is  here  called  pada. 

While  the  division  of  the  ahargana  into  ghanas  and  gatis  furnishes 

us  at  once,  without  any  further  calculation  being  required,  with  information 

as  to  the  position  of  the  moon  with  regard  to  her  apogee,  special  calculations 

have  to  be  performed  to  the  end  of  finding  her  mean  place.  We  have  at  first 

to  ascertain  how  many  revolutions  the  moon  performs  in  one  ghana.  As 

we  are  so  far  ignorant  of  the  moon’s  mean  motion  according  to  that  SiddMnta 
whose  teaching  the  text  hero  summarizes,  we  employ  the  rate  of  motion  as 

determined  by  the  Sfirya  SiddMnta,  when  we  find  that  the  moon’s  motion  in  303 1 

days  amounts  to  110”  11’  T  31'  23’.  [Rejecting  the  whole  revolutions  we 
might  express  the  above  as  one  revolution  minus  three  quarters  of  a  sign 

plus  about  JL  of  a  sign.  Instead  of  the  last  fraction  the  text  employs  A. _ 

The  quantity  representing  the  moon’s  motion  during  one  ghana  ( 1  ",v  —  ~  4- ) 
has  now  to  be  multiplied  by  the  number  of  ghanas  contained  within  the  given 

ahargana.  The  resulting  expression  stands  as  follows  (g  =  ghana) 

S 

,  2c;»
 

"4" _l"  2) 77  i 

(I) 

In  order  to  get  rid  of  the  entire  revolutions  which  are  not  needed, 

the  number  indicating  the  ghanas  is  divided  by  16  so  that  instead  of  g  we 
obtain  16  h  +  r  (r  =  remainder).  The  expression  (I)  then  assumes  the 
following  form 

(16  li  +  r) —  (4— tJLi')”  _|_  vl' 

(if  we  allow  g  to  remain  in  the  third  term). 
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Rearranging  the  terms  we  get 

1 6  la  te':  +  r rcv  —  1 2  lls  -  ?£  +  f9f^ 

Remembering  now  that  12  hs  =  hrOT  and  that  entire  revolutions  may 
be  rejected,  we  finally  obtain 

r rcv  -  3^"  +  ̂)  which  agrees  with  the  contents  of  stanza  3. 

Calculating  in  the  same  way  the  mean  motion  of  the  moon  during 

a  gati  ( =  —  days)  we  find 

1  rev  +  (185  —  4)ml” .  Multiplying  this  expression  by  the  number  of  gatis 
contained  in  the  ahargana  and  rejecting  entire  revolutions,  we  obtain 

(185  gati-ffi|-i)mln ,  which  agrees  with  the  former  part  of  stanza  4. 

After  having  thus  found  the  place  of  the  moon  at  th,e  end  of  the 

entire  ghanas  and  gatis  contained  in  the  ahargana,  it  remains  to  calculate 

how  far  she  has  advanced,  in  the  remaining  fraction  of  a  gati  which  the  text 

calls  pada.  This  remainder  presents  itself  in  the  form  of  ninths  of  days 

which  may  vary  from  1  up  to  247  (248  ninths  being  a  full  gati).  The  text 

now  directs  us  to.  deduct  124  whenever  the  pada  number  exceeds  124,  and 

in  that  case  to  add  half  a  gati  to  the  whole  gatis  found  above.  The  reason 

for  this  is  apparent;  during  -Jjji  days  =  half  a  gati  the  moon  advances  from 

her  apogee  to  the  perigee  where  the  equation  of  the  centre  again  is;  equal 

to  zero,  and  any  calculation  of'  the  moon’s  true  place  may  with  advantage 
start  from  the  last  place  at  which  the  equation  had  been  equal  tO'  zero.  Only 

it  is  in  that  case  not  apparent  why  stanza  5  directs  us  to  add,  for  that  half 

gati,  six  signs  plus  four  minutes  to  the  moon’s  mean  place  ;  for  the  moon’s 
mean  motion  in  one  half  gati  amounts  to  considerably  more,,  viz.,  six  signs  plus 

about  ninety-two  minutes.  Nor  are  we  at  present  able  to  throw  light  upon 

the  meaning  of  the  processes  prescribed  in  stanza  6.  They  possibly  refer  to 

the  operation  of  finding  the  moon’s  true  place,  although  we  are  more  inclined 

to  think  that  this  latter  point  is  treated  in  stanzas  4 — 9  of'  the  next  chapter. 
But  as  those  stanzas  themselves  have,  on  the  whole,  remained  obscure  to  us, 

no  definite  conclusion  can  for  the  present  be  arrived  at. — Some  further 

remarks  on  the  point  under  discussion  are  to  be  found  in  the  Introduction  to 
this  work. 
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7.  The  fourth  part  of  the  moon’s  longitude  multiplied  by  nine  gives 
the  nakshatra  in  which  the  moon  is  at  the  time  ;  the  degrees  are  muhhrtas. — 
Half  the  difference  in  longitude  between  sun  and  moon  multiplied  by  live 

gives  the  tithi  which  is  explained  in  the  same  way,  (viz.,  with  regard  to  the 
muhurta  answering  to  the  degrees). 

The  above  stanza  teaches  how  to  find  from  the  longitude  of  the  moon 

the  nakshatra  in  which  she  is  at  the  time,  and  the  tithi. — Tor  the  former 

purpose  we  have  merely  to  remember  that,  as  12  signs  are  equal  to  27  naksha- 

tras,  1  sign  is  equal  to  ®  nakshatras.  Divide  therefore  the  signs  of  the 

moon’s  longitude  by  4  and  multiply  by  9.  And  as  the  moon  remains,  accor¬ 
ding  to  mean  measure,  30  muhurtas  in  one  nakshatra,  the  degrees  of  the 

moon’s  longitude  divided  by  4  and  multiplied  by  9  give  the  muhurtas  of  the 
current  nakshatra. — For  the  latter  purpose  we  keep  in  mind  that  one  tithi 

has  elapsed  when  the  difference  of  the  moon’s  and  the  sun’s  longitude  amounts 
to  12  degrees.  Each  sign  of  difference  therefore  answers  to  2^=g-  tithis, 
and  each  degree  to  2x;io  titliis  =  £  muhdrtas. 

8.  At  the  beginning  of  Capricorn  the  solar  day  ({.  e.,  here,  the 

:s&vana  day)  is  measured  by  1591  palas  to  which  three  palas  have  to  be  added  for 

each  day ;  in  the  six  signs  beginning  with  Cancer  three  aggregates  of  three 

(added  daily)  give  the  measure  of  the  night. 

A  very  rough  rule  for  calculating  the  length  of  the  day  and  the  night 

at  any  time  of  the  year.  The  shortest  day,  at  Avanti,  is  supposed  to  have  the 

length  of  1591  palas  =  26  nadikas  31  palas.  In  the  period  intervening  be¬ 

tween  the  shortest  and  the  longest  day  the  days  are  supposed  to  grow 

by  regular  increments  of  three  palas  and  again  to  decrease  by  the  same 

amount  in  the  other  half  of  the  year.  The  measure  of  the  days  in  the  one 

period  furnishes  at  the  same  time  the  measure  of  the  nights  in  the  other 

period. 

9

.

 

 

In  the  six  signs  beginning  with  Cancer  multiply  what  the  sun  has 

passed  
through  

(i.  e.,  the  sun’s  
longitude  

in  signs)  
by  two  ;  the  

result  
is  the 

length  
of  the  shadow  

at  noon ;  in  the  six  signs  
beginning  

with  
Capricorn 

{multiply  
in  the  same  

way  
and)  

deduct  
the  result  

from  
twelve. 

1

0

.

 

 

Take  half  of  the  midday  shadow  (of  any  given  day)  and  (treat¬ 

ing  
it  as  signs)  

add  
three  

signs 
;  this  

gives  
the  longitude  

of  the  sun,  
during 

his  
southern  

progress.  

During  
his  

northern  

progress  
deduct  

half  
of  the 

midday  
shadow  

from  
fifteen. 



(  12  ) 

Two  very  rough  rules  for  finding  the  length  of  the  gnomon’s  shadow 

from  the  sun’s  mean  longitude,  and  vice  versd  the  latter  from  the  former. — 
The  latitude  of  Avanti  being  supposed  equal  to  the  inclination  of  the  ecliptic, 

the  gnomon  throws  no  shadow  on  the  noon  of  the  day  on  which  the  sun  enters 

Cancer.  The  supposition  then  is  that,  when  the  sun  has  passed  through  Can¬ 

cer  and  is  at  the  first  point  of  Leo,  the  shadow  has  reached  the  length  of 

two  ahgulis,  and  that  each  further  sign  adds  two  more  ahgulis  until  the  sun  has 

reached  the  first  point  of  Capricorn  when  the  shadow  will  be  12  ahgulis  long. 

Each  further  sign  then  takes  away  two  ahgulis  until  the  shadow  will  again 

have  become  zero  at  the  moment  when  the  sun  again  enters  Cancer. — In  order 

to  find,  by  the  reverse  process,  the  longitude  of  the  sun  from  the  shadow,  we, 

on  any  day  during  the  sun’s  southern  progress,  divide  the.  midday  shadow  by 
two  and  add  three  to  the  quotient,  because  at  the  moment  when  the  sun 

enters  on  his  southern  progress  his  longitude  already  amounts  to  3  signs. 

During  the  six  signs  of  the  sun’s  northern  progress  the  midday  shadow 
is  equal  to  twelve  minus  double  the  number  of  the  signs  passed  through  ; 

therefore  2  multiplied  by  the  signs  passed  through  =12  —  shadow;  therefore  signs 

=  6  —  ̂  —•  But  as  at  the  beginning  of  the  northern  progress  the  sun’s  longitude 
already  amounted  to  9  signs,  we  have  to  add  9  to  the  6  of  the  above  formula 

and  we  therefore  have  in  conclusion  :  Sun’s  longitude  in  signs  =15  —  —All. 

11.  Divide  3G  by  the  sum  of  twelve  and  of  the  given  shadow  minus 

the  midday  shadow,  and  add  the  longitude  of  the  sun ;  the  result  is  the 

lagna,  i.  e.,  the  ecliptic  point  on  the  eastern  horizon.  If  the  lagna  is  required 

for  any  time  in  the  afternoon  the  result  is  to  be  deducted  from  six  signs,  and 

the  remainder  to  be  added  to  the  sun’s  longitude. 

12.  (In  order  to  calculate  the  shadow  from  the  given  lagna)  deduct 

the  longitude  of  the  sun  from  the  lagna ;  the  resulting  minutes  are  to  be 

used  as  the  divisor  of  64800.  Thus  in  the  eastern  hemisphere  ;  in  the  western 

hemisphere  those  minutes  have  (before  being  used  as  divisor)  to  be  deducted 

from  the  minutes  of  six  signs. 

13.  From  the  result  (in  both  cases,)  12  has  to  be  deducted  and  the 

midday  shadow  has  to  be  added  ;  this  is  the  calculation  of  the  shadow  ac¬ 

cording  to  the  concise  Vasishtha  Siddhanta. 

The  above  three  stanzas  contain  rough  rules,  1.  for  the  calculation  of 

the  lagna  (i.  e.,  that  point  of  the  ecliptic  which  at  a  given  moment  is  on  the 
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eastern  horizon)  from  the  given  shadow  of  the  gnomon  and  2.  for  the  reverse 

calculation  of  the  shadow  from  the  lagna  supposed  to  be  known. — At  the 

time  when  the  sun  is  on  the  meridian,  the  shadow  is  equal  to  the  midday- 

shadow  (known  from  stanza  9),  and  the  interval  between  the  sun  and  the 

ecliptic  point  on  the  horizon  is  then  assumed  to  amount  to  three  signs  (of 

course  an  inaccurate  assumption).  The  following  proportion  is  now  established  : 

When  the  difference  of  the  given  shadow  and  the  midday  shadow  amounts 

to  zero,  the  longitude  of  the  lagna  amounts  to  the  longitude  of  the  sun  plus 

three  signs  ;  to  how  much  will  it  amount  when  the  difference  of  the  given 

shadow  (whether  in  the  forenoon  or  afternoon)  and  the  midday  shadow 

amounts  to  so  and  so  much.  In  order  to  establish  a  workable  proportion  (for 

so  far  we  only  have  a  proportion  one  of  whose  members  is  zero)  twelve  is 

added  to  the  first  and  to  the  third  member  of  the  proportion,  so  that  it 

assumes  the  following  form  :  When  the  difference  of  the  given  shadow  and  the 

midday  shadow  amounts  to  12,  the  lagna  amounts  to  longitude  of  sun  plus 

three  signs  ;  to  how  much  will  the  lagna  amount  when  the  difference  of  the 

given  shadow  and  the  midday  shadow  amounts  to  so  and  so  much  plus  12. 

Considering  that  the  greater  the  difference  between  the  given  shadow  and 

the  midday  shadow  is  (i.  e.,  the  nearer  the  sun  is  to  the  eastern  horizon),  the 

lesser  the  interval  between  sun  and  lagna  will  be  ;  the  formula  for  that  inter¬ 

val  assumes  the  form  stated  in  stanza  11: 

j _ n  x  3 _ 12  +  giv.  shad. — mid.  shad. 

Adding  to  this  the  longitude  of  the  sun  we  have  the  longitude  of  the 

lagna,  for  any  time  between  sunrise  and  noon. — For  any  time  in  the  after¬ 
noon  the  above  formula  gives,  not  the  interval  between  the  sun  and  the 

eastern  ecliptic  point,  but  the  interval  between  the  sun  and  the  ecliptic  point 

•on  the  western  horizon  ;  the  result  has  therefore  to  be  deducted  from  6  signs 

whereby  it  is  transformed  into  the  interval  between  the  sun  and  the  eastern 

ecliptic  point. 

Stanzas  12  and  13  contain  the  rule  for  finding  the  length  of  the  shadow 

from  the  given  lagna  ;  it  is  simply  the  reverse  of  the  preceding  rule.  Instead 

of  signs  the  calculation  is  however  carried  on  with  minutes,  so  that  the- 

above  formula  for  the  interval  between  sun  and  lagna  assumes  the  following 
form  : 

j _ 12x3x1800  _ _  _ 64800 
X  12  + shad. —  mid.  shad.  12  + shad.  — mid.  shad. 

From  this  we  easily  derive  : 

Shad.  =1— — 12+ mid.  shad. 



CHAPTER  III 

Paulina  Siddhanta. 

I.  Multiply  the  ahargana  by  120,  deduct  33  and  divide  by  43831 ; 

the  result  is  the  mean  longitude  of  the  sun  in  due  order  ( i .  e.,  in  revolutions, 

signs,  etc-).  Add  twenty  degrees  to  the  sun’s  mean  anomaly ; 

2 — 3.  Corresponding  to  the  signs  of  the  anomaly  we  have  the 

following  (aggregates  of)  minutes  which  have  to  be  deducted  or  added  (from 

tiie  sun’s  mean  longitude) ;  viz. 

II,  48,  69,  69,  54,  25; 

•and  again  : 

10,  48,  70,  71,  54,  25. 

Through  them  the  mean  longitude  of  the  sun  is  turned  into  the  true 

longitude. 

The  above  three  stanzas  contain  rules  for  finding  the  mean  and 

true  longitudes  of  the  sun. — The  former  rule  is  simple  (if  we  abstract  from 

the  kshepa-quantity  —  33)  and  bases  on  the  assumption  of  a  sidereal  year  com¬ 

prising  36  54  611  12m  . — The  method,  on  the  other  hand,  for  ascertaining  the 
true  place  of  the  sun  is  very  obscurely  stated.  It  however  appears  that  it 
has  to  be  understood  as  follows. 

In  order  to  ascertain  the  sun’s  true  place  the  kendra,  i.  e.,  the  mean 
anomaly  has  to  be  found  first ;  how  to  do  this  the  text  however  fails  to  teach 
us. 

The  kendra  once  being  found  we  are  directed  to  increase  it  by  twenty 

degrees ;  the  reason  of  which  appears  from  what  follows.  That  the  quantities 

stated  in  stanzas  2  and  3  represent  different  equations  of  the  centre,  there  can 

lie  no  doubt ;  for  it  is  said  at  the  end  of  stanza  3  that  through  them  the  mean 



(  15  ) 

sun  is  rendered,  true.  There  are  two  series,  each  containing  six  such  quan¬ 
tities  ;  but  as  stanza  2  says  that  those  quantities  correspond  to  signs  of 
anomaly,  we  must  conclude  that  only  six  different  equations  are  intended  to. 

be  stated,  and  that  hence  the  corresponding  terms  of  the  two  series  have 

to  be  added  to  each  other.  On  doing  this  we  obtain  the  following  series  of 

equations 

21',  96',  139',  1.40',  108',  50'; 
and  a  nearer  investigation  leaves  hardly  any  doubt  that  these  values 

represent  the  sun’s  equations  of  the  centre  for  the  mean  anomalies  of  10°,  40°, 

70°,  100°,  130°,  1G0°.  According  to  the  modern  Shrya  SiddMnta  the  equa¬ 
tions  of  the  centre  for  the  mentioned  anomalies  would  amount  to 

24',  90',  132',  138',  107',  48'; 

a  series  not  very  widely  differing  from  the  one  given  above. 

It  now  appears  that  the  direction  given  above  to  add  20°  to  each- 
anomaly  aims  at  enabling  the  writer  to  state  his  equations  of  the  centres—^ 

nominally  at  least — for  entire  signs  of  anomaly  ;  for  10° +  20° =30°  =  one  sign  ; 

40°  +  20°  =  00°=.  two  signs  and  so  on. 

Another  question  is  why  the  author  prefers  to  state  the  equations 

of  the  centre  for  10°,  40°  etc.  of  anomaly,  instead  of  giving,  from  the 

outset,  the  equations  for  30°,  60°  and  so  on. 

The  reason  probably  is  that  he  originally  intended  to  state  the 

equations  of  the  eeutre  for  whole  signs  reckoned  not  from  the  apogee  of 

the  sun,  but  from  tire  beginning  of  the  sphere,  i.  e.,  the  first  point  of  Aries. 

For  stating  the  sun’s  equations  of  the  centre  for  10°  40°  etc.  of  anomaly 

is  the  same  as  stating  them  for  90°  120.°  etc.  reckoned  from  the  beginning  of 

the  sphere,  if  only  the  longitude  of  the  apogee  amounts  to  80°.  But  it  is 
well  known  that  the  different  Siddhantas  teach  the  longitude  of  the  apogee 

to  amount  to  so  much  or  about  so  much. 

4 — 9.  Six  stanzas  referring  to  the  moon  and  most  probably  teaching 

how  to  find  her  true  position.  The  details  however  are  obscure.  Compare 
the  Introduction. 

10 — ii.  Twenty,  sixteen  and  a  half,  seven  minus  one  quarter' 

multiplied  by  the  equinoctial  shadow  (of  a  given  place)  and  taken  in  direct 

as  well  as  in  reverse  order  give  the  vinadikas  of  ascensional  difference.. 
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Beginning  from  the  day  of  the  (vernal)  equinox  there  takes  place  an  increase 

of  the  length  of  the  day,  which  is  to  be  determined  for  the  three  signs 

beginning  with  Aries  by  means  of  the  quantities  ( khanda )  (determined  above) 

being  added,  while  they  are  to  be  subtracted  from  each  other  successively 

for  the  three  signs  beginning  with  Cancer  ;  a  decrease  (to  be  determined  in  an 

analogous  way)  takes  place  in  the  six  signs  beginning  with  Libra. 

12.  This  method  of  finding  the  vin&dik&s  of  ascensional  difference 

furnishes  accurate  results  for  the  country  lying  between  the  ocean  and  the 

Himalaya  mountains ;  how  accurate  results  are  to  be  found  for  other  localities 

I  shall  explain  in  the  ehedyaka-chapter. 

A  rough  rule  for  finding  the  length  of  the  day  during  the  different 

seasons  of  the  year  in  a  given  latitude. — The  author  at  first — by  a  method 

whose  details  are  not  given — calculates  the  vinMik&s  of  ascensional  difference 

for  the  first  three  signs  for  those  places  where  the  equinoctial  shadow  is  equal 

to  one,  and  doubles  the  results  so  as  to  have  ready  the  quantities  which  in 

each  given  case  have  to  be  added  to  the  length  of  the  equinoctial  day.  He 

thereupon  directs  us  simply  to  multiply  the  doubled  results  by  the  given 

equinoctial  shadow  in  order  to  find  the  ascensional  difference  for  any  given 

latitude.  The  further  steps  of  the  process  are  the  customary  ones  and  are 

moreover  detailed  in  the  Sanskrit  Commentary. 

13.  The  nadikas  arising  from  the  difference  in  longitude  from  Yavana 

(i.  e.,  Yavanapura)  are  seven  and  a  third  in  Avanti,  nine  in  Varanasi  (Benares). 

I  will  now  explain  the  calculation  (of  the  difference  in  longitude)  with  regard 

to  other  places. 

14.  From  the  sum  of  yojanas  multiplied  by  nine,  divided  by  eighty, 

and  then  squared,  subtract  the  square  of  the  difference  of  the  two  latitudes  ; 

the  square  root  (of  the  remainder)  divided  by  six  gives  the  desired  nadik&s. 

The  above  two  stanzas  teach  how  the  longitude  of  any  given  place  is 

to  be  calculated.  Stanza  13  states  the  distance  in  longitude  of  Ujjayini  and 

Benares  from  Yavana  (pura)  i.  e.,  undoubtedly,  Alexandria.  Stanza  14  teaches 

how  the  distance  in  longitude  of  any  given  place  from  a  given  meridian  may 

be  calculated.  Let  the  Meridian  be  that  of  Ujjayini  and  let  the  distance  in 

yojanas  of  the  given  place  from  Ujjayini  be  known.  The  first  task  is  to  express 

this  distance  in  degrees.  The  equatorial  circumference  of  the  earth  being 

assumed  to  amount  to  3200  yojanas,  we  have  the  simple  proportion — 
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3200  yoj.  :  360°  =  given  yoj.  :  x 
*  w  —  3G0x  given  yoj - 9  x  given  yoj. 

*  *  3200  80  ~ 

We  then  take  the  right  angled  spherical  triangle  which  has  the  dis¬ 

tance  of  Ujjayini  and  the  given  place  for  its  hypothenuse,  and  for  its  two  sides, 

1.  that  part  of  the  parallel  of  latitude  of  the  given  place  which  lies  between  that 

place  and  the  prime  meridian  and  2.  that  part  of  the  prime  meridian  which  lies 

between  Ujjayini  and  the  mentioned  circle  of  latitude.  The  latter  side  is 

known,  for  it  is  equal  to  the  difference  of  latitude  of  Ujjayini  and  the  given 

place.  The  triangle  is  now  treated  as  a  plane  one,  and  from  the  hypothenuse 

and  the  given  side  the  third  side — which  represents  the  desired  distance  in 

longitude — is  deduced.  The  result  which  comes  out  in  degrees  is  turned  into 

nadikas  by  being  divided  by  six. 

15.  Half  the  midikas  of  ascensional  difference  have  to  be  subtracted 

from  the  nadikas  of  difference  of  longitude  in  the  northern  hemisphere,  and  in 

the  southern  hemisphere  they  have  to  be  added  ;  reject  the  remaining  ascen¬ 
sional  difference. 

1 6.  One  nakshatra  comprises  eight  hundred  minutes  of  arc.  The 

tithi  is  to  be  calculated  from  (the  longitude  of)  the  moon  lessened  by  (the 

longitude  of)  the  sun,  by  means  of  twelve  degrees  (being  used  as  the  divisor). 

The  time  (past  and  to  come  of  the  moon’s  conjunction  with  a  nakshatra)  is  to- 
be  calculated  by  a  proportion  founded  on  the  motion  (of  the  moon) ;  the  time 

of  the  current  tithi  is  to  be  found  from  a  proportion  founded  upon  the  differ¬ 
ence  of  motion  of  sun  and  moon. 

1  7.  The  (daily)  motion  of  the  sun  amounts  to  sixty  (minutes)  minus, 

three,  three,  three,  three,  two,  one ;  plus  one,  one,  one,  one ;  minus  nought, 

one,  in  turn. 

A  rough  statement  of  the  daily  amount  of  motion  of  the  sun  during 

the  twelve  months  of  the  year  beginning  with  Chaitra.  The  amounts  stand 
as  follows : 

57',  57',  57',  57',  58',  59'; 

61',  61',  61',  61',  60',  59'. 

18.  In  the  light  half  of  the  month  six  degrees  have  to  be  subtracted 

and  in  the  dark  half  as  many  have  to  be  added ;  the  minutes  of  the  longitudes 
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of  the  moon  lessened  by  the  longitude  of  the  sun  have  to  be  divided  by  360  ; 

the  result  is  the  karana.  The  remaining  operations  are  to  he  performed  as  in 

the  case  of  the  tithi. 

19.  The  fixed  karanas  begin  from  the  middle  of  the  fourteenth  tithi 

of  the  dark  half ;  they  are  called  S’akuni,  Chatushpada,  Niga  and  Khmstughna, 
The  other  karanas  are  moveable..  (All)  karanas  occupy  half  (of  a  tithi). 

The  above  two  stanzas  teach  how  to  calculate  the  karanas,  i.  <?.,  half 

lunar  days.  Four  of  the  sixty  karanas  of  the  month — whose  names  are  given 
in  the  text — are  fixed,  i.  e.,  the  four  names  are  bound  to  the  second  half  of  the 

fourteenth  tithi  of  the  dark  half,  to  the  two  halves  of  the  fifteenth  of  the 

same  half  and  to  the  first  half  of  the  first  tithi  of  the  light  half.  The  other 

karanas  are  chara,  moveable,  i.  e.,  they  recur,  eight  times  each,  at  different 

places  of  the  lunar  month. — In  order  to  find  the  current  karana,  we  divide  the 
difference  in  longitude  of  sun  and  moon  by  360,  i,  e.,  the  number  of  minutes 

of  arc  constituting  one  karanta ;  the  quotient  then  indicates  the  number  of  the 

elapsed  karanas.  In  order  however  that  the  counting  of  the  karanas  may 

uniformly  begin  from  Bava  the  first  moveable  karaija,  we,  before  division, 

deduct  from  the  difference  of  longitude  six  degrees  in  the  ease  of  the  light 

half  of  the  month  and  add  six  degrees  to  it  in  the  case  of  the  dark  half. 

Compare  the  table  of  the  karanas  given  in  Burgess- Whitney’s  Surya 
SiddMnta,  p,  287. — The  calculation  of  the  elapsed  nadikas  of  the  karana  is 

analogous  to  that  of  the  tithis, 

20.  When  the  sum  of  the  longitudes  of'  the  sun  and  the  moon  plus  ten 
nakshatras  amounts  to  six  signs,  it  is  called  V aidhrita ;  when  it  amounts  to  a 

complete  circle  it  is  called  Vyatipilta;  the  time  (of  those  conjunctures)  is  to  he 

ascertained  by  means  of  the  degrees  passed  through  by  the  sun  and  the  moon. 

21.  When  the  return  of  the  sup  towards  the  south  (i.  e,,  the 

summer  solstice)  took  place  from  the  middle  of  Alesha,  then  the  ayana 

was  right ;  at  the  present  time  the  ayana  begins  from  Punarvasu, 

22.  When  the  degrees  of  the  ayana  are  in  the  opposite  direction  (i,  <>., 

when  the  precession  is  retrograde),  and  the  quantity  to  b.e  added  to  the 

longitudes  of  sun  and  mqon  amounts  to  (as  much  as)  the  degrees  of  the  sun’s 
greatest  declination  (i.  e.,  when  the  degree^  of  precession  amount  to  24); 

then  the  Vyaiip&ta  takes  place  when  the  sum  of  the  longitudes  of  sun  and 

moon  amounts  to  half  a  circle. 
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The  Vyatipata — aspect  takes  place  when  the  sum  of  the  longitudes 

of  sun  and  moon  amounts  to  180°;  the  vaidhriti-aspect  when  it  amounts 

to  360°.  This  definition,  without  any  qualification,  applies  to  the  time  of 
the  Siddlutntas  when  there  was  no  precession,  or  when — as  stanza  22 

expresses  it — the  ayana  had  retrograded  24  degrees  from  the  point  which 
it  formerly  occupied,  viz.,  the  middle  of  Aslesha.  At  the  time  however 

when  the  solstice  occurred  at  this  latter  point,  there  were  24° — or  more 

strictly — 23°  20'  precession  (reckoned  from  the  beginning  of  nirayana  mesha) 
and  hence,  in  order  to  express  the  condition  of  Vaidhrita  and  Vyatipata 

we  should  have  to  say  :  Vaidhrita  occurs  when 

longit.  sun  —  23°  20'  + longit.  moon  — 23°  20'=  12”  ; 

and  Vyatipata  when 

longit.  sun  —  23°  20'  +  longit.  moon  —  23°  20'  =  6” . 

Rearranging  the  terms  of  these  two  equations  of  condition  we  have 

longit.  sun  +  longit.  moon  =  12"  +  46°  40' 

and 

longit.  sun  +  longit.  moon =6’  +46°  40'. 

Substituting  nakshatras  for  signs,  the  right  side  of  the  former  equa¬ 

tion  =  3, J  nakshatras  (the  whole  revolution  being  rejected)  ;  and  the  right  side 

of  the  latter  equation  =  17  naksh.  Now  we  may  write  for  the  former  equation 

longit.  sun  +  longit.  moon  + 10  naksh.  =  3|-  naksh. +  10  naksh.  =  6‘  ; 
and  for  the  latter  one 

longit.  sun  +  longit.  moon  +10  naksh.  =  17  naksh.  +  10  naksh.  =  12’ . 

Thereby  the  rule  given  in  stanza  20  explains  itself.  When  that  rule 

applied,  then  the  ayana  was  right,  i.  c.,  agreed  with  the  rule  given  in  stanza 

20  for  the  determination  of  Vaidhrita  and  Vyatipata. 

23.  The  equinox  (vishuvat)  occurs  at  the  beginning  of  Aries  and 

Libra ;  the  Shades itimukh a  within  the  degrees  of  that  sign  which  precedes 

Libra  (i.  e.  Virgo) ;  those  (degrees  or)  solar  (days)  which  remain  from  the 

Shadafiitimukhas  are  the  days  of  the  fathers. 

24.  The  Shadasfitimukha  is  placed  at  the  fourteenth  degree  of  Virgo, 

the  eighteenth  degree  of  Gemini,  the  twenty-second  degree  of  Pisces  and  the 

twenty-sixth  degree  of  Sagittarius. 
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The  Shadasitimukhas  are  divisions  of  the  ecliptic  into  ares  of  86°,  begin¬ 
ning  from  the  first  point  of  Libra. — The  sixteen  degrees  or  solar  days  remain¬ 

ing  between  the  fourth  shadasitimukha  and  the  first  point  of  Libra  are  said 

to  belong  to  the  fathers,  because  whatever  is  given  in  them  to  the  fathers  is 

imperishable  (Sfi.  Si.  XIV.  6). 

25.  The  northern  progress  of  the  sun  begins  from  the  first  point  of 

Capricorn,  so  also  the  solar  seasons  beginning  with  S'isira.  Each  season  ex¬ 
tends  in  time  over  two  signs.  The  southern  progress  of  the  sun  begins  from 

Cancer. 

26.  The  minutes  of  (the  diameter  of)  the  sun’s  dise,  multiplied  by  sixty 

and  divided  by  the  sun’s  daily  motion,  give  the  number  of  nadikas  which 
constitute  the  holy  time  on  the  occasion  of  the  sun  entering  a  new  sign ; 

half  before  (the  sun’s  actual  entrance)  and  half  afterwards. 

The  sarakr&nti  actually  takes  place  at  the  moment  when  the  sun’s 
centre  enters  the  new  sign ;  but  the  whole  time  from  the  entrance  of  the 

sun’s  eastern  limb  to  the  entrance  of  the  western  limb  is  considered  holy. 

The  proportion  employed  for  the  calculation  of  the  length  of  that  time 

is  easily  intelligible, 

27.  When  the  sun  rises  touching  the  end  of  a  tithi  and  another  day, 

the  conjunction  is  the  one,  *  which  touches  three  days’;  while  in  the  case  of  one 
day  touching  three  tithis  (we  have  the  conjunction  touching  three  tithis). 

An  explanation  of  two  terms  connected  with  tithivriddhi  and 

tithihr&sa.  The  former  term  refers  to  the  ease  of  a  tithi  beginning  before  the 

sunrise  of  a  certain  day  and  terminating  after  sunrise  on  the  next  day,  so  that 

it  ‘  touches’  three  savana  days.  The  latter  term  applies  to  the  opposite  case  of 
one  s&vaua  day  touching  three  tithis, 

.28-  Multiply  the  ahargapa  by  8  and  divide  by  151 the  quotient 

indicates  the  degrees  of  Rahu  (i.  e.,  the  moon’s  node),  to  which  as  many 
minutes  have  to  be  added  .as  there  are  complete  revolutions. 

The  above  rule  for  calculating  the  place  of  the  moon’s  node  bases  on 
the  assumption  that  the  node  moves  very  nearly  eight  degrees  in  151  days, 

whence  it  would  follow  that  it  performs  a  complete  revolution  in  6795  days. 

We  are  however  told  that  for  each  full  revolution  performed  within  the 
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period’  of  tke  ahargana  one  minute  has  to  be  added  to  the  place  resulting 
from  the  rough  process.  Taking  this  correction  into  account  we  find  that  the 

accurate  period  of  one  revolution  of  the  node  is  6794d  16h  27'  29". 

29.  [A  stanza  stating  a  certain  correction  to  be  applied  to  the  place  of 

the  moon’s  node  as  found  according  to  the  rule  given  in  stanza  28.  Apparently 
twenty-five  minutes  have  te  be  deducted  from  that  place.  We  do  not  know 

what  is  meant  by  the  ‘  vrischika-bhagah’  of  Rfihu.] 

30.  When  the  moon  is  more  advanced  in  longitude  than  the  head  of 

Rahu  and  less  advanced  than  its  tail,  she  moves  to  the  north  of  the  ecliptic  ; 

when  she  is  less  advanced  than  the  head  and  more  advanced  than  the  tail,  she 

moves  to  the  south  of  the  asura,  i.  e.,  Rahu. 

3L  The  moon  is  ninety  degrees  distant  from  Rahu  when  her  latitude 

is  at  its  maximum,  (and  the  latitude  then  amounts  to)  270  minutes;  (the 

latitude)  for  other  places  is  to  be  found  by  proportion. 

32 — 37.  [Six  stanzas  of  obscure  import.  A  few  lines  indeed  lend 

themselves  to  translation  and  a  few  emendations  are  obvious  ;  but  we  are  un¬ 

able  to  elicit  from  the  text  a  connected  meaning.] 



CHAPTER  IV. 

1.  The  square  root  of  the  tenth  part  of  the  square  of  the  circum¬ 

ference — which  comprises  360  parts — is  the  diameter.  Having  assumed  the 

four  parts  of  the  circle  ( i .  e.  having  divided  it  into  four  parts)  the  sine  of  the 

eighth  part  of  a  sign  (i.  e.  of  225/)  (has  to  be  ascertained). 

2.  Take  the  square  of  the  Radius  and  call  it  the  '  constant’  (dhruva) ; 
the  fourth  part  of  it  is  (the  square)  of  Aries  (i  e.  of  the  sine  of  one  sign.) 

The  'constant’  square  is  to  be  lessened  by  the  square  of  Aries  (i.  e.  one  sign). 

The  square  roots  of  the  two  quantities  (i.  e.  the  square  of  Aries  and  the 

‘constant’  lessened  by  the  square  of  Aries)  are  the  sines  (viz.  of  30°  and  60° 
respectively). 

3.  In  order  to  find  the  remaining  desired  (sines),  take  the  double  of 

the  are  (whose  sine  you  wish  to  find),  deduct  it  from  the  quarter  (of  the  circle),, 

diminish  the  Radius  by  the  sine  of  the  remainder,  and  add  to  the  square  of 

half  of  that  (viz.  the  Radius  so  diminished)  the  square  of  half  the  sine  of 

double  (the  original)  arc. 

4.  The  square  root  of  that  sum  is  the  desired  sine.  The  ' constant 7 
square  lessened  by  that  sum  (is  the  square)  of  the  remaining  quantity  (i,  e.  of 

the  cosine  of  the  given  are).  Half  of  the  ‘constant’  square  is  called  (the 

square  of)  one  and  a  half  (viz.  signs  i .  e.  45°). — Another  method  also  is  taught 
here. 

5

.

 

 

Lessen  the  Radius  by  the  sine  of  three  signs  (L  e.  Radius)  from 

which  
(three  

signs)  
double  

the  required  
are  has  been  

previously  

deducted,  

and 
multiply  

the  remainder  

by  sixty  
;  the  result  

is  the  square  
(of  the  desired  

sine). 
By  deducting  

that  
square  

from  
the  square  

of  the  
Radius  

you  
obtain  

the 
square  

of  the  cosine. 

The  above  four  stanzas  teach  how  to  calculate  the  sines'  generally 

employed  in  Indian  astronomy. — The  formula  expressing  the  relation  of  the 

diameter  to  the  circumference  is  the  usual  one. — The  sine  of  30°  is  half  of 

the  chord  of  60°  which  is  equal  to  Radius  ;  the  sine  of  60°  is  found  by  taking 
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the  square  root  of  the  difference  of  R2  and  the  square  of  sine  60°. _ The 
method  by  which  the  other  sines  required  are  found  will  he  understood  with 
L  a  the  help  of  figure  1.  Of  the  arc  the  sine  of  which  is 

required — let  us  say  ab — double  is  taken  =  ac.  The 
sine  of  this  double  arc  =  cf  and  the  sine  of  the 

complementary  are  (cd)  =  ef.  By  deducting  ef  from 
the  Radius  we  get  af  and  by  drawing  from  h  (i.  e,, 
the  point  marking  the  centre  of  the  chord  ac)  the 
line  hg  parallel  to  cf  we  halve  the  line  af  and  thus 

obtain  the  value  of  ag.  The  line  hg  again  is  half 

of  cf,  and  ah  i.  e,,  the  desired  sine  =  v/bg2  +  ag2. — 

The  sines  of  60°  and  30°  being  given,  the  above  method  can  of  course  be 

employed  for  finding  the  sine  of  15°  and  so  on. — The  cosine  of  the  given 
arc — Stanza  4  goes  on  to  say— is  found  by  deducting  the  square  of  the  sine 

from  the  square  of  the  Radius  and  taking  the  square  root  of  the  remainder. 

The  sine  of  45°  is  equal  to  v/|i2  (the  square  of  the  chord  of  90°  being  2R2  and 

consequently  the  square  of  half  that  chord  i,  e,,  the  sine  of  45°  being  equal 

The  so-called  different  method  described  in  stanza  5  is  not  essentially 

different  from  the  method  described  before.  We  are  directed  to  multiply  the 

difference  of  the  Radius  and  the  sine  of  the  complement  of  twice  the  given 

arc  by  60,  the  product  being  equal  to  the  square  of  the  desired  sine,  Now 

in  the  above  diagram 

ah2  =  hg2  +  ag2. 

Now  ag2=  ('a)2— "T"  an(j 

!■„!_  f  cfV—  cf 2  _  ces - e
P 

u&  —  V  2  )  4  ~~  4  ' 

■  Cfr_^e*^af)2 

:  -  ̂   ; 
2  ae  x  af  —  af3 

Adding  the  expressions  thus  found  for  ag2  and  hg2  we  obtain 

^2   af2  ,  2ae  X  af  — af2    aexaf    

‘  4  *  5  ~~ 

60  af  (ae=R  =  120). 

6,  The  sines  in  Aries  are  7 ;  15;  20  +  3  =  23  ;  20+11  =  31;  20  +  lg 

=  38;  45;  50  +  3  =  53;  60  minutes ; 
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7.  (To  which  have  to  be  added  in  succession)  51 ;  40;  25  ;  4;  34 

56  ;  5  ;  0  (seconds). 

8.  The  sines  in  Taurus  are  6 ; 13  ;  19 ;  24  ;  30  ;  3.5  ;  39  ;  43  minutes. 

9.  The  seconds  in  Taurus  are  40  ;  3  ;  7  ;  51  ;  13  ;  13  ;  46  ;  56. 

10.  The  sines  from  the  end  of  the  second  sign  (i.  e.  the  sines  in  the 

third  sign,  Gemini)  are,  in  minutes,  3;  6;  9;  12;  13;  15;  15;  16. 

11.  The  seconds  are  42  ;  57  ;  42  ;  0  ;  47  4 ;  49  ;  5. 

Stanzas  6 — 11  contain  the  table  of  sines  calculated  for  the  Radius 

120.  As  generally  in  Indian  astronomy,  the  arcs  for  which  the  sines  are 

calculated  progress  by  3°  45',  so  that  twenty-four  sines  have  to  be  computed 
for  the  quadrant,  each  sign  containing  eight  sines.  By  the  minutes  of  the 

text  we  have  to  understand  one  hundred  and  twentieths  of  the  Radius,  by 

the  seconds  sixtieth  parts  of  those-  minutes.  The  amounts  stated  for  the 
sines  of  Taurus  have  to  be  added  to  the  last  sine  of  Aries ;  so  likewise  the 

amounts  stated  for  Gemini  to  the  last  sine  of  Taurus. 

The  complete  table  of  sines  stands  as  follows  : — • 

No. Arcs. Sines. 
No. 

Arcs.. 
Sines. 

1. 3°  45' 

7'  51" 

13. 

48°  45' 

90'  13" 

2. 

7°  30' 

15'  40" 

14. 

52’  30' 

95'  13" 
3. 11°  15' 

23'  25" 

15. 

56°  15' 

99'  46" 

4. 

15°
 

31'  4" 

16. 

60°
 

10  3'  56"  ■ 

5. 

18°  45' 

38'  34" 

17. 

63°  45' 107'  38" 

6. 

22°  30' 
45'  56" 

18. O 
o 

110'  53" 

7. 

26°  15' 
53'  5" 

19. 

71°  15' 
IIS'  38" 

8. 

30°
 

60'
 

20. 

75°
 

115'  56" 

9. 
33°  45' 

66'  40" 

21. 

78°  45' 
117'  43" 

10. 

37°  30' 

73'  3" 

22. 

82°  30' 

119' 

11. 

41°  15' 

79'  7" 

23. 

86°  15' 119'  45" 

12. 

45°
 

84'  51" 

24. 

90°
 

120'  1" 12. In  Aries  the  minutes  are  1 7,  in  the  last  sine  6 ;  in 

Taurus  they 

6;  6  ;  5 ;  5  ;  5  ;  4  ; 4  ;  in  Gemini  they  are  3  ; 3;  2;  2;  1 
;  1;  0  ;  0. 
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13.  In  Aries  the  seconds  are  51 ;  49  ;  45  ;  39  ;  30  ;  22  ;  9 . 

14 . 

15.  In  Gemini  they  are  42;  15;  45;  18;  47;  17;  45;  16. 

Stanzas  12 — 15  state  the  differences  of  the  tabular '  sines.  There  is 

manifestly  a  lacuna  after  the  first  part  of  13  extending  over  the  end  of 

13  and  the  former  part  of  14,  and  the  preserved  part  of  14  seems  to  be 

hopelessly  corrupt ;  but  this  does  no  great  harm,  as  the  table  of  the  differences 

of  the  sines  can  easily  be  drawn  up  from  the  table  of  sines  as  given  above. 
It  stands  as  follows : 

No. 
Sines. Differences. 

No. 
Sines. Differences. 

l. 

7'  51" 
7'  51" 

13. 

90'  13" 5'  22" 

2. 

15'  40" 
7'  49" 

14. 

95'  13" 

5'
 

3. 

23'  25" 
7'  45" 

15. 

99'  46" 4'  33" 

4. 

31'  4" 
7'  39" 

16. 

103'  56" 
4'  10" 

5. 

38'  34" 
7'  30" 

17. 

107'  38" 3'  42" 

6. 

45'  56" 

7'  22" 

18. 

110'  53" 

'  3'  15" 

7. 

53'  5" 
7'  9" 

19, 

113'  38" 
2'  45" 

8. 

60' 

6'  55" 

20. 

115'  56" 2'  18" 

9. 

66' 40" 
6'  40" 

21. 

117'  43" 1'  47" 
10. 

73'  3" 
r  6'  23" 

22. 

119' 

1'  17" 

11. 

79'  7" 6'  4" 

23. 

119'  45" 

45"
 

12, 

84'  51" 5'  44" 

24. 

120'  1" 

16"
 

16.  17.  18,  [Three  stanzas  apparently  referring  to  the  moon’s  latitude, 
which  we  are  however  unable  to  explain  satisfactorily.] 

19,  By  means  of  the  shadow’s  entering  into — and  passing  out  of — a 
circle,  whose  diameter  comprises  as  many  ahgulis  as  the  gnomon  is  high,  the 

west-east  direction  is  ascertained ;  and  thereupon  the  north-south  direction 

is  found  by  means  of  figures  shaped  like  barley  corns. 

The  above  process  for  ascertaining  the  different  points  of  the  compass 

is  well  known  and  requires  no  special  elucidation.  The  customary  height  of 

the  gnomon  is  twelve  ahgulis.  After  the  west-east  line  has  been  found,  we 

describe  two  arcs  of  circles,  taking  the  points  where  the  line  cuts  the  circle 

for  centres ;  the  line  joining  the  points  of  intersection  of  those  two  arcs  is  the 
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north-south  line.  The  figure  formed  by  the  two  intersecting  arcs  is  by  Yaralia 

Mihira  likened  to  a  barley  com;  its  ordinary  name  “matsya”  bases  on  its  re¬ 
semblance  to  the  outline  of  the  body  of  a  fish. 

20.  To  the  square  of  the  midday  shadow  of  the  gnomon  on  the  day 

of  the  equinox  add  144  and  take  the  square  root  of  the  sum.  By  this  square 

root  divide  the  product  of  120  and  the  equinoctial  shadow ; 

21.  The  quotient  is  the  sine  of  latitude  ;  the  arc  corresponding  to 

that  sine  is  the  latitude. — Or  else  on  any  given  day  (after  having  gone  through 

the  process  described)  add  to  the  result  the  sun’s  declination  in  the  six  signs 
beginning  with  Aries,  and  deduct  it  in  the  six  signs  beginning  with  Libra. 

The  result  is  the  latitude  of  the  given  place. 

The  two  well  known  methods  for  ascertaining  the  latitude  of  a  given 

place. — The  first  method  avails  itself  of  the  equinoctial  shadow  and  of  the 

proportion 

Equinoct.  hypothenuse :  equin.  shadow  =120  i.  e.  Radius:  sine  of 
latitude. 

The  second  method  dispenses  with  the  knowledge  of  the  equinoctial 

shadow  and  starts  directly  from  the  midday  shadow  of  any  given  day.  It 

thus  ascertains  the  sun’s  zenith  distance  (the  natamsas),  and  by  adding  to  it — 

or  subtracting  from  it  in  the  southern  hemisphere — the  sun’s  declination 
obtains  the  desired  latitude. 

2

2
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Deduct  the  sun’s  declination  from  the  latitude  (in  the  northern 

hemisphere),  

and  add  it  (in  the  southern  
hemisphere);  

divide  
the  sine  of 

(the  remainder  
or  the  sum)  by  the  square  

root  of  the  difference  
of  the  squares 

of  the  sine  (found  
by  the  above  

subtraction  
or  addition)  

and  the  Radius,  
and 

multiply  
by  twelve.  

The  result  
is  the  length  

of  the  shadow  
at  noon. 

A  rule  for  finding  the  length  of  the  shadow  at  noon  on  any  given  day 

from  the  latitude  of  the  place  and  the  sun’s  declination.  By  either  deducting 

the  sun’s  declination  from  the  latitude  or  adding  it  to  the  latter  we  obtain  the 

sun’s  zenith-distance.  We  then  establish  the  proportion 

Square  root  of  difference  of  squares  of  Radius  and  sine  of  zenith-distance: 

Sine  of  zenith-distance  =  12  (i.  e.  length  of  gnomon) :  x  (i.  e„  length  of  shadow). 
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23.  The  (sine  of  the)  colatitude  is  found  by  taking  the  square  root  of 

the  difference  of  the  squares  of  the  Radius  and  the  sine  of  latitude. — The  day- 

diameter  is  found  by  doubling  the  square  root  of  the  difference  of  the 

squares  of  the  Radius  and  the  sine  of  declination. 

The  former  of  these  two  rules  teaches  how  to  find  the  sine  of  colatitude 

(lamba)  or,  what  is  the  same,  the  cosine  of  latitude. — The  latter  rule  teaches 

the  calculation  of  the  day-diameter,  i.  e.,  in  this  place,  the  diameter  of  the 

circle  described  by  the  sun  on  any  day  for  which  the  sun’s  declination  is  given. 

24.  The  sines  of  declination  of  the  sun  at  the  end  of  Aries,  Taurus 

and  Gemini  are  twenty-four,  forty-two  and  forty-eight  plus  twenty-four,  fifteen 

and  forty-eight  sixtieths  respectively. 

25.  The  day-diameters  (at  the  same  places)  are  two  hundred  thirty- 

five,  two  hundred  twenty-four  and  two  hundred  nineteen ;  the  diameters  of 

Taurus  however  and  the  last  one  (i.  e.  the  day-diameter  at  the  end  of  Gemini) 
are  to  be  increased  by  forty  and  fifteen  sixtieths  respectively. 

The  two  above  stanzas  apply  the  rules  given  before  for  finding  the  sun’s 
declination  and  day-diameter  to  the  calculation  of  the  said  quantities  at  the 

end  of  the  different  signs.  The  calculation  is  made  with  the  Radius  120,  the 

greatest  declination  being  assumed  to  amount  to  24°.  Its  result  is  exhibited 
in  the  following  tabular  statement  in  which  the  whole  numbers  represent 

unities  of  which  the  Radius  contains  120,  and  the  fractions  sixtieths  of  those 
unities. 

Aries. Taurus. Gemini. 

Sine  of  Declination. 

24 

24— 
42— 

48— 

CO 

GO 

. 

60 Day-diameter. 

235 

224— 219— 

• 

60 

CO 

2

6

.

 

 

Multiply  the  sine  of  latitude  by  the  diameter  and  by  the  sine  of 

declination,  

and  
divide  

the  product  
by  the  

sine  
of  colatitude  

and  
the  

day- 
diameter.  

Divide  
the  minutes  

of  the  arc  corresponding  

to  the  result  
by  three. 

The  
quotient  

indicates  
the  vinadikas  

of  the  ascensional  

difference. 

A  rule  for  finding  the  ascensional  difference  for  any  given  latitude  and 
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any  given  declination  of  the  sun,  and  therefrom  the  respective  length  of  the 

day  and  the  night.  For  this  purpose  the  so-called  earth-sine  (kujyi)  has  to 
be  found,  which  is  done  by  dividing  the  product  of  the  sine  of  latitude  and 

the  sine  of  declination  by  the  sine  of  colatitude.  Thereupon  the  sine  of  the 

ascensional  difference  is  found  by  dividing  the  product  of  the  earth-sine  and 

the  Radius  by  the  day-radius,  i.  e.,  half  of  the  day-diameter  found  previously. 
Of  this  sine  of  the  ascensional  difference  the  arc  is  taken.  As  six  minutes 

of  arc  go  to  one  vinadikA.  of  time,  the  minutes,  in  order  to  be  turned  into- 
vinadikAs,  would  have  to  be  divided  by  six,  but  as,  in  order  to  determine  the 

true  length  of  the  day,  the  double  ascensional  difference  has  to  be  added  or 

deducted  (according  to  circumstances),  the  divisor  three  is  substituted  for  the 
divisor  six. 

27 — 28.  Multiply  the  day-diameter  by  the  sine  of  half  the  ascensional 

difference  ami  divide  by  two  hundred  and  forty  ;  the  result  is  the  earth-sine 

(kujyft).  Take  the  square  root  of  the  sum  of  the  squares  of  the  earth  sine 

and  the  sine  of  declination,  and  divide  by  that  square  root  the  product  of  earth 

sine  and  Radius.  The  quotient  is  the  sine  of  latitude.  Deduct  the  degrees 

of  latitude  from  ninety  ;  the  sine  of  the  remainder  is  the  sine  of  colatitude. 

A  rule  for  finding  the  latitude  and  colatitude  from  the  given  ascen¬ 
sional  difference.  At  first  the  earth-sine  is  found  from  the  ascensional  differ¬ 

ence  ;  the  divisor  is  240  i.  e.  2  x  120=2  R,  since  the  multiplier  is  not  the  day- 

radius  but  the  day-diameter.  The  earth-sine  and  the  sine  of  declination  are 

the  two  sides  of  a  right-angled  triangle  whose  hypothenuse  (the  measure  of 

amplitude  ;  agrtl)  is  therefore  known.  A  proportion  is  then  established 

Measure  of  amplitude:  earth-sine  =  Radius  :  sine  of  latitude. 

The  complementary  sine  of  the  sine  of  latitude  is  the  sine  of  eolatitude. 

29.  Of  the  signs  beginning  with  Aries  take  the  square  of  the  sine 

and  of  the  sine  of  declination  ;  by  the  square  root  of  the  difference  of  those 

squares  multiply  the  diameter  and  divide  by  the  day-diameter.  Multiply 
the  arc  (of  the  sine  thus  found)  by  ten  ;  the  result  are  the  vinadikAs  of  the 

rising  of  the  signs. 

30.  Thus  there  are  found  beginning  from  Aries  (i.  e.  for  the  three 

signs  beginning  with  Aries)  278,  299  and  323  (as  the  vinadikas  of  rising); 

further  on  (i.  e.  for  the  three  signs  Cancer,  Leo,  Virgo)  the  same  quantities 
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are  valid  in  reverse  order  (323,  299,  278)  ;  and  the  six  quantities  taken  in 
reverse  order  are  valid  for  that  half  (of  the  ecliptic)  which  begins  with  Libra. 

Stanza  29  gives  the  rule  for  finding  the  times  occupied  by  the  in¬ 

dividual  signs  of  the  ecliptic  in  rising  in  the  right  sphere.  At  first  there  is 

found — from  the  sine  of  the  sign  of  the  ecliptic  (reckoning  from  the  beginning 
of  Aries)  and  the  sine  of  declination  of  the  end  point  of  the  sign — the  sine 

of  that  arc  of  the  day-circle  described  by  that  end  point,  which,  if  reduced  to 

terms  of  a  great  circle,  furnishes  the  ascensional  equivalent  of  the  sign  on  the 

equator.  In  order  to  effect  the  reduction,  the  sine  is  multiplied  by  the  dia¬ 

meter  (instead  of  the  Radius)  and  hence  divided  by  the  day -diameter  (instead 

of  the  day-radius).  The  degrees  of  the  arc  thus  found  are  divided  by  6  in 

order  to  ascertain  the  nadikas  (360°— 60  nadik&s),  and  then  multiplied  by 
60  in  order  to  give  the  vinadikas  of  rising ;  hence  the  text  directs  us  to 

multiply  the  arc  by  ten. — Stanza  30  states  the  numerical  results  of  the  pre¬ 

ceding  rule  for  each  sign  of  the  ecliptic. 

31.  Three  (i.  e.,  the  times  of  rising  in  the  right  sphere  of  the  three 

first  signs)  are  to  be  lessened  by  half  the  time  of  ascensional  difference ;  three 

(i.  e.,  the  corresponding  times  for  Cancer,  Leo,  Virgo)  are  to  be  increased  by 

the  same  (amounts  of  ascensional  difference)  in  the  reverse  order.  In  the  same 

time  which  a  sign  of  the  ecliptic  occupies  in  rising,  the  seventh  sign  from  it 

goes  to  its  setting. 

A  rule  for  calculating  the  time  occupied  by  the  signs  of  the  ecliptic 

rising  in  the  oblique  sphere,  i.  e.,  in  any  given  latitude. 

32 — 33.  Multiply  the  sine  of  the  given  degrees  of  northern  declination 

by  one  hundred  and  twenty,  i.  e.,  Radius  and  divide  by  the  sine  of  latitude. 

The  time  resulting  from  the  arc  corresponding  to  the  sine  (found  by  the  above 

process)  indicates  the  moment  when  the  sun  reaches,  after  sunrise,  the  prime 

vertical.  The  same  time  being  deducted  from  half  a  day  indicates  when  the 

sun  in  the  western  hemisphere  (again  reaches  the  prime  vertical).  The  rule 

does  not  apply  when  the  sun  is  in  the  six  signs  beginning  with  Libra. 

A  rule  for  ascertaining  the  time  when  the  sun  is  on  the  prime  verti¬ 

cal. — The  samamandalaganku,  i.  e.,  the  sine  of  the  sun’s  altitude  when  the  sun 
is  on  the  prime  vertical  is  found  by  comparing  two  similar  triangles,  the 

former  of  which  is  formed  by  the  Radius,  the  sine  of  latitude  and  the  sine  of 

colatitude  ;  while  the  sides  of  the  latter  represent  the  sine  of  the  sun’s 
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altitude  when  the  sun  is  on  the  prime  vertical,  the  sine  of  the  sun’s  declination, 

and  that  part  of  the  sun’s  day  circle  which  is  intercepted  by  the  projections 

of  the  prime  vertical  and  the  six  o’clock  circle.  On  the  supposition  of  the 

sun’s  declination  not  changing  within  one  day,  the  sine  of  altitude  thus 
calculated  will  enable  us  to  fix  that  moment  also  when  the  sun  again  reaches 

the  prime  vertical  in  the  western  hemisphere. 

The  rule  has  of  course  no  application  in  the  case  of  the  sun  having 
south-declination. 

34.  Multiply  the  sine  of  declination  by  240  and  by  the  sine  of  latitude, 

and  divide  by  the  sine  of  colatitude.  Divide  thereupon  by  the  day-diameter. 

The  entire  sixth  part  of  the  corresponding  arc  is  the  quantity  by  which  the 

day  is  to  be  increased. 

A  rule  for  finding  the  ascensional  difference,  basing  on  the  proportion 

sin  colat.  :  sin  latit.  =  sin  declin.  :  kujyd. 

The  result  is  thereupon  reduced  to  terms  of  Radius  by  another  proportion. 

35.  Multiply,  in  the  northern  hemisphere,  the  sine  of  the  sun’s  longi¬ 
tude  by  the  sine  of  his  greatest  declination,  and  divide  by  the  sine  of  latitude  ; 

the  result  are  the  so-called  minutes  of  the  6anku  (i.  e.  of  the  sine  of  the 

altitude  of  the  sun  when  the  latter  is  on  the  prime  vertical) ;  from  them  the 

shadow  of  the  sa?'iku  is  to  he  found. 

A  rule  for  finding  the  sine  of  the  altitude  of  the  sun  when  the  latter  is 

on  the  prime  vertical. — The  first  step  is  to  find  the  sun’s  declination  for  the 
given  time ;  this  is  done  by  means  of  the  proportion 

Radius  :  sin  greatest  declin.  =  sin  sun’s  longit  :  sin  declin. 

Thereupon  the  sanku  is  found  by  comparing  the  two  similar  triangles 

of  which  the  one  is  formed  by  the  Radius,  the  sine  of  latitude  and  the  sine 

of  colatitude ;  and  the  other  by  the  sanku,  the  sine  of  declination  and  that 

part  of  the  sun’s  day  circle  which  is  intercepted  by  the  prime  vertical  and  the 
six  o’clock  circle. 

The  proportion  established  is  : 

sin  latit.  :  Radius = sin  declin.  :  sanku. 
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Combining  the  two  proportions  we  get 

/  .  1  _ Rad  x  sin  great,  declin,  x  sin  longit. toe  -au—  sin  jatjf  x 

_  sin  great,  declin.  x  sin*  longit. 

Therefrom  the  shadow  of  the  gnomon  at  the  moment  when  the  sun 

is  on  the  prime  vertical  may  be  found  without  difficulty. 

36.  That  person,  who  determines  the  moment  at  which  the  sun 

crosses  the  prime  vertical  and  who  is  able  to  produce  general  confidence  in  his 

calculations,  thoroughly  understands  the  theory  of  the  sun. 

37.  “  If  the  sun  performs  one  complete  revolution  in  a  year,  how 

much  does  he  accomplish  in  a  given  number  of  days  ?  ”  Such  like  calculations 
even  an  ignorant  fellow  can  easily  perform  by  means  of  lines  drawn  with  a 

piece  of  chalk. 

38.  When  the  shadow  of  the  gnomon  completely  coincides  with  the 

east-west  line  in  a  circle  in  which  the  directions  have  been  marked,  then  the 

sun  is  on  the  prime  vertical. 

3.9.  Multiply  the  Radius  by  the  given  sine  of  declination,  and  divide 

by  the  sine  of  colatitude ;  the  degrees  of  the  result  indicate  the  distance 

from  the  east-west  line  at  which  the  sun  rises  or  sets  (on  the  given  day). 

A  rule  for  calculating  the  sine  of  amplitude  (the  so-called  agra),  founded 

on  the  proportion 

sin  colat.,  :  R  —  sin  declin..  :  sin  amplit. 

40.  Multiply  the  sine  of  declination  by  120  and  divide  by  that  (i.  e. 

by  the  sine  of  amplitude  as  found  in  114) ;  the  result  is  the  sine  of  colatitude. 

Deduct  the  arc  corresponding  to  that  sine  from  90  ;  the  remainder  are  the 

degrees  of  terrestrial  latitude. 

A  rule  for  finding  the  terrestrial  latitude,  the  sine  of  amplitude  being 

given.  The  proportion  is 

sin  am  pi.  :  sin  decl.  =  R  :  sin  colat  . 

41.  Take  the  twentieth  part  of  the  vinadikas  to  which  the  ascensional 

difference  at  the  given  time  amounts,  and  put  it  down  in  two  places.  Ac¬ 

cording  as  the  sun  has  northern  or  southern,  declination,  deduct  that  twentieth 
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part  from — or  add  it  to — the  given  n&dikcis  (i.  e.  the  nadikas  which  at  the 

given  time  have  elapsed  since  sunrise)  multiplied  by  six. 

42.  The  sine  of  the  remainder  (resp.  the  sum)  is  to  be  increased  or 

diminished  by  the  sine  of  the  twentieth  part  (mentioned  above),  according  as 

the  sun  has  nothern  or  southern  declination.  Of  the  nadikas  multiplied  by 

six  take  the  sine  without  applying  (to  the  said  nadik&s)  any  correction. 

43.  Multiply  the  sine  thus  calculated  ( i .  e.  the  sine  of  the  remainder, 

increased  or  diminished  in  the  way  taught  in  42)  by  the  product  of  the  day- 

diameter  and  the  sine  of  eolatitude,  and  divide  by  288Q0.  The  quotient 

indicates  the  minutes  of  the  sun’s  altitude. 

44.  Deduct  the  square  of  those  minutes  from  14400,  and  take  tiro 

square  root  of  the  remainder.  Multiply  the  square  root  by  12,  and  divide  by 
the  minutes  of  the  altitude.  The  result  is.  the  shadow. 

A  rule  for  finding  the  length  of  the  shadow  at  a  given  time. — The 

first  step  is  to  find  the  degrees  of  the  ascensional  difference  which  above 

was  determined  in  terms  of  vinadikas.  The  vimldikas  divided  by  60  give 

the  nadikas,  and  as  the  ascensional  difference  had  above  been  taken  double 

(in  order  to  determine  the  length  of  the  day),  120  is  substituted  as  divisor  for 

60.  Six  degrees  going  to  one  n&diki,  the  final  expression  for  the  degrees  of 

the  ascensional  difference  is  ; 

Vin&fl.  x  6 _ VintLd. 

2  x  60  ~~  ~ 
 2G  *~ 

The  given  nadikas  (i.  e.  the  naejikas  which  have  elapsed  from  sunrise)  arc 

thereupon  multiplied  by  six,  whereby  the  number  of  corresponding  degrees 

is  found,  and  the  degrees  of  ascensional  difference  as  found  above  are  deduct¬ 
ed  from  them  in  the  case  of  northern  declination,  and  added  in  the  ease  of 

southern  declination, 

The  sine  of  the  arc  so  determined  is  technically  called  <  stitra  ’  (cp. 

SiddMnta  S'iromani,  Triprafeadhik&ra,  54).  This  stitra  increased  by  the  sine  of 
ascensional  difference  in  the  northern  hemisphere — and  diminished  by  it  in 

the  southern  hemisphere  — gives  the  sine  technically  called  ishta  antya. 

From  it  is  found  the  so-called  ishta  hriti,  i,  p.,  the  perpendicular  from  the  sun 

to  the  udayasta  stitra,  i.  e.,  the  line  joining  the  points  in  which  the  sun  rises 

and  sets,  (The  ishta  hriti  represents  the  sum  or  difference  off  the  sines  of 
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two  arcs,  viz.,  that  arc  of  the  day  circle  which  is  intercepted  by  the  sun  and 

the  six  o’clock  circle,  and  that  arc  which  is  intercepted  by  the  six  o’clock  circle 
and  the  horizon). 

The  proportion  employed  is  as  follows  : 

Rad  :  antya=  Rad.  of  day  circle  :  hriti. 

.  x  dyuj y&  _  antya  x  2  dyujyi 
..mru  —  120  —  240  ’ 

In  order  to  find  therefrom  the  sine  of  the  sun’s  altitude  the  following 
proportion  is  employed 

Rad  :  sin  eolat.  =  hriti ;  sin  alt. 

.  „U  _ antya x  2  dyujyix-ain  oolat. 
..  biucui.-  120x210  =  28800 

Taking  the  right  angled  triangle  of  which  the  Radius  is  the 

hypothenuse  and  the  sine  of  altitude  one  side,  we  find  the  other  side  which 

is  equal  to  the  sine  of  the  zenith-distance,  the  so-ealled  drigjyd : 

drigjya = i/Rad’-sin  altih* = 4/1 4400 -sin  alt" 

We  then  finally  establish  on.  two  similar  triangles  the  proportion 

sin  alt:  sin  zenith  distance=12  i.  e.,  gnomon  :  shadow. 

45.  Take  the  square  root  of  the  sum  of  the  squares  of  the  shadow  and 

of  twelve;  multiply*  it  by  the  sine  of  eolatitude,  and  by  the  product  divide 

172800  ;  the  quotient  is  called  the  first  sine  (prathama-jiv&). 

46.  Multiply  the  sine  of  latitude  by  the  (sun’s)  sine  of  declination 
of  that  day  and  divide  by  the  sine  of  colatitude ;  put  the  result  down 

separately.  Deduct  it  from  the  first-sine,  if  the  sun  has  northern  declination  ; 

add  it,  if  he  has  southern  declination. 

47.  Multiply  the  first  sine  so  modified,  and  the  sine  which  had  been 

put  down  separately,  by  240,  and  divide  by  the  double  day-radius ;  the  two 

corresponding  arcs  have  to  be  added  to  each  other  if  the  sun  has  northern 

declination ;  while  they  have  to  be  deducted  in  the  case  of  southern  decli¬ 

nation,  The  resulting  degrees  divided  by  six  give  the  nadikas. 
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A  rule  for  finding  the  time  of  the  day  from  the  length  of  the  shadow. 

The  hypothenuse  of  the  shadow  having  been  found,  the  following  proportion 
is  established 

hyp.  shad.:  12  =  Rad:  sin  altit. 

Thereupon  the  following  proportion 

sin  colat.  :  Rad  =  sin  altit.  :  hriti. 

The  sine  which  commonly  is  called  hriti  (see  above)  is  by  V araha 

Mihira  .called  prathamajya.  its  value  is  expressed  by  the  following  formula 

+1  •  A  _  12  Rad2  _  _ 12  x  (120)2 _ _  172800 
pratnamajya  byp.  shad,  x  sin  colat.  hyp.  shad,  x  sin  colat.  hyp  shad,  x  sin  colat. 

Next  the  earth-sine  is  calculated  by  the  following  proportion 

sin  colat.  :  sin  lat.  =  sin  deel :  earth  sine 

By  deducting  the  earth  sine  from  the  prathama  jiva  in  the  northern 

hemisphere — and  adding  it  in  the  southern  hemisphere — we  get  the  sine  of  that 

arc  of  the  day  circle  which  intervenes  between  the  unmandala-circle  and  the 

place  of  the  sun  (which  sine  is  commonly  called  kala ;  cp.  Siddh  Sir.  as  above. 

The  so-called  kala  and  the  earth-sine  are  thereupon  reduced,  in  the  ordinary 

way,  to  the  dimensions  of  a  great  circle,  and  we  thus  obtain  the  so-called 

sutra-sine  (see  above)  and  the  sine  of  ascensional  difference.  We  take 
the  arcs  of  both  these  sines  and  add  them  to  each  other  in  the  northern 

hemisphere ;  while  we  deduct  the  latter  from  the  former  in  the  southern 

hemisphere.  By  dividing  the  sum — or  difference — by  six,  we  obtain  the 

n&dik&s  during  which  the  sun  has  been  above  the  horizon. 

48.  Or  else  multiply  the  measure  of  the  day  by  six,  and  divide  by 

the  angulis  of  the  shadow,  after  having  added  to  them  12  and  subtracted 

from  them  the  angulis  of  the  midday-shadow.  The  result  are,  in  the  eastern 

hemisphere,  the  n&dikas  which  have  elapsed  since  sunrise,  in  the  western 

hemisphere,  the  n&dik&s  remaining  till  sunset. 

Another  rule  for  finding  the  time,  basing  on  the  observation  that,  when 

the  equation 

given  shadow  + 12  -  noon  shad.  =  12,  holds  good,  the  time  is  midday. 

How  many  n&dikas  then  will  have  elapsed  since  sunrise,  if  the  left  side 
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of  tlie  equation  is  equal  to  any  given  number,  viz.,  the  given  length  of  the 
shadow  at  any  time  ? — The  resulting  formula  is 

n&dik&s  = 

12  x 

day 

2 

12  +  given  shad.  —  noon  shad. 
_ _ 6  x  day _ 12  4-  given  shad.  —  noon  shad. 

4
9
.
 
 Multiply  the  measure  of  the  day  by  six,  and  divide  by  the  given 

n&dik&s ;  lessen  the  quotient  by  twelve  and  add  the  midday-shadow.  
The 

result  is  the  shadow  due  to  the  sun  (at  the  given  time). 

The  above  rule  for  finding  the  length  of  the  shadow  for-  any  given 
time  is  merely  the  reversal  of  the  rule  given  in  stanza  48.  From  the  formula 

given  there  we  derive 

n&dik&s  (12  +  shad.  —noon  shad.)  =  6x  measure  of  day 

shad.  =  ~ - 12  +  noon  shad. 

5

0

.

 

 

The  observed  n&dik&s  are  to  be  increased — or  else  diminished — 

by  the  nadikas  
of  the  rising  

of  the  moon,  
according  

as  it  is  day  or  night ;  by 
means  

of  them  the  shadow  
of  the  moon  is  to  be  calculated  

in  the  same  way 
as  that  of  the  sun. 

A  rule  for  ascertaining  the  length  of  the  shadow  due  to  the  moon.  — 

In  the  case  of  the  moon  rising  before  the  sun  the  nadikas,  which  have  elapsed 

between  her  rising  and  the  rising  of  the  sun,  have  to  be  ad’ded  to  the  observed 
mtdikas,  i.  e.,  the  nadikas  which  intervene  between  sunrise  and  the  moment 

for  which  the  length  of  the  shadow  is  required'. 

51,  According  to  the  methods  successively  taught  for  the  calculation 

of  the  n&dik&s  of  ascensional  difference,,  etc.,  the  day-circle,,  declination  and  so 

on  have  to  be  ascertained  (for  tbe  moon  also) ;  the  previous,  rules  apply  also 

to  her  setting.  The  corresponding,  items  for  the  other  planets  may  be 

ascertained  by  appropriate  reasoning. 

52,  53.  54.  Multiply  the  Radius  by  twelve,  and  divide  by  the  square 

root  of  the  sum  of  the  squares  of  the  shadow  and  of  twelve.  Multiply  the 

result  by  the  sine  of  latitude  and  divide  by  the  sine  of  colatitude. — Again 

multiply  the  sine  of  greatest  declination  by  the  sine  of  the  sun’s  longitude 

divided  by  the  sine  of  colatitude  ;  the  result  is  the  sine  of  the  sun’s  amplitude. — 

Deduct  from  the  latter  sine  the  result  obtained  above  in-  the  ease-  of  the-  sun 
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having  northern  declination,  and  add  it  in  the  case  of  southern  declination  ; 

multiply  the  difference  (resp.  sum)  by  the  hypothenuse  of  the  shadow,  and 

divide  by  the  Radius ;  the  resulting  ahgulis  are  the  koti  (perpendicular). 

The  square  root  of  the  difference  of  the  squares  of  the  koti  and  the  shadow  is 

the  Mhu  (base). — In  fixing  the  directions  the  b&hu  is  even  (i.  e.  coincides  with 

the  east-west  line),  and  at  right  angles  to  the  koti. 

A  rule  for  finding  the  distance  of  the  base  of  the  gnomon  (or  else  the 

distance  of  the  end  of  the  shadow)  from  the  east-west  line. — At  first  the  sine 

of  the  sun's  altitude  is  found  by  means  of  the  following  proportion 

hypoth.  shad.  :  12  =  Rad  :  sin  alt. 

From  this  the  base  of  the  sun’s  altitude  is  found  by  means  of  the  fol¬ 

lowing  proportion 

sin  colat. :  sin  lat,  =  sin  alt.  :  base  alt. 

Thereupon  the  sun’s  sine  of  declination  for  the  given  time  is  calcu¬ 
lated  by  means  of  the  proportion 

Radius  :  sin  great,  declin.  =  sin  sun’s  longit.  :  sun’s  sin  declin. 

and  therefrom  the  sun’s  sine  of  amplitude  by  the  following  proportion 

sin  colat,  ;  Rad.  =  sin  declin,  ;  sin  ampl. 

The  expression  for  the  latter  therefore  is 

Sill  clinpl  _ sfa  Ht.  X  sin  great,  dec}.  Bad  _ sin  lat.  X  sin  great,  declin, 
k  *  Bad.  ^  sin  nnlnt,.  sin  nnl at  * 

We  thereupon  take,  in  the  northern  hemisphere,  the  difference  of  the 

sine  of  amplitude  and  the  base  of  altitude— -and  the  sum  of  the  two  in  the 

southern  hemisphere—,  and  thus  obtain  the  distance  of  the  base  of  the  perpen¬ 
dicular,  representing  the  altitude,  from  the  east-west  line.  In  order  to  reduce 

this  distance  to  the  terms  of  the  small  4ahku,  i  e,,  the  gnomon,  the  following 

proportion  is  established 

Rad;  dist,  =hyp.  shad.;  bhuja; 

the  bhuja  thus  found  being  the  distance  of  the  base  of  the  gnomon 
horn  the  east-west  line.  This  distance,  ordinarily  called  bhuja,  is  by  Var4ha 
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jSdihira  called  koti.  It  being  here  defined  as  the  interval  between  the  base  of 

the  gnomon  and  the  east-west  line,  the  presupposition  is  that  the  gnomon 

is  so  placed  that  the  end  of  the  shadow  falls  on  the  central  point  formed  by 

the  intersection  of  the  east-west  and  the  north-south  line.  If  on  the  other 

hand  the  gnomon  occupies  the  central  point,  the  koti  (or  bhuja)  is  the 
interval  between  the  end  of  the  shadow  and  the  east-west  line. 

55.  Multiply  the  Radius  by  the  interval  between  the  shadow  and  the 

east-west  line  (i.  e.  by  the  koti  =  bhuja  found  above),  and  divide  by  the 

hypothenuse  of  the  shadow.  Of  this  result  there  has  to  be  taken  the  difference 

(from  the  result  found  above,  viz.,  the  base  of  the  sun’s  altitude),  if  there  is 

sameness  (i.  e.,  if  the  bhuja  of  the  sanku  and  the  base  of  the  sun’s  altitude  are 
both  measured  in  the  same  direction) ;  while  the  sum  has  to  be  taken,  if  there 

is  difference  ( i .  e,,  jf  one  of  the  mentioned  quantities  is  to  be  measured  from 

the  north  to  the  south,  and  the  other  from  the  south  to  the  north).  The 

result  is  the  sine  of  the  sun’s  amplitude. 

50,  Multiply  the  latter  sine  by  the  sine  of  colatitude,  and  divide  by 

the  sine  of  greatest  declination  ;  the  result  is  the  sine  of  the  sun’s  longitude. — 
According  to  the  rules  here  given  for  the  sun  the  corresponding  calculations 

have  to  be  made  for  the  other  planets  also. 

The  above  rule  for  calculating  the  sun’s  longitude  from  the  observed 

koti  (= bhuja)  i.  e.,  the  distance  of  the  point  of  the  shadow  from  the  east- 

west  line  at  a  given  moment  is  simply  the  reverse  of  the  preceding  rule. — The 

expression  for  the  sine  of  the  sun’s  longitude  is  as  follows 

_  sin  ampl*  x  sin  colat.  v  x  Bad.  _ sin  am  pi.  x  sin  colat. 
SIB  longlt,  — -  liadr  ̂   sin  great,  deal-  sin  great  declw.  * 



CHAPTER  V. 

On  the  Moon’s  becoming  Visible. 

1.  Take  on  the  one  hand  the  sum,  and  on  the  other  hand  the  differ¬ 
ence,  of  the  distance  of  sun  and  moon  and  the  difference  of  their  declinations ; 

multiply  the  two  quantities  thus  obtained  and  take  the  square  root  of  the 

product.  Divide  by  that  product  the  difference  of  the  declinations,  which 

previously  has  been  multiplied  by  the  latitude  of  the  moon. 

2.  The  result  has  to  be  deducted  from  the  interval  of  sun  and 

moon,  if  the  moon’s  latitude  has  the  same  direction  as  the  difference  of  the 

declinations  ;  in  the  opposite  case  the  result  has  to  be  added.  In  the  case 

of  the  morning-twilight  the  directions  as  to  adding  and  subtracting  have  to 
be  reversed. 
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If  that  (corrected  interval  of  sun  and  moon)  rises  in  two  nadikas, 

which  
we  infer  from  the  seventh  

sign  of  the  ecliptic 
— counting  

from  the 

sun —  ;  then,  the  sky  being  
clear,  

the  moon  is  seen  by  men. 

A  rule  for 

Fig.  2. 

determining  the  distance  from  the  sun  at  which  the  moon 

becomes  visible  after  new  moon..  Let  (fig.  2)  E  S  represent 

a  segment  of  the  Ecliptic,  in  which  S  is  the  place  of'  the 

sun  and  E  the  point  in  which  the  moon’s  circle  of  latitude 

cuts  the  ecliptic.  The  moon’s  place  is  m.  E  B  is  a  seg¬ 
ment  of  the  day  circle — parallel  to  the  Equator — described 

by  the  point  E  of  the  Ecliptic;  B  S  a  segment  of  the  sun’s 

circle  of  declination  ;  md  a  segment  of  the  moon’s  circle  of 
declination.  Treating  all  the  arcs  as  straight  lines,  we 

have  in  the  right  angled  triangle  E  B  S 
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E  B  =  t/E  S'  -  B  S’ = v/(E'STB"S)XE  S  -  B  S) 

Now  BS  and  m  d  being  parallel,  the  angles  ESBandmdE  are 

equal,  and  hence  the  two  right  angled  triangles  are  similar.  We  thence  find 

by  proportion 

Ed  = 
By  the  amount  of  Ed  so  found  the  distance  of  the  moon  from  the  sun 

in  the  ecliptic  has  to  be  corrected.  Ed  has  to  be  deducted  in  case  of  the 

moon’s  latitude  and  the  difference  of  the  declinations  of  the  two  bodies 

having,  the  same  direction  ;  while  it  has  to  be  added  in  the  opposite  case. — 

The  moon  is  first  seen  when  her  corrected  distance  from  the  sun  amounts  to 

so  much  that  it  sets — or,  what  is  the  same,  that  an  equally  large  piece  of 
that  sign  of  the  Ecliptic,  that  is  seventh  from  the  sign  in  which  the  sun  is 

at  the  time,  rises — in  two  nadikas. 

4.  (The  text  and  meaning  of  the  first  half  of  this  stanza  is  doubtful ; 

it  possibly  contains  a  remark  of  an  astrological  character,  as  explained  in  the 

Sanskrit — Commentary). 

The  twelfth  part  of  the  hypothenuse  represents  the  illumined  part  of 

the  moon  ;  it  is  to  be  laid  off  in  the  direction  of  the  base. 

By  the  hypothenuse  we  have  to  understand  the  interval  between  sun 

and  moon  as  in  figure  2.  The  moon’s  diameter  is  supposed  to  be  divided 
into  fifteen  angulis  all  of  which  are  illumined  when  the  moon  is  in  opposition, 

i.  e.,  at  the  distance  of  180°  from  the  sun.  Hence  the  formula 

Illumined  part  =  - 

5.  The  perpendicular  is  constituted  by  the  difference  of  the  declina¬ 

tions  (of  sun  and  moon)  and  of  the  latitude  ;  of  which  two  quantities  the  sum 

has  to  be  taken  if  their  direction  is  the  same,  otherwise  the  difference.  The 

hypothenuse  is  the  interval  between  sun  and  moon.  The  square  root  of  the 

difference  of  the  squares  of  those  two  sides  is  the  base. 

6.  Let  the  perpendicular  be  laid  off  in  that  direction  in  which  the 

sun  is  with  regard  to  the  moon,  one  degree  being  supposed  equal  to  one 

anguli ;  in  the  same  way  the  base  and  the  hypothenuse  are  to  be  laid  off 

with  angulis. 
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7.  First  lay  off  the  hypothenuse  from  the  centre  of  the  moon  ;  then 

from  the  hypothenuse  the  perpendicular  
;  then  the  base  in  the  direction  of  the 

moon’s  centre.  This  base  is  called  aksha  (axis)  on  the  moon’s  circumference. 
•  Measure  out  the  illumined  part  from  the  middle  (i.  e.,  the  hypothenuse  which 

divides  the  moon  into  two  halves) ;  it  has  the  shape  of  a  bow. 

Directions  how  to  draw  a 

Fig.  3. 

diagram  of  the  illumined  part  of  the  moon, 

which  are  immediately  intelligible  from 

figune  3,  in  which  S  represents  the  sun’s 
place  and  m  the  centre  of  the  moon.  The 

line  mh,  which  ordinarily  is  called  koti, 

Var&ha  Mihira  calls  bhuja,  and  h  S  which 

ordinarily  is  called  bhuja  he  calls  koti.  The 

illumined  part  of  the  moon  is  abc ;  the 

ahgulis  which  determine  the  amount  of  the 

illumination  are  measured  off  on  the  dia¬ 

meter  bm  from  the  point  b. 

8.  Multiply  (the  moon’s)  southern  or  northern  latitude  by  the 
equinoctial  shadow,  and  divide  by  12.  The  resulting  degrees  are,  in  the  case 

of  the  moon’s  rising,  to  be  added  (if  the  latitude  is  southern),  and  to  be 
deducted  (if  the  latitude  is  northern) ;  the  reverse  has  to  be  done  at  the  time 
of  setting. 

9.  From  the  longitude  of  the  sun  lessened  by  that  of  the  moon 

(ascertain  the  number  of  the  intervening  signs) ;  according  as  they  are  less  or 
more  than  six,  the  rising  of  the  moon  has  to  be  determined  as  taking  place 
during  the  day  or  during  the  night,  owing  to  the  rising  of  the  sun. 

1
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Having  thus  (i.  e.  in  the  way  indicated  in  stanza  8)  performed  the 

subtraction  

or  addition,  
deduct  

the  moon’s  
longitude,  

lessened  
by  that  

of  the sun,  
from  

half  
the  circle 

;  in  the  time  
(reckoned  

from  
sunrise)  

equal  
to  the  time 

of  the  rising  
of  the  remaining  

signs  
the  moon  

goes  
to  her  setting. 

The  above  are  rules  for  finding  the  time  of  the  moon’s  rising  and 
setting.  First  there  is  given  a  rule  for  the  so-called  drik-karman,  which 
however  neglects  the  ̂ yana-drik-karman,  and  limits  itself  to  the  aksha-drik- 
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karman,  i.  e.,  that  operation  by  which  there  is  determined  that  point  of  the 
ecliptic,  together  with  which  a  planet  having  latitude  rises  in  a  given  terres- 

trial  latitude.  In  figure  4  E  L  B  re- 

P  presents  an  arc  of  the  Ecliptic,  L  m  H 

the  horizon,  m  the  moon’s  true  place, 
E  its  place  in  the  Ecliptic  to  which  it 

H  is  referred — in  the  Indian  fashion — by 
means  of  a  circle  of  declination,  L  that 

point  of  the  Ecliptic  which  rises  to¬ 

gether  with  the  moon.  In  order  to 

determine  E  L,  we  look  upon  the  triangle  E  i»  L  as  a  plane  one,  in  which  the 

angle  E  m  L  is  equal  to  the  terrestrial  latitude,  and  its  complement  m  L  E  to 

the  colatitude.  We  then  establish  the  proportion 

E  L  :  sin  latit.  =  E  m  :  sin  colatit. 

E  L  = 
Bin  lat.  x  Em 

sin  colat. 

we  finally  obtain 

Substituting 
Equin.  shad,  p  sin  lat. 

12  (  =  gnomon)  IOr  sin  colat/ }
 

EL 
moon’s  lat.  x  equin.  siiad. 

.  ̂   '  - 

The  amount  so  found  is  added  to,  or  deducted  from,  the  moon’s 

longitude,  according  as  the  moon  has  southern  or  northern  declination. — 

Stanzas  9  and  10  present  no  difficulties. 



CHAPTER  VI. 

Lunar  Eclipses  (according  to  the  Paulisa  Siddhanta.) 

1

.

 

 From  the  n&dikas  of  the  tithi,.  which,  taking  sunrise  as  the 

starting  
point,  have  elapsed  or  are  yet  to  come,  the  corresponding  

minutes of  motion  of  the  moon  have  to  be  calculated.  
They  are  to  be  deducted  

from 
the  moon  s  place  (in  case  of  the  full  moon  tithi  having  

terminated  
before 

sunrise),  
and  we  thus  obtain  the  place  of  the  moon  at  that  time  (£.  e.,  the 

time  of  the  termination  
of  the  full  moon  tithi,  i.  e.,  the  time  of  opposition)  

; while  in  the  opposite  
case  the  minutes  

have  to  be  added. 

There  is  some  corruption  in  the  last  line  of  the  text  of  the  stanza  ; 
but  there  can  be  no  doubt  about  the  general  meaning.  The  longitude  of  the 
moon  had  hitherto  been  calculated  for  sunrise  ;  now,  when  the  discussion  of 
lunar .  eclipses  begins,  it  becomes  requisite  to  find  it  for  the  moment  of 
opposition,  i.  e.,  the  end  of  the  tithi  of  full  moon.  According  as  that  moment 
precedes  or  follows  the  sunrise  for  which  the  moon’s  longitude  had  been  found 
the  latter  has  to  be  diminished  or  increased  by  the  amount  of  the  moon’s motion  during  the  interval. 

2.  Deduct  from  the  longitude  of  Rahu  twenty-six  minutes  and 
thereupon  take  the  degrees  intervening  between  R&hu  and  the  moon’  If these  degrees  are  within  thirteen,  there  is  an  eclipse;  if  within  fifteen  there  is 
the  shadow  of  an  eclipse.  

’ 

3.  Deduct  the  square  of  the  minutes  of  the  moon’s  latitude  from 
the  square  of  fifty-five,  and  take  the  square  root  of  the  remainder.  Doubling it  and  operating  upon  it  in  the  manner  of  the  tithi,  we  find  the  time  of  the 

duration  of  the  eclipse.  
'  ° 

,  *  “'■‘f®  V  the  degrees  of  the  inter™!  between  the  moon And  Rahu,  and  multiply  by  five ;  the  result  taken  as  vinadikas  is  to  be  added to  the  duration  of  the  eclipse  in  the  case  of  RShu  being  more  advanced  in longitude  than  the  moon ;  otherwise  it  is  to  be  deducted. 
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The  former  half  of  stanza  2  refers  back  to  the  rule  given  in  III.  29 

concerning  the  place  of  the  moon’s  node.  Its  latter  half  states  the  lunar 

ecliptic  limits.  By  the  expression  ‘shadow  of  an  eclipse’  we  apparently  have 
to  understand  a  quasi-eclipse,  i.  e.,  the  diminution  of  the  moon’s  light  by  the 
penumbra  (?) 

Stanza  3  calculates  the  duration  of  the  eclipse  from  the  line  1  C 

(fig.  5)  which  itself  is  determined  as 

one  of  the  sides  of  a  right  angled 

triangle  of  which  ml  i.  e.,  the  lati¬ 
tude  of  the  moon  at  the  moment  of 

contact  with  the  shadow  is  the  other 

side,  and  mC  i.  e.,  the  sum  of  the 
radii  of  the  moon  and  the  shadow  the 

hypothenuse.  Seventeen  minutes  are 

taken  for  the  mean  value  of  the  moon’s 

radius,  and  thirty-eight  for  the  mean 
value  of  the  radius  of  the  shadow  ; 

the  sum  of  these  two  quantities 

amounts  to  fifty-five.  The  time  which 

the  moon  takes  in  passing — by  means 
of  the  difference  of  the  motions  of  sun 

and  moon — along  1  C  is  half  of  the 

total  duration  of  the  eclipse.  This  time  is  found  by  a  proportion  similar  to 

that  employed  for  finding  the  n&dik&s,  past  and  to  come,  of  a  tithi,  viz. 

Minutes  of  diff.  of  motions:  60  nad.  =  double  the  minutes  of  1C: 

duration  of  eclipse. 

To  the  duration  so  found  stanza  4  directs  us  to  apply  a  correction 

whose  x-ationale  we  are  however  unable  to  assign. 

5.  By  five,  diminished  by  the  degrees  of  interval  (between  the 

moon  and  her  node),  let  ten  be  diminished  and  multiplied,  then  multiply  by 

four,  take  the  square  root  and  multiply  the  latter  by  twenty-one  ;  the  fifth 

part  of  the  result  indicates  the  minutes  of  total  obscuration. 

A  rule  for  calculating  the  time  of  complete  obscuration  during  a  total 

eclipse  of  the  moon. — The  quantity  to  be  calculated  first  is  the  latitude  of 

the  moon  at  the  moment  when  complete  obscuration  begins.  F or  this  purpose 

Fig-  5. 
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the  sine  of  the  degrees  intervening  between  the  moon  and  the  node  is 

calculated,  according  to  the  formula:  sine=2- -*  (21  being  the  sine  of 
10  degrees  if  the  Radius  =120,  a.nd  ten  degrees  being  introduced  into  the 

formula,  because  in  the  case  of  a  total  eclipse  the  interval  between  moon 

and  node  must  be  less  than  10  degrees.)  The  sine  of  latitude  is  then 

calculated  on  the  assumption  of  the  moon’s  greatest  latitude  amounting  to 

240',  whence  the  proportion 

Radius  :  sin  great,  latit.  =  21  ■  *  ^egr?-9 :  sin  lat. 

•  _ 240  x  21  x  degrees _ 21  x  degrees^ •  •  Sm  lat*  120  x  10  5 

Having  thus  found  mT  (fig.  5)  we  ha»ve 

l'C  =  v/  m'C*-mT’=  v/ (Ct  -  tm')!  -  ̂  x  degr.  * 

=  t// (38  —  17)*  —  ̂  x  degr.a  =  -j-v/25  — degr.’ 

=  (5~degE)(5Tdegry  =  ~~x/[5  -  degr.]  [10  -  (5  -  degr.)] 

Multiplying  this  last  expression  by  two,  in  order  to  find  the  whole 

duration  of  total  obscuration,  we  finally  have  : 

Minutes  of  total  obscuration 

=-J-  x  2\/ [5^degr\]  [10  - (  5  -  degr7) ] 

=  -B-\/ 4  [5  —  degr.]  [10  —  (5  —degr.)] 

6.  Within  a  time  equal  to  the  difference  of  half  the  duration  of  the 

eclipse  and  half  the  period  of  total  obscuration  the  shadow  swallows  the  whole 

moon. — The  direction  of  the  contact  and  the  separation  is  to  be  determined 

by  means  of  the  degrees  of  the  interval  between  the  moon  and  the  node. 

7.  That  direction  is  opposite  to  the  direction  of  the  moon’s  latitude. 

Divide  the  quadrant  of  the  moon’s  circumference  into  thirteen  parts,  and 
from  the  east-point  lay  off  the  degrees  of  the  direction  of  the  eclipse  (L  e., 

the  degrees  of  the  valana  or  deflection).  At  the  point  thus  determined 

the  parvan,  i.  e.,  the  beginning  of  the  eclipse  takes  place. 

8.  Multiply  the  degrees  of  terrestrial  latitude  by  a  quarter  of  the 

moon’s  circumference,  and  again  by  the  degrees  intervening  between  the 
moon  and  the  zenith,  and  divide  by  8100;  the  result  is  the  deflection 

(valana)  which  is  north  in  the  eastern  hemisphere,  south  in  the  western  one. . 
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A  rule  for  calculating  the  socalled  aksha  valana,  i.  e.,  the  deflection 

due  to  latitude  (the  &yana  valana  being  altogether  neglected).  The  rule 

given  in  stanza  8  for  the  &ksha  valana  is  based  on  the  proportion :  If  90° 
zenith-distance  give  a  deflection  equal  to  the  terrestrial  latitude,  how  much  do 

the  given  degrees  of  zenith  distance  give  ? — This  is  combined  with  the  further 

proportion:  If  90°  give  an  arc  .equal  to  one  quarter  of  the  moon’s  circum¬ 
ference,  how  much  do  the  calculated  degrees  of  deflection  give  ? — The 

resulting  formula  for  the  arc  of  deflection  to  be  laid  off  on  the  moon’s 
circumference  is 

A  y*/-j  —  zenith  dist.  x  latifc.  x  £  circumf.  of  moon 
^  90  x  90  =  8100.  ' 

We  do  not  know  the  reason  for  the  direction — given  in  stanza  7 — 

to  divide  each  quarter  of  the  circumference  into  thirteen  parts. 

9
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During  a  total  eclipse  dark  yellow  is  to  be  declared  the  peculiar 

colour  of  the  moon ;  her  colour  is  dusky  in  the  case  of  eclipses  
taking  place  during 

the  rising  or  setting  
of  the  moon  ;  and  waterish  

in  the  case  of  partial  
eclipses. 

10.  [A  stanza  of  doubtful  import;  see  the  Sanskrit  Commentary.] 

11.  Describe  in  one  place  (4.  e.  from  one  centre)  three  circles,  one,  viz., 

the  moon’s  circle  with  a  string  measured  by  seventeen  minutes,  a  second  one,  viz., 
theeircle  of  the  shadow  with  a  string  of  thirty-eight  minutes,  and  a  third  one,  viz., 

the  circle  of  duration  with  a  string  equal  inlength  to  the  sum  of  the  two  quantities. 

12.  (Ascertain)  by  means  of  the  degrees  (of  deflection)  to  be  laid  off 

in  the  direction  stated  above  the  east  and  west-line  of  LanlA,  and  draw  on 

both  sides  of  it  thirteen  long  lines,  at  equal  distances  from  one  another. 

13.  This  is  a  concise  description  of  the  projection  of  a  lunar  eclipse, 

tho  details  of  which  are  to  be  known  from  explanation.  The  first  contact, 

the  complete  obscuration  and  the  duration  are  there  seen  through 

appropriate  constructions. 

14.  In  a  lunar  eclipse  the  moon  is  seen  to  touch  the  shadow  of  the 

earth  from  the  west-side ;  in  the  same  way  she  touches,  in  a  solar  eclipse, 

the  sun  from  the  west-side ;  hence  the  eastern  part  of  the  moon  is  first 

touched,  but  not  that  of  the  sun. 

Stanzas  11-13  contain  some  rather  general  directions  how  to  draw 

the  projection  of  a  lunar  eclipse,  on  the  ground  of  the  hksha  valana  previously 

calculated.  Compare  the  Sanskrit  Commentary.  ,  •  . 



CHAPTER  VII. 

Solar  Eclipses,  according  to  the  FaullIa  Siddhanta. 

1.  As  many  nadikas  as  there  remain  until  midday  (from  the  time  of 

conjunction),  or  as  many  as  have  elapsed  since  midday,  have  to  be  multiplied 

by  six.  The  thirtieth  part  of  the  corresponding  sine  is  the  “  bending”' 
(displacement)  of  the  tithi  (L  e.  the  parallax  in  longitude). 

A  rule  for  calculating  the  parallax  in  longitude.  We  ascertain  the 

hour  angle  (multiplying  the  given  n&d’ikas  by  6,  six  degrees  going  to  each 
nadika),  and  establish  the  following  proportion  :: 

Radius  :  greatest  parallax  =  sin  hour  angle  :  desired  parallax. 

The  greatest  parallax  being  assumed  equal  to.  the  mean  motion*, 

during  four  nidikas,  we  thus  have  r. 

Desired  parallax  = 

2 — 4.  [Three  stanzas  of  doubtful  import.] 

5.  Deduct  twenty-six  minutes  from  the  longitude  of  R&hu,  and  take 

the  degrees  intervening  between  Rahu  and  the  moon.  If  they  are  within 

thirteen,  there  takes  place  an  eclipse-  of  the.  moon ;  and  an  eclipse  of  the 

sun,  if  they  are  within  eight. 

A  stanza  agrreeing,  as  far  as  lunar  eclipses  are  concerned,  in  contents 

and  enunciation  with  stanza  2  of  chapter  VI. 

6.  Deduct,  in  the  ease  of  the  moon,  the  square  of  the  degrees  of 

the  interval  from  169,  in  the  case  of  the  sun  from  64  ;  the  square  roots  of  the 
remainders  minus  their  fourth  parts  indicate  the  duration  of  the  lunar  and 

solar  eclipses. 
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If  we  calculate  the  moon’s  latitude  at  the  moment,  when  complete 
obscuration  begins,  in  the  manner  taught  in  stanza  5  of  the  preceding  chapter, 
with  the  one  difference  of  making  the  greatest  latitude  equal  to  270  (not  240) 
minutes,  we  obtain 

latitude  =  270  x  JL  x  degrees  of  Interval 
120 

270  x  2  x  degrees _ 9  x  degrees 
120  2 (approximately). 

By  means  of  the  latitude  so  found,  and  assuming  half  the  sum  of  the 
diameters  of  moon  and  shadow  to  be  equal  to  58  minutes,  we  find _ in  the 

customary  manner 

Measure  of  half  duration  of  eclipse  =  v/ 58s  —  latit. ’ 

=  ̂  58*  —  --(degrees  of  interval)*  =  | (5^-2)2  —degrees  ’ 

=  13s  — degrees2  (approximately). 

In  order  to  find  from  the  latter  expression  the  whole  duration  of  the 

eclipse  in  terms  of  nfUlik&s,  we  multiply  it  by  2x60,  and  divide  by  the 

difference  of  the  daily  motions  of  sun  and  moon,  when  we  obtain  : 

duration  of  eclipse  ^^169  —  degrees* = 

“  V7 169— degrees*  =  f-  V/’  169  —  degrees*. 

In  the  case  of  a  solar  eclipse  we  find  by  an  analogous  process,  and 

assuming  half  the  sum  of  the  diameters  of  sun  and  moon  to  be  equal  to 
35  minutes  ; 

Measure  of  half  the  eclipse=  ̂ 35’— x  degrees* 

-  2_v/ (3~sr)J- degrees*  =  §'v^64  —  degrees*  (approximately). 

A.nd  for  the  duration  of  the  whole  eclipse  in  nadikas 

Duration  =  ^ 64— degrees* 

=  |  a/ 64— degrees’  (approximately). 



CHAPTER  VIII. 

Solar-  Eclipses,  according  to  the  Romaka  SiddhAnta. 

1.  Multiply  the  ahargana  by  150,  deduct  65,  and  divide  by  54787  ; 

the  result  is  the  mean  longitude  of  the  sun  in  due  succession  (i.  e.  revolutions, 

signs,  etc.),  according  to  the  Romaka-Siddhanta, 

This  rule  follows  immediately  from  the  nature  of  the  yuga  acknowledged 

by  the  Romaka  Siddhanta,  as  described  in  I.  15.  Instead  of  the 

reduced  fraction  is  employed.  Sixty-five  is  the  kshepa — quantity 

enabling  the  calculations  to  start  from  the  epoch  chosen. 

2.  The  operation  of  finding  the  true  places  of  the  sun  and  the 

moon  is  performed  by  means  of  the  quantities  (about  to  be  stated)  measured 

for  half  signs  of  the  anomaly  of  sun  and  moon,  and  arranged  in  direct  as 

well  as  inverse  order.  Of  the  sun  (the  mean  longitude)  has  to  be  deducted 

from  half  of  Gemini,  i.  e.,  from  two  and  a  half  signs. 

The  Romaka  Siddhanta  calculates  the  equation  of  centre  of  the  sun  and 

moon  for  each  half  sign,  i.  e..  progressing  from  15  to  15  degrees.  The  six 

quantities  thus  obtained  for  the  first  quarter  of  the  circle  are  employed  for 

the  second  quarter  in  the  inverse  order  and  so  on. — In  order  to  obtain  the 

kendra,  i.  e.,  the  anomaly  of  the  sun  we  have  to  take  the  difference  of  his 

mean  longitude  and  of  the  longitude  of  his  apogee,  which  is  estimated  at  2 1 

signs  =  75°. 

3.  Twentyincreased  in  succession  by  fifteen,  fourteen,  ten  and  four,  and 

diminished  by  six  and  fourteen  are  the  minutes  (which  added  up  in  succession 

give  the  amounts  of  the  equation  for  15°  30’  45°  etc).  Eighteen  and  five 
seconds  have  to  be  deducted  (from  the  first  and  second  quantities)  ;  (to  the 
four  others)  two,  ten,  sixteen,  eighteen  seconds  have  to  be  added. 

The  six  quantities  indicated  in  the  above  stanza  stand  as  follows  : 
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34' 42";  33'  55"  ;  30'  2";  24' 10";  14' 16";  6'  X 8" ; 

which  added  up  give  the  following  equations 

Anomaly 

15° 

30°
 

45° 

o o 

75°
 

90°
 

Equation 

34'  42" 68'  37" 
98'  39" 

122' 49" 

137'  5" 

143'  23" 

4
.
 
 

Multiply  the  ah&rgapa  by  38'900',  deduet  1984,  and  divide  by 

1040953  ;  the  quotient  
indicates  

the  mean  longitude  
of  the  moon. 

This  rule  follows  immediately  from  the  constitution  of  the  yuga. 
assumed  in  the  Romaka  Siddh&nta  (excepting  the  kshepa.  quantity); 

5.  Multiply  the  ahargana  by  110,  add  609,  and  divide  by  3031  .  the 

quotient  gives  the  position  of  the  moon’s  kendra  at  sunset  in  Avanti. 

The  assumption  here  is  that  the  kendra  of  the  moon.-  performs  110' 

revolutions  in  3031  s4vana  days  or,  in  other  words,  that  the  latter  period 

contains  110’ anomalistic  months. 

6.  One  degree  plus  14,  11  and  2  (minutes)';  four  times  eighteen  (i.  e.,. 

seventy-two)  lessened  by  eight  times  three  (24)  ;  five  times  six  (30);  and. 

sixty  minus  eight  times  six  (12).  The  last  two  quantities  are  to  be  lessened. 

by  one. 

A  statement  of'  the1  differences  of  the  moon’s  equation  of  the- centre,, 
taken  from,  fifteen  to  fifteen,  degrees.  By  adding  up  the  stated,  quantities  we 

obtain  the  following  table 

Anomaly 

*  15" 

30°
 

45°
 

60° 

75°
 

90°
 

. . .  I 

Equation  ...  i 

1°  14' 2°  25' 
3.°  27' 4°  15' 4°  44' 

4°  56' 

7

.

 

 

Thf.  daily  motion  of  the  moon  amounts  to  790  minutes,  that  of 

the  
moon’s  

anomaly  
to  784.  

By  taking  
the  difference  

of  the  true  
motions (on  

two  
consecutive  

days)  
we  obtain  

the  
past  

true  
daily  

motion,  
as  well 

as  the  one  during  
the  coming  

night  
( i .  e.  nychthemeron),. 
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8.  Multiply  the  ahargana  by  24,  add  56266  and  divide  by  163111  ; 

the  result  is  the  successive  position  (in  revolutions,  signs,  etc.)  of  the  head  of 

Rahu  (i.  e.,  the  moon’s  ascending  node),  reckoning  backwards  from  the  end 
of  Pisces  (  =  first  point  of  Aries). 

Twenty-four  revolutions  of  the  node —whose  movement  is  retrograde  — 

are  supposed  to  take  place  in  163111  savana  days. 

9.  As  many  n4dikas  as  there  remain  until  midday,  or  else  as  many 

n&dik4s  as  have  elapsed  since  midday,  are  to  be  multiplied  by  six.  The 

thirtieth  part  of  the  corresponding  sine  is  the  displacement  of  the  tithi, 

(i.  e.,  the  parallax  in  longitude). 

A  rule  literally  agreeing  with  the  corresponding  rule  of  the  Paulisa 

SiddMnta  (VII.  1). 

10.  And  from  the  nadikas  which  have  elapsed  since  sunrise  calculate 

the  orient  ecliptic  point;  from  the  latter  plus  nine  signs  (i.  e.,  from  the  point 
called  vitribha  or  tribhona)  ascertain  the  degrees  of  declination. 

A  rule  for  finding  the  highest  point  of  the  ecliptic,  the  so-called 

tribhona  or  vitribha,  whose  longitude  is  less  by  three — or  more  by  nine _ 
signs  than  that  of  the  orient  ecliptic  point.— In  order  to  find  the  zenith 
distance  of  that  point  we  have  at  first  to  determine  its  declination. 

11.  Multiply  the  sine  of  the  difference  of  the  orient  ecliptic  point, 
of  three  and  of  the  node  by  two,  and  divide  by  sixty.  The  result  in  degrees 
is  to  be  deducted  from  the  declination  (calculated  above)  if  the  directions  of 
the  two  are  opposite ;  while  the  two  are  to  be  added,  if  the  result  (and  the 
declination)  have  the  same  direction. 

12.  If  northern,  (the  declination  so  corrected)  deducted  from  the 
terrestrial  latitude— and,  if  southern,  added  to  it— is  to  be  considered  as  the 
southern  (zenith  distance  of  the  tribhona) ;  while  if  northern  and  greater  than 
the  terrestrial  latitude  it  is  to  be  viewed  as  northern  (zenith  distance). 

A  process  preliminary  to  the  calculation  of  the  parallax  in  latitude. 

What  we  require— and  what  generally  is  ascertained  in  Hindu  Astronomy 
to  that  end — is  the  zenith  distance  of  that  point  of  the  ecliptic  which  has 
the  greatest  altitude  (vrhich  point  is  called  vitribha  or  tribhona) ;  the  sine 



(  51  ) 

s 

of  which  distance  is  tech¬ 
nically  called  drikkshepa 

(T  Z  in  figure  6  ;  in  which 
figure  A  C  is  the  Ecliptic, 

a  c  the  moon’s  orbit,  and 
FZTD  the  projection 

of  a  great  circle  passing 

through  the  pole  of  the 

Ecliptic,  the  zenith  and 
the  tribhona  T,  and  cut¬ 

ting  the  moon’s  orbit  in t). 

The  Romaka  Siddh&nta  however  makes  the  amount  of  the  parallax 

of  latitude  to  depend  not  on  the  drikkshepa,  but  on  the  sine  of  t  Z.  In  order 

to  calculate  this  latter  quantity  it  at  first  calculates  t  T.  There  having  been 

ascertained  d  T  i.  e,,  the  interval  between  the  tribhona  and  the  moon’s  node, 
the  following  proportion  is  established 

Rad  :  sin  greatest  latit.  of  moon  =  sin  d  T  :  sin  t  T. 

The  greatest  latitude  being  assumed  equal  to  240',  we  have 

sin  t  T  =  ̂ ~^=2  sin  d  T. 

The  resulting  minutes  are  turned  into  degrees  by  being  divided  by  sixty. 
♦ 

To  t  T  so  found  T  Z  ought  to  be  added  in  order  to  find  the  zenith 

distance  of  t ;  but  instead  of  T  Z  there  is  taken  LZ  which  is  known  from  the 

declination  of  L  and  the  terrestrial  latitude. 

13.  Multiply  the  daily  motion  of  the  moon  by  the  sine  of  that 

(zenith  distance  as  found  above),  and  divide  by  1800;  the  result  is  the 

parallax  in  latitude.  The  mean  measure  of  the  sun  is  thirty  minutes,  that 

of  the  moon  thirty-four. 
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14.  Multiply  the  sine  of  the  distance  of  the  moon,  which  (at  the 

moment  of  conjunction)  has  the  same  longitude  (with  the  sun),  from  the  node 

by  twenty-one  and  divide  by  nine ;  take  the  sum  of  the  result  and  of  the 

parallax  in  latitude,  if  there  is  sameness  of  direction ;  and  the  difference  of 

the  two,  if  there  is  opposition. 

Rules  for  finding  the  parallax  in  latitude  and  the  moon’s  true  latitude. 
The  rule  for  finding  the  parallax  is  founded  on  the  supposition  that  the 

greatest  parallax  is  equal  to  the  fifteenth  part  of  the  moon’s  daily  motion  ; 
we  therefore  have  the  proportion 

Radius  :  daiiy:11g°tl<,-ia  =  sin  zenith  distance  of  tribhona  :  parallax 

Parallax 
daily  motion x  sin  zen.  -diet. 

15x120" 

In  order  to  find  the  latitude  of  the  moon  we  at  first  establish  the 

proportion 

Radius:  sine  of  greatest  latitude  (=  270')=given  sine  of  moon’s 
distance  from  node  :  desired  latitude. 

We  therefore  have 

T  ̂ 4.-4.  __  270  x  sin  distance _ 27  x  sin  diet. _ 21  x  sin  dist.  21  x  sin  disfc.  /  .  ,  ,  , 

-Liatit  —  120  —  3x4  ~  3x4x21  —  — 3T3 — (approximately) 

27 

By  increasing  or  diminishing  the  latitude  so  found  by  the  parallax 
found  above  we  obtain  the  true  latitude. 

15.  Multiply  the  true  motion  of  the  sun  and  the  moon  by  their 
mean  measure,  and  divide  by  the  mean  motion ;  the  result  Is  the  true  measure, 
in  minutes,  of  the  two  bodies  at  the  given  time. 

16.  Deduct  the  square  of  the  avanati  (i.  e.  the  latitude  of  the  moon 
as  corrected  for  parallax  of  latitude)  from  the  square  of  half  the  sum  of  the 
measure  of  sun  and  moon.  Prom  the  double  square  root  of  the  remainder 

determine  the  time  (of  the  eclipse),  as  in  the  case  (of  the  calculation)  of  the 
elapsed  portion  of  a  tithi. 
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A  rule  for  determining  the  duration  of  the  eclipse.  We  at  first  take 

the  right  angled  triangle  of  which  half  the  sum  of  the  diameters  of  sun  and 

moon  forms  the  hypothenuse,  and  the  moon’s  corrected  latitude  the  perpendi¬ 
cular  ;  the  base  of  this  triangle  represents  half  the  time  of  the  duration, 

expressed  in  minutes  of  arc.  We  then  establish  the  proportion 

Minutes  of  difference  of  sun’s  and  moon’s  motion. :  60  nadikas  =  minutes 
of  arc  of  duration  of  eclipse :  n&dik&s  of  duration. 

17.  As  many  minutes  as  there  remain  on  the  corrected  latitude  being 

deducted  from  half  the  sum  of  the  measures  of  sun  and  moon,  so  many 

angulis  of  the  sun  know  to  be  obscured  by  the  moon. 

18.  Describe  the  circle  of  the  sun  with  half  his  diameter  and  mark 

off  from  its  centre  the  true  latitude,  in  its  appropriate  direction.  From 

the  end  of  that  latitude  describe  the  circle  of  the  moon  with  half  her 

diameter,  and  thereby  show  the  amount  of  obscuration. 

In  diagram  7  A  is  the  centre  of  the  sun, 

B  that  of  the  moon,  AB  the  moon’s  true  latitude. 
The  obscured  amount  D  C  is  therefore  equal  to 

Sun’s  Radius  minus  A  D  ;  which  latter  quantity  is 

itself  equal  to  the  true  latitude  minus  the  Radius 

of  the  moon.  Hence  the  obscured  amount  is  equal 

to  the  sum  of  the  two  Radii  minus  the  latitude. — The  rule  for  delineating  the 

eclipse,  given  in  stanza  18  presents  no  difficulties. 



CHAPTER  IX. 

Solar  Eclipses  according  to  the  SCtrta  Siddhanta. 

1.  According  to  the  Surya  Siddh&nta  the  (mean  place  of  the)  sun  is 

found  successively  (i.  e.,  in  revolutions,  signs,  etc.)  by  multiplying  the  ahargana 

by  800,  deducting  442,  and  dividing  by  292207 ;  (the  place  so  found  is) 

for  midday  at  Avanti. 

According  to  I.  14  the  Sftrya  Siddhanta  teaches  that  180000  revo 

lutions  of  the  sun  take  place  in  65746575  days.  Hence  the  sun  performs  in  a 

given  ahargana 

which  fraction  reduced  by  225  is  equal  to 

The  kshepa  quantity— 442  is  introduced  in  order  to  enable  us  to 

start  in  the  calculation  from  the  epoch  of  the  Panchasiddhantika,  viz, ,  427 

S'aka.  About  its  calculation  see  later  on. 

2.  Multiply  the  ahargana  by  900000,  deduct  670217,  and  divide 

by  24589506  ;  the  result  is  the  (mean  place  of  the)  moon. 

From  the  elements  of  the  yuga  of  the  Sftrya  Siddhanta  as  stated 

in  the  first  chapter  we  deduce  the  number  of  the  sidereal  revolutions  of  the 

moon  within  that  period,  and  thus  obtain  2406389.  In  order  to  find  the 

revolutions  in  a  given  ahargana  we  therefore  should  have  to  multiply  the 

latter  by  2406389  and  divide— as  in  the  case  of  the  sun— by  65746575. 
These  being  however  rather  unwieldy  numbers,  900000  is  substituted  for 
the  former  and  24589506  for  the  latter.  The  substitution  involves  an  in¬ 

accuracy;  for— as  appears  from  an  exact  calculation  the  steps  of  which  are 
exhibited  in  the  Sanskrit  Commentary  on  the  above  stanza  —  the  motion  of 

the  moon  within  a  given  ahargana  strictly  amounts  to 

900000  x  aharg.  746166  x  aharg. 

2458960 6  24589506  x  65746575  ' 
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The  former  quantity  only  is  introduced  into  the  general  rule  for  finding 

the  moon’s  place  ;  the  latter  one  is  provided  for  by  a  special  correction  stated 
further  on.  —  About  the  kshepa-quantity  see  later  on. 

3.  Multiply  the  ahargana  by  900,  add  2260356,  and  divide  by 

2908789  ;  the  result  is  the  place  of  the  moon’s  uchcha. 

The  above  rule  implies  that  900  revolutions  of  the  moon’s  uchcha 

take  place  in  2908789  savana  days.  Ascertaining  therefrom  the  length  of 
one  revolution  and  the  number  of  revolutions  in  one  maMyuga,  we  find  for 
the  latter  488219.  The  expression  for  calculating  the  motion  of  the 

uchcha  in  a  given  ahargana  would  therefore  be  (the  denominator 
of  the  fraction  being  the  savana  days  of  a  mahayuga). 

The  fraction  1577917300  transformed  (see  Sanskrit  Commentary)  into 

«S5  +  i6775T7SolT»55789»  of  which  expression  only  the  former  term  is  employed 

for  the  general  rule,  while  to  make  up  for  the  neglect,  of  the  latter  a 
correction  is  stated  in  the  next  stanza. 

4

.

 

 

Multiply  the  revolutions  of  the  moon  by  51,  and  divide  by  3120  ; 

deduct  
the  result  

taken  as  seconds. 
—Also  

multiply  
the  revolutions  

of  the 

moon’s  
uchcha  

by  10  and  divide  by  297  ;  the  resulting  
seconds  

arp  to  be 

added  to  the  moon’s  
uchcha.  

, 

This  stanza  states  the  corrections  referred  to  above,  which  have  to 

be  applied  to  the  mean  places  of  the  moon  and  her  apogee  as  calculated 

according  to  the  general  rules  embodied  in  stanzas  2  and  3.  -r  A  calculation 

(about  whose  details  see  the  Sanskrit  Commentary)  shows  that,  in  order  to 

make  up  for  the  terms  neglected  in  the  general  rule,  3^0  seconds  for  each 

completed  revolution  have  to  lio  deducted  from  the  moon’s  mean  place ;  and 

that  on  the  other  hand  ̂'7  seconds  for  each  revolution  have  to  be  added  to 

the  place  of  the  moon’s  apogee. 

5.  Multiply  the  ahargana  by  270,  add  to  it - ,  and  divide  by 

1834582  ;  the  result  is  the  place  of  Rdhu  in  revolutions,  etc. 

6.  Deducting  this  from  12  signs  we  have  the  head  of  Rdhu  (i.  e., 

the  moon’s  ascending  node) :  while  by  adding  six  signs  we  have  the  tail  of 

R&hu  ( i .  <?,,  the  descending  node).  The  minutes  of  arc  intervening  between 

R&hu  and  the  moon  (serve  to  calculate)  the  moon’s  latitude;  270  minutes  (are 
the  greatest  latitude). 



(  56  ) 

The  above  rule  for  calculating  the  place  of  the  moon’s  node  requires 
the  assumption  of  23,2226  revolutions  of  the  node  in  a  mahiyuga  ;  for  in  that 

case  we  have  the  proportion  oo~>  which  may  he  reduced  to  igf^gg- 

The  line  stating  the  kshepa  quantity  of  R&hu  is  too  corrupt  to  lend 

itself  to  emendation  ;  we  may  however  in  this  place  state  the  principles 

on  which  all  the  kshepa  quantities  given  in  the  preceding  stanzas  of  this 

chapter  are  calculated.  They  of  course  all  have  the  purpose  of  throwing 

the  rules  for  finding  the  mean  places  into  a  shape  enabling  us  to  begin  our 

calculations  not  from  a  very  remote  period — which  would  oblige  us  to  use 

inconveniently  large  multipliers  and  divisors --but  from  the  epoch  of  the 

Paiichasiddhintikd,  viz.,  42 7  S'aka.  From  tentative  calculations  it  appears 
that  the  kshepas  exhibited  by  Varalia  Mihira  are  calculated,  not  from  the 

beginning  of  the  Kaliyuga  or  the  Mahayuga,  but  from  the  beginning  of  the 

Kalpa.  We  therefore  have  to  form  the  ahargana  from  the  beginning  of 

the  Kalpa  down  to  427  Saka  (cp.  the  Sanskrit  Commentary  and  also  Jour. 

Asiat.  Soc.  of  Bengal  vol.  LIII.  1884  p.  268  ff),  and  to  treat  that  ahargana 

according  to  the  general  rules  for  calculating  the  mean  places.  We  thus  find 

■  that  the  place  of  the  sun  at  the  epoch  of  the  Pahchasi d  cfha n ti k &  was 

- ikwr'  But  as  the  Shrya  Siddhanta  makes  all  its  calculations  for 
midnight,  while  Varaha  Mihira  declares  that  the  rules  given  by  him  are 

adapted  to  midday,  we  have  to  deduct  a  further  amount  equal  to  the  sun’s 

motion  during  half  a  day  (  —  Yxlsifm  =  ~2&ToT~')  an<^  ̂ hus  finally  obtain 
—2922b’  which  agrees  with  the  kshepa  stated  in  the  text. — Calculating  the 

moon’s  position  at  the  epoch  in  an  analogous  manner,  and  again  making  an 

allowance  for  the  moon’s  motion  between  midday  and  midnight,  we  obtain 

for  the  kshepa— 670197,  which  differs  by  an  inconsiderable  amount  only 

from  the  kshepa  stated  in  the  text,  viz. — 670217. — And  finally  applying  the 

same  process,  to  the  moon’s  uchcha  we  find  for  its  kshepa  2260355,  which 
differs  by  one  only  from  the  quantity  stated  in  stanza  3, 

7 — 8.  By  deducting  eighty  degrees  from  the  sun’s  longitude  the 

anomaly  is  found,  and  the  moon’s  anomaly  by  diminishing  her  longitude  by 
that  of  her  apogee.  Multiply  the  sine  of  the  anomaly  by  fourteen  in  the 

sun’s  case,  and  by  thirty-one  in  the  moon’s  ease,  and  divide  by  3.60  ;  take  the 
arcs  corresponding  to  the  results..  Put  the  arcs  down  in  two  places.  The 

result  which  follows  from  the  calculation  for  the  moon  is  subtractive  in  the 

first  half  of  the  circle  and  additive  in  the  second. 
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The  longitude  of  the  sun’s  apogee  is  assumed  to  amount  to  80°,  and 

the  circumferences  of  the  epicycles  of  sun  and  moon  to  14°  and  31°  respect¬ 
ively.  —-The  direction  to  put  down  the  result  in  two  places  seems  due  to  the 
circumstance  that  it  is  employed  also-  in  the  calculation  taught  in  the  next 

stanza.  —  What,  in  the  latter  half  of  the  second  stanza,  is-  said  about  the 

moon’s  equation,  is  valid  for  the  sun’s  equation  as  well. 

9.  Multiply  the  sun’s  equation,  which  had  been  put  down  separately,, 

by  the  sun’s  daily  motion,  divide  by  216-00,  and  treat  the  result  in  the  ease- 
of  the  sun  as  in  the  previous  process  (i.  e.,  add  it  if  the  equation  of  the  centre- 

was  found  to  be  positive,  and  subtract  it  in  the  opposite  ease).  Proceed  in 

the  case  of  the  moon  analogously  to  the  operation  in  the  case  of  the  sun.. 

A  rule  for  calculating  the  so-called  bhujantara  equation,  by  means  of 

which  the  places  of  sun  and  moon  are  found  for  true  noon.. 

10.  From  53§  yojanas  to  the  east  or  west  (of  the  prime  meridian), 

there  results  one  nudika  which  has  to  be  deducted  or  added  respectively. 

The  above  rule  for  allowing  for  difference  of  terrestrial  longitude 

bases  on  the  assumption  of  the  earth’s  equatorial  circumference  being  equal  to. 
3200  yojanas.  We  then  have  the  proportion 

3200  yoj. :  60  nudikiis  =  5 3-},  yoj,:  one  nadikl 

I  I.  The  mean  daily  motion  of  the  moon  amounts  to  790'' 34",  that  of 

the  sun  to  59'  8". 

12.  Seven  minutes  minus  one-third  (  =  6'  40")  is-  the  daily  motion  of 

the  moon’s  apogee.  The  mean  motion  of  the  moon  lessened  by  that  of  the 
apogee  is  the  motion  of  the  anomaly.  From  the  latter  the  true  motion  is  to- 
be  calculated. 

13.  Multiply  (the  motion  of  the  anomaly)  by  the  difference  of  the 

sines  of  anomaly,  -and  divide  by  225  ;  reduce  the  result  (to  terms  of  the- 

epicycle).  The  are  of  the  result  is  to  be  deducted  from  the  mean  motion  in 

the  six  signs  beginning  with  Capricorn,  and  to  be  added,  to,  it  in  the  six  signs; 

beginning  with  Cancer.. 

14.  The  result  is  to  be  known  as  the  true  daily  motion  at  the  time- 

(which  is  thus  ascertained)  from  the  difference  (of  the  places  on  two  consecu¬ 

tive  days)  of  the  moon. —Multiply  the  mean  motion  by  the  Radius  and  divide 

by  the  true  motion ;  you  thus  obtain  the  true  hypothenuse.. 
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The  process  here  described  for  finding  the  true  motion  of  the  moon  is 

the  same  as  the  one  taught  in  the  modern  Stirya  Siddh&nta  II.  47 — 49  and 

therefore  requires  no  detailed  elucidation.  The  “reduction”  of  stanza  13 
means  that  we  have  to  multiply  the  result  by  the  degrees  of  the  epicycle  and 

to  divide  by  360. — The  rule  for  finding  the  variable  hypothenuse  is  founded 

on  the  consideration  that  the  more  the  motion  decreases  the  more  the  distance 

(variable  hypothenuse)  increases, 

15.  The  true  hypothenuse  multiplied  by  5347  and  divided  by  120 

gives  the  kakshl  of  the  sun;  the  true  hypothenuse  of  the  moon  multiplied 

by  3  gives  the  kakshi  of  the  moon. 

By  the  term  ‘  kakshi,’  which  in  later  terminology  (also  in  that  of  the 
modern  Sftrya  Siddhanta)  denotes  the  orbit  of  a  planet,  we  have  in  the  above 

rule  clearly  to  understand  the  distance  of  the  planet  from  the  earth  in  yojanas, 

The  rule  thus  teaches  how  to  calculate  from  the  true  distance  of  the  planet 

expressed  in  terms  of  the  Radius — which  wa§  found  in  stanza  14 — the  true 

distance  in  yojanas  (the  later  so-called  sphuta-yojanakarpa).  The  mean 

distance  of  the  sun  in  yojanas  is  put  equal  to  5347,  that  of  the  moon  to  360 
/360  _  o  \ 

\Ead=i20  °  )• 

16.  Take  5147080  for  the  sun  and  333640  for  the  moon  and,  in  order 

to  find  their  (apparent)  dimensions  for  a  given  time,  divide  those  two  quantities 

separately  by  the  true  distances  in  yojanas, 

A  rule  for  finding  the  apparent  diameters  of  sun  and  moon  at  a  given 

time, — If  we  divide  5147080  by  the  mean  distance  of  the  sun  in  yojanas  as 

given  in  stanza  15,  we  get  962,6  which  according  to  the  tenour  of  the  rule 

ought  to  be  the  mean  diameter  of  the  sun.  But  962.6  can  represent  that 

quantity  only  if  it  be  divided  by  30,  when  we  obtain  32'  5. "2  for  the  mean 
diameter.  The  rule  for  finding  the  true  diameter  then  stands  as  follows : 

Multiply  the  mean  diameter  by  the  mean  distance  and  divide  by 

the  true  distance 

•  962.6j<_5347_  .  5H7080 
'  *  f  30  x  true  disfc.  30  true  diet. 

(the  brne  diameter  decreasing  in  the  same  proportion  as  the  true  distance 

increases).  But  for  some  reason  or  other  the  text — provided  it  be  correct— 

does  not  mention  the  divisor  30, — The  rule  for  finding  the  true  diameter  of  the 

moon  is  analogous,  and  we  there  also  miss  the  mention  of  the  divisor  30, 
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The  mean  measure  of  the  diameter  is  supposed  to  be  hence  the  true 

measure  = 
926.8  x  360 

30  x  true  dist. 

333640 _ 

30  x  true  dist. 

1 7.  The  degrees,  which  correspond  to  the  time  by  which  the  end  of 

the  tithi  is  separated  from  noon,  and  which  are  calculated  by  the  (times  of) 

the  rising  of  the  signs  in  the  right  sphere — the  signs  being  taken  in  reverse 

order — are,  in  the  eastern  hemisphere,  to  be  deducted  trom  the  sun’s  longi¬ 
tude,  and  to  be  added,  in  due  succession,  in  the  western  hemisphere. 

18.  That  (which  is  thus  found)  is  what  is  called  the  madhyalagna 

(t.  e.  the  point  of  the  ecliptic  on  the  meridian).  Find  the  degrees  of  the  arc 

of  declination  of  that  point,  and  either  deduct  them  from — or  add  them  to — 

the  latitude;  the  sine  of  that  sum — or  difference — is  called  the  middle  sine 

(nmdhya). 

A  rule  for  finding  the  soealled  madliya-jya  i.  e.,  the  sine  of  the 

zenith-distance  of  the  madhya  lagna,  i.  e.,  that  point  of  the  ecliptic  which 

at  the  time  is  on  the  meridian. — First  the  longitude  of  the  madhya-lagna  is 

found  from  the  natak&la,  i.  e.,  the  time  intervening  between  the  moment  of 

conjunction  and  noon.  We  calculate  from  that  time  the  corresponding 

degrees  of  the  ecliptic,  and  deduct. them  from — or  add  them  to — the  sun’s 
place,  according  as  the  sun  is  in  the  eastern  or  western  hemisphere. — The  sine 

of  the  madhya-lagna’s  zenith  distance  is  thereupon  found  without  difficulty. 

19.  Multiply  the  sine  of  the  longitude  of  the  lagna  of  the  end  of  the 

tithi  by  the  sine  of  greatest  declination,  and  divide  by  the  sine  of  colatitude. 

Multiply  the  result  by  the  sine  of  the  zenith-distance  of  the  point  of  the 

ecliptic  on  the  meridian  (madhya-jya)  and  divide  by  Radius.  Square  the  result. 

20.  Deduct  it  from  the  square  of  the  madhya-jya,  and  put  the 

difference  down  in  two  places.  Take  its  square  root ;  thus  yon  obtain  what 

is  called  the  sun’s  drikkshepa  (i.  e.  the  sine  of  the  zenith  distance  of  the 
tribhona  lagna).  For  better  remembrance  sake  put  it  down  separately. 

21.  Deduct  the  square  of  the  drikkshepa  from  the  square  of  the 

Radius ;  multiply  the  square  root  of  the  remainder  by  the  sine  of  the  dis¬ 

tance  of  the  sun  from  the  orient  ecliptic  point,  and  divide  by  the  Radius  ; 

the  result  is  the  sine  of  the  altitude  (S'aiiku)  of  the  sun. 
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22.  From  the  square,  which  above  had  been  put  down  in  two  places, 

deduct  the  difference  of  the  squares  of  the  socalled  angulis  of  altitude  and  the 

Radius ;  take  the  square  root  of  the  remainder,  multiply  it  by  eighteen,  and 

divide  separately  by  the  distances  of  the  sun  and  the  moon. 

23.  From  the  difference  of  the  degrees  (of  the  arcs  corresponding 

to  the  two  last  results)  (ascertain  the  true  end  of  the  tithi),  in  the  same  way 

as  in  the  case  of  the  tithi  { i .  e.,  in  the  same  way  as  the  past  and  the  remain¬ 

ing  part  of  a  tithi  is  ascertained) ",  with  the  end  of  the  tithi  {so  found)  perform 
again  the  same  operation.  The  time  ascertained  is  thus  to  be  inquired  into 

( i .  e.,  tested  and  corrected),  until  no  difference  remains. 

The  above  five  stanzas  teach  the  method  of  calculating  the  parallax 

in  longitude  (lambana).  We  first  ascertain  the  sine  of  amplitude  of  the 

orient  ecliptic  point  (B  C  in  figure  6)  by  the  formula 

Sin  amplit.= 
R  x  sin  great,  dcclin.  x  atn  longit,  of  lagna _ sin  great,  dedin.  x  sin  longit.  lagna 

It  x  sin.  -co  lab.  '  sin  colat. 

By  multiplying  the  sine  of  amplitude  thus  found  by  the  madhyajya 

(Z  L)  and  dividing  by  Radius  we  obtain  the  sine  of  that  are  of  the  ecliptic 

(T  L)  which  is  intercepted  by  the  meridian  and  the  vertical  circle  passing 

through  the  nonagesimal  (T).  From  this  and  the  madhyajya — and  treating 

the  small  spherical  right  angled  triangle  T  L  Z  like  a  plane  triangle — we  find 

the  drikkshepa  (T  Z)  i.  e.,  the  sine  of  the  zenith  distance  of  the  nonagesimal. 

By  deducting  the  square  of  the  drikkshepa  from  the  square  of  the  Radius  and 

taking  the  square  root  of  the  remainder  we  obtain  the  cosine  of  the  drikkshepa 

(T  D)  i  e.,  the  sine  of  the  altitude  of  the  nonagesimal.  From  this  we  find 

the  sariku,  i.  e.,  the  sine  of  the  sun’s  altitude  (mG- ;  m  being  the  place  of  the 
sun)  by  means  of  the  proportion 

•  Radius  :  sin  altit.  nonag.  =  distance  of  sun  from  lagna :  sin  altit.  sun. 
Deducting  the  square  of  the  latter  from  the  square  of  the  Radius  we 

obtain  the  square  of  the  sine  of  the  sun’s  zenith  distance  (tnZ).  We  deduct 
from  this  latter  square  the  square  of  the  drikkshepa  (Z  T)  and  take  the  square 

root  of  the  remainder ;  the  result  is  (according  to  spherical  trigonometry) 

equal  to  the  product  of  the  sine  of  T  m  (i.  e.,  the  arc  of  the  ecliptic  inter, 

eepted  by  the  latitude — circles  of  the  nonagesimal  and  the  sun)  and  the  cosine 

of  T  Z  (Radius  being  put  equal  to  unity) ;  which  product  itself  is  equal  to  the 

sine  of  Z  F  i.  e.,  the  arc  drawn  from  the  zenith  at  right  angles  to  P'm, 

P'  being  the  pole  of  the  ecliptic).  We  then  establish  the  proportion 
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Sin  Z  m :  sin  opposite  angle  (which  sine=  Radius)  =  sin  Z  F :  sin  opposite 

angle,  and  thus  find  the  sine  of  z_  Z  m  F  which  is  equal  to  the  cosine  of 

iTmZ.  Now  assuming  m  M  to  be  the  vertical  parallax,  and  treating  m M n 

as  a  plane  right  angled  triangle,  z_Mmn=z.TmZ;  and  z.  m  M  n  being  the 
complement  of  l.  M  m  n,  cos  M  m  n  =  sin  mMn=cos  TmZ. 

We  then  finally  have  the  proportion 

Radius  (i.  e.,  sine  of  i_  m  n  M)  :  sine  of  m  M=sine  of  i_  m  M  n  :  sine 

of  mn  (i  e.,  parallax  in  longitude). 

Now  in  the  above  proportion  the  sine  of  m  M  may  be  found  from  the 

greatest  vertical  parallax  by  means  of  the  proportion 

R:  sin  greatest  vert,  parallax  =  sin  given  zenith-distance:  sin  desired 

vertical  parallax ;  which  (Z  M  being  taken  as  equal  to  Z  m  from  which  it  differs 

but  little)  gives 

Sin  desired  vert,  parallax  (m 

The  sine  of  the  greatest  vertical  parallax  being  equal  to  the  product 

of  the  earth’s  radius  and  the  tabular  Radius,  divided  by  the  planet’s  distance, 
and  the  abridged  diameter  of  the  earth  being  equal  to  36  (about  which  see 

later  on)  we  have 

sine  great.  paralL=jSE~^G55t- 

We  thus  have 

sin  m  M  = sin.  great;,  parall.  x  sin  Z  ra 

s  : 

18  x  sin  Z  m 

disb.  plan. 

Sin  l.  m  M  n  = 
sin  Z  F  x  R 

Sine  of  parallax  in  longitude  =  sin  mn  = 

Tsin  m  M  x  sin  Z  m  M  n _ 18  x  sin  Z  m  sin  /_  ra  M  n 
R  diet.  plan. 

18xsinZm  v  sin  ZFxR  18  sin  Z  F 
'  disfc.  plan,  x  R sin  Z  rn 

‘  dist.  plan. 

;  as  in  the  text. 

In  this  manner  the  sines  ’of  the  parallaxes  in  longitude  are  found 
separately  for  sun  and  moon.  Thereupon  the  corresponding  arcs  are  taken, 

and  from  their  difference  the  correction  is  ascertained  which  has  to  be  applied 

to  the  time  of  the  conjunction.  This  is  done  by  multiplying  the  difference 

by  sixty,  and  dividing  by  the  difference  of  the  motions  of  sun  and  moon. 
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24.  Multiply  the  drikkshepa — derived  from  the  same  time — by  18, 

and  divide  by  the  true  distance  of  the  sun  and  the  moon ;  the  degrees  of 

the  arc  of  the  difference  of  the  two  results  represent  the  parallax  in  latitude, 

whose  direction  is  determined  by  that  of  the  madhyajya. 

25.  By  means  of  the  sines  calculate  the  latitude  of  the  moon  for  that 

moment,  and  add  it  to — or  deduct  it  from — the  parallax  found  above; 

the  result  is  the  true  parallax,  in  latitude.  Then  you  may  declare  the 

duration  of  obscuration  according  to  the  dimensions. 

A  rule  for  calculating  the  parallax  in  latitude.  The  proportion  is 

Radius  :  sin  greatest  parall.  =  drikkshepa  :  sin  desired  parall.  in  latit. 

Sin  desir.  parall.  =  The  remainder  requires 

no  comment. 

26.  Deduct  the  square  of  the  avanati  from  the  square  of  half  the 

sum  of  the  measure  of  sun  and  moon.  From  the  double  square  root  of  the 

remainder  determine  the  time  (of  the  eclipse),  as  in  the  case  (of  the  calcu¬ 

lation)  of  the  elapsed  portion  of  a  tithi. 

Compare  chapter  VIII,  stanza  16. 

27.  The  difference  of  the  displacement  of  the  tithi  (i.  e.,  the  parallax 

in  longitude)  as  calculated  for  the  beginning  of  the  eclipse  and  of  the  half  dura¬ 

tion  (gives  the  true  half  duration  of  the  eclipse) ;  if  the  eclipse  takes  place  in 

the  western  hemisphere,  the  parallax  has  to  be  added.  We  proceed  in  an 

analogous  manner  with  regard  to  that  half  of  the  duration  which  precedes 
the  separation. 



CHAPTER  X. 

Lunar  Eclipses,  according  to  the  S^rya  Siddhanta. 

1.  Multiply  the  true  distance  of  the  sun  by  90,  and  divide  by  276  ; 

the  result  is  to  be  employed  as  the  divisor  of  the  true  distance  of  the  moon 

multiplied  by  36.  Deduct  the  result  from  36. 

2  a.  Multiply  the  remainder  by  120,  and  divide  by  the  true  dis¬ 

tance  of  the  moon  ;  the  corresponding  arc  is  the  diameter  of  the  shadow. 

A  rule  for  calculating  the  diameter  of  the  true  shadow.  Let  S 

of  the  path  of  the  shadow,  on  n  half  the  diameter  of  the  true  shadow  which— 

D  m  being  drawn  parallel  to  F  n — is  equal  to  F  D.  E  u  being  drawn  parallel 

to  E  t,  we  have  the  two  similar  triangles  u  S  E  and  E  D  to,  in  which 

S  u  is  equal  to  the  Radius  of  the  sun  minus  the  Radius  of  the  earth, 

i.  e.  (the  abridged  diameters  of  the  sun  and  the  earth  being  put  equal 

to  146  and  36)  to  73«-18=  55  ;  henceE  D 
.  55  xtrue  diet,  of  moon. 

true  dirt,  of  sun 

55  x  true  dist.  moon  x  90 
true  dist.  sun  x  90 

55x90 

276 

x  true  dist.  moon 
~§8" x' true  dist.  sun 

m 

18  x  true  dist.  moon 

90  xtrue  dist. sun 

276“ 
. 

The  quantity  so  found  being  deducted  from  eighteen,  i.  e.,  the  Radius 

of  the  earth,  we  obtain  the  value  of  D  E. — The  process  prescribed  in  stanza 

52  has  the  purpose  of  expressing  the  half  diameter — so  far  found  in  yojanas— 

in  minutes  of  arc. — In  order  to  double  the  result  (so  as  to  find  the 

whole  diameter),  36  is  substituted  for  18  in  the  above  expressions. 
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2  b.  Divide  the  sum  of  the  diameters  of  the  moon  and  the  shadow 

by  2,  and  take  the  square  (of  the  quotient) ; 

3.  Deduct  therefrom  the  square  of  the  latitude,  and  take  the 

approximate  square  root.  Multiply  the  latter  by  120,  and  divide  by  the 

difference  of  the  motions  of  sun  and  moon ;  the  result  are  the  nadikas  of 

the  duration  of  the  eclipse. 

4.  Calculate  therefrom  the  latitude  of  the  moon  at  the  moment 

of  first  contact,  and  therewith  again,  in  the  manner  described  above,  the 

duration  of  the  eclipse.  Repeat  this  operation  again  and  again,  until  there  is 

no  longer  any  difference  with  regard  to  the  duration. 

A  rule  for  calculating  the  duration  of  a  lunar  eclipse.  At  first  we 

calculate  the  socalled  bhuja,  which  is  one  of  the  sides  of  a  right  angled 

triangle,  of  which  the  hypothenuse  is  formed  by  the  sum  of  the  Radii  of 

naoon  and  shadow,  and  the  other  side  by  the  latitude  of  the  moon  at  the 

moment  of  contact.  As  however  that  latitude  is  not  yet  known,  the 

moon’s  latitude  at  the  moment  of  conjunction  is  substituted  for  it. 

Thereupon  a  proportion  is  established 

Minutes  of  difference  of  motion  of  sun  and  moon:  60  nMik&s= minutes 

of  bhuja  :  half  duration  of  eclipse 

•'•Half  duration  =  and 

Duration  = 

120  x  bhuja 

minutes  of  di& 

As  we  now  know  the  longitude  of  the  moon  at  tjie  time  of  the  first 

contact,  we  calculate  the  latitude  for  the  same  moment,  and  therewith  again 

determine  the  bhuja  and  the  duration.  This  process  is  repeated,  until  the 

results  no  longer  differ. 

5

.

 

 

Multiply  the  difference  of  the  motions  of  sun  and  moon  by 

the  
given  

n&dMs,  

and  
divide  

by  sixty.  
Take  

the  
difference  

of  the  
minutes of  that  

(result)  
and  

of  the  
minutes  

of  duration  

(as  
calculated  

above),  
and 

further  
take  

the  
latitude  

of  the  
moon  

at  the  
given  

time  
; 
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6.  Deduct  tlie  square  root  of  the  sum  of  the  squares  of  those  two? 

quantities  from  half  the  sum  of  the  measure,  expressed  in  minutes,  etc., 

of  the  moon  and  the  shadow.  The  remainder  indicates  the  part  of  the 
moon  or  the  sun  which  is  obscured  at  the  time. 

A  rule  for  finding1  how  large  a  part  of  the  moon  (or  sun)  is  obscured 

at  a  given  moment. — We  calculate  for  the  given  moment  the  bhuja  and  the 

latitude  of  the  moon ;  the  square  root  of  the  sum  of  the  two  quantities,  is 

the  distance  of  the  centres  of  shadow  and  moon  at  the  given  time.  The 

difference  of  this  latter  quantity  and  the  sum  of  the  Radii  of  the  two1 

bodies  indicates  the  amount  obscured. — Mutatis  mutandis  the  same  rule 

may  be  used  for  calculating  how  large  a  part  of  the  sun  is  obscured  at  a 

given  moment  of  a  solar  eclipse. 

7.  Take  (1)  half  the  difference  of  (the  diameters  of)  the  eclipsed 

and  the  eclipsing  bodies,  and  (2)  the  latitude  ;  multiply  the  square  root 

of  the  difference  of  the  squares  of  those  two  quantities  by  two  and  treat 

it  in  the  manner  of  the  tithi.  The  result  is  the  time  of  complete  obscuration 
of  the  sun  and  the  moon. 

The  above  rule  for  calculating  the  time  of  complete  obscuration  is 

analogous  in  every  way  to  the  rule — given  above — for  finding  the  time  of  the 

duration  of  the  eclipse,  and  therefore  requires  no  special  comment. 



CHAPTER  XI. 

{On  THE  PROJECTION  OR  ECLIPSES  ACCORDING  TO  THE  SCrYA  SiDDHANTa). 

1.  By  means  of  a  staff,  on  which  the  angulis  are  marked,  describe 

a  first  circle  with  a  Radius  equal  to  the  sum  of  half  (the  diameters  of)  the 

obscuring  and  obscured  bodies,  and  mark  on  it  the  different  directions. 

Describe  a  second  circle  with  half  the  diameter  of  the  obscured  body. 

2.  Multiply  the  sine  of  terrestrial  latitude  by  the  versed  sine  of 

the  degrees  intervening  between  the  moon  and  the  zenith ;  add  the  degrees 

corresponding  to  the  120th  part  (of  that  product)  to  the  north  or  south 

respectively  in  the  eastern  and  western  hemispheres. 

3.  Add  three  signs  to  the  longitude  of  the  moon,  and  treat  the 

corresponding  degrees  of  declination  according  to  their  direction.  Thus  the 

east-west  direction  is  ascertained ;  the  north  and  south  points  are  to  be 

determined  therefrom  by  means  of  a  fish-figure. 

4 — 5.  Draw  a  line,  representing  the  moon’s  latitude,  in  the  direction 

opposite  (to  that  latitude),  which  extends  up  to  the  east-west  line  and 
cuts  the  second  circle.  The  first  contact  takes  place  at  the  point  where  a 

line  drawn  from  the  centre  cuts  the  other  circle  (viz.  the  circle  representing 

the  eclipsed  body).  The  point  of  separation  also  is  to  be  determined 

analogously,  in  the  opposite  way ;  in  ascertaining  the  direction  one  has  to  start, 

in  one’s  considerations,  from  the  moon  at  thc-moment  of  separation. 

Rules  for  calculating  the  valana  (deflection),  iksha  as  well  as  ayana,  and 

for  drawing  a  projection  of  the  eclipse.  The  rules  altogether  agree  with  those 

of  the  modern  Shrya  Siddh&nta.  For  the  details  see  the  Sanskrit  Commentary. 

6.  On  the  horizon  two  minutes  (of  the  diameter  of  some  heavenly 

body)  go  to  one  anguli ;  while  three  go  to  it  (when  the  heavenly  body  is) 

in  the  zenith.  If  the  body  is  placed  between  (the  horizon  and  the  zenith), 

a  proportionate  calculation  is  to  be  made,  to  the  end  of  bringing  about 

agreement  between  observation  and  theory. 



CHAPTER  XII. 

Paitamaha  Siddhanta. 

f.  According  to  the  teaching  of  Pitamaha  five  years  constitute  a 

yuga  of  the  sun  and  moon.  The  adhimasas  are  brought  about  by  thirty 

months,  and  an  omitted  lunar  day  (avama)  by  sixty-two  days. 

2.  Lessen  the  time  of  the  S’aka  king-  by  two,  and  divide  by  five  ; 
with  the  remaining  years  form  the  ahargana,  which  begins  with  the  light 

half  of  Mtlgha.  The  ahargana  begins  with  the  day,  viz.,  from  sunrise. 

In  the  quinquennial  lunisolar  yuga  of  the  Pait&maha  siddhanta 

one  adhimasa  is  comprised  within  each  period  of  thirty  solar  months,  and 

one  avaiha,  i.  e.,  omitted'  lunar  day  within  each  period  of  sixty-two  days. 

According  to  Stanza  2',  which  directs  us  to-  deduct  two  from  the  num¬ 

ber  of  elapsed  Saka  years,  a  new  yuga  began  with  2  S'aka  elapsed. 

3.  If  the  ahargana  is  increased  by  its-  own  sixty-first  part,  the- 

result  are  the  tithis.  If  it  is  multiplied  by  nine  and  divided  by  1 22,.  the- 

result  is  the  nakshatra  of  the  sun.  Multiply  the  ahargana  by  7,  divide  by 

610,  and  deduct  (the  result  from  the  ahargana);  the  result  is  the  lunar 

nakshatra,  counting  from  Dhanishthd. 

Rules  for  calculating  the  tithis  contained  within  a  given  ahargana, 

and  the  nakahatras  in  which  the-  sun  and  the-  moon  are  at  a  given  time. — 

The  yuga  comprising  1830  savana  days,  and  at  the  same  time  1860 

tithis,  the  number  of  tithis  t>f  a  given  ahargana = 6'  = 

ahargana  + 
ahargana 

— ST*"* 

As  the  sun  revolves  in  one-  yuga  five  times  through  the  twenty- 

seven  nakshatras,  the  nakshatras  through  which  he  passes  during  a  given 
i  27  x  5  x  ahargana  „ 

ahargana  =  1830  ~  - 

-  9  *  aharg,  a 
122 

As  the  moon  passes  in  one  yuga  through  2 7  x  67  nakshatras  (the-  yuga 

comprising  67  sidereal  revolutions  of  the  moon),  she  passes  within  a  given 

ahargana  through  =  —  =  603 ^ar8-  =  aharg. 

7  aharg 

6X0 
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The  nakshatras  are  to  be  counted  from  Dhanishthd,  in  which  sun  and 

moon  are  in  conjunction  at  the  beginning  of  the  yuga. 

4a.  [See  the  Sanskrit  Commentary]. 

4b.  Multiply  the  ahargana  by  12,  and  divide  by  305  ;  the  result  are 

the  vyatipatas. 

A  rule  for  finding  how  many  of  the  yogas  called  vyatipatas  have  oc¬ 

curred  within  a  given  ahargana.  There  are  27  yogas  which  are  calculated  by 

dividing  the  sum  of  the  longitudes  of  sun  and  moon  by  27.  At  the  begin¬ 

ning  of  the  quinquennial  yuga  sun  and  moon  are  in  conjunction  at  the  begin¬ 

ning  of  Dhanishth&  or — which  is  the  same — at  the  end  of  S'ravana.  The 
longitude  of  each  therefore  amounts  to  22  nakshatras — if  we  count  in  the 

ordinary  way  from  Asvini — ,  and  the  sum  of  their  longitudes  to  44  nakshatras. 

Forty-four  being  divided  by  27,  the  remainder  (=17)  indicates  that  the  yoga 

at  the  beginning  of  the  yuga  is  the  17th  of  the  series,  i.  e.,  Vyatipata.  Now 

in  one  entire  yuga  the  accumulated  longitude  of  the  sun  amounts  -to  5  x  27 

nakshatras,  and  that  of  the  moon  to  67  x  27  nakshatras ;  hence  the  sum  of 

the  two  to  72  x  27.  Dividing  this  sum  by  27,  the  quotient  72  indicates  how 

many  vyatipatas  take  place  in  one  yuga.  Hence  the  proportion 

1830  (  =  days  of  yuga) :  72= given  aharg.  :  x— 
*  _ 72  x  aharg.   12  x  aharg. ..  X—  1830  —  306] 

5.  Add  to  732  those  days  of  the  northern  progress  of  the  sun 

which  are  passed,  and  in  the  case  of  the  southern  progress  those  days  which 

are  yet  to  come  ;  multiply  by  2  and  divide  by  61 ;  the  result  is  the  measure 

of  the  day  minus  twelve. 

A  rule  for  finding  the  length  of  any  given  day  of  the  year.  The 

supposition  being  that  the  length  of  the  shortest  day  is  twelve  muMrtas, 

and  that  of  the  longest  day  eighteen  muhfirfas,  and  each  ayana  comprising 

183  days,  the  length  of  any  day  of  the  year  is  found  by  adding  to  twelve 

the  product  of  six  and  the  number  of  the  day,  divided  by  183.  In  the  case 

of  the  uttar&yapa  the  number  of  the  day  is  counted  forward  from  the  winter 

solstice,  while  in  the  case  of  a  day  in  the  dakshiphyana  it  is  counted  back¬ 

ward  from  the  same  point  of  time  .  We  then  transform  the  expression  for 

the  length  of  the  day  in  the  following  manner 

to  »  6xgivenclay__10  ,  2  x  day _ 0  A  .  2xday  1  0  ___  24  x  61 +2  xday 

12+  183  —12+ -^—-24  +  -^ - 12 - 61 - 

=  --(12x61+  day)  - 12= gf-(732  +  day)  - 12. 

12 



CHAPTER  XIII. 

On  the  constitution  of  the  Universe. 

1.  The  round  ball  of  the  earth,  comppsed  of  the  five  elements,  abides 

in  space  in  midst  of  the  starry  sphere,  like  a  piece  of  iron  suspended  between 
magnets ; 

2.  Covered  on  all  sides  with  trees,  mountains,  towns,  groves,  rivers, 

oceans  and  other  things. — In  its  middle  there  is  Sumeru,  the  abode  of  the 

gods.  Below  ( i .  e.  at  the  pole  opposite  to  Meru)  there  are  placed  the 
Asuras. 

3.  As  the  reflections  of  men  standing  on  the  brink  of  water  are 

seen  with  the  faces  downwards,  so  the  gods  consider  the  condition  of  the 

Asuras  to  be ;  and  those  on  their  part  deem  the  gods  to  be  below. 

4.  Just  as  here  in  the  region  of  men  the  flame  of  the  fire  rises  up¬ 

wards  into  the  air,  and  as  a  heavy  object  when  being  thrown  falls  to  the 

earth ;  so  it  also  happens  below  there  in  the  "region  of  the  Asuras. 

5.  Straight  above  Mem  in  space  one  pole  is  seen ;  the  other  pole  is 

seen  below,  placed  in  space.  Fastened  to  the  poles  the  sphere  of  the  stars 

is  driven  round  by  the  pravaha  wind.  , 

6.  Others  maintain  that  the  earth  revolves  as  if  it  were  placed  in  a 

revolving  engine,  and  not5the  sjjkere ;  if  that  were  the  case,  falcons  and  other 
(winged  creatures)  could  not  return  from  the  ether  to  their  nests. 

7.  And,  to  mention  another  argument,  if  the  earth  revolved  in  one 

day,  flags  and  similar  things  would,  owing  to  the  quickness  of  the  revolution, 

stream  constantly  towards  the  west.  If  the  earth,  on  the  other  hand,  moves 

slowly,  how  does  it  revolve  (once  within  24  hours)  ? 

8.  If,  in  agreement  with  the  doctrine  of  the  Arhat,  there  were  two 

suns  and  moons  rising  by  turns,  how  then  is  it  that  a  mark  made  in  the  polar 

constellation  by  means  of  a  line  drawn  from  the  sun  revolves  within  one  day  ? 



(  70  ) 

The  Jaina  doctrine  is  that  there  are  two  suns,  two  moons,  etc,  rising  on 

alternate  days.  But  if  we  at  sunset  draw  a  line  from  the  sun  to  the  constel¬ 

lation  of  the  polar  fish,  we  observe  that  that  point  of  the  constellation  which 

the  line  reaches,  i.  <?.,  a  point  on  its  western  side  is  on  the  next  morning  reached 

by  a  line  drawn  from  the  rising  sun  ;  hence  we  conclude  that  the  constellation 

as  well  as  the  sun  performs  one  complete  revolution  within  24  hours. 

9
.
 
 For  the  gods  the  rising  sun,  when  at  the  first  point  of  Aries, 

revolves  to  the  right,  moving  in  the  horizon ;  at  Lanka  he  then  revolves  right 

overhead ;  and  in  an  opposite  direction  
(viz.  to  the  left  in  the  horizon)  for 

the  Asuras. 

10.  At  the  end  of  Gemini  the  sun  revolves  for  the  gods  at  the 

height  of  24  degrees  above  the  horizon,  while  at  Avanti  he  then  moves  right 
overhead. 

11.  In  the  same  place  there  is  then  no  shadow  at  noon,  while  the 

shadow  falls  towards  the  north  for  all  who  dwell  to  the  north  of  Avanti,  and 

to  the  south  for  the  inhabitants  of  the  countries  south  of  Avanti. 

12.  Those  who  have  maintained  that  for  the  gods  dwelling  on  Meru 

it  is  day  as  long  as  the  sun  stays  in  Aries,  Taurus  and  Gemini,  but  night 

when  he  is  in  Cancer,  Leo  and  Virgo,  to  them  reverence  is  due  indeed  ! 

13.  In  the  very  same  places,  in  which  the  sun  goes  to  the  north  from 

Aries,  he  moves  when  returning  from  the  north ;  how  then  should  he  be  visible 

at  one  time  and  invisible  at  another,  while  all  along  he  is  in  the  same  region  ? 

A  criticism  on  those — unknown — authors  who  were  ignorant  of  the  fact 

that  the  sun  while  in  Cancer,  Leo  and  Virap  describes  the  same  day  circles, 
in  reverse  order,  which  he  had  described  while  in  Aries,  Taurus  and  Gemini. 

• 

14.  In  the  visible  half  of  the  sphere  there  are  three  signs,  extending 

from  the  middle  of  the  sky  (down  to  the  western  horizon) ;  they  contain  ninety 

degrees.  The  same  divisions  are  to  be  assumed  from  the  rising  (i.  e.  the 

eastern  horizon,  up  to  the  zenith). 

15.  One  degree  answers  to  nine  yojanas  minus  one  ninth  of  a 

yojana  (on  the  earth) ;  this  fact  is  manifest  to  those,  who  dwell  on  the  same 

meridian,  from  the  deflection  (of  the  heavenly  bodies)  from  the  zenith. 
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16.  Thus  there  is  effected  by  ninety  degrees  (a  difference  of)  eight 

hundred  yojanas.  What  is  sunrise  for  one  observer  is  noon  (for  another 

observer)  in  a  piace  distant  to  that  extent. 

The  circumference  of  the  earth  being  equal  to  3200  yojanas,  9  —  i 

yojanas  correspond  to  one  degree,  and  800  yojanas  to  90  degrees. 

17.  Ujjayini ,  is  near  to  Lanka,  being  situated  to  the  north  on  the 

same  meridian  ;  hence  the  noon  of  the  two  places  occurs  at  the  same  time  ; 

hut  their  days  are  unequal  (in  length)  with  the  exception  of  the  equinoctial 
days. 

18.  Three  thousand  two-hundred  yojanas  are  the  measure  (of  the 

circumference)  of  the  earth.  The  sun  when  at  the  equinoctial  point  revolves 
round  so  much  of  the  earth  from  Meru  as  centre. 

The  sun  when  moving  in  the  celestial  equator  revolves  round  the 

terrestrial  equator,  of  which  Meru  is  the  pole. 

19.  Going  586f  yojanas  north  from  Avanti  we  reach  the  middle  of 

the  earth  (Meru) ;  so  also  by  going  800  yojanas  to  the  north  from  Lank&. 

Uj  jay  ini  has  24°  northern  latitude,  is  therefore  66°  from  Meru.  The 
distance  in  yojanas  is  then  found  by  a  simple  proportion. 

20.  In  any  country,  by  as  many  degrees  as  the  pole  is  raised  above 

the  horizon,  by  so  many  degrees  the  sun  is  depressed  from  the  zenith  to  the 

south  on  the  day  of  the  equinox. 

21.  If  we  go  373^  yojaaps  north  from  Ujjayini,  this  whole  sphere 

(as  described  above)  comes  to  an  end, 
* 

22.  There  the  sun  is  once  seen  for  60  n&dik&s  after  his  rising.  The 

farther  (we  proceed  towards  the  north),  the  longer  (the  day  becomes),  until 

at  Sumeru  we  have  a  day  six  months  long. 

We  find  by  an  easy  calculation  that  going  373|  yojanas  north  from 

Ujjayini  we  reach  66°  northern  latitude.  In  that  latitude  the  last  point  of 

Gemini — whose  northern  declination  amounts  to  24°— revolves  in  a  day  circle 
which  is  raised  in  its  whole  extent  above  the  horizon ;  and  the  sun,  when  he 
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has  reached  the  end  of  Gemini,  hence  remains  visible  for  a  whole  day  of  60 

nadik&s.  In  that  latitude  therefore  the  sphere  becomes  different  from  the 

sphere  described  hitherto.  At  Meru  six  signs  revolve  constantly  above  the 

horizon,  and  the  sun  is  therefore  constantly  visible  as  long  as  he  stays  in  those 

six  signs,  i.  e.,  for  six  months. 

•f 

23.  If  we  go  40 3 -9-  yojanas  to  the  north  of  Avanti,  the  two  signs* 

Sagittarius  and  Caper  never  become  visible. 

24.  If  we  go  from  the  same  place  (i.  e.  Avanti)  somewhat  more  than 

482  yojanas  to  the  north,  Scorpio,  Caper,  Aquarius  and  Sagittarius  never 
rise. 

25.  And  if  we  go  586— ■§•  yojanas  (to  the  north  of  Avanti),  the  latter 

half  of  the  sphere  (Libra  to  Pisces)  never  rises,  while  the  former  half  (Aries 

to  Virgo)  never  sets. 

The  above  statements  base  on  the  assumption  that  Sagittarius  and 

Caper  do  not  rise  above  the  horizon  in  69°24'  northern  latitude ;  Scorpio  and 

Aquarius  in  78°15'  northern  latitude;  and  the  whole  latter  half  of  the 

ecliptic  in  90°  northern  latitude. 

The  corresponding  yojanas  of  distance  from  Avanti  are  easily  found 

by  proportion, 

26.  The  people  at  Lanka  see  the  polar  star  in  the  horizon  ;  those  on 

Meru  in  the  zenith  ;  those  dwelling  between  see  it  between  (the  horizon  and 

the  zenith). 

27.  For  those  who  dwell  on  the  baqfc  of  Mem  the  sun  once  risen 

remains  visible  for  six  months,  while  he  moves  in  the  six  signs  beginning  with 

Aries  ;  for  the  Asuras  he  is  visible  as  long  as  he  is  in  the  latter  (half  of  the 

ecliptic). 

28.  For  them  (viz.  the  gods)  the  first  point  of  Aries  constantly  is  the 

ecliptic  point  on  the  horizon ;  and  the  dreshk&na  as  well  as  the  trim&tmga, 

the  (so-called)  ninth  part  and  twelfth  part  all  belong  to  Mars. 

Mars  being,  in  astrological  parlance,  the  Lord  of  Aries,  all  the  sub¬ 

divisions  of  Aries  also  belong  to  him,  i  e.,  are  ruled  by  him; 
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29'.  Beneath,  the  equinoctial  circle  is  Lanka ;  there  the  sphere  is  rights 
Day  and  night  there  are  always,  of  the  same  length,  vis.,  30  nadikas. 

30.  Having,  by  means  of  water,  levelled  a  raised  surface,  on  which 

the  directions  are  marked,  and  having-  plaeed  on  its  southern  side  a  gnomon 
of  the  same  measure  as.  the  surface 

31.  The  observer,  placing  his  eye  at  the  base  of  the  straight  gnomon, 
is  to  incline  it  in,  such  a  way,  that  the  top  of  the  gnomon  is.  in  the  straight  line 

joining  the  eye  and  the  pole-  star. 

32.  At  Lanka  this  observation  is  performed  with  a  gnomon  lying  flat 

on  the  surface,  on  Sunaeru  with  one  standing  upright,  and  in  the  intermediate- 

regions  with  one  inclined  more  or  less. 

33.  The  perpendicular  (‘from  the  end  of  the'  gnomon  to  the  surface) 
represents  the  sine  of  latitude  ;  the  distance  of  that  perpendicular  from  the- 

base  of  the  gnomon— which  indicates  the  north-south  line — represents  the 
sine  of  colatitude. 

34'.  By  such  means  the  learned,  confidently  determine  the  centre  of 
the  earth  or  the  measure  of  the  whole  earth,  just  as  we  ascertain  the  taste, 

(of  all  salt)  by  drinking  a  little  water  mixed  with  salt.. 

A  method  for  determining:;  the  elevation  of’  the  pole  above-  the  horizon,, 
i.  e.,  the  terrestrial  latitude,  and  similar  matters. 

35.  Of  the  moon  whieh  is  constantly  placed  below  the  sun  one  half 

is  illuminated  by  the  sun’s  rays,  while  the  other  half  is  obscured  by  the  moon’s, 
own  shadow ;  as  is.  the  case  with  a  jar  standing,  in  the  sun  light. 

36.  The  ray#  of  the  sun,  being- reflected  iom  the  moon  which  con¬ 

sists  of  water,  destroy  the  darkness  of  the  night,  just  as  the  rays  of  the  sun 

falling  on  the-  surface  of  a  mirror  destroy  the  darkness,  inside  a  house. 

37.  As  the  moon  daily  changes  her  position  with  regard  to-  the  sun,, 

her  illumined  part  increases,  just  as.  in  the  afternoon  more  and  more  of  the 

western  side  of  a  jar  is  lit  up. 

38.  This  holds  good'  from  the  end'  of  the  dark  fortnight,  while  the 

dark  part  of  the  moon  increases  from  the  end  of  the  light  fortnight. 
 Those; 
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who  live  on  the  hack  of  the  moon  see  the  sun  during  one  half  of  each  lunar 

fortnight,  since  there  is  no  shadow  (obscuring  the  sun  to  them)  to  the  extent 

of  three  signs  on  each  side  (of  the  conjunction). 

39.  Above  the  moon  there  are  Mercury,  Venus,  the  Sun,  Mars, 

Jupiter  and  Saturn  (in  succession),  and  then  the  stars.  All  planets  move  to¬ 

wards  the  east  with  the  same  velocity,  each  in  its  own  orbit. 

40.  As  the  interstices  between  the  spokes  of  an  oil-press  are  small  on 

the  have  and  large  on  the  outer  circumference,  so  the  distances  of  the  signs 

from  each  other  become  larger  and  larger,  the  higher  we  ascend  from  the  earth. 

41.  The  moon  which  is  placed  (farthest)  below  the  sphere  of  the 

stars  revolves  quickly  in  her  small  orbit ;  Saturn  which  is  placed  highest 

above  revolves  in  his  large  orbit  with  the  same  velocity, 

42.  The  planets  arranged  in  the  ascending  order  upwards  from  the 

moon  are  the  Lords  of  the  months  (in  succession) ;  in  their  descending  order 

downwards  from  Saturn,  they  are  the  Lords  of  the  hours  ;  if  we  take  each 

fifth  member  of  the  ascending  series  we  have  the  Lords  of  the  days.  The 

Lords  of  the  years  are  clear  (as  explained  in  the  first  chapter). 



CHAPTER  XIV. 

On  Astronomical  Instruments,  Observations  and  the  Like. 

1.  Draw  upon  the  ground  a  level  circle  with  a  diameter  one  hundred 

and  eighty  ahgulis  long,  and  mark  upon  its  circumference  the  signs  (degrees, 

etc.)  at  equal  distances,  and  also  the  degrees  of  declination  (of  the  signs). 

2.  Further  describe  from  the  centre  (of  the  first  circle)  three  other 

circles,  taking  for  their  Radii  the  strings  running  (at  right  angles)  from  the 

string,  which  marks  the  north-south  line,  to  those  points  on  the  circumference 

of  the  first  circle  where  the  degrees  of  declination  (of  the  signs  of  the 

ecliptic)  are  marked  ;  and  mark  those  circles  with  the  degrees,  as  you  did  with 

the  first  one. 

3.  Thereupon  draw  a  line  from  the  centre  towards  the  latitude  (a.  e. 

that  point  of  the  first  circle  which  marks  the  latitude  of  the  given  place),  and 

lengthen  it  up  to  the  sphere.  Take  that  piece  which  is  due  to  the  declina¬ 

tion  (of  a  given  sign  of  the  ecliptic)  and  is  intercepted  by  the  line  of  latitude 

and  the  north-south  line ; 

4.  Double  it  and  mark  it  off  on  the  circle  belonging  to  that  sign ; 

multiply  half  the  degrees  of  the  corresponding  arc  by  ten.  The  result 

represents  the  vin&dik&s  of  ascensional  difference  in  the  case  of  the  first  sign ; 

in  the  case  of  the  two  other  signs  the  vinadikds  come  out  mixed. 
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The  above  stanzas  teach  how  to  find  the  ascensional  difference  for  any 

given  latitude  without  calculation,  by  the  mere  inspection  of  a  kind  of  diagram. 
F'g-  9-  — In  diagram  9NESW  represents  the 

first  circle  whose  circumference  is  sup¬ 

posed  to  be  divided  into  360  degrees. 
We  further  mark  off  on  the  cireumfer- 

enee  the  degrees  of  declination  of  the 

first  three  signs  of  the  ecliptic,  the  de¬ 

clination  of  Aries =  Wa'  that  of  Taurus 

=  Wt',  that  of  Gemini =  Wg'  and  then 

draw  the  perpendiculars  a'  a,  t' t,  g'  g 
on  NS-  Taking  these  perpendiculars 

as  Radii,  we  describe  from  the 
centre  C  three  circles  (of  which  the 

diagram  however  represents  only  one, 

viz.,  that  one  whose  Radius  =  a  a'). 
We  then  lay  off  from  N  the  degrees  of 

the  latitude  of  the  given  place  =  N  P,  draw  the  perpendicular  P 1  and  join  P  C. 

Comparing  the  similar  triangles  PCI  and  d  C  a  we  establish  the  proportion 

Cl  (  =  sine  of  colatit.  given  place):  PI  (=sine  of  latitude)  =  Ca 

(  =  sine  of  declination  of  Aries):  ad  (= ascensional  difference  for  Aries). 

Doubling  a  d  and  applying  it  as  a  chord  (d' d")  to  the  day  circle  of 
Aries,  we  take — from  an  inspection  of  the  degrees  marked  on  the  circumfer¬ 

ence — the  degrees  of  arc  corresponding  to  half  that  chord  and,  in  order  to 

turn  them  into  vinadikas,  multiply  them  by  ten  (one  degree  =  nadika=  10 

vincidik&s). — In  the  case  of  Taurus  and  Gemini  the  vinadikas  come  out  mixed 

i.  e.,  the  result  gives  us  the  sum  of  the  vinadik&s  for  Aries  +  Taurus,  and  for 

Aries  +  Taurus  +  Gemini.  An  appropriate  subtraction  then  furnishes  the 

desired  result. 

5.  Multiply  the  given  nadikas  by  six ;  they  are  thus  turned  into 

degrees.  Take  the  versed  sine  of  those  degrees  and  deduct  it  from  the 

Radius ;  there  remains  the  shadow.  Thus  there  is  found  the  shadow  up  to 

noon.  In  order  to  find  the  nadikas,  lessen  the  Radius  by  the  shadow. 
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6.  Take  the  sixth  part  of  the  degrees  of  are  corresponding  to  the 
sine  of  the  interval  between  the  end  of  the  shadow  and  the  horizon ;  that 
sixth  part  represents  the  elapsed  nidikas  in  the  eastern  hemisphere,  those  to 
come  in  the  western  hemisphere. 

The  above  stanzas  teach  a  rough  process  for  ascertaining,  from  the 
sun  s  altitude,  the  length  of  the  shadow,  and  vice  versa.  In  the  first  place 

the  sine  of  the  sun’s  altitude  at  a  given  moment  is  roughly  identified  with 
tire  sine  of  that  are  of  the  day-circle,  which  the  sun  has  described  up  to  that 
moment ;  hence  the  direction  to  turn  the  elapsed  nadikas  into  degrees.  If  we 

then  construct  an  artificial  sphere, 

as  in  figure  10,  in  which  c  e  is  the 

height  of  the  gnomon,  we  know 

in'  the  triangle  b  c  f  the  side  f  b= 

sine  of  sun’s  altitude;  and  by  de¬ 

ducting  a  b — which  is  the  versed 

sine#  corresponding  tobf — from 
the  Radius  we  have  b  c.  To  this 

b  e  the  line  c  d  i.  e.  the  length  of 

the  desired  shadow  is  now  assumed 

to  be  equal,  the  two  hypothenuses  c  f  and  d  e — which  in  reality  meet  in  the 

sun — being  looked  upon  as  parallel. 

7.  Take  that  line  which  constitutes  the  east-west  line  corresponding 

to  the  oblique  line,  and  the  north-south  line  representing  the  degrees  of  decli¬ 

nation;  the  degrees  of  the  corresponding  arc,  multiplied  by  ten,  give  the 

vin&dikas  of  the  rising  of  the  signs  in  succession. 

A  rule  for  finding,  by  the  inspection  of  a  diagram  or  globe,  the  time 

of  the  rising  of  the  individual  signs  of  the  ecliptic  on  the  equator.  The  rule 

is  rather  obscurely  worded  ;  it  however  appears  that  by  the  oblique  line  we 

have  to  understand  the  sine  of  one,  two,  etc.  signs  of  the  ecliptic,  while  the 

north-south  line  is  the  sine  of  the  declination  of  the  end  point  of  the  respective 

sign.  The  east-line  then  is  the  other  side,  at  right  angles  to  the  north-south 

line,  and  represents  the  socalled  udayajya  which  is  a  segment  of  the  day  circle 

described  by  the  end  point  of  the  sign  of  the  ecliptic. 

Each  degree  of  the  corresponding  arc  represents  -J-  nldika=  10  vina- 

dik&s  ;  the  degrees  multiplied  by  10  therefore  give  the  vinadikas  of  rising. 

*  The  context  obliges  ua  to  take  *  ’  in  stanza  5  in  the  sense  of  ‘versed  sine.’ 
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8.  A  stanza  of  doubtful  meaning. — If  the  restoration  of  the  text 

attempted  by  us  is  right,  the  stanza  directs  us  to  ascertain  the  zenith  from 

the  fact  of  the  gnomon  throwing,  at  a  certain  time,  no  shadow  Cp.  the 

Sanskrit  Commentary. 

9.  lOct.  Lay  off  the  shadow  (from  the  centre)  towards  the  north, 

and  place  the  gnomon  at  the  other  end  of  the  shadow.  Draw  from  the  centre 

a  line  parallel  to  the  hypothenuse  up  to  the  circumference.  The  distance  of 

that  (i.  e.  the  point  of  the  sphere  thus  marked)  from  the  zenith  is  the  latitude- 

In  the  same  way  the  shadow  may  be  determined  from  the  latitude. 

A  reference  to  diagram  10  will  render  the  above  processes  intelligible. 

10&.  11.  Having  ascertained,  for  the  given  day,  the  declination  of 

the  sun — which  is  either  greater  than  the  terrestrial  latitude  or  less  than  it — 

place  its  sine  between  the  ecliptic  and  the  equator ;  in  which  degree  that  sine 

intersects  the  ecliptic,  to  that  degree  know  the  sun  to  be  equal  in  longitude, 

according  to  that  part  of  the  sphere  (in  which  he  is  at  the  time). 

A  rule  for  finding  the  longitude  of  the  sun  from  observation.  The 

declination  of  the  sun  is  ascertained  from  the  observation  of  the  sun’s  zenith 
distance  at  noon,  to  which  the  terrestrial  latitude  is  added  if  the  zenith 

distance  is  north,  while  it  is  deducted  from  it,  if  the  zenith-distance  is  south. 

The  longitude  of  the  sun  is  thereupon  calculated  as  the  hypothenuse  of  a 

right  angled  triangle,  in  which  there  are  given  one  side,  viz.,,  the  sine  of  the 

sun’s  declination  and  the  opposite  angle,  viz.,  the  inclination  of  the  ecliptic  =  24°. 
The  resulting  degrees  are  to  be  taken  as  they  are  in  the  first  quarter,  in  the 

second  quarter  they  have  to  be  deducted  from  180°  and  so  on. 

12.  By  means  of  an  observation,  made  by  means  of  two  staffs  equal  to 

Eadius  and  placed  in  the  centre,  ascertain  the  degrees  intervening  between  sun 

and  moon.  The  twelfth  part  of  those  degrees  represents  the  elapsed  true  tithis. 

From  this  (observed  interval)  again  the  next  tithi  is  to  be-ascertained. 

13.  Adding  to  the  degrees  (intervening  between  sun  and  moon)  the 
longitude  of  the  sun  as  ascertained  by  observation  (stanza  10),  we  obtain  the 

longitude  of  the  moon  at  the  given  time  by  mere  observation. 

A  rule  for  finding  the  number  of  elapsed  true  tithis  and  the  longitude 
of  the  moon  by  observation. — When  the  distance  of  the  moon  from  the  sun 

amounts  to  12°,  one  tithi  has  elapsed,  and  so  on. 
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14.  15.  Mark  three  times,  from  the  centre,  the  end  of  the  gnomon’s 
shadow,  and  then  describe  two  fish-figures.  Thereupon  describe  a  circle, 

taking  for  Radius  a  string,  that  is  fastened  to  the  point  in  which  the  two 

strings  issuing  from  the  heads  of  the  fish-figures  intersect,  and  that  is  so 

long  as  to  reach  the  three  points  marked.  On  the  given  day  the  shadow  of 

the  gnomon  moves  in  that  circle,  without  departing  from  it. 

1
6
.
 
 The  line  joining  the  centre  of  that  circle  and  the  base  of  the 

gnomon  is  the  south-north  
line;  and  the  interval  in  the  north  direction 

(between  that  circle  and  the  gnomon)  is  the  midday  shadow. 

A  rule  for  finding  the  path  described  by  the  extremity  of  the  shadow, 

based  on  the  (erroneous)  assumption  that  that  path  is  the  are  of  a  circle.  We 

mark  the  extremity  of  the  shadow  at  three  different  moments  of  the  day,  and 
thus  obtain  the  points  a,  b,  c  (fig.  11). 

In  order  to  -lay  a  circle  through  these 

three  points,  we  describe  from  a  and  b 

the  fish-figure  d  e,  and  from  b  and  c 

the  fish-figure  f  g ;  the  point  h  in 
which  the  cords  d  e  and  f  g 

meet  is  the  centre  of  the  desired 

circle. — It  is  then  easy  to  show  that 

the  line  joining  h  and  g  (i.  e.  the 

foot  of  the  gnomon)  is  the  meridian 

line,  and  g  1  the  midday  shadow. 

17.  ‘Horizon’  we  call  that  (circle)  in  which  the  sky  is  joined  as  it 

were  to  the  earth;  we  draw  in  it  even  east-west  and  north-south  lines. 

18.  The  interval  between  the  pole  and  the  horizon  is  the  terrestrial 

latitude ;  and  the  difference  of  the  latitude  and  ninety  (degrees)  is  called 

colatitude,  which  declines  from  the  zenith  towards  the  pole.  The  day-circle 

is  what  intervenes  between  (the  sun’s  etc.)  rising  and  setting. 

19.  Make,  for  the  purposes  of  observation,  a  circle  with  marks 

(indicating  the  n&dik&s  of  rising  of  the  signs  of  the  ecliptic)  in  reverse  order, 

and  indications  of  the  directions.  Mark  the  centre  and  place  the  circle  on  even 

ground  in  such  a  way  as  to  raise  its  axis  to  the  amount  of  the  given  latitu
de. 

Fig.  11. 
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20.  (Mark  the  place  touched  by)  the  shadow  of  the  crossing  of  the 

two  strings,  (i.  e.,  of  the  centre  of  the  circle.)  Add  to  the  place  of  the  sun  the 

degrees  which  the  sun  has  passed  through  (at  a  given  hour  of  the  day) ;  you 

thus  obtain  the  sign  which  at  that  hour  rises  in  the  east.  And  also  the  elapsed 

nadikas  of  the  day  (may  be  calculated  from  those  degrees). 

The  circle  is  to  be  p'laced  in  the  plane  of  the  celestial  equator.  The- 
observation  of  the  places  at  which  the  shadow  of  the  centre  pin  touches  the 

circumference  of  the  circle  at  different  hours  of  the  day,  informs  us  through 

how  many  degrees  the  sun  has  passed  in  the  interval ;  whence  we  calculate 

the  ecliptic  point  on  the  eastern  horizon,  and  the  time  of  day. 

21.  22.  Take  a  circular  hoop,,  on  whose  circumference  the  3-60  degrees 

are  evenly  marked,  whose  diameter  is  equal  to  one  hasta,  and  which  is  half 

an  ahguli  broad.  In  the  middle  of  the  breadth  of  that  hoop  make  a  hole. 

Through  this  small  hole  made  in  the  circumference  allow  a  ray  of  the  sun  at 

noon  to  enter  in  an  oblique  direction.  The  degrees,  intervening  on  the  lower 

half  of  the  circle  between  (the  spot  illumined  by  the  ray  and)  the  spot' 
reached  by  a  string  hanging  perpendicularly  from  the  centre  of  the  circle, 

represent  the  degrees  of  the  zenith-distance  of  the  midday  sun. 

An  easily  intelligible  rule  for  finding,  by  observation,  the  sun’s  zenith- 
distance  at  noon. 

23.  Make,  of  some  material,  a  delicate  sphere  well  rounded  on  all 

sides.  On  its  periphery  mark  (the  end  points  of)  two  lines  called  the  lines 

of  the  portions  of  time  (k&labhoga),  which  answer  to  the  points  where  the  sun 

stops  (viz.  at  the  solstices). 

24.  Mark  (between  those  two  lines),  according  to  observation,  on  both 

sides  of  the  first  point  of  Aries,  the  degrees  of  declination  (of  the  different 

signs),  by  means  of  which  oblique  observations  are  to  he  made. 

25.  Raise  this  globe  towards  the  north,  to  the  extent  of  the  degrees, 

of  latitude  of  the  given  locality,  and  take  th.e  nadik&s  intervening  between  the 

(point  of)  oblique  observation  and  the  (corresponding  point  on  the)  horizon. 

Those  are  the  elapsed  nddik&s  of  the  day  ;  multiplied  by  six  they  give  the 

degrees. 
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The  above  is  a  somewhat  free  rendering  of  what  we  suppose  to  he  the 

meaning  of  the  text,  the  construc¬ 
tion  and  phraseology  of  which  are, 

at  the  best,  particularly  involved 

and  vague.  •  The  accompanying 

diagram  shows  a  projection  of  the 

sphere  on  the  plane  of  the  meridian 

(HPZH'  P'),  H  H'  being  the 

horizon  and  P  P'  the  poles  of  the 

sphere.  We  ascertain  on  the  cir¬ 
cumference  of  the  sphere  the  points 

B  and  B;,  in  which  the  sun  rises 
and  sets  on  the  days  of  the  two 

solstices,  and  draw  the  day-circles 
in  which  the  sun  moves  on  those 

days.  Between  those  two  day- 

circles  we  then  draw  the  day-circles  in  which  the  sun  moves  when  entering 

each  sign  of  the  ecliptic  (and,  possibly,  as  many  more  intervening  day- 
circles  as  there  is  room  for).  We  then,  at  any  given  moment,  ascertain,  by 

observation  from  the  centre,  the  place  of  the  sun  in  his  day -circle,  f  i.  S  and 

fake  the  nadikas  or  degrees — which  are  to  be  considered  as  marked  on  each 

day-circle — intervening  between  the  place  of  the  sun,  and  the  intersection  of 

the  day-circle  and  the  horizon  (/  i.  between  S  and  T).  A  mere  inspection 

of  the  globe  thus  will  furnish  the  time  of  day. 

26,  As  long  as,  in  the  rising  sphere,  there  rises  that  part  which  be¬ 

gins  with  the  east  point  (i,  e.  the  first  point  of  Aries),  there  takes  place  an 

increase  of  the  day  ;  while  in  the  opposite  case  a  decrease  takes  place. — Prom 

what  has  been  explained,  the  remaining  points  (not  expressly  referred  to) 

may  be  understood, 

27,  The  fundamental  arrangements  of  all  instruments  depend  on 

strings,  water  and  bits  of  earth.  By  means  of  them  one  may  make  on  a 

level  surface  instruments  shaped  like  a  tortoise,  a  man  and  so  on. 

28,  The  teacher  is  to  communicate  those  things  (only)  to  a  pupil  of 

Steadfast  mind;  and  the  pupil  after  having  learned  them  is  to  make  
his 

mechanical  contrivances  in  such  a  way  as  to  keep  them  secret  from  his  own 

Fig.  12. z 

pon  eyen, 
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29.  30.  Let  the  astronomer. observe  (the  position  of  the  moon)  in  a 

oiven  locality,  (at  that  time  when,  according  to  calculation,  full  moon  takes 

place  on  the  prime  meridian  on  the  equator).  Let  him  divide  the  observed 

difference  of  degrees  in  the  manner  of  the  tithi.  The  resulting  time  is  to  be 

deducted  (from  the  time  of  full  moon  at  Lanka)  in  the  case  of  the  degrees 

being  more,  and  to  be  added  in  the  case  of  their  being  less.  Let  him  increase 

the  result  by  the  time  of  ascensional  difference,  when  the  sun  is  in  the  six  signs 

beginning  with  Aries,  and  diminish  it  by  the  same,  when  the  sun  is  in  the  six 

signs  beginning  withLibra.  In  this  way  he  ascertains  the  difference  in  longitude. 

While  there  can  be  hardly  any  doubt  about  the  purport  of  the  above 

stanzas,  their  wording  and  construction  are  obscure,  and  the  translation  there¬ 

fore  merely  aims  at  rendering  the  general  sense. — The  rule  teaches  how  to 

ascertain  the  longitude  of  a  given  place  by  an  observation  of  the  moon  at 

the  hour  when — according  to  astronomical  calculation — full  moon  takes  place 

at  LahM.  We  are  directed  to  find  at  that  time  the  degrees  of  interval  be¬ 

tween  the  moon  and  the  sun,  according  to  the  method  taught  above  in  stanza 

12  ;  if  those  degrees  are  more  than  180,  the  given  locality  is  to  the  west  of 

the  prime  meridian;  if  less,  it  is  to  the  east.  From  the  degrees  of  interval 

the  difference  of  longitude  in  time  is  calculated  proportionally  ;  and  finally 
an  allowance  made  for  the  ascensional  difference. 

31.  The  sixtieth  part  of  so  much  water  as  within  a  nychthemeron 

escapes  (from  a  vessel)  through  a  given  aperture  fixes  the  duration  of  one 

nadika ;  or  else  one  hundred  and  eighty  respirations  of  a  man. 

32.  Make  a  copper  vessel  shaped  like  the  half  of  a  jar,  and  pierce  a 

hole  in  its  bottom.  Place  it  in  a  basin  filled  with  pure  water  ;  when  it  has 

become  full  of  water,  a  nadik4  has  elapsed.  On  account  of  the  smallness  of  the 

bottom  (?),  the  hole  has  to  be  made  in  such  a  way  that  sixty  immersions  take 

place  in  one  nychthemeron. — Or  else  a  nMika  may  be  measured  by  the  time 

in  which  sixty  S'lokas,  each  consisting  of  sixty  long  syllables,  can  be  read  out. 
# 

The  above  three  stanzas  are  clear,  with  the  exception  of  one  line  in  32 

which  is  not  very  perspicuously  expressed. — It  will  be  observed  that  stanza 

32  consists  of  60  long  syllables,  and  thus  constitutes  a  Sloka  such  as — accord¬ 

ing  to  Varaha  Mihira — may  be  recited  in  the  sixtieth  part  of  a  nadika. 

33.  Having  ascertained  the  latitude  of  the  moon  and  observed  the 

distance  of  the  moon  from  the  fixed  star,  and  having  made  the  requisite 

calculations  one  may  then  declare  the  conjunction  of  the  moon  with  the  star. 
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34.  (The  yogatara,  i,  e.,  junction-star)  of  krittika  is  at  the  end  of  the 
sixth  degree  (of  the  nakshatra),  and  three  and  a  half  hastas  to  the  north  of 

the  ecliptic  ;  that  of  Rohipi  is  at  the  end  of  the  eighth  degree,  and  five  and 
a  half  hastas  to  the  south  of  the  ecliptic. 

35.  The  two  stars  of  Punarvasu  are  at  the  eighth  degree,  and  to  the 
north  and  south  of  the  ecliptic  at  an  interval  of  eight  hastas ;  the  star  of 
Pushya  is  at  the  fourth  degree,  three  and  a  half  hastas  to  the  north. 

36.  Of  A'sIlesM  the  southern  star  is  at  the  first  degree,  one  hasta 
(south  of  the  ecliptic)  ;  so  also  the  northern  star.  Of  Magha  the  conjunction 

(with  the  moon)  takes  place  in  its  own  field  (i.  e.,  in  the  ecliptic),  at  the  sixth 

degree  (of  the  nakshatra), 

37.  Of  Chitri  (the  yogatara  is)  at  seven  and  a  half  degrees,  three 

hastas  to  the  south, — The  afigulis  are  to  be  calculated  from  the  centre  of  the 
moon,. 

38.  Deduct  seventeen  from  the  latitude  (of  the  star),  multiply  the 

remainder  by  fifteen,  and  take  its  thirty-fourth  part ;  the  result  is  to  be  taken 

as  the  measure  in  ahgulis.  The  time  (of  conjunction)  is  to  be  calculated 

from  the  difference  of  the  moon’s  daily  motion. 

The  above  stanzas  contain  the  statement  of  the  longitudes  and  lati¬ 

tudes  of  the  socalled  yogataras  of  some  nakshatras.  The  longitude  has  to 

be  reckoned  from  the  beginning  of  each  nakshatra,  i.  e,,  twenty-seventh  part  of 

the  ecliptic.  The  latitudes  are  expressed  in  angulis  of  which  twenty-four  go 

to  one  hasta,  while  the  diameter  of  the  moon — whose  mean  value  is  thirty- 

four  minutes — is  divided  into  fifteen  apgulis.  In  order  to  express  the  dis¬ 

tance  of  the  star  from  the  edge  of  the  moon  in  ahgulis,  seventeen,  i.  e.,  the 

moon’s  radius  is  deducted  frorii  the  distance  in  minutes  (taken  from  the  moon’s 
centre),  and  the  remainder  turned  into  aiigulis  by  means  of  the  proportion 

supplied  by  the  dimensions  of  the  moon, 

39.  Multiply  twenty-five  by  half  the  equinoctial  shadow ;  take  the 

corresponding  arc  to  which  fifteen  is  to  be  added,  multiply  by  ten,  and  add 

twenty -one  times  the  equinoctial  shadow ;  the  result  are  the  vinaclikas. 

40.  41.  By  means  of  the  latter  calculate  the  ecliptic  point  on  the 

eastern  horizon  from  the  beginning  of  Cancer ;  when  the  sun  stands  at  that 
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point,  the  rislii  Agastya  becomes  visible — by  means  of  instruments  constructed 

on  mathematical  principles — beautifying  the  southern  region  as  a  mark 

beautifies  a  lady’s  brow. — Gratified  are  the  minds  of  men  by  this  divine 
knowledge  based  on  time. 

A  rule  for  calculating  the  time  of  the  heliacal  rising  of  Agastya 
l,i'  (Canopus) 

in  a  given 
latitude.  In 

order  to  ex¬ 

plain  its  ra¬ 
tionale,  we 

at  first  ap¬ 

ply  the 
longitude 

and  lati¬ 
tude  of 

Agastya 

given  in the m  oderu 

Surya  Sid- dhanta,  viz. 90°  longit. 

and  80° 
souther  n 

latit.  Let 

H  H'  be 

the  hori¬ 
zon,  P  the 

pole  of  the 

equator,  E  E'  an  arc  of  the  equator,  A  L  an  arc.of  the  Ecliptic,  C  the  place 

of  Canopus  on  the  horizon,  C  the  last  point  of  Gemini  (on  first  point  of  Can¬ 

cer)  which  has  the  same  longitude  as  Canopus,  viz.  90° ;  P  6  C'  C  a  circle  of 
declination  (on  which  according  to  Hindu  practice  the  latitude  is  measured). 

The  segment  C'  S'  of  the  equator  represents  the  time  which  Canopus  must 
rise  before  the  sun  in  order  to  be  visible  in  the  morning.  It  divides  itself  into 

three  parts,  viz.,  C'B  representing  the  ascensional  difference  of  Agastya,  B  6" 

representing  the  ascensional  difference  of  the  last  point  of  Gemini,  and  G"  S' 

representing  the  amount  to  which  the  sun  must  be  below  the  horizon  in  order 

that  a  star  may  be  visible  at  its  rising.  This  latter  amount  the  Hindus 
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always  measure  on  the  ecliptic  (instead  of  measuring  it,  as  would  be  proper,  on 

a  vertical  circle).  The  modern  Surya  Siddhanta  assumes  it  to  be  equal  to  12°; 

but  "Vara ha  Mihira— as  we  understand  him — to  15°.  In  order  to  find  B  G"  we 
make  use  of  the  statement  made  above  in  III.  11  viz.,  that  at  the  end  of 

Gemini  the  ascensional  difference  amounts  to  21  palas  in  those  places  where  the 

equinoctial  shadow  is  equal  to  one.  We  thus  obtain  the  following  expression 

Required  ascens.  diff.  =21  x  equinoct.  shad. 

Dividing  this  result  by  ten  we  obtain  the  degrees  corresponding-  to  the 

palas  (60  palas  going  to  one  nadika  which  answers  to  6  degrees). 

In  order,  finally,  to  determine  C'  B,  we  at  first  ascertain  the  value  of 

D  C,  the  socalled  earth-sine  (kujya)  of  Canopus,  by  means  of  the  proportion 

12:  equin.  shad.  =  sin  declin.  of  Canopus:  kujya. 

If,  as  said  above,  C  G  (  —  latitude  of  Canopus)  is  supposed  equal  to  80°, 

the  declination  of  Canopus  amounts  to  56°  (for  O'  G= declination  of  last  point 

of  Gemini  =  inclination  of  Ecliptic  =  24°) ;  and  we  thus  have 

Kujya = 

equiu.  shad,  x  sin  56° _ equin.  shad,  x  99 
i2  —  '  12  ; 

To  turn  the  earth-sine  so  found  into  the  sine  of  ascensional  difference, 

we  employ  the  proportion 

Cos  declin.  :  kujya  =  Rad.  :  sin  ascens.  diff. 

.*.  Sin  asc.  diff. equin.  shad,  x  99  x  120 
12  x  cos  declin. 

equin.  sliad,  x  99  x  120 

nrx67~
~ 

(67  =  sin  34°  =  cos  56°) 

equin.’  shad,  x  990 _  1980  x  equin.  shad. 
67  . .  "  ~~  •  67  x  2 

-g?  - x  equin.  shad.  30x*quin.  shad. 

.  2  =  2  # 

Instead  of  this  value  of  OB  the  text  however  has  25xe
qiT  8bo<5'>  where¬ 

from  it  appears  that  Y araha  Mihira  estimated  to  latitude  of  Canopus  at  less 

than  the  modern  Surya  Siddbinta  does.  By  an  easy  inverse  calculation  we 

find  that  a  latitude  of  75°  30'  satisfies  the  expression  given  in  the  text. 



CHAPTER  XV. 

The;  Secrets  op  Astronomy., 

1.  Following  those,  who  possess  the  knowledge  of  the  relative  posi¬ 

tions  of  sun,  moon,  stars,  and  earth,  I  give  the  following  explanations. — An 

eclipse  of  the  sun  takes  place  constantly ;  in  consequence  of  the  difference 

of  position  it  becomes  visible  in  some  locality. 

2.  In  the  minds  of  those  also  who  are  ignorant  of  the  relative  posi¬ 

tions  knowledge  maybe  engendered,  just  as — (see  the  Sanskrit  Commentary.) 

8.  In  those  places,  for  which  the  sun  is  covered  by  the  moon  owing 

to  the  straight  line  drawn  from  the  eye  to  the  sun  (i.  e,  for  which  the  moon 

is  in  the  straight  line  drawn  etc.)  an  eclipse  of  the  sun  takes  place ;  and  such 

a  place  is  every  day  somewhere  (in  space), 

4.  The  Fathers  dwelling  on  the  moon  see  the  sun,  if  once  obscured, 

for  a  half-month  (in  that  condition)  ;  and  they  also  see  him  non-obscured  for 

a  half-month.  The  middle  of  the  eclipse  is  at  full  moon. 

The  text  of  this  stanza  appears  to  be  correct,  but  its  meaning  is 

obscure  to  us, — Might  we,  perhaps,  have  to  understand  by  the  f  eclipse’  of  the 
sun  referred  to  merely  his  being  invisible  for  lunar  half  month  to  those 

beings  which  live  on  the  side  of  the -  moon  turned  away  from  the  earth  ? — But 

a  statement  of  this  nature  would  have  its  proper  place,  not  in  the  present 

chapter,  but  in  the  f  trailokya-samsth&na  ’ ;  and  such  a  statement  is  in  fact 

actually  made  there  (xiv.  38).  Moreover,  the  terms  £  grasta  ’  and  'graha' 
would  appear  to  be  rather  misapplied  in  such  a  connection. 

5.  The  beings  that  live  on  Meru  or  near  Meru  never  see  an  eclipse 

of  the  sun,  owing  to  the  fact  of  sun  and  moon  being  (for  them)  not  high 
above  the  horizon. 
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6.  Those  living  on  Meru  or  close  to  it  never  see  sun  and  moon  in  a 

line  ;  therefore  they  always  see  the  two  bodies  separated  by  an  interval! 

Of  these  two  stanzas  also  the  text  seems  to  be  correct.  But  in  that 

ease  their  contents  are  incomprehensible. 

7.  When  an  eclipse  takes  place  at  sunrise  or  sunset,  then  the  sun 

stands  for  us  low  (?)  and  the  moon  high ;  the  latter  therefore  becomes  the 

cause  of  the  (obscuration  of  the)  sun. 

8.  If,  for  us,  an  eclipse  of  the  sun  takes  place  at  sunrise,  it  does  not 

take  place  at  the  same  moment  for  those  with  whom  the  sun  is  about  to  set, 

nor  for  those  with  whom  it  is  midday. 

9.  F or,  on  one  and  the  same  day,  the  eclipse  may  be  past  for  those 

with  whom  it  is  sunrise,  future — to  the  extent  of  two  kshanas — for  those 

with  whom  it  is  sunset,  and  actually  occurring  for  those  with  whom  it  is 
midday. 

1

0

.

 

 

In  the  Samhita,  in  the  beginning  of  the  chapter  on  Balm’s  course, 

I  have  fully  explained  
to  what  causes,  

apart  
from  B&hu,  

solar  and  lunar 
eclipses  

are  due. 

Stanza  7  is  not  fully  intelligible.  Stanzas  8  and  9  refer  to  the 

effect  of  parallax  in  accelerating  or  retarding  the  moment  of  an  eclipse  of  the 
sun. 

11.  For  Meru  there  exists  no  distinction  of  directions,  because  there 

the  eastern  direction  is  not  indicated  by  the  sun  ;  for  as  long  as  the  sun  is 

risen  there,  he  revolves  round  the  earth  (the  horizon). 

12.  Should  it  be  said  that  the  distinction  of  the  eastern  direction 

may  be  based  on  the  observation  of  the  first  small  part  (of  the  sun  when  he 

rises)  ;  we  reply  that  after  he  has  moved  for  half  a  year  (above  the  horizon) 

he  again  sets  at  the  same  .point ;  does  that  point  then  indicate  the  eastern  or 

the  western  direction  ? 

13.  For  those  who  live  on  Meru  its  being  day  depends  on  the  sun’s 
declination,  not,  as  for  us,  on  his  daily  revolution.  For  us  sixty  n&4ik4s 

constitute  a  nychthemeron,  while  a  year  is  a  nychthemeron  of  the  gods. 
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14.  Each  year  comprises  a  day  and  a  night  of  the  gods  and  the 

Asuras,  it  being  day  for  the  former  while  it  is  night  for  the  latter,  and  vice 

versa.  A  nychthemeron  of  the  fathers  (whose  abode  is  the  moon)  lasts  one 

month,  while  one  of  men  comprises  sixty  nadik&s, 

15.  The  gods  see  the  sun  moving  at  a  distance  (from  the  horizon), 

equal  to  so  much  as  he  rises  above  the  horizon  in  two  muhurtas ;  they  never 

see  him  higher  up. 

The  gods  on  Meru  never  see  the  sun  higher  above  the  horizon  than 

24  degrees  (to  which  height  he  rises  when  at  the  end  of  Gemini).  The  sun 

performing  3G0  degrees  in  thirty  muhurtas  passes  through  24  degrees  in  two 
muhurtas, 

1.  G.  The  succession  of  the  Lords  of  hours  and  days  is  not  the  same 

on  Meru  as  with  us ;  because  the  nychthemeron  there  does  not  consist  of 

sixty  nadhkas. 

IT.  The  rule  about  the  days  of  the  week  is  not  everywhere  the  same. 

As  no  (decisive)  reason  can  be  assigned  for  it,  the  astronomers  disagree  con¬ 

cerning  this  point. 

18.  19.  The  day  of  the  week  is  to  be  determined  from  the  ahargapa ; 

the  ahargapa  itself  depends  on  connexion  with  place  and  time.  According  to 

the  teaching  of  Latacharya  the  ahargapa  is  to  he  reckoned  from,  sunset  at 

Yavanapura ;  according  to  Simhacharya  from  sunrise  at  LaAk& ;  while  it  is 

to  be  reckoned  from  the  moment  when  ten  muhurtas  of  the  night  of  the 

Yavanas  have  passed,  according  to  their  guru  (i.  e.  the  teacher— or  master — . 

of  the  Yavanas), 

20,  Aryabhata  maintains  that  the  beginning  -of  the  day  is  to  be 

reckoned  from  midnight  at  Lanka ;  and  the  same  teacher  again  says  that  the 

day  begins  from  sunrise  at  Larikd, 

21,  If,  there  having  been  applied  the  correction  for  difference  of 

meridian,  the  result  does  not  agree  with  the  actual  circumstances  of  a  given 

place ;  the  following  statement  (at  any  rate)  as  to  the  correspondence  of  time 

has  been  made  by  the  same  teachers  (mentioned  above),  in  agreement  with 

traditional  science,  
' 

% 
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22.  The  sun,  when  rising  in  the  BMratavarsha,  at  the  same  time 

makes  midday  in  the  region  of  the  Bhadrhsvas,  sunset  in  that  of  the  Kurus, 

midnight  in  Ketumala. 

23.  What  is  sunrise  in  LafikA  is  sunset  in  Siddhapura,  midday  in 

Yamakoti,  midnight  in  Romaka-country. 

24.  The  intercalary  months,  the  omitted  lunar  days,  the  days  of  the 

planets,  the  lunar  days,  the  days,  Aries,  the  sun,  the  moon,  the  half-years, 

the  seasons,  the  motions  of  the  stars,  the  nights ;  all  of  them  begin  together 

at  the  beginning  of  the  yuga. 

25.  The  difference  in  longitude  when  taken  from  Romaka-country  is 

not  the  same  as  when  taken  from  Yavanapura ;  and  there  is  a  difference  be¬ 

tween  (reckoning  the  beginning  of  the  day)  from  midnight  or  from  sunrise  at 
Lanka. 

26.  And  if  we  determine  the  Lord  of  each  day  by  (counting  the 

ahargana  from)  the  moment  when  the  sun  has  half  set,  we  hare  in  our  favour 

neither  any  traditional  authority  nor  reasoning  of  any  kind, 

27.  Owing  to  the  (various  positions  of  the)  sun,  it  is  twilight  in  one 

place,  day  in  another  place,  and  night  in  another  place.  A  small  difference 

of  place  thus  suffices  to  entangle  the  question  as  to  who  is  the  Lord  of  the 
day. 

28.  The  question  as  to  the  horas  is  in  the  same  predicament ;  for  the 

first  'hora  belongs  to  the  Lord  of  the  day.  If,  then,  the  latter  is  not  fully 
determined,  how  can  the  Lord  of  the  hour  be  so  ? 

29.  Ordinary  people,  as  a  rule,  proceed  in  their  business  according  to 

the  days  of  the  week  (as  known  from  tradition),  without  reflecting  on  such 

questions.  The  learned,  on  the  other  hand,  declare  such  (assumptions)  to  be 

right  as  result  in  the  proper  determination  of  the  true  lunar  day. 



CHAPTER  XVI. 

The  Mean  Motions  of  the  Planets,,  according  to  the  SOrya  Siddhanta. 

1.  The  determination  of  the  (mean  places  of  the)  smaller  planets  for 

midnight  at  Avanti  is,  according  to  the  Surya  SiddMnta,  as  follows. — 
Mercury  and  Venus  have  the  same  motion  as  the  mean  sun. 

2.  For  Jupiter  multiply  the  ahargana  by  100,  and  divide  by  433232. 

For  Mars  multiply  the  ahargana  by  one,  and  divide  by  687. 

3.  For  Saturn  multiply  the  ahargana  by  1000,  and  divide  by 

10766066.  The  quotients  are  the  entire  revolutions;  from  the  remainders 

the  mean  places  of  the  planets  are  ascertained  in  signs,  degrees  and  so  on. 

4.  For  each  revolution  of  Jupiter  ten  tatparas  ( i .  e.,  sixtieth  parts 

of  seconds)  have  to  be  deducted.  Fourteen  tatparas  have  to  be  added  for 

each  revolution  of  Mars ;  five  have  to  be  deducted  for  each  revolution  of 

Saturn. 

5.  Four  signs,  two  degrees,  twenty-eight  minutes  and  forty-nine 
seconds  have  to  be  added  to  the  mean  place  of  Saturn. 

6.  Eight  degrees,  six  minutes  and  twenty  seconds  constitute  the 

additive  quantity  for  Jupiter.  For  Mars  that  quantity  amounts  to  two 

signs,  fifteen  degrees  and  thirty -five  minutes. 

7.  For  the  S'lghra  of  Mercury  multiply  the  ahargana  by  100,  and 
divide  by  8797.  Add  the  product  of  the  (aecoftiplished)  revolutions  and  four 

and  a  half  tatparas. 

8.  For  the  S'lghra  of  Venus  multiply  the  ahargana  by  10,  and 
divide  by  2247.  Add  ten  and  a  half  seconds,  multiplied  by  the  revolutions. 
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9.  Twenty  eight  degrees  of  Leo  (i.  e.  four  signs  plus  twenty-eight 

degrees)  and  seventeen  minutes  are  the  additive  quantity  for  the  S'lghra  of 

Budlia.  From  (the  S'lghra  of)  Venus  332961  seconds  are  to  be  deducted. 

The  above  nine  stanzas  contain  rules  for  calculating  the  mean  places 

of  the  planets. — The  complete  calculation  for  each  planet  is  subdivided  into 

three  distinct  operations.  We  are  at  first  taught  how  to  find  the  mean  place 

by  means  of  a  rough  calculation  resting  on  the  assumption  that  the  planet 

performs  an  integral  number  of  revolutions  within  an  integral  number  of 

savana  days.  Next  we  are  informed  how  to  make  up  for  the  mistake 

involved  in  the  above  assumption.  And  finally  we  are  told  what  quantity 

has  to  be  added  to — or  deducted  from— the  result  found  by  means  of  the 

previous  two  processes,  in  order  to  enable  us  to  start  in  our  calculation,  not 

from,  the  beginning  of  the  kalpa  or  yuga,  but  from  the  epoch  of  the  karana. 

The  process  by  means  of  which  we  evolve  from  the  rules  of  the  text 

that  duration  of  the  sidereal  revolutions  of  the  planets  which  was  assumed 

by  Varaha  Mihira’s  Surya  Siddhanta  is  simple,  and  the  same  for  all  planets. 
We  at  first  calculate  the  revolutions  according  to- the  approximative  rules, 

given  in  stanzas  1 — 3,  and  the  first  halves  of  stanzas-  7  and  8..  We  thereupon 

deduce — from  the  corrections  stated'  in  stanza  4  and  the  second  halves  of  7 

ancl  8 — the  amount  of  the  modifications  to  be  applied  to  the  rough  results- 

found  previously.  We  thus  obtain  the  following  numbers-  of  revolutions, 

within  one  mahayuga  of  1577917800  days. 

Saturn  —  146564 

Jupiter  —  364220; 
Mars  —  2296824 

Venus  —  7022388 

Mercury  —  17937000; 
* 

The-  correctness  of  these  figures  we  are  finally  enabled  to  test  by 

means  of  the  kshepa-quantities  stated  in  the  fifth,  sixth  and-  ninth  stanzas- 

For  if — as  we  had  done  before  in  the  case  of  the  sun  and  the  moon — we 

calculate,  on  the  ground  of  the  number  of  revolutions  stated  above,  the 

mean  positions  of  the  planets  at  the  epoch  of  the  karana,  we  find  that  they 

agree  down  to  seconds  with  the  mentioned  kshepa-quantities.  As  in  the 
case  of  sun  and  moon,  the  calculation  has  to-  be  made  from  the  beginning,  not 

of  the  mahayuga,  but  of  the  kalpa. 
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10.  Seventeen  seconds  are  to  be  added  for  each  year  to  the  mean 

place  of  Mars ;  ten  to  be  deducted  from  that  of  Jupiter  ;  seven  and  a  half 
to  be  added  to  that  of  Saturn, 

11,  Forty -five  are  to  be  deducted  from  that  of  Venus  ;  one  hundred 

and  twenty  to  be  added  to  that  of  Mercury.  Fourteen  hundred  seconds  are 

to  be  deducted  from  the  mean  place  of  Jupiter. 

These  two  stanzas  state  certain  corrections  to  be  applied  to  the  mean 

places  of  the  planets  as  found  by  means  of  the  preceding'  rules.  No  other 
reason  for  those  corrections  appears  to  be  assignable,  but  that  they  tended  to 

effect  an  agreement  between  the  rules  of  the  Stirya  Siddhanta  and  the 

observations  made  by  Varaha  Mihira  or  the  astronomers  of  his  time, 



CHAPTER  XVII. 

The  tkue  Motions  of  the  Planets. 

1.  Of  the  other  planets  beginning  with  Mars  the  sun  is  the  so-called 

S'lghra, — Thirty-five,  fourteen,  sixteen,  five,  twenty-four — each  multiplied 

by  two — are  the  degrees  of  the  epicycles  (of  the  Apsis) ; 

2.  Six,  eleven,  eight,  four,  twelve, — each  figure  multiplied  by  twenty 

and  ten  being  deducted  in  the  case  of  Mars — are  the  degrees  (of  the  longitude) 

of  the  Mandochchas  of  Mars,  Mercury,  Jupiter,  Venus,  Saturn. 

We  therefore  have  the  following  epicycles  and  longitudes  of  the 

apogees  of  the  five  planets 

Mars. 

Mercury. 
Jupiter. 

Venus. 
Saturn. 

Degrees  of  epicycle.,. 
70 

28 

. .  ’  . . ■  ■■’  i 

32 

14 

60 

longitude  of  Apogee 110 

120 

160 
80 

240 

3

.

 

 

The  degrees  of  the  epicycles  of  the  conjunction  (^ighraparidhi) 

of  Mars,  
etc.  

(Mars,  
Merchry,  

Jupiter,  
Venus,  

Saturn)  
are  234,  

132,  
72, 

260,  
40, 

4

,

 

 

If,  the  mean  planet  being  deducted  from  the  S'ighra,  the 

remainder  

is  within  
three  

signs,  
the  

sines  
of  those  

parts  
(of  

the  
three  

signs), 
which  

are  
passed  

through  

and  
yet  

to  be  passed  
through,  

are  
the  

base  
sine 

(bhuja)  
and  

the  
perpendicular  

(koti).  
If  the  

remainder  

exceeds  

three 
signs,  

it  is  to  be  deducted  

from  
six  signs,  

and  
after  

that  
the  

same  
method  

is 
to  be  followed,  

, 
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5.  The  (bhujajya  and  kotijya  found  according  to  stanza  4)  are  to  be 

multiplied  by  the  degrees  of  the  epicycle  of  the  planet,  and  divided'  by  360  ; 

the  results  are  those  "two  (sines)  reduced  (to  the  terms  of  the  epicycle  ;  viz., 

the  so-called  bhujajya  phala  and  kotijy&  phala)..  The  koti  phala  is  to  be 

added  to  the  Radius  in  the  half  circle  beginning  with  Capricorn,  and  to  be 

deducted  in  the  half  circle  beginning  with  Cancer. 

6.  Take  the  square  root  of  the  sum  of  the  squares  of  the  Radius  so 

increased  or  decreased  and  the  bhujaphala,  and  divide  thereby  the  bhujaphala 

multiplied  by  120.  Half  of  the  corresponding  arc  is  to  be  deducted  from  the 

mandochcha  (if  the  anomaly  is  in  the  half  orbit  beginning  with  Aries),  and  to. 

be  added  to  it  (in  the  half  orbit  beginning  with  Libra). 

A  rule  for  finding  the  equation  of  the  conjunction  which  in  all  points 

agrees  with  that  given  in  the  modern  Surya  SiddlAnta. — By  half  the  equa¬ 

tion  found  the  place  of  the  mandochcha  is  to  be  corrected,  and  the  manda 

equation  to  be  calculated  from  the  new  place. 

7.  The  mandochcha,  having  thus  been  made  true,  is  deducted  from 

the  mean  planet,  and  the  sine  (bahu)  (of  the  resulting  arc)  is  reduced  to 

terms  of  the  epicycle  (by  being  multiplied  by  the  degrees  of  tire  epicycle, 

and  divided  by  3fi0) ;  the  corresponding  arc  is  either  added  to  the  mandochcha 

(in  the  half  orbit  beginning  with  Aries),  or  deducted  from  it  (in.  the  half  orbit 

beginning  with  Libra). 

8.  (The  mandochcha  so  corrected)  is  again  to  be  deducted  from  the 

mean  planet,  the  corresponding  sine  is  to  be  taken  and  to  be  reduced  to  terms 

of  the  epicycle,  and  the  corresponding  arc  to  be  added  to  (in  the  half  orbit 

beginning  with  Aries) — or  deducted  from  (in  the  half  orbit  beginning  with 

Libra)— the  mean  planet. 

9.  The  planets,  having  thus  been  made  what  is  called  ‘  true-mean’ 

(the  mean  planet  having  been  made  true  as  far  as-  the  mandochcha  is  con¬ 
cerned),  are  to  he  deducted  from  their  dighrochchas.  They  are  then  to  be 

treated  according  to  the  former  method  (i.  e.,  the  equation  of  the  ̂ ighrochcha 

is  to  be  found  as  taught  above)  ;  and  ,  in  the  former  way,  the  arc  is  to  be 

added  to  (in  the  half  orbit  beginning  with  Aries) — or  to  be  deducted  from 

(in  the  half  orbit  beginning  with  Libra) — the  true-mean  planet. 
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10.  In  this  manner  the  true  position  of  all  planets  is  ascertained. 
In  the  case  of  Mercury,  however,  the  mandochcha  of  the  sun  is  to  be 

deducted  from  Mercury’s  Slghrochcha ;  the  base  sine  (of  the  remainder)  is  to 
be  reduced  to  terms  of  the  sun’s  epicycle  (by  being  multiplied  by  the  degrees 
of  the  sun’s  epicycle,  and  divided  by  360),  and  the  corresponding  arc — as 
Mercury’s  equation — to  be  added  to,  or  deducted  from,  Mercury  (according  as 
the  anomaly  found  by  deducting  the  sun’s  mandochcha  from  Mercury’s 
sighrochcha  lies  in  the  half  -orbit  beginning  with  Aries  or  in  that  beginning 
with  Libra). 

11.  In  Venus’  case  sixty -seven  minutes  have  to  be  deducted  from 

the  planet’s  longitude,  after  it  has  been  made  true  (in  the  manner  taught 
before). — The  time  when  a  planet  becomes  retrograde  has  to  be  ascertained 
from  the  difference  of  its  motion. 

12.  The  degrees  of  the  distance  from  the  sun  at  which  the  true 

planets  become  visible  are  12  for  the  moon,  19  for  Mars,  17  for  Mercury, 

13  for  Jupiter,  11  for  Venus,  15  for  Saturn, 

13.  Take  the  sine  of  the  interval  between  the  planet  made  true  with 

regard  to  the  apogee  (and  the  node),  and  add  to  it  its  eighth  part,  in  the 

case  of  Mars,  Jupiter  and  Saturn ;  the  latitude  of  the  planet,  which  is  either 

southern  or  northern,  is  found  from  that  difference.  Another  latitude  is 

found  by  applying  the  conjunction  (in  the  case  of  Venus  and  Mercury). 

14.  In  the  case  of  Jupiter,  Mars  and  Venus  (the  sine  mentioned 

above)  is  to  be  lessened  by  its  fourth  part ;  while  in  the  case  of  Mercury 

and  Saturn  it  is  merely  to  be  increased  by  its  eighth  part.  The  sine  is  then 

to  be  multiplied  by  Radius,  and  divided  by  the  hypothenuse  ;  the  result  is  the 

latitude  whose  direction  (whether  north  or  south)  depends  on  that  of  the 

interval  (between  node  and  planet). 

•  
* 

The  above  two  stanzas  teach  how  to  calculate  the  latitude  of  the 

planets.  The  latitude  is  made  to  depend,  in  the  case  of  the  superior  planets, 

on  the  distance  of  the  true  planet  (i.  e.,  the  true  place  of  the  planet  with 

regard  to  the  apogee)  from  the  node  ;  in  the  case  of  the  inferior  planets  on 

the  distance  of  the  node  from  the  S'ighra  of  the  planet,  i.  e.,  the  place  of  the 
sun.  The  latitude  for  any  given  moment  is  then  calculated  by  means  of  a 

proportion  basing  on  the  assumed  amount  of  the  greatest  latitude  of  each  planet 
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These  amounts  have  to  be  inferred  from  the  indirect  statements  of  the  text , 

which  directs  us  to  add,  in  the  case  of  Mercury  and  Saturn,  one  eighth  to  the 

sine  of  the  interval  between  node  and  planet  (or  node  and  conjunction),  and,  in 

the  case  of  the  three  other  planets,  to  lessen  that  sum  by  its  fourth  part.  We 

thus  have,  for  Mercury  and  Saturn,  the  following  formula 

t  9xsin  interv. 
JUcltlt.  - O - « 

and,  for  the  three  other  planets,. 

Latit.  = 
9  xsin  intery. 

8 
9  x  sin  intery. 

8x4 

«  If  we  substitute  120  =  Radius  for  the  8  forming  the  divisor,  we  have 

to  substitute  135  for  the  9  of  the  numerator;  whence  we  conclude  that  the 

greatest  latitude  of  Mercury  and  Saturn  is  assumed  to  amount  to  135/ 

And  taking  into  account  the  subtraction  of  one-fourth  part,  which  is  pre¬ 

scribed  for  the  three  other  planets,  we  find  that  their  greatest  latitude  is 

supposed  to  amount  to  121'. 



CHAPTER  XVIII. 

On  the  Coukses  of  the  Planets. 

1.  Deduct  from  the  ahargana  147,  and  divide  by  584;  the  quotient 

indicates  the  risings  of  Venus.  The  portion  (passed  through  by  Venus  dur¬ 

ing  that  time)  is  five  degrees  of  Scorpio  (i.  e.  seven  signs  plus  five  degrees) 

together  with  the  third  part  of  a  degree. 

2.  Having  proceeded,  by  means  of  the  degrees  of  time,  for  twenty- 

six  days,  Venus  goes  to  its  rising  in  the  west.  Add  to  the  days  the  eleventh 

part  of  the  risings,  and  therefrom  (calculate)  the  motions. 

3.  In  three  periods  of  sixty  days  each,  Venus  passes  through  seventy 

degrees,  increased  respectively  by  four,  three,  and  two  ;  thereupon  in  eighty- 

five  days  through  seventy-seven  degrees  ;  then  in  three  days  through  one  and 

a  quarter  degree. 

4.  5.  Thereupon  becoming  retrograde  it  passes  in  fifteen  days 

through  two  degrees ;  sets  after  five  days  in  the  west ;  rises  after  ten  days 

in  the  east ;  becomes  anuvakria  after  twenty  days,  having  moved  four  degrees 

(within  each  of  the  last  mentioned  three  periods) ;  passes  through  250  degrees 

in  232  days,  and  sets  in  the  east;  passes  through  75  degrees  in  60  days,  and 
rises  in  the  west. 

6.  In  the  case  of  J upiter  deduct  from  the  ahargana  thirty-four  days 

and  as  many  n&dikas,  and  divide  by  399;  the  quotient  are  the  risings  of 

Jupiter.  Put  down  separately  the  (remaining)  days. 

7.  And  add  to  them  the  ninth  part  of  the  number  of  the  risings. 

Multiply  the  number  of  risings  by  36,  and  divide  by  391 ;  the  remainder  to 

which  18  is  added  is  called  pada. 

8.  Put  it  down  in  two  places.  (Calculate  the  equations)  by  means  of 
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the  mean  and  the  true  quantities.  If  on  the  deduction  of  those  two  quant
ities 

(from  each  other)  the  true  quantity  is  smaller  than  the  mean  one,  add  (as 

many  days  as  the  result  comprises  degrees)  to  the  days  (as  found  above)  ;  in. 

the  opposite  case  (so  many  days)  are  to  be  deducted. 

9.  10.  As  long  as  the  pada  is  within  180,  there  is  a  positive  quantity 

of  1456 ;  up  to  195  there  is  a  positive  quantity  of  1265  ;  if  (the  pada.)  is 

within  16,  the  third  quantity  is  negative,  amounting  to  1486. — The  risings  of 

Jupiter  being  multiplied  by  five  and  divided  by  eight,  give  the  minutes  (of  the 

mean  place  of  Jupiter)  from  the  first  rising. 

11.  In  the  case  of  the  first  quantity  there  are  9|-  degrees  of  Virgo 

(i.  e.  5s  9°  30') ;  in  the  case  of  the  second  one  there  is  half  a  circumference 

(  =  6s)  ;.and  in  the  case  of  the  last  one  there  are  13  degrees, 

12.  Jupiter  passes  within  sixty  days  through  twelve  degrees ;  after 

that  in  forty  days  through  four  degrees  ;  then  in  twenty-four  days  through  two 

degrees ;  thereupon  he  becomes  retrograde  within  fifteen  days,  and  passes  in 

sixty  days  -through  six  degrees,  and  again  in  sixty  days  through  six  degrees. 

13.  Then,  becoming  anuvakra,  he  passes  in  eighty  days  through 

twelve  degrees,  and  in  forty-five  days  through  nine  degrees.  Thereupon  he 

sets,  and  having  remained  in  that  state  for  one  month  he  again  rises  in  the 
following  month. 

14.  For  Saturn,  deduct  from  the  afiargana  150|-  (days),  divide  (the 

remaining  days)  by  378  ;  the  result  are  the  days  etc.  constituting  one  rising. 

15.  Deduct  from  the  days  the  tenth  part  of  the  risings.  Multiply  the 

risings  by  nine,  and  divide  by  256  ;  the  remainder  is  the  pada ;  add  to  it  89. 

16.  If  the  padas  of  Saturn  are  within  thirty,  there  is  an  additive 

quantify  of  2406 ;  while  there  is  a  subtractive  quantity  pf  2509,  if  the  pada amounts  to  127. 

17.  There  is  an  additive  quantity  of  2307,  if  (the  pada  amounts  to) 
99.  Multiply  the  risings  of  )Saturn  by  31,  and  divide  by  32  ;  (the  resulting 
minutes)  are  to  be  added  to  the  negative  quantity. 

18.  In  the  case  of  the  first  aggregate  we  have  sixteen  degrees  of 

Taurus  minus  nine  minutes  ( =  Is  15°  SI');  in  the  case  of  the  second  aggregate 
we  have  five  (signs)  plus  twenty-seven  degrees  plus  thirty-four  minutes. 
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19.  In  the  case  of  the  last  aggregate  we  have  seven  degrees  plus 

twenty-eight  minutes. — Saturn  passes  in  sixteen  clays  through  three  degrees, 

thereupon  in  fifty-six  days  through  232  minutes  (  =  3°  52'). 

20.  Thereupon  he,  within  fifty-five  days,  becomes  retrograde.  He 

then  passes  in  G8  days  through  three  degrees,  and  in  60  days  through  four 

degrees.  After  that,  becoming  anuga,  ho  passes  through  eight  degrees  in  105 

days  (and  then  sets).  Thereupon  he  passes  through  three  degrees  in  36  days, 

(and  again  rises). 

21.  Deduct  from  the  ahargana  256,  and  14  nadikhs,  and  divide  by  780  ; 

the  result  are  the  risings  of  Mars. 

22.  Multiply  the  number  of  risings  by  161  and  add  the  result,  taken 

as  vinadikas,  to  the  days  (forming  the  remainder  of  the  division  prescribed 

in  21).  Multiply  the  risings  by  eighteen,  divide  by  fifteen  and  take  (the  re¬ 

mainder)  of  that  division. 

23.  Lessen  the  remainder  by  its  own  fifth  part  ,*  you  thus  obtain  the 

mean  position  of  Mars,  expressed  successively  in  signs  and  so  on. — Thereupon 

you  must  calculate  the  succession  of  its  true  courses. 

24.  The  degrees  of  difference  of  the  true  and  mean  positions  *are  to  be 

added  to  the  days  (calculated  above),  if  the  mean  position  (exceeds  the  true 

one) ;  and  to  be  dedueted,  if  the  mean  position  is  less. — I  will  now  describe 

the  motion  of  Mars  according  to  its  different  courses  (gati). 

25.  ? 

26.  Having  then  passed  through  13  degrees,  Mars  becomes  nirarnsa 

(L  c.  without  degrees  ;  i.  e.  having  the  same  longitude  as  the  sun),  and  having 

thereupon  passed  through  twenty  degrees  he  goes  to  his  rising.  I  will  now- 
state  the  succession  of  days  occupied  by  the  courses  (gati)  of  Mars. 

27.  28.  ? 

29.  When  Mars  is  retrograde  in  Pisces,  Scorpio,  Aries,  or  Sagittarius, 

he  passes  through  nine  degrees  within  56  days,  then  through  seven  degrees 

within  42  days ;  and  thereupon,  passing  through  sixteen  degrees  in  60  days, 

he  becomes  anugati. 
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30.  In  Taurus,  Gemini*,  Libra,  and  Virgo  Mars  passes  in  forty  days 

through  seven  degrees,  again  in  forty  days  through  ten  degrees,  and  in  sixty- 

three  days  through  seventeen  degrees  in  succession,  beginning  from  (?)  the 

retrograde  motion, 

31.  In  Cancer  and  Leo,  Mars  passes  in  forty-four  days  through  seven 

degrees,  in  forty  days  through  six  degrees,  and  in  sixty  days  through  eighteen 

degrees,  in  his  courses  beginning  with  the  retrograde  one. 

32.  In  Aquarius  and  Capricorn,  Mars  passes  through  six:  degrees  in 

thirty-two  days,  through  nine  degrees  in  thirty-nine  days  and  through  fifteen 

degrees  in  fifty-seven  days,  in  his  threefold  course, 

33.  ? 

.34,  Add  two  to  one,  five,  eight,  eleven,  fourteen,  eleven,  nine.  In 

the  quick  course  (S'ighragati)  you  have  forty  diminished  by  one,  four,  four  (?). 

35,  Thirty-six  increased  by  two,  three,  nine,  twelve,  nine,  three,  zero 

are  the  days.  The  motion  in  the  eighth  course  is  the  same  as  in  the  seventh. 

36,  37,  3.8,  Add  to  the  ahargarm  twenty-eight  and  a  third.  Multiply 

by  eight  and  diyide  by  927 ;  the  result  are  (the  risings)  of  Mercury.  Take 

the  eighth  part  of  the  (remaining)  days,  and  deduct  from  those  of  Mercury  as 

many  n&dikis  as  the  fourth  part  of  the  risings  amounts  to,  Multiply  the 

risings  by  123,  and  deduct  forty-three;  divide  the  remainder  by  389 ;  you  thus 

find  the  mean  place  .of  Mercury. — Mercury  passes  within  six  plus  five  ( = 

eleven)  of  the  (days  forming  the)  remainder  through  eight  true  degrees ;  with¬ 

in  thirty  (days)  through  thirty  true  degrees, 
1 

.39,  Thereupon  he  passes  in  eighty-one  days  through  sixty  degrees  ; 

in  eighty-eight  days  through  a  hundred  degrees ;  in  fourteen  days  through 
twelye  degrees ;  in  thirty  days  through  thirty  degrees,  . 

,40,  In  one  hundred  and  four  days  through  ninety-seven  degrees  ;  in 

thirty-one  days  through  tFenty-tbr.ee  degrees.  These  are  the  true  motions  of Mer.cjury, 

41,  Deduct  from  the  days  the  degrees  of  difference  of  those  two  (viz. 
of  the  mean  and  true  places  of  Mercury),  in  case  of  the  true  place  being  in 
excess,  (of  the  mean  place) ;  add  those  degrees,  in  case  of  the  mean  place  being 

in  excess  (of  the  true).'  The  course  of  the  true  Mercury -is  as  follows. 
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42.  In  Aries,  Mercury  passes  in  thirty-six  days  through  thirty-five 

degrees,  in  thirty-six  days  through  forty-two  degrees,  in  twenty-nine  days 

through  twenty-one  degrees,  and  again  in  twenty-nine  days  through  thirty 
degrees. 

4
3
.
 
 In  Taurus  he  passes  in  forty-five  days  through  forty-four  degrees, 

in  twenty-three  
days  through  seventeen  degrees,  again  in  twenty-three  

days 

through  thirty-nine  
degrees  ;  in  forty-nine  days  through  forty-three  

degrees. 

44.  In  Gemini  he  passes  in  forty-five  days  through  forty-eight  de¬ 

grees  ;  in  twenty  days  through  fourteen  degrees  ;  in  twenty-six  days  through 

twenty-seven  degrees  ;  in  forty -seven  days  through  forty  degrees. 

45.  In  Cancer  he  passes  in  forty-two  days  through  twenty-six  de¬ 

grees  ;  in  eighteen  days  through  twelve  and  a  half  degrees ;  in  thirty  days 

through  twenty-six  degrees  ;  in  forty-six  days  through  twenty-five  degrees. 

46.  In  Leo  he  passes  in  thirty-four  days  through  twenty-five  degrees ; 

in  sixteen  days  through  eighteen  degrees  ;  in  thirty-two  days  through  twenty- 

seven  degrees ;  in  forty -five  days  through  twenty -eight  degrees. 

47.  In  Virgo  he  passes  in  twenty-six  days  through  twenty-seven  de¬ 

grees  ;  in  thirty-eight  days  through  forty-five  degrees;  again  in  thirty-eight 

days  through  fifty-six  degrees,  and  again  in  thirty-eight  days  through  sixty- 
two  degrees. 

48.  (In  Libra)  he  passes  in  forty-two  days  through  thirty-seven  de¬ 

grees,  in  forty  days  through  thirty-two  degrees,  in  thirty-four  days  through 

sixty-four  degrees. 

49.  In  Scorpio  he  passes  in  eighteen  days  through  twenty  degrees, 

in  forty -five  days  through  fifty-two  degrees,  in  thirty -four  days  through  forty- 

five  degrees,  in  forty-eight  Says  through  seventy-four  degrees. 

50.  In  Sagittarius  he  passes  in  forty  days  through  thirty-nine  de¬ 

grees  ;  in  sixteen  days  through  eleven  degrees ;  in  forty-two  days  through 

forty-three  degrees ;  in  thirty-two  days  through  thirty-five  degrees. 

I. 

51.  In  Caprioorn  he  passes  in  twenty  days  through  nineteen  degrees ; 

in  thirteen  days  through  fourteen  degrees ;  in  thirty-eight  days  through  thirty- 

nine  degrees  ;  in  thirty-two  days  through  fifty-eight  degrees. 
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52.  In  Aquarius  he  passes  in  twenty-three  days  through  twenty-two 

degrees ;  in  twenty-two  days  through  twenty-five  degrees ;  in  twenty-four 

days  through  twenty  degrees  ;  in  thirty-two  days  through  sixty  degrees. 

53.  In  Pisces  he  passes  in  twenty-four  days  through  twenty-six  de¬ 

grees  ;  in  twenty-five  days  through  thirty  degrees ;  in  twenty-nine  days 

through  thirty  degrees ;  and  in  twenty-seven  days  through  forty-nine  degrees. 

54.  55.  56.  ? 

57.  Multiply  the  time  of  the  ascensional  difference  by  the  (sine  of  the 

planet’s)  latitude — which  is  calculated  according  to  the  method  of  sines — 

and  take  the  480th  part  of  the  product.  The  result  is  to  be  deducted  from — 

or  added  to — the  planet’s  longitude  according  to  the  direction  (of  the  latitude). 

58.  This  operation  having  been  performed,  the  setting  and  rising  of 

the  planets  is  to  be  calculated  by  means  of  the  degrees  intervening  between 

them  and  the  sun.  These  degrees  are,  for  the  moon  and  the  other  planets  in 

succession,  twelve,  fourteen,  twelve,  fifteen,  eight,  fifteen. 

59.  Multiply  those  degrees  by  three-hundred,  and  divide  by  the  vina,- 

dikas  of  rising ;  from  the  resulting  degrees  the  true  setting  and  rising  of  the 

planets  is  to  be  determined. 

60.  Mercury,  Venus,  Mars,  Jupiter  (and  Saturn?)  (become  visible  in 

the  east  when  they  are)  less  advanced  in  longitude  than  the  sun  by  the  amount 

of  the  planetary  degrees  (as  calculated  above) ;  in  the  moon’s  ease  the  reverse 
takes  place. — ^Having  thus  ascertained  (all  requisite  items)  from  the  latitude, 
the  astronomer  may  make  declarations  regarding  future  planetary  occurences. 

Stanza  57  contains  a  rule  for  the  so-called  aksha  drikkarman,  i.  e.  the 

correction  for  apparent  longitude  which  depends  on  the  planet’s  latitude  at  the 
given  time.  The  rule  is  based  on  the  rough  proportion 

Sine  of  greatest  latitude  of  ecliptic  (  =  48) :  time  of  greatest  ascensional 

difference = sine  of  planet’s  latitude :  time  of  planet’s  ascensional  difference. 

Dividing  by  ten  (whence  the  divisor  480)  the  vinidikas  of  the  result 

are  turned  into  degrees. — Stanza  58  thereupon  states  the  number  of  degrees 
to  which  the  difference  of  the  longitude  of  the  sun  and  the  single  planets  must 
amount  in  order  that  the  latter  may  become  visible.— Stanza  59  finally  teaches 
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how  those  mean  degrees  are  rendered  true  by  the  introduction  of  the 

time  of  rising  of  the  ecliptic  in  which  the  sun  and  the  planet  are  at  the  time 

(300  vinaclikas  being  the  mean  time  of  the  rising  of  the  signs). 

61.  For  the  benefit  of  his  pupils  YaraM  Mihira  of  Avanti  has  com¬ 

posed  this  short  treatise  on  the  smaller  planets,  which  effects  an  agreement 

between  observation  and  theory. 

62.  He  whose  efforts  are  frustrated  by  the  (theory  of)  Mars  of  Pra- 

dyumna,  and  by  Jupiter,  Saturn  as  made  (calculated)  by  Yijayanandin,  and 

by  Mercury,  let  him  honour  this  very  accurate  treatise. 

63.  Which  has  been  composed  (?  drishta)  by  Yaraha  Mihira,  easy  to 
understand . 

64.  He  who,  although  knowing  the  faults  of  others,  yet  does  dot  men¬ 

tion  them,  even  when  an  opportunity  offers,  but  rather  proclaims  their  good 

qualities;  to  that  good  man  let  honour  be  paid  as  to  a  benefactor  of  his  kind  ! 

65.  Free  from  jealousy  Yardha  Mihira  gives  this  excellent  short  trea¬ 

tise  on  the  smaller  planets,  comprised  in  eighteen  dryas.  (?). 

66.  Take  the  degrees  of  the  sun’s  longitude  (at  the  time  of  the  last 
conjunction  anteceding  the  given  time),  and  add  to  them  the  days  connected 

with  the  degrees  of  the  (planet’s)  motion.  If  the  degrees,  thus  derived  from 
the  days,  are  more  (than  360),  they  are  to  be  taken  from  a  full  revolution  (i.  e. 

360  is  to  be  deducted  from  them). 

The  longitude  of  the  sun  is  found  by  adding  to  his  longitude  at  the  last 

conjunction  with  a  planet  as  many  degrees  as  there  have  elapsed  days  of  the 

planet’s  chara. 

67.  Hessen  (the  ahargana)  by  6329,  multiply  by  four,  and  divide  by 

3075,  Divide  (the  remainder)  again  by  four;  the  result  are  the  days  (which 

have  elapsed)  since  Mars  was  without  degrees  (i  e,  had  the  same  longitude  as 
the  sun). 

6

8

.

 

 

(Mars)  becomes  visible  when  less  (in  longitude  than  the  sun)  by 

15°,  
within  

thirty-six  

days;  
then  

(passes)  
in  one  

hundred  
and  

eighty-eight 
days  

(through)  

sixty  
degrees 

;  in  one  
hundred  

and  
eight  

days  
(through)  

sixty 
degrees  

;  within  
seventy-two  

days  
(through)  

ninety  
degrees. 
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69.  In  sixty-eight  days  (through)  fifty  degrees ;  in  two  hundred  and 

forty  days  (through)  seventy  degrees.  Then  it  sets  ;  (passes)  thereupon  in 

fifty-six  days  (through)  fifteen  degrees  and  becomes  niramga. 

70.  Lessen  (the  ahargana)  by  14681,  multiply  by  29  and  divide  by 

3312;  divide  (the  remainder)  by  the  multiplier  (  =  29);  you  thus  obtain  the 

days  of  Mercury. 

71.  Mercury  having  fallen  behind  (the  sun)  by  twelve  degrees — which 

takes  place  within  ten  days — rises  in  the  east ;  thereupon  he  falls  behind  by 

ten  degrees  in  fourteen  days.  (Advancing  thereupon)  nine  degrees  within 

eighteen  days  he  sets,  and  again  rises  (in  the  west),  having  advanced  thirteen 

degrees  within  thirty  days. 

72.  Then  he  advances  nine  degrees  within  eighteen  days,  and  then, 

falling  behind  eight  degrees  within  sixteen  days,  he  sets  in  the  west.  After 

that,  falling  behind  nine  degrees  in  eight  days,  he  again  becomes  niramda. 

73.  Deduct  (from  the  ahargana) - ? ,  multiply  by  seven,  and  divide 

by  2752.  Divide  the  remainder  by  seven,  the  result  are  the  days  of  Jupiter, 

taken  from  the  niranisa  position. 

74.  Which  are  to  be  deducted  (counted)  from  the  place  of  the  sun. 

Having  fallen  back  twelve  degrees  within  sixteen  days,  Jupiter  rises  in  the  east. 

He  then  passes  through  forty-four  degrees  within  fifty-four  days ;  through 

sixty-four  degrees  in  seventy  days. 

75.  Through  one  hundred  and  twenty  degrees  in  one  hundred  and 

nine  days;  through  seventy-six  degrees  in  eighty -eight  days ;  through  thirty- 

two  degrees  in  forty  days.  Thereupon  he  sets,  and  then  passes  in  sixteen  days 

through  twelve  degrees  (when  he  becomes  niramga). 
•  • 

76.  Lessen  (the  ahargana)  by  11122,  multiply  by  two,  and  divide  by 

1151.  Divide  the  remainder  by  two.  The  result  are  the  days  of  Venus 

counted  from  the  niramSa  position. 

77.  Falling  behind  nine  degrees  within  five  days  Venus  rises  in  the 

east.  It  then  falls  behind  twenty-one  degrees  within  fifteen  days  ;  after  that 

fifteen  degrees  within  two-hundred  and  eight  days ;  after  that  it  advances 

five  degrees  (?)  within  twelve  days  (?),  and  sets. 
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78.  Then  it  advances  ten  degrees  within  forty-eight  (?)  days,  and  be¬ 

comes  niramsa.  After  that  it  moves  in  the  opposite  direction,  and  rises  in  the 

west  within  the  time  which  it  had  taken  to  go  to  the  niramsa  position  (?) ; 

and  again  moving  in  the  opposite  direction  sets  (in  the  west). 

79.  Lessen  (the  ahargana)  by  16518  (?) ,  multiply  by  three  and  mul¬ 

tiply  by  1118.  Divide  (the  remainder)  by  three.  (The  result  are  the  days 

since  the  last  conjunction)  of  Saturn.  In  eighteen  days  he  falls  behind  the 

sun  sixteen  and  a  half  degrees,  and  then  rises  in  the  east. 

80.  Then  he  falls  back  ninety  and  a  half  degrees  within  ninety-eight 

days ;  then  thirteen  degrees  within  fourteen  days.  Then  one  hundred  and 

twenty  degrees  within  one  hundred  and  thirteen  days ;  then  ninety-one  de¬ 

grees  within  ninety-eight  days. 

81.  Then  in  thirteen  days  twelve  degrees  and  a  half.  Then  he  sets, 

and,  passing  within  twenty-one  days  through  sixteen  and  a  half  degrees,  he 

becomes  niramsa,  being  always  behind  the  sun. 


