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aflmeomaigleja1causlaso.

mo@eﬂ@m(gmoe)eﬂ@m@

@MANo DD Da IEWIN(@JBHIVHO HIFMD. GRAISS BT MLV Balo
&62EM &5lWIE3 BPOIBHMDSEE MIEMEOEM D88 GAOEI GRHEI TVt
800§ @Rl aflom B8E¢0lIY MoaI @I BOCEIMIOM GHCREM BHSWD:.
af)MIGBlEsEMINU3 ERMIBM0 @SR MlEMMEEM HleY &Y Moby 80wl
QABo. af)MBBOM af)LIOTRAUHUT MEBBBOS MI@Balo MAlEBMY. @RAISS
BClaYTVAKWNERTN (HGNEM GAOEI GRHEI TGOS BISBEMIIUG (B GDEM
630600 MoEUYHHBOS COIN@INIVISIAlER. BRY. allHaN YOS MEHAN
HBREM HOP BHIH® TV BISBEMIIUS (GHBGREM 306VINMI MVoBANHS
QfleIN@aINOVIGIBIEBATRAUND:UB. af)MIT TVoAUOAVI@BAIHOID (& GCAE
BRELJIF0 HERIFo B0BHREMIOU MHAM BOCOINOI MVEEUHS EVINAIEWIW
63303 MlrUleso. allom @RWlagMaIGE BaTlOHM @ BRYT] 501
@M .4 @RE BSMIHM CAHO BEOSTWE:S] FRDIHM BGlHNIHE! UV WG
@5 af)MMILJe HAUECYHNO &SIWEIHL! MK AUMo. af)MIDo B0AHE
6MI0U3 @RGIWIWVISIAlese. BRAMMC af)@ GRHYCDI BATIOMEHBAIMB TFIM o
@RAINY BHH BAIBNINEI HBDH5IBJo MaPOME:NT GRE@ HIOP VoY QI
af)Mo @RGIWI.. GRYGHWIT BRGRJIF &1@‘50%@@@ af)sfRo @ROIWEAIG:6M
B0 6INANeINEEUE Mileblage. O GWINANCRIVEEHB Modellmaly
QGLl®meBUd ag)amn 0210610, SATIHM @BalOHDMVo ANBDIHWAWo 9 al0gl00.

SDEBBOM MVodhAlMANIG:Eilm6EBU3. 6

QIIAIOMo 6:

@RYBNNIMIGI TVAIERY BT EVINITMEO (GHAID |
IBUEEIMAIVIDADIINNIMIBTIGAE®Iall QI || (@A IVoWaOo)
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AVIMIMADEM Mo

@RMANOYEMMo: @RMILIND MoBRNMo MHMNWE(@ S03em®B. 7 @oall
QINOEUIMo 7 DEMYo = 8, WM 0o = 5 o) HEflosH0Inemesl@d, WEMNIG:
an 8-9mM @HAN YEMGHIMIGHAN @REIIQYODS @5lwoas 8 + 8 + 8 + 8 + 8 = 40
)M QI@o. BREA U3 ERINOTNOM (@JIBH0VIMMBo @HAN LEMMAAMD QI

®S BaT1IOHM BAVIOMOEHIENG WEMIHREMIOUT WIHMINTIHM WEMIBBR @R
a0 WEMIONAN BalB; WINHDMITNO:IENZ VEMIBRAM @RMIN0 VEMNHIVHATD
Gal@. @ROlles wemyomilad S50, LEMHODOMOAN &HFMYDo, af)ND ailewo
AHAISHMD. ERAIHS YEMBHIOOTIIB:M3 af)(@ MVEUNAUBDIHBBH GRE @AY
O] YEMYHOTO) SMODo. af)m MIQACOMISESIYSE BWIWo YEMMAIE:M
@ HOIHM HH0FOM.

mailos YEMIOING BSHHOOM ALOIMHO WM IV OGN MES
WEMIBENEN. af)IMITI WMl Mo S0 VEMIWIOT Mo Bo 638103
SBSHUIG! af)IMIOOBJAETE. @RS VEMICMIONMG BSHHOOD MM O
6303 (TUOG).I(SS e af)MIBlo. BRGCIOM QO B:061E LEMICHNETTZ af)MMo Bafla ).

QIPAINMo 8: ‘BT MVoaly afM@INTY B AROLIBIT G lOHAMGIo.

@06 [0U3 @R BATIHM T BRHAUBCHICHHEMo. BRAINS @RGIHM o IOW@3
@RHOIGOBIBREMIIUE BUOILNIMAD B0 HEOQo AMIlGE 62102l MPWesEI
3. aflemMo 836lEH@E3 @R BAVIOM AlCMIG3 @RYAUGOIHBEMUOUT BUdMLAI
MITD EMZENIG:0. MEBBOM MYQAUSe @RYAUBCMIBREMUIUB YDEMVANIMEOD 3D
MBI, @RYHWIMZ VEMEHIOOMIEH:MT OMAVLAIMITD BMB TVoAIQENEIYI@S
LIMIODIHG BRATINOIMHOD BRAISAT VGAMAINIVEAUWa]. af)IMIG3
@oolom Jlad Qmﬂ%@ocnﬂ%mano. @RGJOU3 YEMYONIE:@ B&l¢ aflel Vo
ALQOMM HENCHHEMED. EREAMMNOID GRAIDQOBHIMZaICWINAL), TS
@RAQIEINAIB:EMIIUE LEMIOCITIHR ERATITLAIMATIM EMHO @RYBLTVNIMo QUG
20Q VEM VOO AUWa. alldmM VAMIOTIHG BRAVJNNIMHOM DEM IO
OHZ ERADITLAIMOTINEMOO HAUWa], DEME:ORINMITLAIMADIE:G B0
MVoBY af)MOGIM3. @RAINNS Lokl HENEE;ITE YEMPAMAVNIMHOD O6NEIGI
@RAIROaflg om@“r%gl. @G 0U3 YEMH:ICOWINF @PATY MLOIMHDMOHHNI
N WMo @IV afldan GRATYTLNIMID ARSI G|ELGIMT Oa IDMTUHNTD
GalB. EBROM DalDAMITLOIMNODIDI af)@ LEMB:0QCIN M6, DSBS @R
Wableplamy M@mﬂmom(&mﬁﬂ% momi’% WEMPAYATVAIMHOD af)aANILIG)
HMOSNIENG LMo MIV. MEEBOHM WVEMBGHIOOING @YHEYTLNIMEONISASBS
QAOYOSNIETG WeMla] APOTING MNIMITD CGMHO s)omi‘cd WEMYPAMYLNI
MAVeAHW. af)NIG3 LEMYOIHAZ GRATYTVLAIMHOT DEMB:IOMVNOMEBBUI
af)Eldo OMIEMZo Qmﬂ%@om% QI@o. BRAIAOS VEMHICOWING WIHMIT
MLOOMAD  TVeANWILINYWITE @RAIISe  YBMITVLAIMAIG:MR, BRMINVENHO
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YEAMIHOD HOIGRENEI. MY TLNIMEBBEINAI TVAINDHUE HGAG] DETBIGHAC®)
@RAl®s Moty alloam VWEMIOINE DaldABYATVLAIMADIID ENMHO aFHaVAI
Mo QAIGBAIQ OAUWa] DEMSOVHOM. BRDIENQo MAGRe LaMla). DARo
WEMYIAMITVNIMEOMISOYo. @REAJIUT YEMIHOID ALAIMo @mﬂ%@omﬂ?
QIPAIOMo 9:

WEMRTNDIEBIELINNL YWEMEIBLe VIO IO |

MTVLA DEMEHIOAV WI WI VoAU I3 alG3 ||

DEMIVDVoBHI0 MRIYDMIo MBAVODON@ 130BWS
@RAINIYPWEMo MBIFIINMYORlUR! GIWEV3 || (®@@MVo@ano).

D GO MOIMTIVAMHOD GRAAVE 5] HAISIDDHIET 621QIQBBSD®EM. MAilos
D6EMYo = 647; LEME:IM0 = 234.

234 YEMOIHZ @RATINLNIMOTIIM aAlH@
647 DEMGHIOOBIOW @RHBAVNIMo QITBNIQ HOIYAD

12 WEMRATAVAIMo X DEMEHIOIAMTLAIMo
18 WEMIRATRAVAIMo X DEMEHIEDIAIIAHTLAIMo
138 MHAUQYHS GWIWo
24 WEIMIRATIVAIMo X DEMEHOBIBTVAIMo
1404 WIMIOMIHZ BRAVIOOID LEMEHIV0 QLA H:6NG LT 4|

234  DIMSHIVOO BGB MLNIMo MOSHI0la)
47 @RADOHHSE0D VMo
1404 DEMIPRADYo X DEM Mo

8 DEEMLOa 100D 0 X DEMGHI0IND 0
1484 WEMYPAMYo X VM H:000 + YEEMYA AN X DEMEIRIMo
12 YEEMYPA DL X DEM IGO0
1496 DEMPMYo X DM + DEEMIVA DI X (DEMEIBIMYe + DEMB>0EBIAIITYo0)

16 ©GIMYAINIe X VM3
14976  (QeMPRADYe + DEEMYa Do) X DEM 000

234 QDIMGIOOO BT MLAIMOJoS] DO

7 QMO GREIDI IDADEEROS HBEIHD
14976  (©QeMPRADYe + DEEMIPA D) X DEM 000
14 WEMIIBY X YEM QI

15116  (QeMpRAme 4+ DEIMYIAIAMYe) X DEM @I+ DEMIIBLe X DEMEHIPINMYo

21 QM3 X VM IGO0
15137 (@emPamye + DEIMIA DY) X LEME:000 + LEMIIBYe (VEMSIRAMYo + YEME:I6IDTYo

28  WIMIIBL X WM 00330

151398 96M X DM
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afloan QeMMIBIe)Nde WEMM)H:I00. YEMIOITINZ BIGOI TLAIMEB
ORI TVOIHWV CAINO af) FADEHIENG LEMHIVHOI QLGP V2] BRI
Mnom20E1Wlg &5l 8@l O B:088 af) MIBIEIR0. GRAINSS ERATIMNIM.
@SEBR 2f) MBS MR GAUEMNBI. MBS HLIBBHWIG! @REA]IU3, af)MIg. ©
EMIHOD af)ANAIEINo DEM IV 6UMWle] WMIBHIE)N0. @RANSS VEMH:I0
OO YAMAIMo af)Mdle). D@MRYG Ao jOTIMOE] e Mdle] MV, GRO)
5lep) 6).I6TTuﬂqd @(momﬂg‘. @AM®S BMY D@MMRQ, BN Ao D, 630 MIL] NEBROM
QM WEM M af)o nﬂ)%ﬂqd. adlBam YWEMPO ALAICM PEANSTD Hla] A
6396IMIOMEEHINZ Q6TTﬂgd. afloam auNdMoe aldh0I6)@ ©63BR&1C3 &3 Do
MileLIGa onrl WMl IV QIdo. @PAIRS M@MYFIG @RYAIGOTI LD B,
2 ]@103 @RHAIGOM oD@ ceO 80, MILNLNAIGEM 2| QIO 800, afloan
DOl BHH SFEMIOU3 MTBIRHFIN o jOIMoLlcd QGTT)']%]@O@']%OJ(ZBO.

@M MVAIMMIVAe HSIHD DHQIM ()00 TVEUYGHOBOBHIENZ
Dal@BHSIR)N. @RAINS B YHQIWaID, B MRFITBaIOWINIL] DEBBHM
o3 61I6TTw1qd. SDQIEIMo VMO BRYBIEINI0. DEBHM (@BalnlRIVAJe VNI
MallRINAle af)aM M)V AIAMUSIENI0. EDEEROM YEMMIiaJdI0o HEHIENG

@AM IIMLY MM (@ J3HIQOYANENEIDs0. 1o

QI128140Mo 10:

QISMLOIDIONNAII YWEMLo AIEMLIEMDINB AJINES ISR |

DEMEBM aOGIM QYLEUITD . .. o .. ... [| (®Q@MVoWano)
MOOMMINVRGHSIOD (JSHITNEEM DEMMET A IOQYN.

MNIMAIIBINHO @RMAVE] 9]

MAaflos WMo = 647; VMBIV = 234

647 X 200 = 129400

647 X 30 = 19410

647 X 4 = 2588

647 X 234 = 151398

@3 10l180WHO @PMAVE] 4]

647 X 110 = 71170

647 X 124 = 80228

647 X 234 = 151398

afloan wemsem LEMalEleRM MARH® EHH@AVIGe @efesds. '

QIPAIOMo 11: VEMIVEMNGHIVEERUT APDLNEERAOBBIC CAHHUDo BT CLIDDMECHUDNO
WlAleRe. @R YEMITVEAKEWIBe MIBAYo WM B:IVYTVEAIEWIB. MHSOIABB®IWVA
B63o.
al@leelale 1-@3 WMy = 11, DM BH000 = 7.
CEHHU@aNLle =  @RNNHQYSBB OUIMLEBBUW = 77.
Weml®manele = 11 X 7 =77.
DEMPEM HHIV6BBUT DENEEBRIHEMIOUS, CAHU@o TVNIDOYYNIV@B630.



|
o

al@dleelele 2-03 DEMYo = YEM Mo

BAH@aNLlo = 064.
wsmlmanel 8 X 8 = 8% = 64.
ap] ()] apl (63}
aldlcelalo (1) aldlcelalo (2)

af)MOLINE aflel af)Bajo. @RAMNOS CHHU@OAIND® MAMLINIWV] 21D OEWRIWVIAE]
€ ]O@3 (@JGBUDo. @D MIMMEISIAlESILINde TVAAIDEURIVISIGIE)Nd. @RAIHS
WMo QAIBJOY YEM Ao 21D af)MNIGIEBEMIIWE GH0@3 AllE@ ag)arilaigleel
@IMo BM MNIMoHEIEN WMTVoAIEWIB. MIBNIW] YWEMEGHIOAVAIEWIB.
SNV H@BHINIAT HD BAHU@AIGHMD af)MM HEfeEHCUMAUD. afloan
MG EHITINIMAIHMND af)&s103 BOIGHNINLIIBICINITI @RHLICTHIGI
mlgale aflelsrRo 2lle! GEaIMGH8 DNBILS. @REAJIU3 BAlEHME BaldEMMI aflelnl
V02 IDOUYEBBOBOBNIETE MI0WHISIBIBBo MDD CBU@o. MD AIGMWEBRUZ
usﬁ@fzsﬂ:ﬁ;@oqzﬂg’ @Gﬂqﬂ@o §alQo. @RAOIleS mIsome|ss 80600 AIGIVIG W
EMYOIHM MVoEUEVIBo AITMULEBESBHRA, YEMGHIMVEEWIB. AGBIQYASHAL.
afloan aflelsEBoolcd AUGIIG:M af) GHElEBMMRYMIMKIT AUGIYIERII600
anl@3 VM BGHIOEOMIBo EUSMEBBUS. YWEMMVLAIEWIBo AUBIBHUZ ag)MIBIEY
MJo. DD AIEMLEIBUIAE GHHU@NRlo af)P Gald. DD QIR HflaseMIIU3
CHU@OMINMW MIBOJ DSOJe @6BBEIG3 WeIlao@d 2IDOWYEHHU@OLIERS
6MBJ0 )M Ao, adldaD WEMPOMOENIENG @RYAIGOM2lAlHB0 VEMH:I0
HDMo YEMHIVHVNOBHNIENG @RHAUBOM2flAlEE0 LEMIOHAMMo ANBMAIBro0.
DM MaNLIOIB:G3 DO TVAGERAOWIANDJOM BHHU@o. MAllOS allomm
21DOUPEHH@ODMNOTT B3T3 CHIMIE3 WM DSEBE] CGHHD@NBCRELI:S] AOQ CHI
emlad AUWIIEBMM TY@o HEPAIBMMND. DIV LI EHH@ODTOEGAIE.
ApNOHAMM6 TVeAIRHHDMMe YEMMATIM Gald. aflOaN AIRCOTNQo CHUD @
Gale &0, GRANNS AUREHHU@ONEIC3 TVA.LIDOEWNIVIES DEIBRNO @)
)M MIW@o. MEBBHM TVLIRIMIVENMo.

@RMANOo  DEMYOTIEHLOMIB  DEMEHIOONIB:OMIM  BGlaUTVoaUESOMID
DB MEBINAIOHG @B VM4 |OAIBITE CHOILITBBBIGAN LM
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DEMYEEBRSOS 2O OMIB:MD )@ aBOIMING BOEM@ING OGSO DD 2LI)
®o o)DM @ROIYola)dI00. MAIlES NVEMWEMIEBRSIENAI] 6 21ClDe,
a0 BGleYTVAUHW @)gemroﬂg GUOAHO OO ENING Qleflo@leom Qsmhd@o[ﬁﬂass
@) CAHU@o BRE@ MSo HOOMIBlARB. MDaHo af)(@ Vol BRE@ QIAl GO6IE]
Bo. @RYHHWIMJ @Y DHUHTMEHHIENG WaITila] ALNVDIHM BEF6Mo. af)aNIGI
OlQo QAL DaHMVo6 @SS af)@sld @@ AUl agOl. af)MIg Moo HS6NG
Wamla| ARlTIHM HBEWeMo. af)ANIG3 Qo QAIAL MUTVEUHW gg"lgj‘
2103 A@AIE agol agamlg. DalRe ALlO®]®:MNY BElaUTVANED e
HOIM ggoe,@o«a omgg,ﬂg; WM |®OBIG8 MUHOMOEHIENG §.aIGlRTIOM
Qsmbjg SFH®IM HBHINB §).216Q6Mo af)MND QIlGUoaHUDE)]. 12

QIIAIOMo 12:

QEGBICEYIMYEMELI@ DEMYANaUINOMo HHlGA I3 |

DEUIUIYDEMMILJI3I0 YEMYTIleRIRODo GRERM || QUG
av @l
av ol
)] o al w
al w o w
al@leelslo (3) al@leelslo (4)
aldleelflo 3: YeMye = 9.

DM = 5.
WYMo = 2.
9 X 5 af)M@NOW U@ = AV A. (aldlcrlalo 3)
9 X (54 2) apM®No® coU@o = VolWal.
molwa = aelwael — AW Wal.
9x5=9%x(5+2)—9x2
UMV DEMB:0QTTHERLNN BHSQN aldHo:

9 X 5 af)MDOB HU@o = AV A. (aldlceltlo 4)
9 X (5 — 2) aM@NOB U@ = TVOTWal.

al@leelflo 4:

melwa = awolwal + 20 Wal.
9x5=09.(5—-2)+9x2
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@RMANO VMWEMYEBBEITE 6.210l@@S QIElEWIGIHo &S; alellools,
M 621019@IABate HBYQ. oD M1 MBS Vel gjpaIEslod @RANHSHW
@5l @ AIdl aBlea . af)@QENE AECQMINE:M0 HBEMD @(@).2] QUG
HEI QIIMLAVAIQo 0600 GaldWl. DEEBOHM M@l IMY @REHU@o. @Al
£5 a1ello WEMIEBIB:AD BHO0HETMITW MV} GHSEVIMD), 521Gl VM EHIOOTI
B03 aBOIAVoA SFVD af)M0 HE[HBENUIUE DoHo GaldWYEMIGOMISATI
8088 QAClHW oGolo®. @AIRS allGaN@o WM G:ICOTI:AEL! DAUCTNINo
QIBlHU3 a@ol. o.@)(TTﬂ% WEMHHIOOWIEH T 2510 MaYHOMOBRNIENG oo Gald
WYEMH O @mﬂ%ﬂ%@g@’@fa CAHU@ODNBMN0 HBEWeMo. afloam wemyoml
ORI DeYCOMIBo ONRIEBRSS QIGlHU3 :G36NZNID. @RHYHWITT GHAILIDEM I
QOO YEMIOTIH:HLI EDYHOMOBNIEG Do) HCSEMZ. af)TIEEBOHM MuAl®
2@ HDAIMe WEMWEMEEBSEIB3 EENEB:EJe DU gg@)@ooﬁ HBHMIM
§21QEIMSTDo OVl |HBHOBS. 13
QIOAIPMo 13: WMy = 9; YEMB:000 = 5; LEMIOICE HBEM Dado = 2;
LM HIOOMI@ B Do = 3.

ml

aldleelals (5)

9 X 5= molwo;
(9—2) X 5 = woloa.
(9—2) X (54+3) = vmlwar.
molwa = avmlwal + mlolo® — 2 Walt
9x5=(9—-2)(5+3)+2x5-3x%(9—2)

@RMANOo DEMHIOHOM AB@IMo BAlUHOMHHHNIENZ 0@l aOLIHOT)
@3 MHAN &3] aloam GRGIHMHEHNIENTG YEMIH TN @mﬂod af)B1@3 @RI
AT af)(@ HBCWENZ af)aN. @RAINNS WM EHIOMVEY A IQDENE agf)a0 @3%1«;,_4.
alQEMEIT3 @O a0Gla] aNllo 63MDo &ZSIVD af)Moo cﬁa%ﬂgﬂ. afloam eoml
OMOBHIEZ DeMla | DEMIOOD. MO VEMIEOMISAMIZYBS o IG2YMO!
QldU3 DEMNBIGs0. @RANSMO B@AUG] GaldUIMIWVHEHIN al@NRYaTI@3 2OG] 4]



aNBlo GHBCWEMZAIY, o lENEITS a0@ly| aNLINE]. GHARIOMING lQDENEINLI
ary’ @IH@INM MDD @RUIGOIMIFESIVDIEHMN  AIGIZYMMIHLINMMIV]GIER.
DD aNPlo. af)MNIQIENo ANBHNIGHQIGE WIHDGIT aOIVD0 HdHISNG MIGS aO@]
EY @ROIT B@ TVl HSlIVD alliNY 2000HAIGHMND. al@lzan ACIYSS
@0 EAHHU@OMIEHMY B@3 QUG HBCWEMRBEMIOUE GRD® A lGIIRYANIHLIIANI
alase. MES m@moamomggﬂg al@NMMOW. allOam al@leymosneldmo
HBEVMIT 2 IAYENZ AUBAWY, )G allom DR A IADENRIONLIMOBSH
£21QD o I@EIBHND af)®s51@8, Ao CUAHOMIMMSS o IGIHMIMNINEIID
@5lWO08 o IQDETBIG:MN. @RHHWIO WINHD@IT a0IVDHHHING a0@la] WM
&HIQODINEH:MD HBE0MEAII; DEMla] aNLICHIE:MD ERMIHEIINM G060 200
B oBHIENG a0@la] aNLlo BEFEMo. af)MITI AUIAVAINIVIGBIBRAN anLlo QIM3o.
DEBBOHM VMg ANLIOIEM0 021080 00BN a0Gls] aNRIHOD
g%&@ooﬁ HBHOMINB §21Qlo, BVl MEHAIENo. YWaTlasIM@Im
amiloel WeMYWEMLEBEI3 BANVIB:ANT HDWOUIHOD DEMBIGE] MAVITIMHAN
HBQYDHMING BFHMOM 621PIRJN%0. )N ANLINAISE.. @RANSEY 2000
o QMIB £21001V® @OM. BMD HBHMIM &FHMIM H2IQP® amisel
a00QHOMIT3, @R® AllOdM a0IAHMIBMND o)V §aI19EI00|SD. @R
S WIHMIMW(JBHIVo WEMHIVVNNEDT &SIV @RoUIHDIN @RGIB:IMVMEAM
SBEOMOI@3 AUIAVAUNIDIESBAN aNBlo AU, BRQYETRe LEMIOING @RYWo
OO @ROIB:ID HBEOMILJe aNLlo DEN. DWEMHICTTIBMVOHAN HBQ)
GMI2U3 QAAAINIVIABIBRAN QIGlM: U3 MBIk af)(M QAUGBAND. VMOS0
SHBQYIM®IHI3 QAUGIDIHL! QUMDTVo6UY 50D ©2IQIMND af)GIMN QllGUHUABS.
QOIPAUCHH@EOMDHIUB SEATT MBoH:061R) af)MO AUBIMNED® DBB. CHU®
aNBlo ®ANo.

@OMANOo LEMPDEMYEEBEIT Ola] YEMB:000 o IQDENG )0 HE[lG2ISODY
@RMIOM A lEMEIGE a0GlEB0R af)aVIBlEBM anNLIHO afldan aB@omend
M&DI6E Wela) al@eNElGE @5l af)IAlEBIN@®IIEE @RAIleS alleuonto.
MOfleS a1QDMEIT3 a0@la] aNLIHO @R6ilG3 cnambjg” YWEMEIOMIB:MN alQD)
MEld &3] a0 HLflesmy. @IS BRYEME:00OH:IeE VeMlafldlesan
ANRIGBHU@ OB @3 A lGNEMEAGBIQYEMEINJ. @RANSS 3@ AGlaInal slemuave
By HEMBININAB BAUDANLIHOD alBIEMEIDE a0GBIEHHEME. aildaD @Y MVAIHW
@neilGd membjlg:‘ OMIVMIHM M@ HMNBIVW EAHHU@ANLIOTHIE:MND S
GAIEMo, ADAVAIMIVIAISBAN CAHU@ANLINMEININME. @RAIHS MESHOE a0
OHODIOHW aNLIHOMOV@O DTG Y6l @RREM D006 O 510 20200
aflHaNQ a00RHRIG:MD af)a0 QAUG3o.

ODVAINo aNRIHOM HSQYINDINKIGE @RAINS CHU@aNRl BEAGIWI
Wl@las3e. @RON®S a@$l@d oomajg QIAIOIHAI QIEMDLIVoEY DENBIGHNETT. @)D
©WIM3 @RAIANS aNRIYEMEHIAANIBAN GREAMNOHM GHBHEAUNBD o IDENEIEOT).
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[2e)

@D ol 200ERIB:IMHOD Mo Ao, VMBIV ANLITTHIGRD MESHOT)
@6 OMHMWH@MIMo ABGNBSTDo. af)ATIEBBHM  D(E]dI0EBRHBLIICYQo
@RCIQYM D ALIDGE OO (Soeﬂd@nﬂelf)‘ﬁﬂ% DN@Ballesemidud @ROIQeMMS
o vl

COMY) af)Bo,|A6NE. 4
QIYIAIOMo 14: aldleLltle 6-@3

Mol = Yemy = 20;

aVa = YWEM&GI0e = 12.

CAUDaNLl = 20 X 12 = 240.

0ilHs WEM BT BRDITI A IAYENIHELIATHM MILNTI WM 4D (BRMIVD 4)
@gan.

ml
a @l
)
al
w ()

al@leelslo (6)

@GS TV Wal0] af)aM EGHU@o QIT.
@OOM CHU@anLl = 20 X (12 + 4) = 320.
Melwa = WWalol — AWaiv.
= 320 — 20 X 4 = 240.
MoE] al@IMIGIHAG af)(@ @RUOMIEEMI alGIMIGIHAG @R @RUIAO Al@IMICIE3 M

M0 HSEIO) WEMYeE)H:06NZ LEMI20EJo DTaIDINZ @R BRoUIH DI YEMIOITIDGIMIT
SO0 DEMHHIVHO W) antlo DENNIWVIBlH630.

1
= — X 16.
4 4

20 X <16—;><16> =240 = (20—1x20) X 16.

(“@IO®IBIB000 DEMEHIOTBEHGI &SIV @RUIHOIT) @RTIB:MMEAN GHSEDMITI
QIAOINWIBlHRAN anLlo QIGM, GRG0 LEMIOMIH @RYWoUIHOID BRE}IE:MVM
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6)6) (@RI o

@PMAM o 6)6)@(00(!01@)0 !

QIRAIPRMo 1: HO@AIWWdo (Rule of Three) oM Gald AUGBAUOMSY CaOD:-
‘@YW AVMIAYMI: dOBMo WAV, VEIUWDE HICY) EHIAEEMIlaloRIDTI
@100UWBlRAUI, MV (JEVWILMo WAV M@ WEMIMo HN@AIUWBBr0” HOOM(BalEBRSO
WBlasaM  AMEIWTIGHOBOENINE GIQ(BaINIVIBlSE0N EIWIHY AUGBTDAINBS
WMo HN@OIUWIo. M(JBHIV@HMM @R, @Y, BMID SRV EIUDHOBOHENI
MR8 (GVHUBHE aleIOIUBldo, Ma@IUBldo, MAUBIWBlD0 af)MIEBBEMQYSBS Gald
alo@mn. (Rule of Compound Proportion).

@nallos 8@ @PAIWAIlHs e @PAIWA 2MRIWISIdle). GRIT 8@ @A
VAl M@ IGlEMINCOMISEZ:SIVI@BHANIMD; @PREAJIUE ERAIYOAIIINO. D@
al@leMOEOMISESIV@E NI (rﬂ@@@@ﬂgkﬂqd. MHIMIVAOO @Ol
o @(Zﬂqﬂ. @G ]0U3 DHQIAISID DEEBMHO BT GRAIWAINWIB:OE! nFd:GEU0
OMHAG IGBINIEMHOD @RMAIMHHIo. OD HE@OIWIHAIGRMND. DDIMEI
oO(O6TT)o.2

QIOAIPMo 2: Maflos @RAIAOI @m%l”. BRMIHZ @RAIVAIEEUE @RAE], 9o, Mol

@emIY] HMENR H@MIY] @Al ag)aNlEBOM @RAITMISIGSREMIIWE D@
O3 GUaHo HMENNIMIBHYo EBRMHOOMIT @REIHWIFBS MOMAVoENITW
MOOReNE af)MIGIEHHMo. BRHGHWIG AIATBIBMIY] HMENM af)@ @Rl
QOEMRMI @ROIGEMRBEMINUG MO E@WOIUBGHRNIGHM G OaleIUlesm.
®ailes alal@mId] emeilnnd @pal @PolewmEEMSEOmY” @Rl eMET
@60 @JMIMHNMMGAIG. @A EMNEIMD @JAIMANLIHNMMo A lQYENZ HM
eflam’ g0 2166 alQDeNElH3 @@l ERAIAIMIGIEBM@INTG 8 a10aNRIHAM.
@n@.3
QIPIOMo 3:

MO{lOS (@JMNIEMo @REMIMIS om%l;.

(@JMIEManLlo EMEMIY] @RAI.
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D210 al@ErEMIY] @m%l”.
D 210000 @m@mo«)ﬂ%@g_} @Ol

@RGAIU3 @JDIOMAOJo, DalQo TVAIMRIMIGHBIVISIBIENEM., @IJNIMaNLINfo
) 2100NLINJ MVAIMRIGHBIWBIANHMHNMMo HN@AIWBHOWIHEI NN
S.

@afleos @MY @ g @ROIIIMHDIOMOHHINE @D BAVINE D@
)M MES BRI HIENBIM D 2120ISHIBHU3 6396RINVINT ER@W(@) DRI
o a0Llo af)MGINIOMBa|AENE. DONOWB)D>000. @RAISS @JNIETNONHDIH: U3
@REIMO aNBIOKBDIBHU3 6T, f)GINSOD) @R QNEINM G@REHUSTD o lds
OMIT BT HQJNITMAHD] BATIHZ 2NLINIVISIEIEE0D. HMIHM 6021009
WBlOWH NG WMI20@3 D2 IPANBDTIBHUS af)2RFIEBQe ANRIGIWAEMBID:0.
@ROMN®OS BMEIHM GRENSTD o Id:A53GHQIG:IND @REMIG a0G1He. @6mil®d
B@ &Q ad0la] aNLINIGBMND. @RAHS a0@l20T3 ASIVWIQYEMUIU E6rEID
@6 G2RNIWISIGIER.. @RYGHWIT BANINMW @R6MIIG3 MOMBEIY 6MZo aNel
MOBRMND af)Mo QUG3o. EDQIFRNIB:EMNIOUB (@JNIEMo @JNIEMaNLITTHIND G203
20WSIAlH630. DD WEMNIB:MND. D .2100IUT] VM BGIOAILAND. DQIINNID:
GMINUW3 (@JMIEMANLIHOD D 2IOWHENIETG WeMla] @R ILICIM Eao3M0WIg]
BlABAM (JNIIMAIWTOWHDNIETE 20Gla]. aneitllz)dnnrIMOWlg aId.. Maies
@REEMISTD oJch('OTOﬂ‘%V B 600 @RMITY a0Gl4] aNRIOHMMMo 630N meam. 4

QIOAIOMo 4:
“@ 5100 aOGRIM MVoaDM @JNIEIMM ONRIREVI|
D 210a0Llo BEAIG3 LIENICANI HO@OIUTIB0 ADo||

MM GlOYeHS QemIIemIales &06emlafldlesmm.
(@JMIEManLlo

2a0Blo = 9 X
22 °T 2 (@JMI6Mo

@0Ea]0U8 Mald X (@JDIMaNLlo = @JDI6Mo X g aldaNLlo.

@IV DO D 210(@JNIMANLICLIIMo (@JNIGEM 2100NLICLINDEOTNIG DEKNIW]
Sl@las30.
DD NITWHOID MHAM BAUSO B3 (@JBHIVOMITI HE{ldHo.

@IMeManelo  8aldanllo

@®eme a0

@MIEManEels @JAEMOMINM af)(@ GRHQYOTIWICEMI @R@IYOW] D 21000l D 2]
ES®OWISIAlH80. MONOS D2ld (JDIEMBOMENICBQEMIIUE, DaldaNLlo (@JDIEMaNE!
GOMENIEBQo; B:0QEMUIUE H:0QJo. ATVHN@IUTHOMILIBS ANGITVHO GAEG3
AlOQM6NG.

WIH®IT)HIAo LI EHUDOON GG Qld ABIINAI QITMLAVENE WO HHI
61 a0@12J0@3 26)Q al@letVfloL! 3@ AIGIYINE! AIEMLAVAIQENEIG:0 ANLINIW
g. @RE@STD o ld:0MILe 3@ AUAl 8@ &00WISIBlEs0 og)(mmsp;;o.5
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QIOAIYOMo 5: DTaID QIEMLEBBRSEBIW BT LI EAU@HOO 3@ QICIWI0S @R
610

av @l

1m |12 | 13 | 14 | 15

16 | 17 | 18 | 19 | 20
@)

al@leelslo (17)

susMWo OllM20Wg H»efles. @PEa U3 BERAIAIBMTIEE MILJMIEMUEEBSEMBID:0 (a1dleel
Qo 17). GRMIV® MBaIBGNOM @REMINT 0@ 2|0@ anLlo ML oo

1 2 3 4 5

al@leelelo (18)

alom @) IIMLEBROS HOICQIHO IO (aldleRlnls 18). 96EINIGI 0G0 AIEMUo
all®o Ealgs. aleMMQo BICI AIAMLEBBU GalE8. YANINDo BIEOI AIGMLEBRUZ GalHS.
@0Ea U3 DTBalD EUIMDEEBRSGo OFHH610). MBBHM MIL] AIMLBBBSEREIWY GREVJES
68BU3 DENMBIS:MN. MG IDIOHM (GTOS@.IOQ))']% m‘ﬂ;m”lg“ 8@ &3 af)aml MILIOm aloQ .
@REaIUB H@AI®IOM @REMTS a0@] 5] A0LINJ M@ ID@IHM GREEASTD ngﬁa(UTGﬂ%V@@
Qo MILJDMOIM. EREHVSTD a Id:H3S> af) MM @REDNT3 a0BlHRS> af) MM @D
@No. @BREGAJIUB (@JHEMIBIOAEMOIES EEIHM @M@ a0Gls] aNLIN EMEIHM
2

@RGEMISTID oJ‘Ba(OTG)']%U B@ &Qo @RMIG3 MOBREIY PO — —.

MEBBMHOTMINN HH@OIUTIBHAIE:MN 6o,

mailos e)m%g” @RAIYAI @RYES&MD. DlQo ERAIR. MAIlSe GRAIYAIEEBEI
SN, @ROIHS MY OailH6 63 BRE] af)MIBIEINIo AN WMo, @6
omeflom g’ 90l af)MIGIEINI0. DEBBHM DaldUWIAINIGE @JDISMANAIEBU3
BRO®IVIG %E[l8900. BEISTD HLWEMOTVLAINIG NG BRGNS @) HMET,
M@ @RAIHE af)(©@ am%g“ af)(Mo QI@Bo (@JMNIGEM 2J0aNLIGRABBU3. DB 3T
Qldh O@DIWTIdo.

afloam AMLES@OIUWBGOlaHWo. J
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QIPaIOMo 6:
“6D 210QJRLDANLIEOITV ) 210@OIBGTVWldro anLlo|
V@ O@ bl HOMAL AAVON@DIUTBr0 NYOHWS ||

MAIHS M 219@JNIMEOMHNIEBQEMIIUE D al0a0Rlo (@JDIEMaNRIGOMBNIU &:
0o, HOQEMINEBQo. MEBBHMQSS NllaHVOBIB:OL! (HIWR ANTVHN@ IO
aloQan (Inverse Proportion).

@nailes @%091(63 oD allely) D@ aleMIBENo HAIIAN BASMo, @G JOU3
al@® M0GID8 af)@ aleMABSRNo nf)aM HE(@OIUTIBHOMID: T (@JDIEM O HHIUY
af)@BYQo 02100003 (@JDIEMANLIGOMBHNIUB BR@EVWQo D 210aNPlo af)TNEI
@«ﬂgﬂ, @RE@ GHOQOAMT. MEBHM MAIHBEIMNSTD AKTVOHE@OIWBdo GOI6NZ
QY. BRAIGMMND (@JAIETMOYo (@JDIEMaNLINj MEBBSIE3 LI OIEHMT D210
©IUBIOHWH HIEMG 20@] oD DOIHS 6D 219aNLINIH:OND af)aM aflewoato. /

QIYIAIOMo 7: ANTVHD@OIWH: GOWIEIANHS alosAlBsIMD.
“alMOO@IUTlH:anLIoll 2 J0BEME @JD0Maneleen®:”||
(@JMIEMOM Mo

“(@JMIBEMM anLlo n0MI0 Qfleez2ElaJWo Myws
QAIVON@OUBBr0 BaOYM@ CEREMHWo TVAD WamI™|

A@ 2L15000M0 HH0 HMEBROYNHU3 HAIYROINM B@3 GlaITve EOIMONEIGS
613 2PN993H6E ERE@OHI HDEBFMY HAUIROIM aldd] VAW A Be¢o Ol
LIP®OA al0D MNQSs UIIROIHMR BHHOHIEMHHIBWldho 0)§RIQ8s ulep @3l
MW BHHo Q1I6BRI0. MILD MEIISIGRTOIlHM MILIWS BOUI14|0M@3 BIGOI BIWOIIMI
210D Ne@INSINNMAMBIG:.. af)MILINIHW )30 RIUAEBSHWIREMELIGE BOGOI BIW
033 @REINIMe NI@ED DENRIGHQYSS. MEBBOHM aile! AMON@OIUWBIHOIHM D30
a0MEMEBBU3.

QIO (@ EIUTIB 01D @3,

@J2I6Mo X (@JNI6ManLlo = Do) X D aldaNklo.
210 - (@JMIeMaNLlo

(@JMI6Mo Dajdanelo

“alMeH@OIWlGaNLIflaJORSM:  (@JAIEMaNLILN®E”  af)MENE.  EBBOM
v 8

@I GHOMIHAZ FleBRI@o.

QIOAIOMo 8: aleIEIWBld:0, M J0IUdldo, MWl MEEBOHMOWEN. oflel @lw

HBOMM QM3 2 I0EODIFEEERD. alfMIEIUBlHOTINDG G DBIaOBEMo:

“2260V AV VE] A lADIGBEIANO AV
BlGaH WE® BAIMI &lo QIR GaHIAWUDIMIO | (eflenaio)

MGlary 6@ M0VEIE3 @6 o lLlWINEMEIG3, AIGIMIGIHAMIT HB:ILIGOIN
@ aleilvo of)a®?

M0ilos @JNeMeBRU3 — 100, 1.
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(@JM26Manelo —5.
Maldhud — 16, 12.
(@JD06Manelo X gal0

21000l =
(@J?2d6Mo

_5X16X12 960 3

11X 100 _100_975

MOOS (@JNIMANLIHO af)LId D 2ldhOBOBNIENZo VETIEHHEMo. af)LId (DD
AMEBBOBODNINZo aOBlOBHQo BAIEMo. DD (HWHW ©6NF HE@OIUTIB:EBBHB
®E{lando. DA A6NZo MVIWIEM HN@UBldro MEAM. Af)ANIT BN ANTVEOS(@IUTIDH:
2096MBIT ERGIOL! IAIFMANLIHOM ERGING @AM DEMla) D 21O
613 0GIEHNEMo. DHQ HR@OIUTIGAMIM D 2IMHAN YEMEHIMo, (@JDIEMo A0IBBOo.
DEBBOM 6@ IO alemIdGElE0Udld:EBRSIE (VR a@oavalel.

afloam DOHOE@WEIWBIGBMPWAYo BRICHISIGHEIRMIOWAYe DA QETEIHM
OENIEBo Aljdalo VMMV Alo®o. MAIGIMM @RoVMIWVIG Modelmosl]
1010068303 @@'lqd. DEBBOM WeMIMIMOWBBUS ollen®o 6219eflmIV].






5

3505000

@TOQD(;{))GTDOCT)@(T)O

@RAD6 BRANHEMo AIBID & DSEHIYRS NEMIMHOIM DD MIVWI 1 MICBUIEJHIO
OHOMOSHNIEG §210610D).

QIOAIOMo 1 HH@IUBIdho MOWo.

@RAIOS HLIIBIORIMHO V63 OO@Ir0” ORI,
QIPIOMo 2:
3198K0°RJ03 BBEIVNIOME MINOTVENURIDIGIEIROOMS
MVQBMIM aJINNIOMEIa NUWINIHHT QEDI )OO ||
MDVEMINHTVYENINHAMOOTPOWININHATVY DI OOD:
2OAVIUR (@loUd®I OB TNAIQSMI W®IZJIOES ||

O EHOHVABOMIOEMO QENISDANAEGay®I03 |
@RAINOG GUOIWEWE2IaHARONIBMI BYNEE BEER

(®Q@@MVo®ano)

MOflOS ENZ HO@OIWTINEEBOS 6).21QMOENG. (1) oendols:om @seE &$l
6100 AVDEIENYEBBOS o IQYEMEIGE WEMla] AOTVAVEH] AICTDAIMOIHODIORI B> Sl6ToT)
99aI@IE] BOTVEBOS BRGIT &G @Y NOAVAVRPOHOM EAHONLg] QUWIFEIROTV
EBBOBOSNIG HalBAS] QYUIVDAINTVEIBOVOBHIMNG OGBS, @RE WS HIFTD
SFONER 100 ERWININTVERBIVIGB80. (2) DD @RUWINITVEBEOHS AWM GO HAI
afldlasan  MoTVIVYEOOTH@BLBF] A @G YeMla] AICTHAOM 21@BAINVOT ORI
W) DalBo YT HFIEOD A IBNEBEBQoL:S] CANO HAIYE:. BRMIHM QYUIAIAGIM
EBBOBO N LMl ] QW aIWBEIMEBBOSOGNIENG aOGIHE. MEEBOM aOGlg) @13@@“
@RAINEIMEBBIG:MD. HD @RAINGEIMEROS CAIH0NIBles0N 210@EIMealG3almo
HBQ. 600aHlo|® HLINIEIWVIEMD B$16HIm TVINIMIORNEMAIB:0.

DTNEHMT HLIOBOID® TVEAIGTVANHOID VDRI @RGIQYIRY, TVQICTVO
OOAE@3 VD00 (JIVIRLAHMT, agaTig:
QIO6YIMo 3:

“aumEIEENJ0 RINPESHIVIAI EENBCNURGD o I1B1EN:” (®Q@MVoWano)

45



46 @RELYIWo 5. G:FIMHINo

@AREIMIN0 GRPDM2UGODNT BHPHBEMISSINGHITRBB B@3 (BREMOMITS Id]
620GlEOO SN IRl T3 TVDOIENo.

adl&am QIOmAIMAVAUBTLEOTNEHTI HS1EOM NITVEBRHS :JJO@O4 £3I61E @ROI
Qo.
QIIEIIMo 4:

Qo IAHQRUOIB MY OfadGaHd OEAK TP:

UM BaHIA 108 aldHs MIMQYRISHDD WEWO: ||
@OTVAPIBYVe AMURDWBIYoOOTNACADTY a || (®@TVWano)

@RIV @AREIMYEMIG &SIVIGlEBAN  21QBAW A IDEIRAITVIOAD
GOMIRo (& GNMQSE Ofla)droHo WIH@OIND BRI 6 Qe lBHOHNMMo o IDEIRAITVYND T} EHIT
©@s68E] (GNEM @RAAIIVINABE TVADldnHo IH@INT ERMIMD GRA IV IGHUON
Mo al0WEJSMD. al@BeNilesnioIHM NI@INIMROMEBBSHS YRUlBHWBIOS @00
M@la] GRENILITBBUIHE Wdha lBHUOAMMO HaHalAHUOAMo Cal@®H:S6NE. Madhd0o
2dA0aI0a ISHBROBO ENINEES 0)n|@® @IAlGHSSEBRIR G0RINIG:M0 BT 2RI Vo.

alloam QIEm@IMAINVOTIGE &SIeom FAINEEOS MUAIM? BN @R
E0MIABBMY), (@ JaVlRUININ0@3.
QIPAIOMo 5:

BAE JOYWEMO (@JI202 TVIAIMIAL FlMo MEMo || (®Q@MVoWano)

(@JQIa0AQAIYMIW @AREIOIHNT A ISIEIMIQ EMIGHQYSS @3 (BREMOMITMSS
HOLINIS:NM BT MVIAIMAEIMo.

afloam DAHQOEHINTG HENIBIGIMIVLIAUMAEIAITVERHS8 @ROIGWNZMM. MOl
®S adloam mg@mwmﬂes;s)el BVIIMEAIMEBBHEID alCla|D. GRAINYHEGIENE
&elEllH:0 ©s6El HElOTIHM AUGBADATY. GROINNS QUWOIEG3 TV
212BERWEMINMOo 2II@AIATVAISHMND. ©
QIPaIOMo 6:
MYYRWEMo = @RQYMALIABIEIRAIE = 432 X 10000 = 4320000
2I@BBWEMe = A10Uafl BBEAIAY MU IEl Vo3 = 57753320
210@BMITVo = TYEQYAZ BWEMIAM Mo
= 57753320 — 4320000
= 53433320.
@ROIBH:A0 YOAVVOBWMHOD o IADETEITE WM 5]EMEIW QYWAVDOAITVHOID)
HBEVMEWHo QUIWIDITVo. 7
QIPaIOMo 7:
QUAVDOAIMVo — @TO@@“@;O%’]CHG(TUJ@; O[]
= 4320000 X 12 = 51840000.

QUOWINITVo = QIEM@IUT] PIDMEBMaY BOW: = 1593320
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MAilHs TYYRVEMOOD alQDEMEIGY Ha (BLHIWITI QWAVDOMITVo B&IgOAMMo
21@BROMODI@ MM QNAVDERIMe AIEBEIVWIES EWdaHe QNIWIROMROWIg QI
HNMo @ROIGWEMo.

afloan QUIVDEAITLEBIM M@ GRWINIMVo GEIIBLGIMAVDARITVOTIATS
af)@ @RWINIMVo af)M HN(@OIUTHOHOMESNINE GRGIGIWINITVHDE DRI
86 @ROIIVDEAITVOTIBI &SV ERMI®.2I@AINVAIVISIGIER0. HITI
afloan AIEm@OMAIHOBINRI 66 2I@IGHOBE:S] Aal@IG8 YeMls] AICTHAIM
2OVOMIHE! GRMIGEIUTVEOMQo &:SlVD® HeNIBKMIO@IAIGW. alloan @
OONAIQo QUWAVINUMOJo MEBBEILIBS @RATIQ «ywomo.g
QIPaINMo 8:
QUOONAHH U3 = 6UEHEINAICNIMMEM (@ YBMIOGAVBAI3
= 53433320 X 30 = 1602999600.
QWaLoIMAEIINVEBUS (GREIMo) = IIOBHIMYHIGNITVAITNIGRAY LOUTIMS
= 1577917500.
@RAINGEIEBBUE @RLOAID GINAlGHUWEBBRU3
6UCAUOCAMBWNIHUIEDDIDEINDS

= 25082100.

aflomm QU@IAles HE @RAIN. ERGIO@NIAIES af)@ @RAINL af)IM HO@ I
WBlHOOMOBHIENG DENRIW GRAINHOID ERGIM@IAIVIB:AT0 HBEMD HEINOBY
@lomoaimalalre. ?

QIYIAIORMo 9: B@BIO6Mo:~ 1120-000613 2il58Bo 1-0000 DBEVAWIHE! BHEIIBLOR

6Mo af)TD? BRMIVD 5046-30 HLKENOHIT YPINIEMAITVOHIT HQOD (@DEWIRUI
MIWLMIE DBVOMIHLI HelHBHISMIUB 3D ?

1119 GASo 1-00M&EE BRGIMAVDEMINVEBBUY = 5045 X 12 = 60540

@RYBIH O 676)@(00(!01@301-

QUAVDOAIMo: QYUWIWIMIMVo : : BRI AVDOAIMVo: BRI MIUWIAIMVo.

@RE U3 GRDI®IWIMIMVe = 60540 X 1593320 = 1860

51840000

BRI 20BN = 60540 + 1860 = 62400
DaYSHILIGONY RO 2I@AITVe = 62400 + 4 = 62404

MDaHUBHILICOMY EROIMaN@ElAMe = 62404 X 30 + 27 = 1872147.

Q6MBINO DO 6)6)(@DIUNdr0:-
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QUOIALQWINING : @ GROIO@IAL: @R@I®ININ..

1872147 % 25082100
1602999600

.. BRI = =29293.

@nEajoud @R@Immvoaimalalnue. = 1872147 — 29293 = 1842854.

M0ilOs B36aMI EMEI ElAITVHOI AIGIITVo BGHIEMAIIMR TVoWNMIQENS. &eIA]
QIBSlWIY af) qVBE[la] DAlleS @B Bafla] DatonORHMo VA1 ISETMME®ID:
. @RE 6a.fla) GMIHBEMINGG,

DaPHLUIBIORMe = 1842853 af) MoQI@o.

@@1@00@@@@@ aLINIMNMINEMEBIE)o, moggsen@:mﬂg@g QAP ENOSB Da 16V
W5) M HN@OIWB B0 BHING HLNIBIOGNIMH O QUBIADAN. 0f)IDEI6TRIGTY I3
68868 Mo lAlesmM®? &eKNE1WI FlAITVe LlodWIOEI OBVWOIE:G3 YY) 2IM
MI@OS DELYNe YBMYOYo DoH(Z MRELYNe PV EIWIWo @RYHEMIN BE{lafldlasmn.
)OI HLNENIODIHZ @Yoo ENUTRSMVoGAMAWIDAIAMIENT. EAHIRSAVold
DIVAVID TYYARLYNe 11 EIWD 27 GIQ®, 52 ell, 58 allell, 6 Meje MO@En @iy
88. @G J0uB MRQYARLYNO YBMIMIB:NUIM EETEIG3 afleldMo BlAIMVg:S] GRIMBMIWIS]
Alasmo. &elyniod] &¢laomlg eanElad alletome Glaiave edlsunilgoad &:2106 @sesy
M@ @REJIUE DDHE0D HENNjo HOla)| GV ©aIYEMIOUT HLRIOBYONEMo QICGED
A EeMElad ailelome Glaive MSSlHNBEWENEINIMo. ag)aNIG3 HENIGEIWIE:TI 213
le0) 2BOARSo nBHEBWO 5 @l@l 1 el @M. GRARAVID 2IBAYYMIOHS
qRSOm@o 20 54 Defl. EEMOVD® GHLKIE DEVOTID:G3 HAFOM (@JOTlalBo @S6sE]
Ol BB EBUo 143 Mo¥le @:Slanmialesmn. eeRElvlmen 93Ws HAUBOM IO
aIBOMH3 M@BEDLNLING:M. HlWOILje WGB3l ®SEEEl MHN @RAOREM
DO HEMHHIGBAN. BRD HLNIEIWIH:MM OSEEDMHN af)M0 dheilajldlasa.

af)aMO@3 MYOIOG BAUTRSMVo@GANo ABLIMVCGAN omile|gs 0mElod aflend
Mo ElAINEIHAG ARGPNVOHOD 2 lBlaOBIEBOINM BT MVe(RIV §.21Q MVINIMEIBSO
l@lessan QAU EDOBOESHITBOHM BT D@ IUTldo 6 2IQITI (fom"lm)omﬂggg BN
BYe0@IMo AI@o. ENaHIG ®S6BEl GNauIGININE VAlEBAIOND (Tn}g)S(TQ@CTTOo DELMAYR
(Mo GAIETEIIGBAN MVAWs “Bid:ESITINIEN oLk’ (365 Flaime 15 MYle: 31 afl
Mol 15 DGJAHUOo).

1119 GASo 1-00MAE TDE0DM HLIENo = 5045.

BRMIVD® HelOGEIWIE:Mm mMElaflenome Elaimve HmMIMEIW ngd)xr“gsemnm(mo@mo
@S6853] 1119-03 GAAHMVo(@NoNIHD cggsmg@oﬁ 5045 alGl@MeMEBRU3 d:$la] af)TN®No
GRARAVID ARLINAYRYMB 5044 BWEMo 11 @I 27M. 5260., 580il. 6@ NI@ED Wall
2[lg88. @EJoUd 4320000 RVEMODIND 1577917500 GlAINVe EAIMONB:IGD 5044 E.
1109. 27\ 5260. 58all. 6@-d6 af)@ GlAINVo CAIMONMNBS O (D@ VIUBD06) I
AWIVIFES @RAOREMo QIGo.

1119 GASo 1-00(MVAS3 BTN HLNSBHISMIUZ

) 1577917500

=] o . . : 1. '
(50442. 1100. 2701, 52. 58011 6@ 4320000
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2103890

5760
(0aflos 1577917500-6MQo 4320000-8MQo 7500 HI6NE @RaIQIOM2j0G3 UG
AMeWMEB8IVIGlEsMM 210389-90 576-00 Ao, DAIOW ~IOWIT WeMIaj0IOW
woemlaileos @maommom@;m@omﬂg a2 ldlesma’)

= [50456. — (009. 2@1. 7. 10/1. 54@.)] X

@REAJOU3 MaUDHLINBYOPEMo

7. . 7. .
200 7®. 1. 54@ 2| x 2103890

- |2 360 ) 5760
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61Mo.

QILOAILOMo 10: CRODGNVRUGOITS (WAOODING H1PHBENMILHIQYBS B3T3 BREM OIS
M BT BVEMHANND A lOQYMN.

@MI®MIVIAUN DN af)(@ BWEMo o) CINHEDIM BUEMEBRUS OBAIIBs0. all
AN GUAHOIB:T BUVEMIAWAINIWVIABISBIM BIUWELIL1EH® I ,
Q]@, @RQEID, of)INAIOYODHING DM JEMBILR. @Al NELIAGEBRIM:INAL
MEEEOM B (@JHIPo. afloan MINVIWININININEWEMEEBRHEITINOL| HLIIGY
Ol®EBsSIod WIHMIATIHM 802J000UWlQOVIg HEflEsMY, QUVAVENINWIB:EI
WAlEBM ODROGIWHOD @JDIEMRIBH] afloam QUavoenIMWld:sleilaye orm
@DOEMaNLINILS. aflOan HO@IUTlB06E:INBEINBIW DaldaNBlo @JAIEMan
£IGOMIF MVAIMRIGIVAIVISIBIER0. MEBBOHM WaONRLIAIMWMeo.



@OMANAe 06 20l QUAVENINUWIGRUE WEMaNIEEBUB af)MIBlEBEMIIUE
BV BaIBY Mg BGOYSS 2BHOOTIMOWVIOHHING LEMANIVEBBOS 2
@BABAUIMIVOEHIMNE @BRAIQAICTMEGIVWEVQo (@JTVoUIB B:FIGHIVBANQYo
92106107 @RAIHS D 210aNLIHOTD @JNIMNH:ING VM2 |Do (@JAIEMan
EIHOD) D 2IO3HIeNG VaMla®o DAITVNIVISIBlEE0. @RYGHWIC DD
CRIMOMIB: D 2106 a0@la |0 @OGTT)O.DEIOQﬂ%O.I(ZBo. (@JMIEMBE OI)
OANIENG a0@la|@ 6D 210aNLINIWIS QAIGo. (@JDIETMANLIHOMOGHIENG a0@]o0Y
D510, §D2100NRIHOMOBNIETG a0Ala|D (@JNIEMo. HDAUTNAIBEIUIUT D210
aNRIHO® MES @RAIVICIBREMINGGE BRINM (@EINMOCMOENIENG Do)
(@JMI6MANLIHOMOEHING 0@ 2@ @_&;omouo’momﬂg QI@o, a0®12]0@3 BUdaHo
QSIQEMSTD. PSIVIECONSTD €a IOV MVoEEY &Sl aBQBIT3 HBEOIIG
a0012]0@3 @%omoua@omﬂ% QI@o. D2J0a0Plo o 6R@Baln0WISIdlesmM@lom
DINHIENG @AM EIUWTIHW WEMla) af)BslTd CUOAUN O gg@)@ooﬁ HBHOIM
BAIMEIRIES30.  (@JMIEMANLIOOTNE SH)I6NZ oo«ﬂg:ﬂ%" DGal QAUGITDEMSHOMERY
D 2100 0LI0QIVAIH OO NSS! WEMIHNTE CUURMEIWVIBlendilel. @oail
OS EDaHROREMOMIB:MG’ MD210a0LINOVIG” BRI BUNIMEBBU DETBIWIG
200 2]BUDUOCIN BT @mamom@momﬂg’ @RMI®INYIE]H U3 DEIBIG:N. BY)
6MoafIRGIREMRIWIN0 WIHDMIAN aO@ln I8 GaldRIND aOIQOIE:MG3 GUd
aHla|@ @R@IOHM BUEMEUAHUSHAMD 92106107, @RAIleS BLEMOMITD MESE)OT
@RAIVAINIGMD IUD]. BRD A l(YIMBE:SIVD B@3 BUW6Mo. @RYGHWITI EIUD
&3 G20BRIG:INO alQD)6IE @RYGHWITI BUEIMEHO alQEIT3 WeMla] amiloel
@J206Mo MOMHSHNIENG a0B1J0T ERGIMEUWEMINIVWARIWS EOUTIQETEo.
@RANBSQo BUIAHUYENZ cOIQODIELMTI af)EslT3 BRI BIVTIGUDAHHRMD Gald.
@RGIH:aM0 EIUYNIWAIe BIW0; Aa DO DHING V6Mla] (@INITMOH:IENG 0G| 2D
@3Wo. GUOAHo BINEUDaHo. @RMIEMY @RQIDMIEE WEMla| AMILI 2000
@OMBOBNITG a0Glo|® el @RAHS GUaHHlLI® HRIIGUMNH.. D QIIRNID:
GMUOU3 BHRIDEUIHUONIEM Al IGIDE@IWOE:IENG MaPInOREMo Ao, BRD’
oBAIINOAMT. @RAINS a0IVDHHTMOBNIENG NV BHERI WeMlg] HLIEUdAH
OO Sl @RQAIBI@ a0Gla| alLlo BINEUDAHMIWIG QIBo. alldaN 200
HOMHBHNITBMHAN WM flBlasan BINOIIMGE RIWNEUDAHHOID gl Ra|@I@3
a0@la] aNLlo RIUBIGUIAH.. BRMIOHM BIUWIIHWHENIENE WM flBlHBIN a0IRD:
O 03¢sS] A IQENEID3 a0@ 2@ BWEMEUDaH.. BRMIHM BRMIMEUEM oA HIENG
WM flAlHBM  a0IRHOTIB:GIES] QUERUEMHOTNOENIENG oo(o"lqd. a0Blo
@RI MIaOREMo.

MAfeS VEMWEMLPLIGRIWISIALBAN  AOIQOT  BILHAD §21086]
QA3 GRINNIVISIBlEBEMNSTD  B:5IGHIOONID:ET (@JANIEMaNLIEBRUINS B
RYOAMO Gal 62106101, 1
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QIYIAIOMo 11: DRLNIMVOMIES (JDIEMLGEIMo; @JAIEMaNLIe QUWBWEMo; D210
@R@I@0OREMo; D a1daNElo BWEMIG] MELINL. QYWRMEMAIB:AN YEMIHOIN @RGI@I
20NEMAOWIENSBAN WM H:IM06)H:I6NZ WETila] ALIDMH O GEIMAIB:AN A0IBEE) D I6N
20@12]2@3 MELYNe AUTAN. TVIRIEMYM D (@JAIEMANEGLIZIILINMHOM 20IQo GROL
103 BIRONMMo 21081070, af)aMI@3 BFIHIQOMIELBI (@ JAIEMNLIH T THHANWI
M’ RIRIOHNAM 2 l0WIRSBD. M2lHW VMEGHIOHNMMo (JAIEMHOI BIRE0 @RHE!
@103 a00RBHONMo aloQam.

@alles 8WeMIAE UHOTNIE ©IUYIEIE20BEBU3 alQDENZo, Ao lDo, BRQAIDo

(GBMEM RILYFIBRIGIND. ' >

O_IAOG)JAO(T)O 12: @RMMNIMWOMINAI HBIAODEMo BMIBID>.

@JMIEMHNITRMHAN af)EI1ISOJo BIRGHNIGMMD. AMIsel Miee! GudaHo
0 21902WIWIVIBlEBMNMD’ @RAIHS @PANHSEY TLIRLINIB:IMND. @RAYIRLYOT]
a0 YEMN HIADAATY B:5IHHIADVNNE:@3 Gal@. @JNITMANLIHOINOBHNIEN 6D.2100
WO WETla] @JAIEMoOBHIENG a0@121003 a02QOMIET3 GUDaHl 2|D af)(@ Mo
8y @R@IHM @RGIY, B WHWIM GaldRICTHD D@ MO MINT. DO
B3 E0UBWIGMND . aflHOM @JNIEMAIo (@JBIETMaNLINJ DI PANIHM @RI
@laszo AflaHOE:@3 .2100IUTIH® @RGIAUIMIVI]H BHIMZBS VM GO
a0 B:50HI0HDMD Ca I3 @Y. -2

QIOAIOMo 13: &HFIHIOMINMG Ollat e O F] @RMENIMLOTIGE EMIDG .

@n0lles @EREloNE GRAIAICI®EWEM. @@IVASMAT. GRGHG BYWeMo W
RWMYalao. 4
QIYAIOMo 14:
@REOLOMIN BUEMo = 4320000.
@6lmo = 1577917500.
DAIYHS @RAIAUTNMa0I0E = 7500.
1577917500
7500

= 210389 (WmOMYa o).
4320000

7500
= 576 (®@avm:)

@Ga]OUd BRANMOQYUWEIM. =

@RAIMMOYUNEUEIMo —

DD (JAEMo. GTITVAM (JDIEMaNLlo. @RADANOQYUWo QYUNEBWNEMHNTVAENE
gl ¢a1d.

QIPEIOMo 15: 1577917500 GlaITussBud S0 8@ QUe. 210389 Alaimussrud
@SB B @RAIIMOQYUWo. @RANINOQYWENEM = 576.
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BUIRIRYBINMDEBBUB af)TNRENE Gal@. DAINQYOHAHITZBS BUIEMEUIHODIE:6EI
SO0 MONOS MES H05MY. GRAISS ERANDAMOQYWe ASIYM Elaimve

9O AMINTOIE:G3 BRG:60SIAlRe @RYEIMYAELYM.. g

QIOAIPMo 16: He1PEl HEVOIE:G MYOIARLIN0  YBMYe.  @RAIDIDOQRUWAIG:AM
210389 Alanee @063 @REIOYM 576 WMo TBESBMD. @REIUE @RAIDANEQW.
2SIl Glaive O3VOBIB:E @REIGIANELIN. YBMYo.

@RYHHQIRIMM BUNEMEUaHAlE]l. aildan @RMIE@3MIMM 6.210M lAITVOO C)@3
TUAOMOBNIEG LEMa] WIRNMYJOHTMHBNIEG aO@l5] ARLYNL UGBTIV,
@RYHWIGY ERAIATNORYUNIEIVISaT 8@3 Flaivo G)QJ%IB(B(T)_IOUZS OTTVAWVBDEI 0
BUWEMEWaHo. @6M3 GlaIMVe HalgleMIdUE @RMlellogl. MeEseM BTVl
630609 630G M@AVANT a0l B0l MAIEc30 BUEMEUIAHOTIELT. BVEMOI
03 DO @RUWIB:EUUNIVISIBHMMINNT. Al BI®ELICMIBo FlAITVe RQEVEY
GMIOU3 MI®LIMo MBINVAMe MEBBSIT VML WIRWARYa JoOmIMD
Gal0EOOM® WIAIMYE af)aANIGHIT GRAT DDMEUIAHNIG:IND GRD. @YD
WIM3 BRSID afleg AlAITve DD LINMOWITI BE MGITVAAZ L:EFENZHWIGI
@RMIG3 WIAIMIOMOESHIENG BUWEMo G6010), WIAIMYME Gald® ME3TVAGUdAH.
BlTl@IVQIENEIBEININOmIE:HL! BRWIE:EU0aH TYAE] af)ao. 17

QIOAIOMo 17: a0IQOIB:03 LD @RUID:EUAH0; EFBHQAINME EaIdQIOD
QABIMND ODMENaHo. WINIMLE af) MDD OOMEWato (—149). —149 + 576 = 427
(NYEEL) af)MD BRUWIE:EUdHo.

aflomm @3 830600 MTIIVAY &S] &5l MAEMD BGIVWAVoAICTVECIGI
FlAMoDIQYBB BULMEUWAHo. afldan gmMIo MVoICVEIGIVIB:ee! Elalry
O3 GR® WIAIBO®M EMMEITE WMlLI® G@AIVAMIGTIMD EBETMEUVHo
UM EUHNIBMND Gomﬂa@gl af)m. afloan @ @RAEIWIV] FlaITVo@ @I
@@V} a0l MAIEBMND’ GJaMIo TVAUCTVEOTIMT BUEMEUDaH.. FDEBREOM
MLoAIONEIBLFIUNVOMINLI BUEMELAHOTIM (@JTITVoQIGNVO. CRBA
3. afloam AlIMLo@IYSS QYRUIGE TLINAT. ERG:QIE3 B@3 BlAITVHOTN

BUAHEOMOG @EIMIV]g 2Q0@ FlAIMVe @) QUOMIGE DENIBWIEL 18

QIOAIOMo 18: @RAIDMMEQWVIAUTNIMOMIGMINT @RG@IGMRIVIGlEBM GlaiTve ©
M@0 @@ITVATI BIRYo.

WIBOMMYa JOo BIRH:o.

GUORHEBBOBEI00 BUEMEUDAHEBBUD.

576 X 0O
210389

QWIAIMNIMOEBIIGMIIT @RYEYEINIMNV. —

alRlo = 0; GUWaHo = O
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576 X 1
8@ BlQIMVo §aIRIGMINUE — —————
@ 210389
anBlo = 0; GWaHo = 576 (@oWldo)
576 X 2
63 BlAINVo aIRIBMINUE — ———
< 210389

anBlo = 0; GWaHo = 2 X 576 (@pwld:)

6
M F0IVo ©218IEMINUE — 576 X3
210389
aDBlo = 0; GWaHo = 3 X 576 (@oWldro)
6 6
365 GQITVo BalRIEMIOE — 576 X 365
210389

aNBlo = 0; WU = 365 X 576 (@owldo)
@RMIVD
anBlo = 1, GUOaHo = 210389 — 365 X 576 = 149 (9Dmo)

NBIODHIRIOMIM B3 GFlalve §2I6I6MIU3

GWato = —149 + 576 = 427 (@wldo)
PENBIODHIBIOMI@ @613 B1AINVo 6).21616MI0U3

6o = 427 + 576 X 1 (@pwWleso)
PENZIODRIOMIGE a1y GlaIMe §.2I8IEMIIUE

6o = 427 + 576 X 2 (@pwlesn)
QM0 OBIBJo H.21616MIUT

GUWato = 2 X 149 (9DMo)

RIMNoOHIBIOMI@ B3 GFlalvoe §2I6I6MIU3

GUWato = —2 X 149 + 576 = 278 (@nulaso)

MEBOM B GRAIDMOQYNOWIT TVoAUICTVEIBYGEIAUTVOTINE! BUEMEUDAHOITI
a0 (@J@IQIOTVE. GRABAME. Ao GlaIMV@IQS8 QYRLIEE TLONYAETE. GRDED:I6MT
B0 @RAIINOQRUOINEM3 FlAIMVo@J@ BUOAUEBRUIHE GRRA6NE.

@RYHHVIT WIRNAMYaJOAHIMT3 B:060MD@ITI WINDMIT TMVoBEUYHBHISNE MOTV
DM WEMI4JT3 WIRWATYa JOoHEHIENE a0BIBREMIIUB (@) Cald0IHMWITIBse
D@ ERUWIBHR0WISIAlEs0 af)a @B BRREMSI0MVE af)@ af)aM E210BY0
DalalMAO@. MEBHM  MAlBBEAIMNSTD  VEMH:IVTVANH®  BRAINIIMIW]
OBNIMBB NEIMIDOBIM B:SIBHIHAAT Gal@IB:OT.



@1(3D, o 5. hOMo
@RELNIWo 5. @:FIHIO

@OMHS aB®OMOAIT MVt OlEUHOO DEGUTa] BISBEMIID af)s
oJA88. af)aMg DDA m1@nJ1(;;g|. @ROflHs M@IVAM BIRYe WIRWNRYa 0o
@R dho, DDMIUONIVIBHBIMN BUEMEUIAH. YQ NEBRAOM NABIABEIMNSTD WI
O@®I@3 FlAITMVo HIENG MTITVAOM WEM 1203 gganecemuomﬂaﬂoe@anlg

QIYIAINRMo 19: @IVAOM AMINIUNGBI6NG VETI2]ILIBB aNLlo WILRNTRYAJOE DT
20 OBIENZ VMg ANLIGOMENIUT BYQ BHOWQo.

576 X 7305 — 210389 X 20 = 4207680 — 4207780 = —100.
@RMIVD BIRYOMINGE B)Q H06DIABIER0. BILROINGE (B)Q gganmomﬂg(soeﬂadl%ﬂ(o”lm
am. @RI LT00-0M BIRIOMIB:AOL! £36MEAHINNTT aIDQYMD. GRDEAIIOAI @D
2\ 0103103 100 oBAlVAlasmMe0IB;IT3 GR® BIROIINE! WMEHHA lo. BILNOTNT Gl
QOO DDMEUVaHo, BIR\OMIG3 GUdH] 2| @RWIE:EUdAHo. BTG |IU3 DDMEUDAHUEBBUD
BOROMIOAI LM EHHNI6BBUI, @RWIH:EUDAHUEBRUT BIRYOINEI WMEHHAIEBUZ. DDM
GUOAHEBRUZ R ZIHIVDVTNID:EE] BdHa I6BBUZ BROEIBIT WMBEHHAIEBBBIG:M; @RWID
GUOAHEBRUZ HFIHHOONID:EE! WEUIG:U3 GREOLIDITE 236MEHH IBRBIG:M. @RGA]IUD
BIROMIMT3 GaldIOMNI DDMEUDAHUEERUZ BRLONID BIR\OIHLI 26N EBHAIEBBUI. @A
GZIBHI0OMB:OL! CAHIBBUT @RHEIDIT WMEHHIBEBIG:M0. BILRLOMIT GUdH
2]Q1 @RUWIGHEUONUEBBRUT @RHLINITE RORYOTINEI WMEHHUIBBBIGRAN. @OOI B:FIH:0
QOMID:OE! WELlH:U3 BROLIBITI £36MEBHAIBBBIR:MD. @REAIISINNNS 100 B3:508:00
OMIELT3 WMBEBHAINIB:N.

DD BWEMEBUAHO U@ af)aT) ODaGIBHHEAUMG af) MO 2JI@3 AMIWILA ag)AN@]
HMOHNENG WMo QAIMo af)MY @ROIEOINE IV af)EHIT @RAQIGMN Gefl
GHH GAENG. aNLlo aflOan HH@OIWIB:0 HB06MGo @RCIWIe. @RANOS M@ITVA
Mo WIHDMIT Mot QYo MEBSIEIBE CLIDMCOMBHIUB WIRNMRYa JOOJo WIHD®I
@3 VoAU Qo MEBBSEILIBS *LIDMo (BQ TVoEUYEH:I6TTE BRUSIGNIWISIBlHEE., BB
OM DAIHBMN DEMSHIOMVoEUHUS PETZo AMIINLA, 20 af)MGIIAIHS AU AIdS:
M®. @RAINOS ®TITVAOHM AMWINIAUA Af)MDIOHMOBHING WMl |GIGMEHIUB
WIRNMRY JOHOD D@aIGIG3 WMlD BQTVEUOB:I6TE GRWIdr0. af)all ©
M HO0EBIBOS BIRYEIRDHEBBUI (@ AILIMIVISIBlHBEMINGG 9Dadla] @Al
€50. af)MIM3 RILRYEIREBOS 62IQMIVIHBHIEIG VM HIVEBOS OVals)
OHIBH. af)MIOLIGa, Q6T

£21Q@IBo(@)»H000 alldan. @RAeS BElaIMVo@] @@IVATVEI BW
MO QYRUIWIG:M. GRYGHWIGZ MTITVAOM WIRWNIYaJOOMITS Q1636
Q196831 @«ﬂqd. @RAMOS MBI TVAIEWISNIYOM QEEIVIG3 alloan W
QIMBY af)M ¢UDaHlER0. af)Mlg BOD@LIGAINOTIMD GGIVACMENIUB &HOQo
GUdato. @D LIETNEBHA lo MIMo. aflOAN WINIBIEMBNIGo EUdaHo HOWY af)aM
DN@Ballesm@. alloam 20@ein alleq dlairve WlaIByMd Cald@@oEA BU
EMEUAHNIG:MD. ERD® WINIMBBMENIEBQo. alldmm ElAITMoJ@] ~BQROW.
afloan movamunomeam dlairvamlm wlaimymlelleglealdodn@@ldleso. all
AN HHILITLAIMHAM FlAIe WIAIBHM EMNRIQYOH] M@IILAS:TIMIMM QI
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BE10EUWHo @ARWIEEUDAHNIWISITBIES0. ol WELMW: af)an Flalnve Wil
MY PS8 DVDMEUHo. allOAN TVENINMWS af)aM ElaITve @lYsMmWlaIeM™
OO M SHBEVMEUWaHo W@ o) @RWIGEUaHRNIWISIGlER0. o lean
Wl of)M@1E:am0 $:0Q af)am. AVERIN® o M@IM Wl @ ag)am @RWIH:
GUaHo, MODAEINT WIAIBIRMAN DDMEUWH.; @RYGHWILNAGIHG BWIW6 BIOT
afly agyam Elairve Wliefl® agf)ame WlAIMY af)oe DI EEMNEIGRQYATNQ D@
al® ODMEUHNIVISIBIBE80. AN BUEMEUAHe DMWaIMIGZ HOWY af)Mo.
afloan soomal@em @RyAlod WeMlal FlAINVe M@WAITIOM @RYOITI W4T
DVMERHNIVIGIAlSRB0. TVMINWS af)aM GlaITVe Wlal® afam @RWIG:EU0
aHo. @@’Im(memgas GBI JITNZEURL ag)aM Blaldve @RYOCIG3 Wermlafl@lassamn
DBaI®o Wl af)IMASS @RAN0o BNIT @RWIEERHAIVISIBlEs0. 2°
QIPAINMo 20: “m0®ek” (365), “MInaunIme” (730), “weELM©S” (1095), “@o0im
aflgs” (1461) I @RBIOOM MILITVQIBTVEAIIE|EERU3.

210389 — 365 X 576 = 149 (R02RHOWI03 EUaH 2]DO 061 ODMEUDaHo).
QeI ag)a FloITvs (3 X 365 + 1) GUoato

= —3 X 149 + 576
= 129 (@RUWIHEUDAHo)

aVENIMWo + MO®EL (= HOCmllY:) ag)am FlAITe BUdaHo

= —149 + 129 = —20 (9VMEUaHo).
6 X @oomald: + aspimes(= @flolgewn) agam Glaiave.
6WaHo = —6 X 20 + 129.

= 9 (ERWIH:EUDaHo).

MEBBOM @RWIBHEUAHAIMAOle ODMEUHEIMAle MEBBEIHL!I ERINOMIM GUd
aHOMOo BUAHMIWVISIAlEs0. aflomm FlaiTvesBud EMEIEMQo Ve, &S, LAY
68803 EENEIEMN Qo @M@ FlAITVYEMNGHIVO MG DT o] a;ranm«ﬂn(d@o 921
af)MILINWANQo GRINGEIUTVOMIND GUOUNIWISIBlER0. @RANSS BIERH>OTNHI@3
CUOaHBHI@8 DDMEUIH, RIRIOMIT GUONHIBSHIT ERWIHEUH af)(M MW
®o.

@IS WINIBIEMQo WleflwemQo @pQsIlad Wels] @RAMAE]0G3
Wlamys:ad ®Q aBololdleso. olldan NOGEIBMQo AVENINWEM Qo @RQY
eil@d Werl5Je:SIW AMIWILN af)aM GloITLEBIM R DVMEUHNIWISIElHS0.
afloan O@BaIBNOM al@laNoeilejo BOUGIOHM D@al®lejo QGI’Tﬂqd. ®6eaRS1LInm
o MQ. alloam @@I3wEL ag)M@IOM OTWaI®Iejo HICMAlYOM aldilanoeil
elo Wela] ®eaBslod &5 afloam @@IE:mM WIRWIRY)a 0o GaldWEUaH A
1IL oM@ DDMEUWaH )G af)M 62106 WEEI. @R)HHWITI BUOAHHAD)



56 @RRLYOWo 5. HFIHNHIMo

£21QMIVITI YEMEHIVOHAT ODaOlHHNIQ) @@ emg@omﬂg‘ 9Va0l2)0 088
DEMHHIQETBHB. af)MITI af)LI19SOJo oﬂel(mocgogms“.m
QIPAIPMo 21: GIVOW B0 |NOIFOHISBAUMNBS Da VWHO MANOS D060
ano.
(@) (—149 4+ 129) X 5= —20 X 5 = —100 (2DMEUHo)
(a)) —20 X 14+ 9 X 20 = —280 + 180 = —100
DI BlaITVEBBU3:-
(o) (365 +1096) X 5 = 7305 = (aMlwoLn)
(1) 9862 X 20 + 1461 X 14 = 217694.
MO BB GRAIMOQUVEINITVEOMENIWB aBQRBHO®ENE 210389 agM@OM
O@I@MIMo QIIEEBR6Mo.
@REajoud 217694 — 210389 = 7305 (aMIWILA ag)0d @SD).

6303 (GTOO.IO(TG)@Q(D@TGﬂ%(D‘a 6@ GUdaHo 63@ BlNINVo N@ECN QGT‘@C)&)Q}@%.
af)MIg LM B00HASMIWVIFAURo ()00 eflenoidolecd @mo%"lg’.

“@062310 a000: BHA IEHURII IQIOIYS
GHMIIYOBD MVoRBAI B:FBIMNo |
GOM aflMm™ BIRYOIOD M GOM
GHHA IGURIOM G Flayeanl ||
Al RILIMEWIYEWIY)-
B.2JCHANBWOTLRIIBAIITINMANG3 |
GVIMIAINIGOIM QllRolm® WD
@D BIRYOIOD FUITVEHIOD L3

216100 BGEROD FUIRIRINOIOD
©NIBRES™m A @alo |
2NRIOMYGUIWTVBEWIMIBAIUNS
GAHITVINICAD QIR 1aTIEAM ||
GaVIERELID AOBGEAMM QYED GBANo
@y62RMe0q GG ouElQuRs |
9D6ELIY QllRIGERYM FEUIM @ays
aNBlo YWEMIVYIBAIBO aOGAEM |

a0lo MONHBAIN@ WEI VAT~
MIEIEIQ UG aHR00PE0T |

@I09(39) WD eIMlweM™ alleuooRELY

122

VI GHEMOC2joHAlD @ @D Q2 || DY

QIPAIOMo 22: DD HFOHIOGHIQ ERMENINMLODIIE3 AllaVEla) H:06Mlaflgens.
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DOfHS 0210l M3 BIRYBIVGEROB DCGUWIIHBATY. MES @ROH:M3
GO Il 2|0E3 GOITREIMSID @RMIERUTl 2|0 GHIBRI allda. og)mﬂg“ 039
a006Mo:

“al@>0llotd@IQ@o ORIV |
VE3YEMo DM alelataHlQYH? ||
A lsmINIDE® U MEIGYIRYD |

WAVIGAOI WM& QIBIWGEH” ). (elenaio).
I3 Hatomud >3
221 X WeM&I0o +- 65
QIOAIOMo 23: = aNBlo. HD WEMHIVANLIBROS H>I61M
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[Kuttakaram is to find the integral values of x and y from the Indeterminate

Ax£C
Equation of the first degree B =y
If A, B and C are known, this may be reduced to the form Ax — By = £C.
The problem is to find the integral of x and y so that Ax — By = £C where A,

B, and C are given integers.]
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195 182 =26 X 7 = 13 X 2 X 7 (13-003 GRQJom).
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182 195 =182+ 13 = 13. (14 + 1).
13) 26 (2 (13-003 @RYO).
26 221 = 195 + 26. (13-603 GRYO).
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Ax+C

If ———— = y (an integer), and A and B have a common factor, then C is
also a multiple of the factor.

Let p be the common factor and let A = ap and B = bp.

apx =C
enibp =Y
coapx=C=y-bp.

S 2C=p(y-b—ax)
.. pis a factor of C.
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GHDJOTD,; ISl DO HDMEHNJOTD, QEMEICBQo HILOHHH aldWdlo B@3
MY@OMIELT3 AUBDIQ ®63RSITI egjo;d. BEROS ODMEHN aldfdlo BHISINS QIS
OO o IUIGOIMIS Cal@AIQ. 0D o 10Udlo B0 I0Udlo @;@16101071%0 msimmocsoog
83 6UaHlae. BEROS AUSAB HIPOHS EHIMID:MD OHMEHNIG EHISICWISo
@G0, @nalleos 8@ nilmallg. mallsnn HMEENSe Mo BREWISAMRIWVIA
dRo. afloan snilmzaile:am E:IS1HS HDMERAISIINMINO CHIGEMIBAo (BEROS
QISEBaISIFTMINO BHIGEMIBAYABS GALIINIGHM angﬂqd. B 06MIEH M3 6NE]
®EJo H000MIM 6IdlsIO® DEle). alloan eilzolle:am o210l o
0alglQo IdeISOI Nln3ale:©3d &SIVImaN GEMIIWEBBUE VMo MRS
CHISINS QAUSHRAISIEMIQ TVAWISHBINOQ B ALY 2IDOWOMIHAG D@3
2 JOQI0I@) 5O B:06113Ga 100 @gjn%. af)aMI@3 Q01D A JOQIWIM@ QUMAIQ 6N
COIHIGHNBDo. af)MMILIYY BT TVA2IDOUYCSH@NIVISIAlER.. DDIHZ
NI2OINUB DD BRIEHISIDHBOS MHEREOMIG BIFo®IMo. af)aIMI@ DD

67
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BRIEHISIHBOS QIPoGWINe HERAIR0, HERAUINODIGE BATOMW QlRo K
FOMOM BRIGHISIHEIT NE@IHG ARo af)M MUAIMNIW] DEa]IU3. DD
af)L19S0Jo BROIGWETZHAIIMD.

QIPAINMo:  lTIERIAI 19-T3 GBISIAUNCHUDo @b 6P %L/ af)I MVUNIDOUDo. BERI
QUREHHU@o & 6132/ 20 )N MVA2IDOWo. 2022-QllOM & 6

20 & = 21

oW

al@dleelslo (19)

af)M @H0SlHs TN Beflaflgss@lmomd
B = GHOS| — HR = 20R — HB — 20D
ARYBHWIM R 6 = B&R; UN = GBS

2/ 22, 8 (¢ DOl P6TRo GHEINDENEEBRUS

ZOIW af)aD @YUHOD W-0llom @REaIdHl | @I3HHleMMIV] @@l 2)0d>0
M QUM GalODISES @YUDe OWR/Y) BRHQI QW = BRODENo = 6B,
010 BHIS| WENo , QW D) BHENDELIo.

QW L] + 2163 = 6B + %LIB = & Ll = GHISI.
@RYHWITY QW 6B = BdHIS|; 2/ 63 = B2

QW 2/ HEERDENONMV QUA.

@EOUd 2/2082 of)MD @YUPOOD 2/-0lOM @REAIGH 4] GREIBSHHUITMROW]
@106 06TZAUMD E2l0DISBS @AW 2/ 68 OW of)Mo 2/ 8 D OW af)M EAHUDo
UD2IDOUNIW  HENPAUNCAHU@NINEMMVo  AUTN. ASS 2/ 2 1 LI6B af)HANIT
A IUCHIETNEHH@AE. @) EHU@Ofo 2/ 2082, REID of)AD Q6T OYUDEBSo &
SlWO@3 b 6132/ 20 af)AN BRIOUNOJe & 6 Y%Ll af)aD CBISIAUNAe DA EENEIEAZWYo
GINMIWISIAIER0. af)INIT3 @BRED A lEMIBHIMEBU@COMIS 2/ QW 6B, OW °LIW)
af)aM Q6N (YUIEBBHS G2l0MIT GHEINAINNIWD) 2/ L WOW af)aN TVNIDOUYEHH
@o QIGo. af)MOLllalles 2/202, ROIV, OWLIW, 21BOW DOl MILIOYUYEBBES.
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DPIEEBBIHHWITI BRIUNNIW @ 6.2/ 20, GHISIAUNNIW & 64/ %6/ DAIYHS CGWIWo
BENAUNNIW 2/ & 1) OW-CWIF DEI\o.
D 6UD LI+ 2] 20 BB = 2l 8 P LIB + 2l 208 + DX
= 2/ WRIB + 2/ QWEB + ¥ LIow
= 2 OWNR
= HENAUNCHU@o

D (JBHI0oBRIEDH0S] AUREIRSOS CWINo KERAURDEUHAMD TVIRLAIW.

@OMAN Ao 2IDOUYHDNE BHIENG QYOMHOID DENBIHE30(a)dIMo. DUNIMMAI
g 8@ 2IDOEYHOT zﬂ)%ﬂﬂ(ﬂ. OOIOHAF NI ARONVAIWVIGIBIEA @ QYOO
a0’ af) @RIMHODM @ROIQYIMD. HD GHEfla] aI@OWOWIM MSEA ad3da 06D
Ao BHHIGEMITMOEOMQo DENBILR. af)ANIG3 MIL 2IDAUYRIVISIGB]B30.
afloam ael 21IGOEOMINAGE NRLICTIE:MD CHIGMIBo BT GO DENZIDS.
@R® BENAIB:ND. DD HEIROOM GRUTICHI6EMIC3 eflallg 92106107 afl
O BHUMHIY@IWODIER:MD o YTY@IWEOMIG B8 &eRe Beflo). mailes
21IDOUYNELYo @@;@0@1;5; M OEMBIG:IM QYo o88. DOiles WIHMIT (@)
WOBIBEje YA BRHEIRJHOIs] 0IRIY BEROS BM aldUdle ALOINE MRITD
™gmOQ DEefla] GROIOM DTBOLIYPIASBS BR®HBOS CWIWo EMOO GRLIMI
Q ‘ﬂ)%ﬂo‘d. alfloam D CINOMIHN BHMEDTIMITCI QI OHHGIV MY@o BES.
@R MY@OWIM LloNIOHAMM Gal@. CalCEtelSt BRMHUBHB BRHHUF o) Gald.
@AYy WBlas N GRS G2l af)0 Gald. GAlVE:@ IN@IGISAD LloNio
MYUIlEBMD @RANSAM @A JONABS BEUMLOBIAT @YSNIIWSHUF af)D Gald.
DOflOS alloam GH@EOIE:M GHIGMISABS 6P Gl af)TM HleBam). o]
AMY@ 0o aJAIBEROS HMEBHNAIDWIQo BRHBIAMND. aJQTRY@IWOHIET0
88 HEIROMINHZ @REL LloNINIH:ND. QISR BHHEMAY@OJo HDEHH BGR
S H19BHNITIQo @gada@omﬂ%” B @\UYo. BAIWIGHMD MESHO GA®
M. MEBBOM B 2IDOUYHEHIETG QNG (@YUo. OMOS GHIMIE:E3 MUl
ABAN ERYNIIW WIHMIM GRD (JAIEMAIB:AND. G BlHBIY@IW
088 B0 (JNIETMNLINIG:MD. G2IWIE:a AIIIVIELe GaldWEUWDaHo GBI6T
(03 GUOAH2|D) D 2100IUTIWIB:IMD. MAOINSATY DENZIW 6D 219aNLIHOID GG
MY DB JO0) BRWIHBM @8 M1Bs] MIRSHUE HENIHH @RGIT MO
G060 5)HBQ. af)MNILIHIWDIG0. I DENBIW D a10aNRIHO SOG4
2IDAEENINE0NIEMM HBQ. BUaHe GBRAUIUDBEROS Mo,

afloan eH@ O80T GRaYIWDELRINELIGOMISASBS QIOTVIELOWICMBQ.
@RaUIEDHBRIFLOMIGBQo QIHEWINYLIo CHMBOTIDM0 DS6BHE] @OaHUHIYPEEHI
GEMIBNBHB @)Gmoqzﬂ%amooem. MHO® @1@9@1@“ @) (@\UDBHIEMIDNT B3T3
LlotNlo cﬂae’_ﬂqd. @D @RaHUIYPBRINEVOIEHEM  GHEROMIBG A IGIBBNIQ
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DAlBR0. DD LlosNlo MYUWIHBEMSTDAT D@aJONIABS HEPOMINHAZ EU6MD
683U3 @RYENIOWHHBIBIND. QANALIRLOJ @RAUIUDYEBLRIGELOJ BRMHBIAND.
BGRHUE ®aERgElHL! AUIHITMOENJ ERHNIWHSHS AUGRIATNANJe BEN. Llo
SNUONIOWDBOS HERo BRD:UB, af)aTg LloNIAIRe VETEIB:Ele DRI, @RYENIO
WHGBHS AIPCEEANED afloM BRMHBOS AURIMMOEDIHMND. af)MIG3 B2OM!
HITNOHOM BRI a0G0T3 @RYMIIWOINTNOANEIB:0, DHERAIB:MND’
@RYENIIWICVWIW. af)aTIF. AURIMMAOOM EVIWo O a0Bl2j0@3 BRANOY
MBOGi0 af) MG allOam @RYENIIWITNEE O BENOB0 HEB61010) @REV 4003
£210l® @RYENIDW DEMBIG0. alldM DD @YW (JNITMNAIG:IND. @OaHIUY
@200 (@JAIEMaNLlo, AIIAVIGLEOIN GHELROTNIB:A GHBETMEUHo B6IRIWo
D5 1009WBlWIGND. DD HaI0lW @RYNIIOHWEH:EGBEU0 m@mﬂgm@ozﬂao. @RYENIO
WER MHERDIRIND @RaYIUYDEERIEVo; DD 6D 21IBUNAMIND  B6{PAIBND’
) af)aD HN@OIWDH0OD:ING GHIGTIEMY @RUIUDEBCRAS af)dGBUdo
DEMBIG0. MAMOS MNIFENSMNIHS] @RHUIWDOTING EHN3 ACla] HBYQ.
af)MNO@3 GaHIWUDIWYAId0. EDD §D210aNRIHOI DS a] GRLUIWYNINE0E,
M0 HSEOMEUWHo BaHIUWIEENILONIHM Mgo @RV AIT3..

afloam D GaHIALUIUYNINAO DEMIBHIW MIPWHHIENG BII@loUdBYY
MI20 @S68Rl MOSla| OS] @RUYEBRSOS NIN2ONIME DT DENRIHHIWITI
GBI AVAINICOIIBEACIWITI !

QINOEUYIMo 18 BHIM @OMVeOIAICNIIBo af)aN@DNo.
QYO (JIWo. MDIOM YOTHHAD @ae_jqd.z

QII6MYMo 2: One method of estimating the length of the circumferance of a
circle starting from the measure of its diameter D is to suppose that the circle is
insribed in a square.

al@lcelnlo (20)

Let O be the centre of the square, Y the middle point of a side and and A one of
the extremities of the side.
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Then OY = YA = % when D is the diameter.

If Y; is taken on OA so that OY; = OY and Y; A; is drawn L, to OA to
meet AY at Ay, then OA; is the bisector of ZYOA and A; is consequently a
vertex of the regular octagon which circumscribe the same circle with one point
of contact at Y.

Now join OA; and take Y, on OA; so that OY, = OY and draw Y, A, L,
to OA; meeting OY at A,. Then as before O A, is the bisector of ZYOA; and A,
is therefore a vertex of the regular polygon of 16 sides circumscribing the same
circle with one point of contact at Y. The process of bisection of the successive
angles so formed can be repeated indefinitely like this. The problem is to calculate
successively the lengths YA, YA,, YA;,...... in terms of D.

Then YA, = 2 the side of the regular polygon having 4.2" sides
circumscribing the circle with one point of contact at Y.

Hence the perimeter of the polygon = 2.4.2".YA,,

when 7 is sufficiently large, the perimeter of the polygon approximates to the
circumference of the circle.

Hence the circumference = 2.4.2" YA,
and if YA;,, = D.M. where M has been calculated,
We have the circumference = 4.2" T*DM.
Now to calculate YA, in terms of Dy since OA; bisects ZYOA;

YA, : ALA = OY : OA.

YA,  OY
YA OY+O0A
2
YA = O(l)fiy(;‘ 1= +r T where 7 = the radius
7
1442 =rlvz-1)
o _ YAz _ OY
BN T A, T OA,
YA,  OY
YA, OY+O0A,
YA,.OY
YA, =
27 0Y+0A,

r?(y/2—1) _ r(v/2—1)
r+/rrrr(V2—1?2  1+./1+3-2/2
_r(y/2—1)
144422
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Now OA, can be found from OA,> = OY? + YA,>.

N YA, oY
WALA,  OA,
- YA; B oYy
" YA, OY+O0A,
YA,.OY
YA, = ———— .
. 3 OY + OA, and so on

At each stage we get the 2 the side of the regular polygon as a product of 7 and a
fraction involving surds. Proceeding like this as far as we please say up to YA,
and multiplying the value of YA, thus obtained by 2.2%° X 4 i.e by 8192 we get
the perimeter of the regular polygon of 4096 sides, circumscribing the circle. This
can be taken as the circumferences of the circle itself.

A second method is to start with a regular hexagon inscribed in a circle of
given diameter D (= 2r). The side of hexagon = 7.

B, By
i % ]
G
(@]

al@dlcelnlo (21)

In Fig. 21, let O be the center of the circle and AB a side of the hexagon. If By is
the mid-point of arc AB and OB* meets OB at C;, then AB;* = AC;* + C;B,*

= (@ + |-y ()
RG]

+= J " (2— v3)?

r
4
2

=—{1+4+3-4v3} =7 (2—-3)

~
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Again if B, is the middle point of arc AB; and OB, cuts AB; at C, we have

AB,? = AC,* + B,GC,?

2
= (AzBI> + (OBZ - OC2)2

2
= (AZBl> + {OB2 — v/ OA2 — ACZZ}2 and so on.

1
At each stage we get 5 the side of the inscribed regular polygon as a product
of 7 and a surd. Proceeding like this as far as we please say up to ABg we get
1
— the side of the inscribed regular polygon of 12.29 or 12 X 512 ie. 6144 sides.

2
Thus if AB, is multiplied by 12266 we get the perimeter of the polygon, which
can be taken as the circumferences of the circle itself.

In general AB,, = 3 the side of the regular inscribed polygon of 6.2" sides.

Hence the circumference in the limit = AB,, X 6 x 211,

DD QYOOI NIHEI 2IDAEYENIIZO QANIAVMIGMMD. aflOan DD QYOOI
MVEBBOBO DN HUODEDTB 6@ OIUBB:06)2I1QETBILS AUOTVOHOD ®INF QY
QSO @I.

QIOAIOMo: MOlOS BT TVALIDOEWODINAZ 6NId20 QIKVIVAWVISIAlSRAM QYOOI
M MOMHOM @RAGIGWEMo, al@lGRltle 22. @) TVALIDOUHOTING ARLYOTIGILS] o
QJ9I0GEAIQYe BHHIGEMICTNOCORIYo DEMBISBE. BRGAIIUS @) 2IDOWo DEIERBIW
Moe) 921010 MR2IDOWEBEIVS Qlleedlonsa]sltlas.. @AVl @ruTlesosmlm
GRI® 05a/ds. Oal, S af)AN HENREBESWQo QIODHB. O2/dh af)aM @YUDOIGS 0.2/
@2, 0B, b2/ BRNHUI, & AV RlobNlo, OV, AV a2l @RYENIIWHUB.

o) €] (] al

s  BaMlemo

al@lcelalo (22)
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MAfOS 2/0V @D6Mo, 2/db @JDIMaNLlo, 02/ — QIPAVIREDe = Oaf — 05 =
02/ — Oal = alal— ald. (0at NDAOIFLDENONM HEflaldlesmo.)

aldaNklo = 2/ @
aldh X alal

2/ U
0Ll 2IDOWOTIHIF MILIEHIMMD:SHS MWa 00k M 2j0n0LICOMIS0 6 21EIMNSOD
NBEOOS DG MD MIPHOOBOGNTE 2/ DD af)MNGaIIOLIYSS ML (@YUDERS
MBOGr0. @) (@YUDEBRUS MILJo QT3] ESEVMIG BT TVAMICHIUDESH@AETBISxo.

@REA,]0U3 @RAYIUWOMIHNM 600 = QIRIW L IMOUOMIN 02D — 2
X @ aloanPlo.

(afos @ av agym@In ©@elElenI0] a/-QlTd @Sl 8@ GO NIOBRBHWINME;ITD
@D 2/ & af)ANDIOM @ af)aM NIlZONTE MGUBIB0. BREAIIUB 2/ &b TV, 2/ @ al af)aD

_ a2l Xalal
(@Y UDEBBUT DLIDGHOBBUI. BRDEHIENG 2/ @ = W)

@2 = GRYIWONG BT BE2.

al@leelele 23-@3 33 (@YUOMIB:eL! Gall, BREU3, LlotNlo, @RYNIIWEU DAIHW
ANBONIW] H065fldlasam.

Elo6Nlo

@l @R

al@leelslo (23)

2/5 = @l
Bhal, S = BRHUB.
2/ @, DS = @RYNIIWHHUD .

H@Y = LlobNlo.

al@lealflo 22-@3

@2 of)an BRaUIUDYEEERES NRLYo .

Oal = QIOAVIRLe = A af)M HElas.

@al = @RUIUDRRIEDo.
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Oal, Mal DI BRIGHISIHBIVGIHBAM @YUDODIBHOE! H6[Ro = O D).

alfl = Q@ Lloflo.
@ L1, 0L EMBIENIDWEUB.
0ar = 02F + aser
@al = ®eF + ator
L — @al = oo — mer
= (oer1+ @al)(oer — @er)
= oo X (oar— mear).
* — @ar

= 0~ — DAl
om

om = oel+ mel.

? — @ar
allos o = \/m
= Va? + @ar.
MAafOS @ e/ @JBOeMo, @l @JBIEManLlo, Dald = MO — A = @O — OM = O M.
(om apan@lom aaLIELOERM Geflafdlesm.)

@al X @M
®oldalPlo = ———— = D0O.
@A/

AMIDLIGA 06! @RAUIUDODING EHIMVBEHS W00k @@ af) MTIEMIBOR
SO GHIENBAC] 2] BHBEVMOCE EaHIALUOIUYo QIT3o.

GaHIWWIWODING BRI = GBRAYIWDBRRI — 2 X MA.

DD MPWo OB 32, 64, 128,... @SEE EHVHISS CHU@ETB
o8 DEMBIAS GRAIYHS MNIDOBNBOS NIMEOM Qo QUGBOMIo. MEEBOM @REAUIBo
0BOlQ EHEMNBBS CHU@OOD DENRISHIVIEE, ERDTIOM QYOT(JOVWHAMD Hel
B9J0. @NGIU3 B@3 NIEONNHR MIMHOM CBHITBAVoANH BN DEM2J0@3 A lBIW]
Q@o.

QUYODIMDP®RIWV] af)Ll0 NIE0SHSo YOMOTIOMW TVAMYRNSHBOWSlElasam
B0 TVAHAEOMIHAZ NIJe0 AROAVIGLOLKHNMD MIWEAIGHAN. DD ENIIEO0NHE3
D05I6WIS ®ENNIWVIRIHSBIM ANIAVOTIM AIBIWIRHS MIMOD@ af)aM (@JH5HICOEM
Qo alAlUWIH® QAUBOMo. ARITVIELAIROBIGIWIMD TVATVLRIOFLOTHIOW AURHOTD &S
61010 QL2123 TVATPRVELOWIHAZ EHIS] QIGo. ANIAVIFLOMELMY DD EHISIHW HS
0TI YO0 QIMo. YOOAUHAJo MVATVEORLOINOJ @EBBEIG3 HSIWIT TVANYR|I 21001
OO @RELOVING TLATYELIQYEBIG:0. DD MIPWEBBHBEII0 L(JBHOEMOI@ Ofl
QV@1a] 0 I0QAMET. MEBBHM GaHIAUDIUYMINAOIRLAIROTIT LVOOIN. B:SIWOTS GBI
BUDOUYENINEONIRo Ao, MEBBOM 24, 48, 96, 194, 384, . . . ®SBREIW EHIBAVo6Y
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VBB ERWEESHS NINEONIMEBBOS AUGBOMIo. DD (@JH:IOHOMWIET BITPOI 210043

@T@@@”I%]gggomm eflenadlaga@on) WEMUOB al0suITIElEBMD.

“aiem emmoulane® alleesm
QUENINEMIYONYRY: alBlUWlquayeys”
(eflenaim 6-00 @RERLYPW., BURI 201)

1250 af)am ARV alGlW] ag)@?

U UYODIOM N0 = 525

1\2
AHAEYENIOR0ICLODNO ¢H0S] = 4 /6252 — (3125)

= 1/292968.75
= 541.2659
allseom oo = 625 — 541.2659 = 83.7341.
" BBUIWMINEONIR. = 312.57 + 83.7341%
= 97656.25 + 7011.39950281
= 104667.64950281

DD MIPWosIGIZFOHOM,

24 6NINE0BHBHS TVAENIAOIYRENINLO0IP. = 26620.44902866
48 aLMENINE0EHBBB TVANINAOIWYENINAONIR. = 6683.69838872
95 LAMINLOGHBBS MVAMIANIEENINE0NIR. = 1672.71537542
192 qLAENINEODOBHH TVAENIIEOIYYENI200IPe = 418.29080125
384 MUANI20SHBBS MUAENIAOIEWENINE0NIN. = 104.57970600
384 620MHSBR MVMENIAOIYYENIND = \/104.57970600
= 10.2264.
ODIOM QYO (JIWHA HEe{lo]d@3,
Qomaldldl = 10.2264 X 384 = 3925.9375
= 3927
EUETIOEMaYY: (1250) of)aM QKOOI BMMIUDE (3927) )M aldlWlWInEmMaD
eflenoi@loicd a1060mIElasMo. MVAEHIUIYRHOD @RE IKH] 5| AIBOBIV@IET]

@l ag)ono wEEIMUDNd AKPEUOMIaflgaeTs.

“21I@OWld0 W@NYDEMo
B19aUaHIAVIND MVAOE@YIEMIo |
@PQMBIWOIaHBAVYI-

ALBAMI QYO IBleMIn0:”

(ERYERSIo WeMIMaldBe BURIG0 10)
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20000(1250 X 16) afan apoavamlmaidlw] 62832(3927 X 16) af)aw GO
250210Q)@o o I0EOMIG@HEMO.

af)MI@3 D NIMLOHOMDHAN VA AIDOUYHOT @A IdHl5jo AUITOMo.

VA IPOUYENIIEO = QO = 1250
aldleelals 22-@3 QIOAVORED. & af = 625
QIOaVIRLAIRe & 21> = 390625
6o 02/ = /2 X 390625 = 883.8835
®6NOELe 2/ AV = 441.9417
BEMo-AUPAVIRVe = 2/a/ = 883.8835 — 625

= 258.8835.
oy = 22 X alal _ 625 x 258.8835
/(v 441.9417
= 366.1166

. @ReUOWER @2 = 1250 — 2 X 366.1166
= 517.7668.
@aYIWDEREOIN = @as/ = 258.8834% = 67020.51479555
6P O = \/390625 + 67020.61479555
= \/457645.61479556
= 676.4951.
@RYENIOWINIRIMQe = 0al — @al

= 390625 — 67020.51479556

= 323604.38520444.
@RYENIOWICWIWe = 0@ = 676.4951.
. 323604.38520444
676.4951
= 478.3544.
. oaidlo apsow oo = 2704951 ; 4783544
198.1407
= % = 990703
Mo — QOMVIRLe = 676.4951 — 625
= 51.4951.
oo~ PP X @l 514951 X 258.8834
N oo 99.0703
= 134.5533

GaUOIALUIUYER = @PoUIUYER — 2 X @ao.

= 517.7668 — 2 X 134.5533
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= 248.6402.
DD CaHOAUDIWDHBROV AUGBOMIW MPWVWEJHI@OMN 32, 64, 128,... @saElw
GHIETVNBBH @OUDEHU@EBBHOS NI20HNHS AUBOMo.
32 ¢2MH8BRGNOMQ 8 = 123.2386
64 ¢20MH8880NO@ g = 61.4085
128 edomeg8s80long g2 = 30.6857
256 HMDHBRBONOG @R = 15.3405
256 GHMHSBR CHUD@OOD QYTDJIVWHAM HEalEH0.
@Ea]OWd aldlWl = 15.3405 X 256
= 3927.168

= 3927 (emmourik)

@M MaHMIWG GG AUPTVOOD Hefla] GRONEMD AUNALIGIV D3
&S00 alOlWHW QUMD o0 IO 2108107 @RAIlOS MBS MIB) 6NnId
20 H)BBQo @@m{pm@m{gomﬂ% HEfla] MEIEIOT@ TVD 2 IDOWDEHHUDO O
@:Qmﬂn(d. @ROIHE GRHID B YONEINQo c&w%ﬂgﬂ. QUoOmEmal ML BN
RLYOIEEJe ARUWBlEBMIG DEIEHNMo. Al YOTMARLITBHS Q20 lTR@
COMQo BHUIGEMOICMOTY@EOMQo QYAMEMAIQo BRONRLYOJe M6ERSILISS
Mo IDMOMIBH T3 @RWAIB:MNIQ (ﬂa%ﬂgd. afll®an aJQYrY@IWBOMIB: 21D
PUWOMINZ BRUTVIEHIGEMISISAKITVICLD@EINIVISIAEs.. DallOS Haldlod:
@RSOD MSHUT af)BIIONISRNIQDHNG oflel allcowe o™ :ejle] ofler enilnges
OB DEMBILS. af)@ B0Vt DRIV GRE@ IYHYNIGo aldlWl. afldan q
OMEH@ODIB:M0 @S685E] @R MNIMENSILIYNIBHNIG BRE@ HHEIRCONEBQo
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GOINNIBHMND.

MAlleS MDD MVoBHLNMEBROHS HENBIBE(Q 0060 M amo%(m@“. @nailos
MBS BHALITMVoHLINM6 O §210610M. adloan qumessud eeMzo ®eB&E1T3 Werml
2]@168 MVodeillMo. alloam mailos Dalconalelnglejo TVAEBRUE YT, @6
af)amlal ®eBglod Warlaagload TVodelmjegss] omo%ma@", D leWIN
880131603 MFEA DEMBIWVIBlEnWIOI.

DflHS PLITVAIMOID03 BSHHHO BE20 ANITVIGLEONIS BBG0; GRM)I
0 H1HY BT AITMWo BH0Qo; BRI BIHY NG HITMWo HOQo af)AMNIBIEBEOM
SO af)Rld BRMHBo QIOAVIRLEOMIG DEUEEBUS Af)MNIRIEBTR)YDIBIT 22D
MVOAUOHIMBOHAN QIITVIRLHOT YEMI2JIT3 ERMD TVoHENMANLINIB:M
©. DOIHS BT BR af)HEI méomodo@méowﬂggg. @RI (& CRE 6) 2101
92101 HEPEBBHOS BRHUB 0GOIHOI MVoty SHOEOTIAIABATY af)HEI0 MOiOS
QIRAVIRELo nf)@ Vot ARV HEEBMY, BERAS IEMLIVoAQo GR@WIW
@:Emﬂo(d. af) MO af)Ba|AENE 30Ba oM. af)iMILeS Dalomm)E2RWIM:@3 Vo
8y BN BH0OQo, @RMITE 62101VMENE:E3 AIRITVIELAVEANDIB:MO BN B:OWQo.
MABOQYM @RoUdo BN DSEBEl (HECNM B3I6RIGMOl a@0]l DAlEs0, BSEN
OO ODMIoWo GalIEIVIMND® AKOATVIELEOMIG AlHHDo BHG3o, BT VoMY
GHOQDO@. af)IMIM HOQYAN @RoUdo BHEH &SIWIEJ 30T @S6BEl 63060IGOM
ol QOAVIELENISHEHRIVIAIHBAN TVHENMBGOMIG VoA EJICWEN B30,
B QUJOAVIELED &*0Y. af)INIG3 BRIMVANWIG3 B BZ:SIVTIOHMEBHIEZ
QIOAVIRLMVGAY WEMls] @RMING @RRELe BRIMVoHLIGRIVIGIAlGE.. BRO
MoHElMOAMT af)eld GHENOMIERBQo BRHOBINGH &:SIVD. alldam sIemMbo
£21QMICWIVo aNLlo TYAYNI 0. a@«m§ B2RIMVoA) 306EITIIHM @REMAIIW]
MQEBNIQ HE{l 2 TNOMOEHIMGo Moo 621000, MANOS alIRLEE:IENE
@RoUTlBRMYDIBITE A lEIELAVLEUED:I6NE WMy BRWIMGE l0IELICUWOOTNI
HLIDMOS] QIAVIRLO D61 YEMa) @Torzlﬂqd. adlomm alEdELEING a0l
oJ@o £2100). @R AlBHNAIIQo ANITVIRLAIRIRLOHDS ). ALAUT TVLEUWININS
afloam al102ELoOEING a0GBlERIR) EEROHM AISMLo 6 2IQMICWIB. BRWIMTI &
OOEIMIT @RoUIGH BGF6NG ModEMo AUMA@MOIIM. af)IMITI @RV BMo



GERYEYEBOIN: QBOIIBINHI 97

&300® QIOIVIELe HHIMNG WeMila] @PAEUILID @ROYMo IYSHMOW] eleMU]
2flAlesmm @eROS Muodel®menan AMldless. MEBOHM QIPIVIELAIRIEL.
aYBHROWVNBISBAM BERICUIMDAMVodhLAMAIB:MMD.

QIPAINMo: MVodLIMERHS AUBIDOIMSBS Do IDWHO o I0QYM.

QEIMVodefl@o: AIOIVIELY & el af)M HLles DD BFHHOOM BED. MMM &
ooss® (o — 1), oolan. slovaso (o — 2), mamem eleedlan dlee@lmd
630609 MVoBY 061D B2RSUD.

geimodellme = ar+ (r—1) + (v —2) + -+ -+ -+ +3+2+1.
DD BRI QINITVIFLOWIEMIG DEUMNIVIGBATHAIEB:IG,
@RAIYHS Modellmo = /+a+a+- - -+at+a+a = o X ar = .
ol @opless oo = 0+1+2+3+- -+ (2 — 3)+(ar — 2)+ (o — 1).
= QeIModell®mo — /.
. — geimedel®e = geimvedelmo — o/
2 X gelimedel®e = a* + ar.
= o +1).
ar(or+ 1)
2
QIOAVIRLHOT AROTVIBLAVLARWIPLINATD FVDH PG LM 5] GREV ]G3 AKOTUI
LI A IBMIWISIAlERM PLITVG:ElMo QIG3o.

.. peIModellme =

aflom 8@ MLIOW alddELLO@INE a0Bla|D BT BLROIMLOHNID fﬁ,%[ln“d
@G J0U3 BER0EUMDEBEBSOS MVobly = af X (a102ELOO as af)Mo &eflafldlesa).
alBo QIPAVIELe MEAM.
a(or X ar+1)
—
MAilHs HD @alo alOIELICWDTNINEIIMMIGHOE:IENE BRMIHM DBGaldH BN 0.
ol X al.al

2

2MIl@3 10610 MPWo OIENG, ARITVod:LllMe =

QEIModell®mo =

DEAUMB  MVONHBIHRNM,  alBdELEOM:ING  a0GICHHNEMo;  af)HANANITI

Al X al X )
—— al©3ELIoUOOIINLIIMVHBIHL:M.
2

A X A X al ?
@G 003 BERIAIIMDETBEOS PRIModRl®o = ——— = —.
201/ 2

QAUPTVodLI@o

afloan aIgaedelme I QAJO%I%O'TOGNS“. MfloSs DIVl 621Q BRI
£26EIOAN @HANAMEAN HEHITFOEOAN WEMlH@MAOLID BERININEBBIGAND.
DflHS YEMB:REBBBIGIN BRMHOBLIIo ANOTVIRLEONIF B0 af)MIGIBE
MRY@OBIT  AROATVIELEOBING  WeIMla Moo AIYIMVodLlmnIWISIAl
Bo. MAMOS alldaN B YWEMB:00OD AUIAVIELEONIG Qelcgomﬂ%gg. @D



BFHHCOMD®. @GO MHSCOMDIM AUUOATVIELOMIGE BNV G:0Qo VMO
BRIV, BRMIBNQo AULOAVIELOEIENG WEMIGHITY BAVEE:ENG WEMila)
DaDAORERI aBQo AUNTVodLIMOmIE:M. alldam @RGINM GHlEPD BSHHCO
@I PANIND. ERD QUOAVLIELETBE:AT NG AIEMWo BOQo. af)MITI BROW
Q6MEIG3 WeMlal® aBQo. MEBROM (HGAEM §2I0lIW HaIGlY BRHHOSB (HGN6EM
aBOl® TLAUEHHIENG VEMIoJ® QIITVIRLEEO:IENG WMl ModLIlMOMIGI
QAP LIMOMIBM aBOlGa|I® BINMIG:IND. GRD HSEITMIMTI AURMTVod:
eﬂmomﬂg QI@o ARAVIRLYEMIRIVISIBIBBAM TVodelldo. alles Eleday
@IWODNB:MT BRSO BRWIG H:060MD BAD O QIITVIELAI WO,
Di®S aFolGa oM @RoUdo BHEH &:5lWITS YRIOING Modhel@aVod:eilm
20015 QIGo. nf)EBICRI ModLIMEBBSBHS CVINACHI ModLlmMVod:ellmn0
SN, ERAIANS BFHHHOM Moo agf)eld BRDHGo &S0, @RAMOIAN
ST® BHOCTRodLNMe alldan. BSLHOHOM BR BANVLHSIOM NHOQ BRMHOBEI0
&SI BSAHEOMDIM HIY. FANIo MLl OHIBHTI BERHUF O6NZ B:1SIO®
Q8B BRHBOS CWOWo @RTIOMW HOY® MoHLIMAIB:MT. ERD® BSHNHNI
0lAlosam BR&HHBEIGIEBQO EWIWe MAJSIRo HIELIFBBO@INDS 0GOIEI
BR H06005@lH630, MESHO MESHOM TVodHRIMONE:NT. af)aNIG3 ag)elod]
Blo 2lelo gResY 8@ Modelmomiameel ¢RINASS. allomm B5e9eom@INT
@RSTD HIHPBRH BSENOO MVoHLIMOMIE)e @R@IMSTD BIGLMIE o
GRIWYPNE. GRAIISIM HIHPBRGUFHEI (GGG AT, MIL] ®SEBRIYSS Mod>
elmeBEI03 GINAME. af)INIT BSANOOM BRANSTD HlHYER SR
88 21010 621010 ERHLH8 BN DSEEIQYSS MVAULHOSBHBNIENG (& GAG
WMaflAlesmM@® Modelmavodellmenam aimsl. oeajoglailos @po)l
Y8R0 AUMWIIGlERM BBROS TVoHEIMNIBINDT BSHNOOD BEROS
AUROI@ alOD] f)HAMI MES 2ElWHEN. AfIMILIOD® BR BSBHNIWIE]
SN TVoHHLlMPMMBIAINE BROD® BROHW QI 4|EUIEHHBAIMEAID af)MOAINT).
af)MI@ 0f)BI0 BRMHBESQo AIREVIVHO @EV2JIG MVodLldTodeilon
6MBIOJo. af)MI@3 AURTVoHLIMOTING 210 PRITIIHG TVodElMAVodal
O®RIGMNMOHD@AN QITRY). af)NIGTZ MVodEIlMOOID AITVIELEB:06T WETI4J0G3
@@ a0 &glVIAlERaN AIRIVodAlMWISIGIERND. QIGIELTVd:EI]
MogS] MAIBBAM af)(Mo 6).219210ABGIHM. af)aMIG3 AUITVIELAINROWIOR @REDL
SO QROTVIELLOHING YET 4| MATIHLI YHANIAD HBEVMIT GUOHIBBIND
2LAIMIG3 PHIMIMNIWISIBIBE0. af)TMNIE@3 ANIAVIRLALIMATIG3 PHANOAD QIR
MVoHLNMNIGHIMG af)Mo AUG3o.

QIAIOMoe: AIYAVodhel@o:~
ARl = 1 X T +2 X 2+ 3 X 3
+-o (o —2)(a—2)
+(v—1)(r—1)+ o X a.
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‘0 af)elolsmo WM E:IRMIWVIHFSBBEMIIGB

Modeflmo = & X 1T+ 7 X 2+ 2/ X 3
+oodala—2)ta(a—1)+a X o
ar? a3

= —_— 0] = —.
2 2

oamenlejgs @emoe = 1 X (@ — 1) +2(a —2) + 3(@ — 3)
+ 4+ (r—2)x24+(r—1) X 1.
1+24+3+---+(¥—3)+(v—2)+ (o —1).
1+24+3+---+ (@ —3)+ (v —2).
1+243+- -+ (o—3)

1+2+3.
1+2.
1.
MaIRes cawo = 1 X (ar — 1) + 2( — 2)
+ -+ (r—3)x3+ (@ —2)x 24 (v — 1) X1.
DO MILIHOED EIOo MOAN. DD ¥ — 1, U — 2, A —3,... ... 1,2,3 af)am a3

6@8@081@0@’]%@@ RLIMNVHLIMEBBOS EWONo. MDD ERINAIMD YLITVoLlM Vo
elmeonom Gald,

a—1)* (w—2)
2
= QAQModLlmEs (@Joswem)

DD QPIMeHLIOEEBHS CVIWe = + .-

MAHS QIAVAIOIGEZ AURTVBLA@ OB AKITVIELAIRIELIVAI GaIdBIHE
QNG )OGS AINTVoHLADTVANO® ARG IHH] 5] QIPTVANO® OGa ldHlBHIo.

a’ . .
@REAOWE — — AIPModRlMo = AIYIVodLl®IREVo.
2

3 o’
= AIQModeil®oe = o
2

3 . 13 a? 1 ad
= APModRilMo — — X = alYModheilldo = X
2 3 2 2 3 2

QARTodel@o =

2RIVl Model®o = AIPMVodellmIEbe =
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2pIM Mo HNl®IA]

afloan  ceImMedLlmeHOIm  AUGBIDo@)dHd0. DD AURTVAIOOBIB:6L!
BROMD® BROAUPHOD GROD BROMOANOONITZ VMOS0 LINTVod:
elmnie:mM@. MAlOS af)LIoEQQ. AIOTVIRLe HBITFOOAN VEMIBBETUIUT
)@ D6ME CLINMVo&HLIMOIBHMNDT aBQAID af)IM 630880 ]E:000. MAilOSs
M3 621910 MPWeHEHIEZ GHAN BIHHEOMGIMSID &lOY BLRININ.
Salad WEMla® aRQo. alldam @RS AMIlHel BRINIYEBEOHS M6, P
DSEEIQYSS TVoEUMOBOBNIENG (HBGAEN WMD) aBQo. GR® AURTVodhall
@IMVeHEIMOHDI QIGo. SRINE@YeUWe AUNTVd:LlMmORHMI MG 62102l
HE10. af)IMILIMD® BROCLINONING (@)eUdje @IOD BR BFANNIWI@HBIM
QAURTVoHLIMDVISIAlSR0. af)MIG3 ALIMTVodLIMOMINM  PHANID QI
Mo ENlMTVHEIMONMMo Ao, af)MNIGI  AURTVoBHLIMSOOD  AITVIED.
HBIMNZ VEMIBBEMUIU M@ PYHANIAM ESIVBIHEMM ALIMMVoHLNlMDIW]
SlAl880. af)NIGI HD® OAVIGI MIHEIIATD HGEIMIT *LIMMVod:LllMo GUdAH]
B8o. af)NIG3 AURAUROTIHZ MIHEINAT *LINMVod:IlMHNM. QIR alldm
DD CLIMTVoBHEN@OO AROAVIELEOB:IETZ WEMIOT3 AUPRAURTVod:LIlMAYo
2NV LNGTVodElMN0JegS] Ao o) AMIMTE 62108/l MIPWHEHIENG
AIMIGERMD. AUGAURODIG3 MIHEIDAD *LIMAVodLlMo af)Mo Ha10e]l H®
CaO@ONVIg AIRAIRMeBLImOTIEd MInLeIMD cLIMMVodelmavedelme
af)Mo QAU@o, 62102 MEPWHHIEN. af)NIT 2IPBoUWo ESIVIBlesMM M)
B0 alfldoUdo HBEOMICE QIITVIRLEBBUS @RI MEBSIG3 VMl
@REEAIMIVISIAlHBe AUHAUNIMVodElMo ag)Mo QI

QIOEUYOMo:
spimmedellme = 13 + 23 +33 ... + a3,
1* - v+22 v +3* o+ + o

a3 lo7ad
U= —. = —.

3 3
maIQes aeams = 17 (o — 1) + 2% (s — 2)
+(v—2)*x24+(r—1)*x 1.
= AQModelmaVodelmo.

2LIM Moo
= ———— (M@ 9210810 MPWo H:I6NF)

3
4 art
— X opIMMVod 0o = —.

3
4 I 4 at 1 ot
— X apIMMVodhllMo — — X — X apIMModell®mo = — — — X —
3 4 3

foTai

. eRINMod el = —

4
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[2e)

DDEDHLIDHAM,
art
2pIM Mool = 27 X — — AIQaIRIVodLloe
QIROIRTVoLN®o
oeINMVodhLlMmModellme = ——————
4
5 . a3
@G = X AIQYAIRTVodelme = —.
4 4
ar’
L QAIQOIRIVodeilee = —.
5

MEBEOM CAOLI CAHLIYSBH ModLMERHS QGO o.

(TUocBaQﬂ@O('T)@)(DCTUOO(’T)A(TT)éO@)o

afloan AQAROOCD MOMOBHNIEG DEM1J0T3 TVAAIEALIDMONAD  Gald.
EBROM VA IIE] CLIDMMVoHLNMo af)M MO NOOD TVodHlmeaRUd
B8 Gald. @RI AMILIHO MVodAlMHO® AKOAVIELOEIENG VMo
@REMIOIOHMW Mol MVoLl®mal @R@IM oo™ TVaCe®MV.d:eI
®0JogsS] QlMo. af)MIB3 AlOO AlOED AVALIIDMVodHLIMAENRIHQIIMB
BROD® VoA QAIITVIRLEOEINE VMBI’ B30EEIGMAIY Vo
QO HIENG a0Gle] ADLIHOD HBEMIG3 CALI GAOEI TVACLIIM Vot
6MBOG0. nf)ANI@I AUOAVIELEERUZ EENE MEBBEITE WMo @OHM OMEIG3 o.O(?ﬂqd.
ceInenel@d Y@ a0Cle) AlRAIReNEslad MILITE. aVAISICLIME O
@U@, af)MMIEBBOM RO H:EHICTMATVACLIIMHOID aBOEBGEHICMOMVo
AU BHOBOHOIENG oD(?ﬂgﬂ. aNPIEBUE (HGCAEM 988 TLACLIIM VoMM
gldlese. Maillos aIQODIE:a PeITVod:eildo, LIMOMIE:MM AIRIVodEl.,
QAUQAURODIB: LIMATVohENMo af)TIEBHM OIWBIHOS GOANHBHIENG af)@
@YY WEMo|ANBHAN aBdIE1MNVe6 ST BRE@INDO NG a0@laln0l
WIO@IMNTY @ EIWTIHW 63IYDM B0 5] VM aBIOG TVl WVISIElHs.
DEBEROM PLIAURIGITMVHAIMEBRHS AUGBIDo (@)dhd0o.

QIPAINMo: PEININIFIMNHLIMERHS AIRBIDo(@]B00HD TVINIBGMIM o INQYMN.
2]

al
QEIModel®o = —
2
. a* 1 B a3
AQModellme = /. — — —. — = —.
2 3 2 3
a3 1 ot ot
2Nl = /. — — —. — = —.
3 4 3 4
o 1 at 1 ot s
ARAURModellmo = . — — —. — = —.
4 5 4 5
a5 1 ab al®
VDAL MohLllo = . — — —. — = —.
5 6 5 6
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@R B\3 MGV & ellm6aRU3

@RMAMo @RYRYBMIWIA] Model®medm BHOgM. @pailns @rByITVodellmnd
BSMD PEITVodLlMo @HAN. RO ~IB30IRIRLEAGMI AMIG3 caloelwael.
sl adloam geimedelon@dye. @R alldam AYIVodElMmICLEOMIS
D@Elo af)M 210]MIV]. ERMIG:IND A IBCWINMW CLINOMITY @RYHOIANIWV]
Alogo. QOO MVodell®o alloam. slol@Mskeilme @RERM ®eflaflg;
aflom IO 8@ Moty &:04aflg, AMIG ©210610E100L] BT Modell
DO MO0 DEMBILS. BGRDIOM D ldANORTD (ﬁ;%ﬂo@’. alloan alzomls:ono
Q6 Moy «ﬁao%ﬂg B MoHLlHOHMHNOM AUBIB. @ERY Do ldNNYOS:
M HleemOVIgIAlase. af)MIEBOM  aBOODHEHIMEBBFOS MVodLIOO @By
OO DEMBIGBAUIM  aBHODHEHIMEMBBOS *LINaUYINEBRBOS EWIWNHOID
DETRIGHNEMo. @D *LIMaHAYIoUOTVodHLIMMIWVISIAlBR0. @D LIMTVodheil
®OIHTR @RYHOIMIVSIBlER0. LIMAVodENMo alldam AINAIY 21D UMW
Slalese ag)am AMIGE 6.21021@IW] af)BEID. AfIMIGI AUHAUR 2IDVCWOCTING
oHa}00Udo *LIMaHaYOIW VoL Nl@RIVISIAIB60. @IRYHWIGE AINAIY 21D Glotdo
(Mo LIMaHYIoUWTVoLIMDIHMND af)M QI@o. allOan MILNAG DD MY
QO GSHAUNe AUNAIN 2IDGfloUdI0WdMVed:ENlMMIWVISIBIEE0. DD alldan
VAL DalERAIWODINM 21DGloWddoUWdo af)TD QIMBo. @RHHWI@S i3
OO af)(@ G@RYYON] AlBHDI MEANEEHNING @mﬂqd @O0 a@Hal@yoal
@@ M6y MEBBEITS WML TINHMEHHIENG omﬂnnd. aNBlo @RRIBIMIWIE]
MoBHNMOIT3 @RE@INMIVISIGIBE0. af)IMND @ @(a)HIMo.

QIOAIOMo:  @RYRY VLMo PLITVod:elme MO, BlTlIVodElo QeITodAIl
®@ModLilmo. @@NVMVodLl®o CLINMVoBLIMIVd:il®o, afaTlsEReMm ecneejg il
Balla)p3088. Qo aMilad $:06M[l5ME60. ASEIT3 2240 )SsmMaileje HGIOM
afllmpalesmmmg.

i ol ar
B\MVodellmoe = = —.
@M *Tix2 /2
IoTES JoTES
BlloMedelmo = ———— = —.
1X2xX3 /3
art I7ai
@@Ll = ———— = —.
1X2X3x%X4 24
i a’ s
AIDONMVodhLllMo = S

I1X2X3X4%X5 /5
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D To M [ A 81-Yo1@ 0 [(o I°)

00lles afloan aRIvedeldo, AIRAUNIVodElMo, MVAHUUBELIIDTVod:elMo
af)MIAIOY DENRICHHENG. )G YA @R DSEEIQYSS MVEU:OBOHNIENG
a0@ln o 6.210e]l. MHAUGIM 20IAG:EBRRIGMND® AIIAVIELAIR., alldan I
Qo ag)aTIAL af)MNIG3 QAIIAVIRLAINLEOEHIETG AUITVIELALINHO a0BlodG3
aNBlo QIVAVIRVe M. AfANIGI AUOAVLIRLOE PYATVIG3 AOGl4ID MESHOTN
2NRIGRINANIGHMND. D oflHan GRMD® WEMNJe GRMD ~NLINj MERSHIHEI
@RIMEEEBSOS CVINMIN. af)TNILITIHM YEMIEVWINOTID:MNO HBQ. GO
&M FlRIY@IHOBIB:MD DSEE CHICMISASBO 2 IDOEYENII200i6H3
al0@. QMo MVAAIGRICLIO@OOTN AURAIREEIENG aO@]4J0BJo QKITVIELM
&M anPlo. af)ANIG QIITVIRLHOI @REIITE AOGBloI® E6MRIAN,. EDEBROM
B¢, BMIY OSEEIYS BQHalg TVAUGOBHBNIENG AIOATVIELHO 0@
2J0@3 dlloom AlOO® antlo QM. OMEIW aNLIHOD (GGANM QAIIIVIELOTIG3
SHBQYDHQo BFHWQo H9al). af)MMI@ alBlUINS ag)HFIMVEEIL.. MEBBOM D
M dB900 2NIABGHEOMBNIUZ 6 2IQMIGEMSTD o flOAN il antlo HO0G:EH:
613 O IAlOE: GHOMIT DN ANLIEROS DEa Ml 2] BN GIW. af)MOG3
lBOD@o TYBYMI0. af)ANI@3 BlAHNY@IWEOMIS GHITMNAY@COMIS DSV
L1 QYOMERIWo QlMo. ODMIOM af)SIT3 WEMIldT YO ALAIMIVISIGBBH630.
200QMIB:N ARIAVIELETM 2f)SI@ VEMIBSIEJN0e MES. ag)MIMT MILNTS ©
6Mla] AURAVOD. @RGA]IUT BRMIB:GIMHAN aNBlo MVMVAICHHIBDo. af)NIGI
QoMo QUG3o.

QIPAINMo: “aoemL ARAEIWINT0ED. . . . .. 7 a)Mm GloQes Qemlow mailes
90 1Moa0GlHBMM. D BIWo AMAG3 mcgosu(pmhzﬂ%mg”.

aldafld6mo.
DD MPWoHHITFOHAN ROAINOHM 2190 ilasdo.

DaURYO(@RYCWICLIIMICE GHISYIa o @JINMo aNElo |
RN DEMdho HMIO BHISIAUNET 20O ||
@JI009E1a0GRIGRYIN EMN®I aNLIODIZR0: |

B @YOEBIIRMVoUEIBEHD CaUICMaHIMGRID3 ||
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£9220M% TVoQEMTVIAMII QUACIWNo WADBGAITS |

G3036HIESIOARIEAENIHo HE|MVala0 aP®o ||

e1snflnoaQITLIMe AVRANIMIINIA Tl A0z &HEM |

AIALAIRIGAIO®ITI alBo MVYNE3 (@JION anLlb |

®EIEIO@YIMeaI0a o a0Lle MVIIFOHERICHo |

Bal9BQUDIVEIEIBa) BB BaHIaY VLG Mo ||

Qlla¥026MI0 QEDMIVIBII TVMo abl aldlwleenI@d ||
(®Q@@IVoWano)

MOfHS BRICHISIRVNSITI H:060MD® WIHDINT GRMIHM 21da ld6o
(@)oo aﬂo%m)@”. @RONESQo BR 21D af)MMo MBS HEJEBMD. M
SDaYROONOHM  QARMVIELEOD:IETE YeMlg] CHISIRPAINDMOINETG 0G4 ID
MESHA aNLINIGHMND. allAN DD ANLIHOHOMOAN BERICINEGIENZ D]
3] GHISINURoOHING a0BlaD E6TEIANRINIG:MND. ol DD OFMEIcnNEl
OO BRICINo@OANOHIENG DM g| EHISIAUNOHIENG a0Gla] EMEIcaNRI
DEMBIASIWEA NI GIMNInNLIGOMQNMBRIES. afldan GRO®IE:mM oo
dloODm aNLIEROS DEMBILS, MPETNHIVAOIOHEEBOSHINITFMHIN. DRIV
aDBIa IOMIGO (GNOMITI 6300, A, @6 af)aN QM3 TV E:OBEHHIENG
o.O(O]qd. aNRIOMIG3 MESEOMD, YANIND, @REUIND af)IIQ BS)OMEERSITI
B3] OB EEMEINY),; MILINNY, DSEEIYSIAUFINMW GWIW0 HBW. GUdaHo
2ldalo. @ROIOM PAM EIWIVIGMIMY HBEOHD® BHISlaldalo. GHISlaldalo
6)2lQ@MIBITI MES BHISaldalo @mw@.‘l
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5
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where R is the radius.
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B0 @SBRI BL0EIMLEBBRSo MY@IWODNE0M @SBRI @@;os"luomsumsmgo
OBOUIBi0. HAUYHS CRIWEBBOBOANIENG BRHOBWYo BHISINDO6ERHSQo DETRBIHEJo.
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aflloam @OM® 2100 IOIMLEBSHS MAMYRVINUT DL IEBIBOWVISIGlos
Al HEREEBBIVIG HENERSOS 06Ny ARWEBERj ARWlHBMA ga(pces)uaé
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ay, VW, Wow, 6Bl 8l aJ, a0, 20, HLI0ELEDS (DNDNB901080 BRIB0 12)

@PMIV®:  225,224,222,219,215,210.
205,199, 191, 183, 174, 164.
154,143,131, 119.
106, 93,79, 65, 51,37, 22,7. 0eld:03 af)d.
‘DD BROIEHISIIMLBBOS BRBGIIN00 BERICHOSIRPVINUB a0 HElE9I0”

w»

ag)a aflel WMNEEBEIE3 HD QDGO a 120N B>IENOAVCNE.
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ZYOBOHUY af)aM0 Cal@ENG, aJAUOTYEEBREIE3 o IClenWIrs méwﬁ@(smemgs’l alol
o) @D’ Q@@QAO@QU&S

QIYIAIOMo 8: D AIMWRNOBNOB, 7,22,37,... af)ID DOl alOlEHHEMo.
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8-@mo 2Wqf = 225 + 224 + 222 + 219 + 215 + 210 + 205 + 199
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= 17109.
@OIOMW oo = 7 + 22 + 37 + 51 + 65 + 79 + 98 + 106 = 460
8-@mo 2100flO® 6H0S] = @leRy— 8-@ro 2PW0. 3438 — 460 = 2978
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afloan quaWloie:am almeom aldalalemOad 83962I6MSo MaHaJEB3UD
HRMO AUGBEMINUE DD aIClmeOOINES @S, AOOD 2100 16UOEEMLGEBUOING
ZRLOEUONEMDHGBUdo. af)TMNILTlayYeRI0IDY.
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2169Q19Qo TMVMo. 21dalo ABIGIECWIB. ABNJ afQo. @RAIAS Ry &:0601 MG
ogmgomﬂaﬂqd, VOMIBENQHWITI. af)ANITI aldalo @osmomﬂg yoailom
@00 §2IQWWD), aOLlo MUYLINIHWIG.

alOlMR 968 (rgoe)g_gomﬂ% QG ODo(aJdHhIMo
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@RAMlHS MESHOM 210 IIMLAMIHG PLINIB:0N o JUTY@IWODIB:Ele Ol
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QI6MYMo 11: Ancient Hindu Mathematicians seem to have some idea of
vectors and angles.
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HQIBITMEIBO Al BRIVVANGMND. D @aielegleatoaridlesam
TLAPRIGHENONIMW 2f)ID BR af)aD DOOODAIWH0HHIENG TVATVERLD
SHENONIHMG BR @RYWIAILBAN  (JIONRYIUOOREMBRIS%e. DAIOS (@IRIHEN
OO0 HOHBAISHE BRI, DEOTIROMEIROMIN0 Al IGIONIGHWIT  AVATY
ROBEPOTIN  H19BBaISIEOMIQ BRI, afloan D ANIIVIRLE RO
DHGBIOWIPAMNO 210 IAIMLOWIHG RO BHISIVWIG:MND.  DIYATVERYIG:
RO af)TD BHIS! af)aW @RYBIERIINIRIG0. MONOS (@IRSHENOMIT
GBS HPHBaISIEMIG,; TVATVEAIGHENOTIMND HDABAUSHB GHISI. alloam
@INDERPU ANITVIELOTHIL:M HBEMIM (@ JINNRICBHIS] DENRIG0. DD
MYPWoH GO BITIQRIOGIRDEHONS DMMBILS. @R af)EBROM af)MNo.
@ailos oM @INARPRW O3 BRWAIWDIG B@ ALOAVIRLHEIREO da;emﬂn(d.
SOOI BRICHISIHBIGIND MESHOM RYI0Jo MWaIOMIYPAMILRLI0o. DI
DOflOS (JMITMaNLIEBBIG:ND. afldam MESHOM 219alQIEMLOBIN Mgl
EJo 6RO 210aIBUEMLOMINZ MSATEJe TYUBlaflg BG MVATYRLOHEROHO Hefl
o) DO 0 21002UTBWIHIMND. DFRATVRYINJ W@ af)eFIMNIW@lH630,
Q63 210a IEUEMLOMIL)e alold@] &SHOIM. @I D200aNLIBRBID:M
@ ©6ME20.2100l0IMLOMING ARLYOMITE @RWAIWVISIBIGRN BERIIEMLRYDNOY
MESHOD 2D lEMLOMINAG MSARIYRIVIGIHBAN  EHISIRPEAISASBOY
B0, DD BRIIEMLRDATVAUID OB @saen”l% C3ISIRPAIINMG @RWo
BaW. HD CHISIEUIMDLAIRMMD. DD GHISIRIEMDo Gald® GUdaHo GHISIRYD
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D1, Dz, D3 DAI 21060 IOIEMDEBBHOS DELYEERUD.
DD 2120 IIEMLIWEBBEI@3 MIM0o 2190 1OIMLARLYEEBEITS MMV BRHOBWYo G
SlO8Wo DENRILY. AWy, A1, AWa, A6, af)AT] QAUITVIRLEBEBQo NIOLS.
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w181 X B16
@Ry
", @R)BYal0a IRIMLOING CHOSl = 6y Sy
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= @R — @l

AMI@3 IO MPWODHITBDOMN 261 M1, 1 P22l1 of)N @YUYEERZo @
£1§03H068BUB.
aei; X 010,

@Ry
&y 6Ny X 010>
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GRYUCBAIN: QBTIRIaHI 149

Q3 2l5 + @RYBYRIO] = 65 2/5 + 61611
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QIY6MYMoe 15: Samkalitam corresponds to integrals of the first, second, third
etc, orders

Here the padam = x
2

X
First samkalitam of x = / xdx =
? 1X2

) X x2dx
Second samkalitam of x =
0o 1X2

% P
Third samkalitam of x = / / / X
JO . «
3 X2
_/0 ./1><2
x X3
_/o 1X2X3
x4

1X2X3X4
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Trigonometrically sin(A + B) = sin A cos B + cos Asin B
sin(A — B) = sin A cos A — cos Asin B

Vide. Fig. 39 Denoting the successive Bhujas (ordinates) as [y, [, J3, . .. and the
successive Kotis (abscissae) as ¢y, ¢2, 3, . . .

We have [3 = a3 6m5
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COMISNBBY. PDIVGERNIG:MD afloan GWINGERHOB ald:00HAJIC3
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2100 100E:@3 (GBAHEMIWOMIB:AM (FWIN 2190 100006 6).2IGIMNSTD WIHDITB
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HTNHM D@NWEENON 92108107 afloan D HEPEBUE 0MZo BRHBI
©l DEHERYLOMOVTIBHHE! 2100 IOTD G2100IONMMo dEfla). BOMIGIMD
GalaloWl@meel milagale EWIARWYWAJe MEBSIRISS GRAMA2NAl DDIOHZ
2pallom @l a)Mmo Heflaflg 8@ @YWOHOD DML, alloam oD @olles
m%m‘l@moqzﬂ% QEUTVLVAOWOIEMY DD GAICWISABBD DD (@YUHOIH:
HLI LIoNIRIGHMND. @RANSS BBV HEREBBID:AM BRHBOS CLIOE O
QOO I a0@2]IEJMBIG0 DD LlosNlo. af)LIIWISTMo RYIHHBIWISIG]
BB @YUDERHBHS *LIMOOD @) YAMAUPAVeHB:06NZ a0G@] 2003 @R
E220210016QINOMINNG3 £2100) GAIWIVISIGIER0D @YUWBOWIHAR LlonIg)
6NROBH:0 )M MRMo. MO ‘&HlEl aldARE’ )MIGIVIVES CURIGODIIBEL!
MYPWoHHIETRAUBe. DAflOS adldan Allatin 2IOEWHOD Gl GI6TZ
allesdly) 063 @YUDEBBBIWIG Ha{lajoT PaMElE:El BI6O LloMINETBIG:0. DD
Llo6NIBRUI AENEIMDo MVIWIREMAIWISIGles3aM BIlWIXISIGlese M M,
6Mo. DHHENo GAWIVISIASBIN @LUDEEBEIHLI LlotNIERUE EMElIHBQo GWI
Wo WIHMINW MDIEMI DEINIVISIBIBE0 @RYBLD DIV DGR OB
QPN HIENG a0 488 LlotNlo. @RD af)EBROM af)M0 alloaN. MAiles @REY
ONOSERBESOS GRWo QITVDARWOTIE:M3, YLlo BRIAVWOTIBD:LJo (Gal0
alni@aile:ejo. DD PLIDANO 2100 ILRL0] DANENEBBIG:AN (D|UDBRBHUBHE
G0l @RG:MMD. D @GHlese BlMIWE:eROmIMM. 836N Elos, Blalween
OMHZ EEMBYWOMIEATY DD RLOWEBBU WINY 2100 IGOINIG DEINEERSI QIR
GO EHEROMINNG 2100 I0WIMe DD (@}UHE2A2I0a IO ARLYNIG:IND
M@ .210e{l APALYLIDWOIB:G3 ERHWISIGIER.. ERYGWIE3 GldIWe:en
O3lae D @YWDEAlER. Flas BON @RYG:®OG3 BlMIVWE:EPo @alovises
Blo6NIEaBU3 EsMEIMe QIR ElotNIOmIMMo Gles B86M. alldmm GleIWE:NN. G
0l ERBIPHTIVWBENe BRHBIVIAERMM @YUOMIHZ Gl ANV M@l
G 0@ 2I®OUYe TVALININIWISIAlHE30. MAIEINe HEJHBEMINUE LlosNIGIW
el ARl LlNIHNMM ARUNIG0. allOaN DD LloNIGLINHOD GG
ROMINM @RELOHITG WeMIald@3 BlMIVWH:EN. EAlWIVISIAlEBMM @YWD
BBU3 EENEIGRIN0 aNLIGYINMIVIG YOIMDPRD 2IDOUDEAUDANLIPBIDso.
@RYNHWIOB HEPEBBUT Yo MBS YEMl2ITIE:M0 QARITVoOBI6 a0G]a]
@REU D 2IDOEPEBHD@NLINIVISIAEE0. HER@WALIDMOOM CGHHU@aNLlo
O a0@12J0@ Sl ANOMVRIVISIAlEs.. GHEPAIREIBBOS LGOI
CBHU@aNLINRoH NG a0@l0@3 BlIYMAKITVAIRAEMBIG.  LlosNIGOIWo,
QIOMVo, EAHDANLIOHANTIA af)gloo MAISS @JMVWID A l0sM. faTIg DO
3 GUdaHo GOAINME aIOQMOET.
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DAOS HEINEBOS AUBIDo(a)BHIVHOID @mo%gcr@@. @oalles @rEyd
ROUDIMBRALINNOMdhle  BRYBID@IWB:ENILINMNIVISIASR. af)a0  allary
@ls] ©a0gll. MDD MPWOHIMFOHA  GITIWHENIWBIOERICLINND o
GlOIOQ@WHERLI@OHNMMo AUTBo. DD AEIWIDEBERICLIIMOYo (GTVVME
£20021000)0 BSIVD. allOMm GWINGRH®OS alda *heflaoe)es Glolwda
ARIWIDOERMHBOS LMo, MOOBMCOMQo DETRILS. @RD® BARILII®Ok
TLDAWINEERILIDMOYo SIVD. DI BRI(EJDIBRICLIID GWIWNHATD
6alB. DO OGOV LIMNIVISIAlEB0. DM DD BRHOS aldANOO
2]0@3 MILINDD BT BHEPANBINYBHTIRL (JTVIR. B3S68ElGIIHWIM3. Mailes
DAUTNRANMBRISHQ  BRYBYDOIWHEANLIGHOM  @RB\GITIVB:ENLIMoe B>
M YeMls) BlOIVYNN VR COMOB0ME a0Gle] alLlo GRBIEIRAIRo.
aflom GloloQ@TIWH:ERLNMOOm @REIBIGIWH:ERLIOMoe D061 V6T,
@DV DR LIOMOD:ENE a0Gla]). anlle BOIW:ERAIR.. MEBBOM &
EIREBRU3 QIMTDo(a)B>IMo. YD WHEENHOIM AUMEOINENEI, HEMONAN @D @RD,

af)MIS. QRO DEMBISBBQYAIo GIETZHIGI.

QIOAIOMo: alBIERIOI 47-@8 &b 6)) %I QYOTIMMH@NWIBIHBIN 3@ OflaHn 21D

@o.

nailos Gl = & 6.
Q6o = W ap).
WOMYBR = /.
aQUDER = o 2.
G 6N > D > oLl > 1) %RI af)Mo hHeflasan.
@RYBYHEINo = 62 L.

alo@dee = &
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|

al@dleelnlo (47)

@ 2B/ af)M a1dalOI@3 %L/ af)aD 2100 IOHICMIS @alcgmm))”l% & 2LI1 af)OM aldal
OO DETRIGE. @(a)BHOVDON @ & af)aM 2l0alODISfe /Y A alal@LNNOWlY
@ Q1 af)aM 210 160N DENMBIGE.

@EGaJOUB aldalo & #/; = aldalo VLI = Q)Alaldalo
al0alo dh 6y = aldalo /) = @IMYaldalo
20alo a2/a0/; = QRIATVDAYEERD 2100 100N00
210alo /6] = GWINYEERI 2100 100N00
22/90/1 af)aD 2100 10WOHG ABLY = o/
6/6)1 af)aM 2100 I0IOE DL = /1
2100 168BU3 /f 22/+22/ D+ 6161l 1 = aldal6BBUB QA 2LI1+0211 &b+ & 61+ 61111
= QO™
A/ Ql; = BT QROTVAISN.
Daflos o/ ARIVIWNJe, /1 AIPTVYLIYOAMD dE{lde.
aldalo /16 = aldalo Q/16)q
= GWINYEERI 2100 100N EDe
2ldalo A/ %A/ = QRITVDOYEERD 2100 100DOIEVo
aldalo A1 = aldalo Q{81 + aldalo 61 &
= aldalo /164 + aldalo /W
= aldalo /1 ¥

D(aJBHIVMEOM aldalo U dh = aldalo AN
afloan gMil@3aInsm MOWHG:IENTS,

B0l X 0D = &> — Qloer



GERYEYEBOIN: QBOIIBINHI 213

VDX D = B> — QS
&I X 2D+ D X s = HU* + B> — Ul — Wi aF

QRIVe GAIWIV] YOMIMNH@NIVIFBIEBAN oBD @YUDOOBQo BRM:UF GAIWIB:
am HHEPOMINGZ BERIGHOSIGHBIVISIGIEB6HMMM MIWMo.

&+ da® = o’
@01 X BID -+ B X QD = WAL — el — L6

QULTVHHENOMIA A 22J, °A/Q1 1 DAUQo BERIGHISIHBIB: N

aii® = reer + eoiai?
alaii> — aree = eprai?
@GO @b ) X BID + h6y X D = 0l ef — I 6
= apie; X 20/6)
(@R)BYAINED MIPWoHE:I6NS)
BI6) af)IND @RBYGENo. GLINEBRMHOS aldd0 HEflHBEMIIUT @R)BYGENOMINM
TLOOMNTD 32/6)1 af)TD HERATRIL:MN. DTN QDIWHERONM0 Gald GOV
O MVeNIMERBAAIE].

@RYBLHEROMING BOWHO AYUWBIABAN BRG:UB /b, %LI0; NOY BRWHOIM MY
WBlABIMNAI QU D), 6l . GRDO IR & %L1 X BLID + 56 X /() af)(M LI EWINDTN]
T @) By EIRIUDIMBERICLINOD D BIONA Gl

.. GRBIGENIUIMBERICLINOD ke = /6 X L6,

= GRBIYGIVGERICLIMo

LIQI6)1 af)N @YWDODIG /6Ny af)@IOM @Al af)a Hefla] 6NI020TYGI
WD 22/ ag)am enflazall@dmlom GAIWICRIN *£/2/ af)aN Llo6NIOHO QIQHEE.

ap/e) X 2L16)
BlotNlo 22/2] — ———
QIOMVo

(“22106092 A lOMYO PLIDMI@TIERYDa o LlosNI @rﬂd‘k(}%@” ag)M MYPWoHH:061E).

2I®WHO BlGIQD:EROD:ING L/db (1, Qb D af)M0 AN (@YUPERSIW] Ol
@=g| &l 28/ af)aM ENIEONRGVIWEEBEIE M1 AVOWIEMEAVIV & V- WGLIY)
ap/al1, 6al; af)(N 6NZ LlotNIGBROS QIOW.

aldalo b6y = aldale W6; BlOIQG:ENOMOBWo /6 af)MTIOBQo 210a
68BU3 EETEIHMQo ML QKIAVYLINIW /1~ EAM.

Q1 6, &N DA el Flosdud.
@6y, 6 MVDRININIWISIBIEBMM BT 2IDOUDo.
0lal, °Llaly, 6)al; @D LlotNIBES DLEHRDU.

0fa/ = 0Plaly + Qal,.
@G IU3 QflaHN 2 IDOUYEBH@ NI

= GlOEROTING D@BIONABS @YUDEBBSOS
CAU@aNLIBWIN



214 @ELYOWo 7. RYOPMWM(@)HIQ0

X oo X (/a1 + a1,)

NI= N[=

X Glol@deRo X 22/
[GEIEOIQIWE T ION

af)ONO@3 L/ 2/ =
QIO

@ea 003 allatin  ERELGIOI0QCIWH:6RLI.
2IDOUDESHD@0RI 2 X QIO
@RR\GIlOI Q@ISR

QIOIVo =
2 X 2l®OWEHU@ ORI

@RBIGENOIN0 X GlOIOBENAIR. X QOIWDHERAIRo (% r P

2IDOUWBHH@NLI0INO

ONOS LlosNIEWIWo, EHHUD@aNE, QOMo MAHW (JTNVWIG AT GRMANA.
HHELRIMOMOOD DSTHN.

@RBYY@IWB:ENIEI Mo = @RYBYBENIUBIDBERICLINNE D ko
= &l X 2D+ H6/ X D
BOOQY@IBERICINMe = GlOIVHERIUBIMEERIELINNE D d:io

= @0l X &6+ el X el

oo GWINER®HOSB aldh0 HE{la]dTD & B/W a1 af)HAMITR 2IDOUPAETBIG:.
DD 2IDOWOTINB HeINEERUE QDMIWERA BlGIWH:ENAJe. BRYBIMEN0 DD 2IDO
WOVIOG PYONVWBERROVISAUo. MAINS @ ) AN BEROOM TVoNUTW 5|88 &
NIWIMERRICLIDOOD BN = db ) X /6 = @RB\GIMIWE:RILIMo..

@RGP = & %Ll X &6y + Uy X Dl

= @0l X 06l + »e X ool

@ 8 221 af) 21DOUO@I & %21, 1?6 DAL BREMIPMYo B22O(JDBRHOS
M @ 10QO; & 6, (22 DAV QYo BREMIOMIe B220(JDIBLRH:OBAM o l0QYN.

@REaJoud @RBIBIOIWE:ERLIM. = B2R0JTIBRCLIOMEWIN.

= wapl X &6+ & el X 0w

BRMOS af)6BBOM alda0 dhefladB)e MILIDND BM HERATRIYBWIEL 81, Bs,
23, B4 00 2IDOWWODIHG MIL] GRHUB )M HE{lds. MHAIWIT DVMEHM celd
®o @RQONWOMIEB Q100 — 81 82, B1 B3, 818y, 8283, 828y, 836, —MEBBOM (JTYIOo
@Y. E6NZ BRHFHS CLIOOMIGE NIODSIQYSS V61 LIOMOOM WY HEFEIBD. E6ER
OMWBS CWIWEEBUS QIO NIDEN DEBIHQYBB @RI B1 L83 + B384, B183 T 828y,
2184 + £283 @Y. MOV ENZ MEEBEIE LMl YININDO D061 a0G12|0@3
DHERAURAGNEISMO. JANOilWo AI@ER Do MVoRNIIBHQYSS.

(8182 + 2384) (8185 + 2284)
8184 + 825

@RBYGHEINAINe =
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(8182 + 2384) (8184 + 2253)
8183 + 828y

Q6B EINAINe =

(8185 + 8284) (8184 + 8283)

818> + 838
(@JTVO06 BSEBFHHWIGE MILIAODMIT GEIRANBIAYBHWIL] af)T A IO QHD]
D (@ JHI0MIEND.

QMNIoHEIROIRo =

ARBYRIMIVG:ERLIMo X @RBLDTIVWG:EREI®o

@G_|0u3 :
Elolwinleiiwkzniahion

QeI X &0 X Qe X el .
= = QUel = ERERAUR..
&0 X I8y

D6BBOHM )Ll HEINBBRHBWYo DENSIHNJo.

" @GR =/ {(@

X oei+ 010 X & 61 (64X D+ &5 281X 810
&0l X dr + 0ol X w6l

. @RRYRIMIG:RILIMe X GO E:RILID®o
alolosan. = /

@RBYYDIVBERIIMo
(@ 6y X oot a1 X & oer) (& e X e+ waerXmer)

{
(e
{ }
{

@RBYYDIWB:6RIEIMo X BTl E:6RILI0 o

@RBYBGI 6N

(@6 X D+ 001X 010 (5 %21 X U+ D oeIX D6
&6 X woel+ alw X & el

“216laloayE.” MPVOHIHR Dala IO

@RMAM0o  BRIQJDIBRICLINMEWIN  ARBLBIGIWEH:ARLIGMIWISIEB60
af)M 6206lV@IOM aICINRPHOFE $HIFMY. ERAIS PN BPHOS 10
MYOEHISIHBOBO NG DeMa) @YD a0la) &SIWOT @R 2RVHOS
S GYIN2DITINAG RYIOYTBIG0 o) AMIG 6210e]l. mailos @lRy0)
@INNBENMOWISIBlER0, EWIW 2100 1LRY0N GG RMOVISIEBE0. D@EOM
PBHIS] MEQMIMM (JMIRRWIVIGIAlEs0. BRD af)eBBOM o). @RAIHS Bl
VRPWOMIBHG3 (@IRYPHINOBING @RWo. BTV 2190168803 EsNElMDo
@slg’ 8@ MATYERLN0). MD 22400le0d ARLOIDO3 MRUBlase @206 Ro.
DHOEN0OJ  TVATVERIINj MEBSIEIBE Vo IIMOTIB:M0 @O WRLDWEOHI
8088 TLVAMYRIEL. B@ @RI dlolwRPalom alean MERealImOIE:Eeo
QOIWRPo aJAIIOTRY@0e MEBBGEILIBS Mo ld@OBIB:EJ0 au@lafly eel
B9J0. af)MILIHMIM BER0. Q@IWRAIO] B3 BRI, MEBOM MAIGAIOT @)
WaME. Dallss TVOTVRIELe (JIOARYA. D@IEMQ. slelwealemeoe
HOEOMAEHISIHOBOINET W6eilg| 6IBSIIS] @O 20203
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QOIRRPADDIF Ao, af)Mlo®E0e YMil@Bn2106]l. alloan males cau@
SEMOOD @JH00MMEM W@ ileno.. maies slmloRpWomlgele a1®
@ORPWOVIB:EJ MYUBEsR0Q MVATY2A0OM d:afle). DAVANENONRLYODI
00 AYUBIHRRIQ AUPIVIRLGHEREOMQo Bl@IVRAIHM VINIMNIMRIWGo
®efla] afloam GloNlRNAk o3RI @ODIEmeR! GOIWRNEHHISIQo all
an qLaTVRLELEBESITE FCIVRPWHOM ARWBlERM BT BINAYe DD@IHG
G395 QIOTVLIELOTTERHL! BINNJe DEEBOM BT OflaHN 2 IOAWYo. MAOS af
QOIOIY@0) GlTIVROUABS  TVoa IMOTID:LJo  TVATVRIINELIOBID:EJo
Q@laflg 8@ SeRo. H® POVOAWISIAIs, AMIT 62106]@ MHPWo
OBINE; MVoMNIMEEREMITVNAN@D. NEQ HheNo BIMIVRPWOIEE3 ay
wlafldlesananoauacbe. malles GleI@RPG @IINNEIEHISIQo MBS
OIBRMHBOVIGIGI6R0.. MEQAI MEBBEIEk. af)MIT BRIJDIBZRILIOMo &
RPLINMHAMD ONESQo QIG3o. 25

QIOAIOMo 25: YOMIMNHD@AINHIQYTD 2IDOUDOING LIGHUINEEBHS QBDMEIaH
Qe eflenamlalele alosom@:smanlel.

QIYIAINMo:  BRIJDIBRICLIMEWIV. = @BBIBOIWG:NIPLIMo af)D MO
OO aIClMIRPGHSIT3 B:06MlABM0. 6l A lETYOMPWHCMHBHIENG DD AVLOW
HBM0.  BRIQJOIBRILIDGEWIN. GHEIPLIMDENo af)dD MPWHOOD @G IOH] o)
el 2 lOaREMPWOMING DalalOOW  (JHIVIANEOEM nJoqggm)@omﬂ%hﬂs)s
@[890, MAllOS RPBOHUWBHS aflel AVMVNIMERBEEHS HEGHNEM.. AEICTNIMEI
@RB|BIOIVRPLHOBOSHINE Q@IWRANOHM AUGBIEDADMIET alOSVIGlSBIND.
D0ilHs DEIIMPWHGHITZFDHAN @REAINOHOMQo HANINHOM Qo LRAIENOBOSNIETT
a)5%.20llom AUGIDAMIETIAINS al0QaND.

al@leLlelo 48-@D 21dalo @76/ = @REMYl0alOIAMLEBBSHS EYIWo
al0alo 692 = @RQalDaIRIMLEBSOS GWINO
(9210l Ry0lOM 2100 i0mel0g])

= @REMIRYOO] = @s.

B/6) af)N 210a10IOG NERLIOMIGRIY) BT ANIAVIELHOT QIOLR. GRD 6%/
o) ALAAYEROIHAZ AELINOW @ af)aM MINZANTE TYUTlBso.

610 = QaNIe0] = &3
20 = EEIMAKIIVIEL. = PYANIRYVANNG EHISI = @51
2.2l = @REMILONNG €SI = #1g
0.2/ = 8-00 Bl = g (QOO3 AMAT alOGODIGETEESI0)
WAfOS 2062/ )M 2IDOWo YOMIMWMPRMROVIG Hefldnde. e aloTyEINYO

GOM,
6al X A0+ 610 X Aal

021 = :
QIOMVELo
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Q2 X 20 + 010 X A2l = 02/ X QIOIVIELo

=y

z]

aldleelslo (48)

20612l af)OD 2IDOUHODI@I, &/2/, A0 BRIQIDIBRHHBIHENND; /0, Aal DOIQo
BRIJDIBRHBIMMN. @2/, ARITVIEDe DI dEIREBU3.

@RGAIU3 BRIJDIBRICLINMEWIN. = 6P LIIMo o) QAIN0. DD AUTOTIW
MYPWHOI) m@m@ﬂa’lgd“,

a2l X A0 + 010 X D2l = @2/ X QIOAVIEDS
. 85 X 81 + B3 X B1g = £3 X QIOAVIAELo
B5@21 + B3 X Byg

ey = o - (2dleql a1oayEMLOWo)
1500VOEDo

QIYRAIRMo:  221EAI A IETYOMOWo:-

Denoting the successive Bhujas by Ji, ], J3, ... and the corresponding
Kotis by Ky, K3, K3, ..., in Fig. 49, J1, Ky, Ky, J; are the four sides of the cyclic
quadrilateral, oM, A; T, and T,M; = T,M;3 = [,.
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M E
P2 M,
) M,
Y T, My
(6]

al@dlcelnlo (49)

Now 0A; X TLbM; = A;M; x 0T, + AT, x oM,
ie,r X [, = J; X Ky + J; X Ky = 2]; X K; where r = the radius)

) 21 x Ky
o= p
A, A E
Ay 2 M,
Ay T,
M,
N} 0

al@leelsls (50)

Again in Fig. 50, oM, A, T; is also a cyclic quadrilateral, in which A,M, =

2 A2T3 = Ji, oM, =

K,, 0T; = Ky and T;M, =

" 0A; X T;M, = AoM, X 0T3 + ATy X oM,
ie,r X J3 =], xK;+J1 XK,

and so on.

ie, 3 =

LXK+ ] XKy
r

The same may be applied in the case of the whole chords as in Fig. 51.

To prove that sin(x + ) = sinx cosy + cos x sin y.
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al@leelslo (51)

BD is the diameter and BA, AC are two chords on opposite sides. Then ABCD
is a cyclic quadrilateral.

Hence BC x AD + AB x CD = BD x AC.
BC AD AB CD AC
Lo X o=t o X o =
BD  BD BD BD BD
If BC and AB subtend angles x and y respectively at D, then sin x cos y +
cos xsiny = sin(x + )

231010 Mo

aflom a0k 3laloRiale OEBSIEISS AIRITNA. @O0 QO
WR0J MBBLEIEISs *LINMNIWISIAlEs0. o @JINDEL00 @IV
meBSle)88 AIRIMM0e GlOIWRLNJ AIDTARPe @@BEILIBS LIMAIW]
SIGloR0. EDEEROM ONF RPSNBHS AIRITMOo ERAIFIHM 2100 IGRINOIHT
Qo @RAMOOMINWRQo RVANHUE 06NZo MEBBSINLI ~LIDMMIVISIEleR., GMIil@d
©2192{10 MPWoHBIENG. af)aNITI GRMD LRYOAUNOIB:MD (@ JINNRDUNEOTN
SBE0N) @RS &P RIPANOMOBNING a0[I20C GRTD AOOE 2400
6TMBIMi0. DQYEINe AUITVIRLESINM A ICIMRPHHNB AUGBOMIo. allOAM (EJION
QDONWRLINMOWIGE @JOARPAUNHOMLSS] Pella|ddd Glalweya)EId:..
DEBBOM RYOAINo HBDETN DETBIGHIo, QUOAVIRLe HSIOM. DAIOY af)eldo
VAP0 HHBOWIG BE[lOsIE)R00. MEBBOHM B@ aIGlatelAOMRMMIOWEBBU.
QIOIIMo: By, B3, B3, - - -, B23, B24 af)TO M@a IOWIMIAY a ICIDRPINOS &)r%ﬂ%‘.
6173 gacpdae)gos m(QO(TO)(Oo @1y gacgo‘ﬂ@gos mDoJGGBgé')S G@)OU)(DTU)WO(@@O @RAMOO]
HWQo RPSHSFHOS *LNM2VVISIAlHsOAME AMITI 2IDOEDHERIMVMOBIE3 a 06
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§mgcs%;o. @R MYPW(JdhI0o

8% — 81
=z
81 .
@32 _ @12
=8y
(Cp3
@42 — &2
= @5
I
3
“ ®OM@RPAURMOBLERIOAINGIMo . . .~ D@IIE] AIOMVIELe ©:SIO® DD elamem

MPWHOD HMA@ 2 I0GOTIGEBEERI. (ad0o 219)

8 =@y X &+ &1°

SDEBOM £200INEBREBQo OENRISHo. 26

O.LSOQJAQ(T)O 26:
By this theorem [,* — J;* = IEVE
)22 —Ji*

J1

Hence [3 = where [; and |, are known

Again ]32 -L*= J4)2
]32 _ ]12
J2

Hence [, =

Hence ], comes from [y, [, and J3
Thus by induction, J,> — ;> = [, +1 X J, — 1

. e i
. ]n+1—7]n_1

Thus each successive Bhuja can be derived from the preceding two Bhujas and the
first Bhuja.
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aflom @algmd’ 83 ERGLITD o IAENEYEL MIBROBBI@ WodOflOME 5]
afloan oygodsailexamoe 63§ @RHLIZD @O MIBAOBBI@ WodsQllOM
£012J0@8, QIBSAGING BREIMWHOM WoAllIM 200Q §21QMIVISIClER., @R
2IGOM@IM AIBJMIWISIAlER.. MAIHS 200WIWOBIE:M Wod:0le R 2o oTm
MEIGHEEINBABS @RANOIBo 20IWIGENAIGRMND. 2000 AULIYGID 200WI
B[R0 QAULJD), WoBD@ENAIBHWIB. aldAN MDD NG 200VWHFESQo EVINE O
@Al ag)Mo 2EIVWIBEPEIBOS NIN2OBHOSMVo Wod:AIlOM LlotNIOHAMMo defla]
afloan 200@ITNERIGING @RYFNIOWIANEOATNo  B{RIANODIBMND BE20
OHESDT DA AFMEIHAZYe AURINMHOHOD (JAIETNHATVo 20IWICWINNe &
INGVINNJe OB AUHIANAHO JNINaNLINATVo BHEIRITNOAIRHOID D210
af)Mo BE{la] HO@OIUWBId:o 6.21QPIO3 20IWIEWINAIRo D 210aNLINIVIFEN0
@o. MAIOS @JDEFMOOMOENING (@JAEFTNaNLIHO® a0Glg) Qeils] Werrlasan
@IBGIT HEPIMOHAMMHOAN VETICHNETT. 2f)aANIT3 20IWICVIWNAENBI 0.
QIS OIMBIGBIM. ERINAURAIGAND afllOan Wod:IRHO® Moeilad
WMo @1EHMT @RANOAIRIMMAS] DAILSBMD. MAIHS 20IQOWI@ 2000
o HEFEMFHWIM 0@ 5J6NB0W aNLIOIIGE B0 G:SIWIRJe aNRITVINe QITo.
o.@)(TTﬂ% GHOILIo m@('gsmuoooe;mdm)@m a0@lEBMY). MON@ ©IUTlHMIWo
Mi@3 ©210810 (@JHI006B:0613 MUIELIG60. DEROM DI CBHU@aNLINN
MPWEDIENIG MVIAKo.

QIYIAIOMo: alGlGRIl 57-G8 &b 6 BT Glade. WL = 2/20 = BGIOBUILLINCE:.

GlaieIomle@ala v e/ af)aD Wod:0lHR PLICTHINMG Fo 2/ 20 af)0D Wkl
QLI GOCONENIEBQo. GRMIVD db W/ > & 2.

? ellenaiol, @RV, 11, 6@RIG. 238. MAfes “Tu: @e.” aM@IM “ap.cee”
Af)IMO @ 1006ERRENJo GHOGNOTVEN.
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ap| 3 &> a0

aldleeilo (57)

B/ D), 2010 200VHUB. VD, 2/10 2OIVIGENEBUD B/ af)N CAMWVIM /3 af)ND
2010 af)MDDIEMIS DEIAIHOM SN0 3 af)HINI@ NIMAIS. @REAI0W8 W3 = a/i0
ag)am QI@3o.

@G0B M3 = @l + i3
= @ael + 2010
= 200QICWINo

DD @3 af)an 200WICWINHDI0) @m']@(XDO'TOo, DD, N3E af)am MO@O@:GQGG‘BO@ [cE2]
&6)80Mo, (I 2L/ af)0m B19BUD20WLINLG:ANOM LloNIHANMo ‘ﬁ:%ﬂqﬂ

MOilS 200IMMENJe GHERITHANJo LENIMEIBUD.
200QGHOS HAICYUSNO QITBEOTEMo.
HENPEWINO X HEPIIMQ0 = 20IQIGWIWo X 20IWINNMo.

(@3 af)aM @YUOODIGI BEREBBIVIBISBIN D@, VG BRHU, 200VWHBIW
RlOsaMN @ 221, 3221 af)QD @RYENIOWE:UB og)(rm%".)

(0o + vs)(vo — ws) = (@ + ws) (e — wi3)
= os( @ — 2g)

(vo+ 08)* (vo — vs)? = @6 (@ — ws)?

(@oer+ 2218)? {(@e — 23)* — (00 — ws)?*}
= (0o + vs)*(vo — v3)? — (@ar+ ws)*(ew — vs)?

= (0o — ws)*{(vo + vs)* — (®w + ws)?}

(@ + 23)? = (0o — w3)? { (0o + 23)? — (@ + 4213)2}

(@ — i) — (00 — va)?

— (00— ws)? { DO*+ 0 +200 X VE— @ P — 03> — 2% X ae/a}
= (vo—vs)*{(@e’+vs*—2m%w X wiz)—(0o® + v’ — 200X V3
+2(0@® — @er) + 2(wa® — i)}

+{(@wer— w5)* — (0o — w3)*}

(@aer — 23)? — (@0 — w3)?
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(@oer— 23)? — (0@ — w3)? + 4o010?

= (00— 00)"x (@eer— 23)? — (0@ — w3)?

576
(@aer — 213)2 — (0@ — cxm)z}

= (v — wsz)*{1+

(40907 = 4 X 12 X 12 = 576)

BRMIVD 200WICWINAIR = &ERITMOAURN

576 +1
200IMNAAUR. — HEIRIANONIR

200©IBWINL = dHENIANAo

576
v { . . — L
200@OADOAUR — GHEIPIANOAIN.
20O WETDIIMo.

@Ea U3 20IVHSOS CRINOTINBQ. ERIDECINMBQ EWINIMMOIELEBUS
200008l 30

Q)Mo 30: The problem in short is to find the base of a triangle when the
difference between the two sides, the altitude and the difference between the
segments into which the altitude divides the base, are given.

Let a be the base, b, c the sides, p the altitude, x, i the segments of 2 adjacent
to b, ¢ respectively.
Given b — ¢, x — y, and p. Required to find a.

bz_czzxz_yz
Sb+o)b—c)=(x+y)(x—v)
o b+c  x+y
"x—-y b-c
(b4+c)*  (x4+y)* (b+c)P—(x+y)?
c)

R ) R (s ER ) ey (g




@OMANA0 ol A leMLRIEWINOBTIBE:AM AITMLITNOEWIWo DEMEIG:0 af)MVIDo
QOMANITVEBHS BAISOD GRAIIMIM MUYOTIBH:GRINS HO@OIWldho 6).al
Q90 af)M1e 2106 0 P63 MPWAJo &SIWITI ENIBaJYOBIB:OL! 2 IDOCHH@
a0Blo OEMBIG0 af)MNDIOHM 210610M). @ROIOS cMe 0 H@NEIBIHEsIM omé)oﬂmo
GUIBHDMM Gal@. MEBBHM HAIGANIE BNIBOING CEMHO MFEAI TVAaJRdal
20050 BalEEMOOMENIWFe 80600 YTMOOD BEflo]. alldam 2014V SN fo 1o
A lOOUIEM S:0H60MOM H@DRo AUSHRe MEBEIG 630600 YOO daflal
HAIGIAD VAR JGPAICIB:NTY D88 GR®E af)Lld GRAIYAICHIB:MVe ©@
eln0ldleansMo. @RYG:®ITE DA B6NZo MESCAMMIENHHIU BHOHEDMITO
£21QoWI5lAles0. alleaN®oe e gjdefl@algRe oMM AIGlE:ae ®SBEl &
0SEOMIMD §2IQMIV §2IQMIVT MIMIJNIEMEEBBIV] al@D® af)eloglmo
@REMLIMYo @R LI BID HMEHNQo AUSEHNWQo A ldUIOTID:G3 B3683MOQ aflel
QYOOEBOS el DAUGIOG @RG®:Ll B3HUIEIMICMOYTNOWIELG DELNI
Qﬂ% @06MOVlIBleansMo. QRAIGIEREMSTD 6N QYODEBBBOS algD®
QYODIBHIGOEM MAHBMDTIOM BEISTD AGI4) gt;g“ @Yla| MloIgidnIQ HEf
o) @RGA]0U3 D alQOIHG D@00k D88 YOmeEBSIad alrilw Qoo @al,
0210l QYoo Q6lo, alflOIN BSHUIBEMICIHOYTHOHIHOL! QYOMINNRISNI
QISIGIEBM 21dalfleMWo A l0WIBERMIV] TVALIENINIW] MAEIGAIT 2IDOWY
20I5laAlaR0. adlom B@ alICBIB:ORI LloeNIOTIEHLMO a 00 A0ls] A6Q
aldQDIODNEH@ GAD3 HIE aldhaio &S @EaUd PEIGEWINIED. mlsnowl
ElotNINISWIV] DAEIGAIT BRHVMLIDOYRNIWISIAlER.. Alloam VRN
£10000IBEBRCEQo @@@@m@m@om% a;gjlqd. @G j0ud msemelglaoo
o@emoalgldles.. Mi8e MIMI)NIEMEBREOVISIdles.. males migailsaje
®6BRslad WML® EAHU@aNLI. @RAIOS QllaVIEELIIFIMe DEIMIGHWIGI
migenendlondQoe @3l allapore Od:063 Qsmhd. af)OMIMT GUIBaJeHaNLlo
QI@o. MONOS @RIMEISEBBUB af)(@ 988 af)Mdo DAIGHad @INOlTVI06EBRU3
af)@ af)MAGINNAS of)T OaldWo of)M ofldaN. MAfHS DHEYISANITVLORELY
OMOWEH6E1 @RELEYDHHBIVISIGlHB. DBEHE(4) QYOMEEBSOS QIOAVIELEBBUA.
@YHWIC DD BPINOS NIV IGIWIHWOHSNIENG WEMla] EGNISALOTVIAEL
HOMOINIENG a0@12J008 EROD® £100) QROAVIRLAIVISIGIHBAM  YOLEBRS
6M3J0. 6DAI @@‘l@m@m@mgos MI8nosIdles, @RANOISNRLICITIB:EEI
ROIDOS HEJla]0HMRIMR. alloan DD @RELEREVIVHOD  VETIBEICE
a)B0 CAHO@VINEBBOSYQo EWIWAENEIH0. MDIOM QllMPIe OB D
6TT')’]0rd. @RGA]IU3 CHH@NRIGRINAMEIH0. AN 5210w BHHUIEEMICMO
QYODHOMIB:HL! QYOMINMOIBRINEEBUT WINafleINl @RAI BNIBA IRIWIDIE:eel
210a116MLAWISIAlER0. ODIHAZ 2R400) MAalles EHHU@ONTVIENIGMD. ol
M RPEVWIWVHO AUMBIDola)dd00. @RAIHS EIEMLINHOCLIWHTTNEHHIENG
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GUOBALPIVIRLAIRHOM  VEMNy] 2100 ICIAMWAVATYEAONROD:ENE  aOGla].
aNBlo @RELELVCWIWo. allOaN D@IOM CHH@AITVIVCHH:IENG VEMIGHHEMo.
AlTLIEAMIGHMND 2120 IRIEMDLABINAG LRYDQ). AIEMLITNOCWINAIBIND @3y
SUEMLERYOAS. QG AlEHAIQe BREIMICAE:INT TVATVRIDENERRIWISIA]
B8o. DOl BEMFo WEMNEHIAEBBU, TVATVERIDNINO a0IAD0. Af)ANITE YEMMQYo
aDEEMAJo GAIETRI. AKOIVLIRLAIRMHM EWatlq). allom aldluloWoanIeng
WeMofo@3 AIIAVIELEEBIENG a0GBIEENEMo. @REAJIUZ AIITVIRLL@OAN GUD
aHlB830. adlOaN GVIBOINNG E6NE BRELOTIB:AOLI ANLINJ DETRIGHNENZHWIMEI
QULOAVIELHO  DAZICHNEMo. BRYG:WIT BUIVAUUITVHO  CNIBAIBIWIHW
ANV YO 20T3 CGWIBoJaYOIB:OL! 2IDOUYeNLIGENBIG0.

QIIEIIMo: (1) allMLEPEVONCHEM AIIMLITDOBYINAENEIS:0. (2) YTTNALD

UEBBHS BAISOMCIEMIT DUOHID:GLIBE HE@PIWBdro 6).21Q00. af)aT] 6T MOV
EBBOBO NG CNIBoJoYOIH:OLI EAH@NLIHOD QIGOMo.

al

Bl

al@dleelelo (58)(i)

8@ ¢NIBOMIHG MFANEIBS MM IR IEQYTMo b 1Bt af)o. (aldleelelo 58(1))
V20 J312a10QOMOED:M O OB AISHRo CGNIBIYODNDH:C3 YOMEBOS Heflos.
@RSOD HDANZ QYOEEBUT MEEBRSIAISS GRM:Ll0 af)Lld ERAIAICINIE:TNe DAIEE3
80010lE9HEMo. HD BRGHLIHOM CNIBQYDMNIW BAHHIEEMIOTHOQYOTHOTHIEHT3 aldal
EUEMDIB0EREIM 06N 0. USEHNIFo HDEDDIFo EaldB0EMIQo YOMEIBU 6).21QMOWV
921QMOW QIGo. HD YOMEBBBHS A lBIWlHUY MOMIIAIMEBBBINHEMEIE) BRSOD
88 HVONZ YOMEBBUZ MEBRSIAIBS BRGLIEBUS af)Elde DI, DEBROM HMBR QIS
B30 BUOBEBBOBIFEBENBo YOMEIBOS BHEfla .

3 w
ol AN
al@leelslo (58)(ii)

3 w o
. e

aldleelalo (58)(iii)
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Q6 QYOMEBSEOS MSWIEIBS  ENIVaJoYBINHOD  QYOMIKHICOIMYSS  alf
@S] acla) WA HASRHINEM®IG3 aldleelale 58(ii)-oLiealoerl @swin
af)DIMIM EBHU@NG0. @RAISS alrlle Qomomilnnd aicdlwl @ @l 62101 Qo
O0lO®R aIBlWl W Q6lo; BAUIGEMITHOYOM AL YOMIANOIS 21901660
(@, win) aPGUBRSHWB MEBOM ALALIMINIVIGSBMN BB 2IDOEYANETEID:0.
BM, WA of)OM QT LloNIEIBOS DETBIGE. DEM af)aM @YUDHOD ACla] @ af)m
Olom w-leje 3 af)MD@IOM D-VlBje @3 af)MDIOM AW NIGREMQo QUBNIQ

aldleelnlo 58(iii)-@ H06eMIaAlaBaNEAINOL] Calds. af)NIT BMIAM af)HANII

@+ 3w
VO2IOOUINMBIG. DAIOMW MlBo = —————; MS = ELlobNlo. DANOWQ
2
@0+ BW
CAH@aNLle = LlofNlo X ———————. E@BOM nf)2ld ERADOIBEINOTIBH:OLIQo

2
CHHU@DLIHODM 600, @REAJIUT @RSUD 6 YOMEBSHS ABLODIBEIBS Q
OMOWIHG 2 IBIWIHW LlotNIceH:06M3 YEMI2|0@ @Y @RANOISOMID:OLI CAHHU@ DRI
Ql®30.

M2 3120 10QOMOE:M0 HlHOMQSBS ENIBaJoYBINODINAGF CAHH@ N0 QIT
@D @R JOTDSS ERIDISARLYODID:EL! af)Rld YODaIGIWlESESQo EROWE O
Llo6NIo)HHI6NZ YEMIEHEMo.

0D aIBlWISOB aly, aly, alz, ... af)a0 HEER.

SDQIYOS QRIATVIGLEEBOS M1, 612, 6113, - - . af)TVo HEJBE. DHAOWEL NI
QIRIVIRLYCT OTIE:HL! BRELEIBHNUB.

GUWIBANMVIRVe = /5 GUIBAIGBIW] = al.

iy X al
alf=————
o)}
N> X al
ngZT (yomanaLEBRH8 BAISOD @RI
6y X al D eHUODD:GRIDE HH@OIWBldo 62190
3= o ag)aM MW EHIENS)
al
nJl+nJ2+nJ3+...:E(ml+m2+m3+...)

@RELEYICWINo = iy + 6Nl + i3 + - -

QMO EBWIWe X 2

@RANOIG210aIOIAMLOTIHE! TVAAVEIAUN.

BUAMLIMNOCWINo = @BRYBIRIIINMWDo — 63ZHNADD R{I6IMDo

@RAMIS 213a 16)16MILE) O (GTOGTTO@O@QO@’] @%ﬂgo(oﬁ, 633HNOHOIM ZR}06UMLEHOTN) U
MIOAMDHAM &)%ﬂ_q,!.] 6UAMLIDOCWINH DTN @B1YBIEUMLERIH UMV rﬁ)%ﬂn%)i)o.

@OGa]OUd AIMLINDEEVIN = @IRYBEITMDEIN].
& 3 2

BlotNlo = GRANOIB21IaIRIMLODINEI @RELRYIO].

2100 10IEMLOTNOR GRE|Go HEHIEN @RYBIRITMLRIDONHM Qo LloNIHOTN Qo MVATVERND
DENOHNM BHEflH60.
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@0EaOU3 EWIBaJaYaNLIOED0
= — (o + e + o5+ - -+ ) X elosnlo

AIAMLINDACWIWo X >

= X BlotNlo
TVATYEROOIRo

2 v 1%
% X AaRERN0] X qLANERI0)]

UAAVEROAIRo

N

QIR R2 RIRRIR
X
S

= ol X

. GWIBaJaHanllo = 2/ X al = ENIBaIABIUWI X NISAKOTVo.

GUNIBALIM CHHU@)NLIIM QMo

@RMOMBo GNISOBNBHOLI @RELERIVOMIB:OLI CLIMNEAH@NLIE O 92106]
Mmy. MAIleS ENIBaJataNLIHOD @RAIAIMIVIOEHINE dheflaload 6 a1ejw
QYODOBHEM ogcﬂqﬂ. @REGAJOUZ BMEBA alEMd YOmER8IWIGIG 0 afleiar suemu
6BB800gIAlas.  @RAINSS  oJataneIom)lo:©d ogdgo(ume(mgomﬂ% QOEEROS
BElesMM) f)BR03 BLHEEMICTHOYTMOMIB:eL! aldlwlsiembomlaad mig
OROOWIBIEHDEMo af)M MIO@RIGMD. MAleS allom f)glo AGle:So AQa]
SOWIAIEHNHEMHAMD MIY@AIHAND. adldaM af)eld YODOIERHGRIQo QIR
CAH@NLINETRISSH BI6OI MOMo APa] af)M Hefla] MeEBHEIGE &SlWIM3 €O
SO ALIMAENRIBi0. YOTNCBAU@OE:OE! QINANLIHO DEMBISEBo()hI00
afloam. YOMESH@OHO® QNITVAIGRHEM Q6T s)nJoghd m):mﬂ%”. afloam
6N §alogl0EHe)o GH@BOMIEM0 ®SEEl cMalwleerse &lQ; cmalwilseel
So af)2loglele A IR, CHBOMIEHGRISe HOD, MEBROM MGG, alldan 63
QODAIIMLEBBES8Qo CMAINS NG ®EIWoa fiSlg) MlaIoDIl ®eBs]Td &g, ¢
@BODIeL! BOMEJEBUo DEQDIB:OL! aILDIGI om%mo@’. @0EGaJIU3 QYOMIRL
MI8N0@] QIPAVIELe MSWIW] MEIEA T BRYVM2IDOUYBAHU@o DETBIB:0.
af)aMI@ QYOMIELAOJe AROAVIRLOJ @EEBSITE WEM4JIMT3 YO CBH@ DD
OL! 2IOOUWNLlo DEMBIG0. af)MIMT BRMD GRELRYAIRNHOM BUIBAIGIWI
DTG WeMlg) GUIBOIIAVo HEBHIENG a0G2J0T GROD CAH@ANLIAETBIGs0.
afloan DaIdlond cIve ENIBEHU@LIMaNLINIVISIEIBE.. @RELRYININEBE
8 DEMBIBGo(@)dHI0. @ROIHS YoEAJe VOEBIMANIIVNOJe MEBBSIMTS VTl 03
@RELRYAUNMOVISIFIER0, EHISIH:EPEWINL YIBRIMANIMVo, BRANOO YIMo,
af)amlg. @RANOS WECOMQo WEBIMAPIVEOMQo Ala] &Sl ARPAVAIY
O1EHM HBEVMIT @RDIOHM @REUl /@0 @RELEYAINNIVISIBlER., BINA
H0le APEWINQe MEEBRSILINN0. BlYEMeLIV@MIVISIEIH630, og)(m1§'. @naflos



QYONELHD@EBBUS O IBIDG: S:0600) BREMEJIVAI@o A |OWIg DD QJO6aB
08 dHefleansng. @rAleS Bo6MAIVISIEINA M MESHOI VdM.. HD YDOOTHIGI
63060260 @REMENUS ABOEBSIVD il alliNeOm YVEMIB:OND. af)aNILI
MBNBOS aRDHIEBIEHITMOMVodL ™ 6B3U3 G WIE] VVOBRBIGIND.
BRGWIT ARBEIEBIEHICMOURTVodE Mo (ORAIREWINRIGAND. QRO Vo
02)200IS1B1ER 0@ . AUPIVHOD @MW aIMWlaflg AIRIVod]l
®o §2lQYARY. HOIOM HOSl2ID WVOAIREWINAe YOERIMALIAVAIREWINAYo
@SloMmIWISIdlese. allns s8am ®seEl APILIGLDENNIGNINBo BH:O0TTHD
(0o ARITVIGLOMIEB:ERICIVD WVEEIMARIMVo. alldaD GClV® Vo B:OET
@ WEEIMARITVo af)M HEBREMINNE VOAIREWINQYe WEOIMALITVAIR
6QINQJe ®EUMIVISIAER.. af)MIg aBHHEBIEHITNOModLNMOC™ S
oo ©2108]l. Mg MO WELH@; ALY Woe BOW; HaIClW U B,
@6MElMoe @S] RYOJ BT ag)aMEBBOHM GHEflesle|nde. @RANEGS V0N VOEIM
QIOAVOJo @EBBSEIG3 VEMLID BRELERYVAUNNIGIND.

“QIGOm LEMVLAIBRIFLEADAURIY AIE) WMEAU™ ' ag)OENE.

afloan ARG VVEEIMANITVAIROJ &SI AKOAVAIROTIB:IN GaldW GUD
aHOMIHAZ  @ELOJ  @RELRYAINAIVISIGIER., AUREWIN  EVINAIYQYo
®6BBEIC3 @PAMD. BlYWeMeLId®o og)mﬂ%“. SDQIINAIBEMINUB af)(@ @RELRYD
QAROO DEMBRIGHHNEMo BREOWIG VEMIEHHEMo ANOATVAINHOTD. BRYGWIGI
@EMG IR0 HHIENG WMlAlesam aILOINMG ~LINNOWISIGlEsAD. @Al
§S @REMEG2IBoHE NS allaN aOGICHNENZHWITI GHAIRIe ANITVALIMAIWGS
0dlE8 O, oo GRG0 AUHIVoHLIMHOM MESla] ERGIOM HBEW
6Mo. AIHMVeHLIMRIB:MMND CLIM@) W0, MDIOHM DAZls| HBEWENFHWIT
WlaYo *LIN@)YoWo. allOAN DD@IOHM @RELICHNENZHWIMS *LIMaHHIoUWo. @)D
WIE3 AROAVHO *LIM] 5] @RYAIT AOG@l4ID EVIBOTIB:OLI MEANM. OB @
BFLRAVIOBOS QIPEWINNVISIAIEs.. alloam ODIOM aIClWlnd:06Mg WerTila)
QUOTVABIENG aOGBIEHHEMo BRHYGHWITS QUITVHOE MES MHAN *LIMIBHHETRI,
AUGIBHEAETS, o flHaN aOGIBHNEZHWOIT. af)NIG3 AXIANVAINHOTN GNIBa @]
WoWweE96eg WeMla] @RSI3 a0Gla] aNRle GNISOTI:OLI *LIM aNRINIWISIE
B630. DEBBHM LPAUNMVoBENMEIJTVoNIT WBAIRTVBWINAGINAI DETBIH:AN
ALIMEUNIBNLIHOD 6)2108]] aJoUaNLIHCQo. 31

QoMo 31: If R is the radius of a sphere, then

the area of the surface of the sphere = 47TR?
= (2mtR) x (2R)

1 @RQESIWo WEMI™MaldBe GURIG0 17.
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47R3  (2mR) x (2R)?
N 6

The result as shown above are now achieved by integral calculus as shown below.

The cubic contents of the sphere =

A sphere can be supposed to be formed by the revolution of a semicircle
about its diameter XOX’. Then every point P on the circumference having its
polar co-ordinates r, 6 will describe a circle whose radious is 7 sin 6. The arc
PP =r x do.

Hence the area produced by the rotation of PP’ = 27tr x sin x rd6. Then
the sum of all such areas formed up to the point Y

T

T
= /2 27tr?sin @ x dff = [—27mr® cos 0] 7
0

= 27r?

This is only half the surface of the sphere.

2
1 /‘d@

0
] Ix

al@dleelisls (59)

Hence the whole surface area = 47t1>.

Again the volume of the element produced by the rotation of

PP = mty? x dx
Buty = rsinf, x = rcosf
.. dx = —rsin0do

*. my* dx = 7113 sin® 0 sin 6 d6
T

0 n
" / my*dx = —7t1’3/2 sin® 0 sin 6 d
r 0

o
= 7Tr3/ (1 — cos®0) sin 6 db

n
2
2) 0
cos? 6
= 7113 [cos() — ] p-
2
=mr3(1— %)
= 2773

3
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This is one half of the sphere. Hence the whole Volume

T3

W

QIOOIOMo: GNISOBIOM  CLIMEEH@NRINEMTBICANEMFAVISOD QYO EAH@NAI
OO @RCAIGHUQENRIBHHGINE GROIOHM MG DEMBISBM. aldleelnl 60(i) 8@
QJODo. YOMOO GG ARITVAICREM 6T DENNIETWEIBRIVS alleedloso. (ii) a1dl
ALAELEBRU EEMEIEMQo DEIY210a IOIEMDEBRIVIG BOUTIBE. af)GId 210alEIEMLIWEE
Fl@3mIao QROAVIRLEEBHS NIODSB. 2100 IRIMLIWEEBEIEE K:05] GAIGHISIO® D
aRaLIRLEBREIEL3S] A0ls), alGlRLELEINM MOk aflSly) Mlalcm (iii)-@3 @0
M2 lAlEBM@JH000 06NZ EAUDEBBOS HENRIAR. DD CAHUDEBROS (1V)-03 Ho6mafl
QAlBM@»000 @Sl a8, @OEAIUd VMG BRMGBo aldleuyEboIeMog @EIA@O(Dﬂ%o
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al@leelslo (60)(iii)
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_ G0IgaIClW] X @RELEYOOIN.

GUOBAIAVo
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@22001Q0

@RELELVOIN
2 X (0@ X LOEEIMONOTVo

', @RELERYOIN. =
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QIRAVAIRo — 2000010
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> — OOIR
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2 3
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6
BB IBIWI . .
—————— X @RELRYPAINEWIN.
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CUWOBALIMVo 6

_ 60IgaIGIW] X GUIgANAVAIR.
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(7)X 2ewennnnnnnnnnnnnen 10-19—29—28—10-54 ++++++ 1-10-36—-18-9—44
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1117 SoRo 19-00 al(OamG:ILIOIE:eLI
amyoyeEnme = (6 —9 — 33 —27)+(4 —6 — 59 — 13) = 10 — 16 — 82 — 40
©a00a = (0—9—33—27)—(7—19—7—43) = 4—20—25—44
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1X(14) +-r0— 0— 0-29  1X(13) e 0-0— 0-58
1X(10) -r0— 0-25-13  1X(11) e 0—0— 4-22
1X (6) ---r0—28-22-11 22X (7) e 0-5-46-20
1X (4)  -r0-59-37-32 0-5-51-40
1X (2) ----2—30-30-25
3-58-55-50
0— 5-51-40
@RI = 3-53—4-10

@RGA]0U3 BREAHIMM200IIOME B8R = 30 53. 40il.
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QI6BRHWINMESI3 11831 7 — 20 — 31 af)am Blge. 1117 2fllgMo 29-000 ARV IGI
3021000 1842088 — 14 — 45 — 44-@3 Ml 118 — 7 — 20 — 31 af)MM@D Q06
©@o@3 1841970 — 7 — 24 — 13 (1117 2llMo 4-000) @R TRSEIIAPIMS0LI TYERLD
GRG0 AMUIBHWIG MYAYWa0eMo MVorAllafiglel ™ 1841970 — 7 — 24 — 13-@3
wlam @REIEED FAAIMIMmERIW 1776l 11 — 0 — 43 QST 1841792 — 56 —
23 — 30 o). (117 &M 4-000 56M92. 20Qil. 30L. H2I0N AVAWo). SOV 5-000 Oy
QYDANEMAETRIW. EEBROM D MPWoHHIENG albl DaNEMNEERGe GAGRISe B51ERIFo
©Da0lando.
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Kuttakaram

On the Genesis of the Mathematical Problems designated as Kuttdkaram in Hindu
Mathematics and its hearing on ‘“The Rule of Three’ ‘Indeterminate Equations’ and
‘Continued Fractions’ of Modern Mathematics.
This kind of problem arises chiefly in connection with the determination
of the mean anomaly of a planet at a given instant when it is known that in a
certain integral number of days, the planet makes a certain number of complete
revolutions. For example, the Sun completes 576 revolutions in a period of 210389
days. To find the mean anomaly M of the Sun on the completion of x days from
an epoch, we have to apply The Rule of Three as follows:-
210389 : 576 :: x : M.
_ 576x
210389
The result may not always be an integer. Hence, suppose the integral part of
the quotient is i and the remainder C. Then,

M=y+

210389°
This gives rise to the relation,
210389 : 576 1 x 1y + <
389 15760 1 x 1y )

C
*. 210389 (y + 210389) = 576X

i.e. 210389 y + C = 576x )

Now, in finding the mean anomaly M, the integral part i is not important and is
therefore neglected. It is only the remainder C shown above which gives the mean
position of the planet. Thus in equation (I), if x is given, iy and C are determinable.

Conversely, there arises the problem of determining the integral value of x
for a given integral value of C (less than 576), and incidentally the corresponding
integral value of y.

This converse problem of determining the least integral values of x and i/ for
a given value of C (less than 576) has been styled as Kuttakaram by ancient Hindu
mathematicians.

297
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The problem in “Kuttakaram” can therefore be enunciated thus:- The 1st and
2nd term of a proportion being known, find an integral 3rd term such that the
fractional part of the 4th term may be one having for its numerator a given number
(less than the 2nd term) and for its denominator the 1st term. In other words, the
remainder after dividing the product of the 2nd and 3rd terms by the 1st term
shall be a given number (less than the 2nd term). [ Note: In the example given above,
the 1st term is supposed to be greater than the 2nd term.] It is clear therefore that
Kuttakaram is a direct descendant of “The Rule of Three”.

When put into algebraic form, the problem takes the following shape: A, B
& C are three integers C being less than A & B. Find the least integral multiplier
x of B, such that when C is added to or subtracted from the product Bx, the sum
or remainder respectively shall be exactly divisible by A, thus giving incidentally
an integral quotient ¥.

Bx+C

A
ie, Bx£C= Ay

ie., =1 (an integer)

For easy comprehension, let us first consider the case where C has to be
subtracted. Then the case where C has to be added can be easily deduced from the
first.

Let the integers X; and 1/, satisfy the equation,

Bx —C = Ay
Then Bx; —C = Ay, (1)
AB = AB. (2)

(2) - (1) gives, B(A — x;) + C = A(B — y4).
Therefore, the values (A — x;) and (B — y;) of x & y respectively would
satisfy the equation,

Bx +C = Ay.
The problem, now, is to find the least integral value of x such that
Bx — C
A
ie., Bx — Ay =C (Im)

= ¥ (an integer).

Now, (II) is called an ‘Indeterminate Equation’ with the condition that x &
y should be determined as integers. The equation admits of an infinite number of
solutions; but as a problem in Kuttdkaram only the least integral values of x and
y are called for. The value of x would be less than A and that of y less than B.
These solutions therefore are unique.

It is obvious now, that if A & B have a common factor / so that A = ah and
B = bh, where a and b are integers, then equation (II) becomes

bhx —ahy = C
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i.e. h(bx —ay) = C

5 E — (bx — ay) = an integer = ¢

h

So, the problem Bx — Ay = C would be insolvable if the given value of C is
not also divisible by the H.c.F. of A & B (if they have one). Hence, when equation
(IT) is reduced by dividing by the H.C.F. of A & B, we get

bx —ay =c (IIT)

where a and b are prime to each other.

It is not essential that a should be divisible by the common factor of b & ¢ or
b by that of a and c for a solution to equation (III).

For, let b and ¢ have a common factor f, such that

b = b, f and ¢ = c; f. Then eqn. (IlI) becomes

bifx —ay =cif.
ie, ay= f(byx —cy)
G

(byx —¢;) = an integer.

f

For this, it is enough if i instead of a is divisible by f. Similarly it can be
shown that if @ and ¢ have a common factor, it is enough if x instead of b is
divisible by that factor. Thus equation (II) is always solvable except in the case
where the given value of c is not divisible by the H.c.F. (if any) of A and B.

The foregoing discussion thus shows, the intimate connection between
‘Kuttakaram’, ‘Rule of Three’ and the ‘Indeterminate Equations’.

Now, for the actual process involved in seeking the required values of x & y
to satisfy the equation, bx — ay = ¢ where 4 and b are prime to each other. The
process is explained in the tabular form given below.

CaselL.a>b

Step No. | Operation done Result obtained
Quotient Remainder
1 a is divided by b 1 Ry =a—bg,
2 b » R, g2 R, =b—Ryqs
3 Ry 7 R q3 R3 = R: —Rags
4 R, i R, q4 Ry =R, — Rsqy
5

and so on.
It is obvious that Ry, R, R;, ... will be in descending order of magnitude.
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Continue thus to get an even number of remainders, such that the last two are
small enough to enable you to guess easily an integer m to satisfy the relation.

Ron X m — ¢ = Ryp—1q (g also being an integer).

For instance if division is carried up to say the 4th remainder R, and at that
stage you are able to guess easily a value for m such that

Ry xXm—c = Rsq.

From the values 71 and g the values of x and y can be easily obtained.
[Note: There are several variations and these are dealt with later on.]
The detailed process will appear as follows:

ColumnI | II 11T
bﬂ% a gr | Q29: + Q3 = Q1
1)b( 42 b 93 | Q392+ Q4 = Q>
Rz)R:(4; R, 43 | Q43 +m = Q3
R5)Rz(qy4 R, Ay | Mgy +q = Q4
Ry R; mo| ... m
R, q | ... q

Column I consists of the elements a, b, R;, R,... in order downwords.
Column II 7 7 J1, Ga,...and m & g
The number of elements is the same in columns I & II.
Column IIT is obtained from column II operating upwards as indicated above.
Then it will be seen that bQ; — ¢ = aQ,, so that a value of x is Q; and the
corresponding value of i is Q».

If Q; > a, then divide it by a and take the resulting remainder Q,” as the
required least value of x. In that case Q, will also be greater than b. Divide Q,
also by b and take the resulting remainder Q,’ as the value of Y. Care should be
taken to see that the same multiple of b is sutracted from Q, as the multiple of a
is subtracted from Q.

”» »

Casella < b

From the order of the remainders as shown above it is clear that the greater of two
number 4 and b is the source from which the odd order remainders are produced.
Similarly the smaller of the two numbers is that of all the even order remainders.
So, whenever a4 < b, R is a remainder of the divisor 4. The eqn. bx — ay = c,
reduces to the form a‘VT—i_C = x. So, the value m guessed should be such that it
satisfies the ralation.

Rop xm—+c¢ = Rop—14.

i.e., if 4 remainders are obtained, then

Rym +c¢ = Rsq.
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The rest of the process is as in case I.

301

Now for the rationale of this process of finding the least values of x and y.

b
If P (where a > b) is expressed as a continued fraction it will take the form

11 1 1 Ry
G G2 493 44 Ry

Now, if m and g are known such that

Rym —c=Ryq
Then since Ry = R, — R3q,.

We have from (1) and (2),

(Rz — R3q4)m — ¢ = Rsgq.
ie., mRy, —c = R3(mq, +q)
But, mqy +q = Q-
S.mRy, — ¢ = R50,
Again, R3 = Ry — Ra(q3
from (3) and (4), MR, —c = (R — R2q5)Q,
ie, RiQ,+c=Ry(m+q5Q,)
= R2Q3
R:Q3 —c=R;Q,
Substituting in (5), the value R, = b — Ry¢»,
QB(b - quz) —Cc= R1Q4/
ie, bQ;—c=R:(4.Q;+Q,)
=R;Q.
Substituting in (6), the value Ry = a — bg;,
bQ; —c = (a—bq:)Q:
ie, aQ,+c="0b(q:Q,+ Q;)
= bQ;,.
bQ: —c=aQ,

It is thus proved that if 77 and g satisfy the relation
mR, — C = Ryq,

then, m and Q, satisfy relation (3)

Hence, Q5 and Q, satisfy relation (5)

Q3 and Q, satisfy relation (6)
and finally Q; and Q, satisfy relation (7).

(1)
(2)

(3)
(4)

(5)

(6)

(7)



302 Kuttakaram

Considering the table of division on page 299, in another way, we have from
the relation shown in the last column, a4 — bg; = R;.

ie., bx; —ay; = —R4 (1)
where x; = g;,and y; = 1.

Now, b — R14, = R,
ie, b+ (bx; —ay.)g. = R,.
ie, b+ (g2x1+1) —aq, = R, (notey; = 1)
ie., bx,—ay, =R, (2)
where X, = g,X; +1and Y = g,.
Again, R,q3 — Ry = —Rj3

Substituting the value of R, obtained in (2) and R; as obtained in (1)

(bx, — aya)qs + (bxs — ay:) = —Rs.
ie., b(qsx:+x:) —a(qzy2+y:) = —R;
ie, bx;—ay; = —R, 3)

where, X3 = 43X, + X; and Y3 = G312 + Y.
Again, R, — R3q, = R,
ie., (bxy—ay,)+q,(bx;—ay;) =R,
ie., b(qux;+x2) —a(qey; +y2) = Ry
ie, bx,—ay, =R, (4)
where x; = q,x3 + X2 and Yy = quY53 + V2
and so on.
In general bx,,; — ay., = Ray )
where, X2y, = anXan—1 + Xan—» and

Yon = onYon—1 + Yon—o2-

Since the remainders get successively smaller and smaller, it would be possible to

. Rym=Fc
guess easily at some stage, such as R3 and R, a value of 711 so that —r =
3
(an integer) according as @ > b or < b.
Thus if mR, — ¢ = qR3, we have from (3) & (4)
m(bx, —ay,) — ¢ = q(ay; — bx;)
ie., b(mx,+qx;) —c=a(my,+qy;) (6)

It now remains to show that
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mx, +qx;3 = Q; Q; and Q, are obtained by
and my, +qy; = Q. the process shown in page 300

A short process of getting the successive numbers X1, X5, X3... and Y1, Y,
Y3... arranged in two columns side by side is shown below in tabular form.

I I I v v
Values of x to Values of i’ to Equations giving
multiply ‘b’ multiply ‘a’ the value of ¢
I I=1 0 0 bxi1—axo=b
q1 g1 = X1 1 1=1, bxy —ay; = —R4

> X1 +1 =X, q> | Y142 = yz(: QZ) bx, — ay, = R,
93 | X205+ X1 =X3 | 43 | Y245 +Y1=Y; | bxs—ay; = —Rs
Qo | X304+ X2 =X4 | G4 | Y3ds+Y2=Yy | bxy—ay, =Ry

(Table 3)

Column I: Consists of number I and the successive quotients ¢y, 7».... arranged
downwords.

Column II: Obtained from I by operations downwards as indicated therein.

Column III: Consists of 0, 1, and the successive quotients (ommitting g;)
arranged downwards.

Column IV: Obtained from I by operations downwards as indicated.

Column V: Equations giving the value of c.

Now, mx, + x5 = m(q,x5 + X2) + 4(q3%2 + q1)
= m{q,(x295 + q1) + g192 + 1}
+9{q5(9:92 + 1) + g1 }
= m{q495(9:92 + 1) + q1] + 429> + 1}
+q(q39291 + 43 + G1)
= m{q1 429394 + 4493 + 4491 + 4192 + 1}
+ 49919295 + 995 + 9491

Also, from page 300

Q: =7q:Q:+ Q3
=q1(92Q5 + Qy) + Q;
= q:1{92 (95 Q4 +m) + Qu} + 45 Q4 +m
= g1 {q2[95 (q4m + q) +m] + (qym +q)}
+45(qym~+4q) +m
=01 {92959, M + 2959 + g3 m + gym +q}
tq3q,m+q3q+m
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= m(q1429594 + 9192+ G144 + 959, + 1)
+ 4919293 + 491 + 445.

This shows that mx, + gx3 = Qy. So, the values of x & y obtained by either of
the foregoing processes will be the same.

b
It has already been shown that if 4 > b, — when expressed as a continued

fraction, will take the form, x -+ X + x + X + .-
g 92 493 4

1
Now the part — is called the 1st convergent= &

q1 X1
2nd convergent = L + T__ 9 _ Y
q1 qz 19> + 1 X
1 1

1 1
3rd convergent T + % + 0 o 7
9295 + 1
_ 9295 +1
q1(q295 + 1) + 45
_ Y2ty Y3
C GXat X %
Similarly Ya _ QY3+ V2
Xy o GqX3 1 X2
Yn _ qnlYn—1 + Yn—2

Xn GnXn—1 + Xpn—2

Thus by induction,

It may now be observed that the values ¥/1,>,¥3, ... obtained on page 303 are
the same as the numerators of the successive convergnts. Like wise, the valner
X1, X2, X3, ... also tally with the denominators of the successive convergents.

Again if — is a proper fraction which is converted into a contunued fraction
a

1 1 1
of the form — + — + — + - - - and the successive convergents are y—l, k,
qd1 42 43 %
yj, etc.
X3

—=-——=——"—=——(Column V, page 303)

a X1 a q1 aq+ aqy
by bx,—ay, R, ,
a  x, ax, ax,
g_b_bx3—ay3 :_R3
a  x axs axs
b Yy _ bxy—ay, _ K
a  x, ax, axy
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Thus we see that the successive convergents are alternately greater and less
than the real fraction, the difference getting less and less with the successive
convergents. The last convergent is of course equal to the fraction itself.

From the above equations it can also be deduced that

b yn 2 Ry
a  x, (=£) “ax,
by n R
Hence; = xin‘l'( f) a

b
Hence to multiply any number T by o when both b and a are big numbers,

b
it is enough if T is multiplied by any convergent ? of — 2 and then a correction
n
applied to the result as shown by the formula.
Yn T

b_ n
Ry

(In cases where T > a, reduce T to (I — Ka) where Ka is the highest multiple of
a which can be subtracted from T.)

The practical application of this formula occurs in finding the mean position
of a planet. Suppose it is known that in a given number of days, say 210389, the
sun performs 576 complete revolutions, and the position in T days is required.
For this we have to multiply T by 576 and divide the product by 210389.

Now, if 576 /210389 is to be converted into a continued fraction we have to
find the successive quotients of mutual division, thus:-

Suppose 4 quotients are found and 3 | 576 | 210389 | 336
then the remainder is 9. Then the continued 3 ;9 149 71
, 1 1 1 1 9 £ =2
fraCthl’l:%‘l‘g‘l‘;‘i‘g‘F% 2 20
To find the 4th convergent.
365 = 27 X 365 + 7 = 9862
3 3x7+t6=27
1 1X6+1=7
6 Hence the 4th convergent is 27
8IS U862
1 and the corresponding remainder is 49
Hence 576 _ 27 9
210389 9862 210389 X 9862
576T _ 27T _ 9T

"7 210389 9862 210389 X 9862
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The integral part of 27T /9862 being the number of complete revolutions can be
neglected and the fractional part alone retained to find the mean position. This
fractional part can be converted into signs, degrees and minutes. The correction in
minutes to the fractional part is

9T X 21600
210389 X 9862
Now, 210389 X 9862 — e 25118
9 X 21600 9 X 21600
9T X 21600 T
Hence, 80 % 9862 = 25118
210309 x 9 10673 + ————
9 X 21600
) b b X
But, since =—-—-, ,
a+x a a a-+x
T . r T 25118
65 25118 10673 10673 % 9 X 21600
9 X 21600 P 25118
73 9 X 21600
_ T T « 25118
© 10673 10673 9X 21600 X 10673425118
T T 1
~ 10673 106 * 9862
10073 73 210389 X
25118

r T
10673 661636336

Here, both these are obtained as minutes.

The above discussion has indicated to some extent the intimate relation
between ‘Kuttakaram’, ‘Rule of Three’, ‘Indeterminate Equations’, and ‘Continued
Fractions’. We thus derive the following rule for finding the values of x and v, so
that bx — ay = c where a, b and c are integers and x and y are also integers.

First convert — into the form of a continued fraction, taking an even number

a
of quotients and the corresponding remainders in the division. From the last pair
of remainders guess the values 7 and g such that
Ron Xm —c = Rop—1 X4
Then find the last convergent of the continued fraction

1 1 1 1 11

—gp——qp=—qp=cooqp ==

91 92 43 44 m b
The numerator of this convergent will be a value of i/ and the denominator the
corresponding value of x. If the values of i and x thus found are greater than b
and a respectively, subtract from them equal multiples of b and a4 and take the
remainders ' and x’ as the values of i and x.
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The process of reducing the values of x and y to the lowest is known as
“Takshanam” which is explained later. That x” and i/’ satisfy the equation can be
seen easily.

Let x > aand = (x’ + Ka) K being an integer
andy > band = (y' + Kb)
Then, bx — ay = c, becomes
b(x' + Ka) —a(y' + Kb) = ¢
ie.bx' —ay =c¢

The operations which are done in a simplified form are known as
“Vallyupasamharam”. Viz, the operations shown in column III, page 300 and
column II and IV, page 303, according to the aim in view.

Some variations in guessing the values ‘7’ and ‘q’

L cisaddedtobx,i.e. bx —ay = —c:-
m and q should satisfy the relation,

Rop xm~+c = Rop—q1 X 9q.

II. An odd order of remainder is taken:-

m and g should satisfy

Ropss X m+c = R,y X q  ifcis to be subtracted from bx
”  added to bx.

»

and Ryp41 XM —c¢c = Ry X g c

III. Sometimes it may so happen, that it is not possible to guess easily 171 & q. Then
continue mutual division till the remainder is 1. Then m = ¢ and 4 = o.

(a) If unit is a remainder of the divisor 4, and c is negative, or if unit is a
remainder of the multiplier b of x, and c is positive, the values of x and
Y obtained should be subtracted from a & b respectively.

(b) Consider ¢ to be unity: find the values of x and y as described above
taking into consideration the sign of c¢. Then multiply the values so
obtained by the actual value of c. These will be values of x & . If they
exceed a and b reduce them to their lowest value by substracting equal
multiplies of @ and b.

IV. In case b > a, the above rules have to be reversed.
Some interesting relations:- (dealt with in Yukthibhasha)

The following tabular arrangements of all the foregoing results is a good
device of getting some interesting relations in quite a mechanical manner.



308 Kuttakaram
I II 111 I I
a g1 | Q29:+Q3 =0, Q.
b P Q3 g2+ Q4 =Q: b Q>
Ry | g3 | Quas+m =Q5 Ry | Qs
Ry | g4 | mqy +q =0Q, Ry | Q4
Ry | m m Ry | m
Ry | 9 q Ry 1 9
m  Ry—q Ry=c¢ (1)
m R,—Q, Ry3=c (2)
Q3 R, — Q4 Ri=c (3)
Q b-Q: Ri=c (4)
Qs b—Q, a=c (5)
Again, if column IV is obtained from I and III by subtraction.
Ry(R3 —m) = R3(Ry —q) — R3q — Rym = —c
I 11T v
a Q: | a—0Q;=m ie. r3 Ry—ry Ry=—c (6)
b Q| b—Q, =0y Similarly, 73 R, =7, Ry = —c (7)
R | Q3 | Ry —Q5=1¢ ri R,—r, Ri=—c (8)
Ry | Qp | Ra— Q=12 rim b—by Ri=—c (9)
Ry | m | Ry—m=r; b a;—a b;=—c (10)
Ry | g [Ry—q=r14

Again, arranging the remainders and quotients in another way,

VI 6P

I \% Value of ‘x’ VII | Value of 'y

a

b 1 o

Ri | g1 q1 = X1 1 =1

Ry | g | 192 +1 = x5 | ¢ q2 Y1 =Y

Ry | g3 | g3%2+ X1 = X3 | 43 | G3Y2+ Y1 = Y3

Ry | G4 | GaX3+X=%, | G | 94Y3+Y2 =Yy
bx; —ay; = —Ry (11) bx; —ay; = Ry
bx, —ay, = R, (12) bx, —ay, = R,.

(13)
(14)

Hence if any number K can be represented as m R, — g R;, then
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m(bx, — ayy) + q(bx; — ay3) = b(mx, + qx3) — a(my, + ay,) = K.
Also, if K can be expressed as p R, + g Ry,

then K = p(qx> — ay,) + q(bx, — ay,)

Now, for a concrete example:-

= b(sz + qx4) - 11(17]/2 + qy4); and so on

Suppose in a certain instance of mutual division, between 7 = 121 and
b = 84 and their remainders, the division is carried on till the last remainder is 1.

a
2 | 84| 121
1|10 37
31 7
1

Arrange the columns as shown below

and perform the “upasamharam” upwards.

1I 1II

121
84
37
10

7
3

1

1

N

1

25 X 1+ 11 = 36

11 X2+ 3 =25

3] 3X3+2=11

2X1+1=3
I1X2+0=2

1

o (6]

Then,
3X0—1X1=—1
3X2—7X1=—1
10X2—7X3=—1
10X 11 —37 X3 = —1

84 X 11 —37X25=—1
84 X 36 —121 X 25 = —1

Column III is obtained from column II, and column I consists of the numbers, a,
b and the remainders up to 1, in succession downwards. Now, suppose in column
II the last remainder 1 alone is multiplied by any number, say 3—the value of c—
and the “upasamharam” is done with the new column IV. Then column V will be
obtained in which the elements are each thrice the elements of column III. column
VI is the difference between columns I and V.

I V| V | VI
121 1| 108 | 13 Then, from I and V
84| 2| 75| 9 3X0=3x1="3
3X6-3xX7=-3
37| 3| 33| 4 6x10—7%9=—3
A 33X 10-9x37=—3
7121 6|1 33X 84—37X75=—3
31 3 3 0 108 X 84 — 75 X 121 = —3
1 (6] ) (¢]

Also, from I and VI

1X10—1X7=3

4X10—1X37=3

4x84—-37x9=3
13 X 84 —9 X 121 = 3.

Thus we get the following rule to be followed when the mutual division is carried
on till the last remainder is 1:-



310 Kuttakaram

Arrange the quotients in order downwards and below them the required
numerical value of ¢ and below it 0. Then perform the “upasamharam” upwards
in this column, and get a fresh column. The two topmost elements of this column
will be the values of x and . Observe the rule III (a)—page 308:

Example: 4 = 210389, b = 576; ¢ = 5.

I I I
210389 | 865 | 473010
b a 5788 | 3| 1295
3 | 576 | 210389 | 385 149 | 1 335
129 149 1 129 6 290
9 20 2 20 2 45
1 2 9 4 20
2 5 6
0
2X0—1X5=—5
2X20—9X5=—5
20 X 20 — 9 X 45 = —5
20 X 290 — 129 X 45 = —5

149 X 200 — 129 X 335 = —5
149 X 1295 — 576 X 335 = —5
210389 X 1295 — 576 X 473010 = —5
ie., 576 X 473010 — 5 = 210389 X 1295

The value of X. 473010 is greater than 210389 and we are in search of the unique
value of x, below 210389. Hence take only the remainder after dividing 473010
by 210389. This is 52232 — (473010 — 2 X 210389 = 52232). Similarly subtract
2 X 576 from 1295. We get 143. This is the value of i corresponding to 52232,
the value of x.

576(2 X 210389 + 52232) — 5 = 210389(2 X 576 + 143)

ie, 576 X 52232 — 5 = 210389 X 143

Now, if ¢ is —5 instead of 5, the value of x is 158157, i.e., (210389 — 52232)
and that of i is 433 i.e., (576 — 143).

These numbers could have been obtained direct if in the course of the
“upasamharam” itself, the element 20 of column III which exceeded the
corresponding element 9 of column I had been then and there reduced by
subtracting 9 twice, and recording only the remainder 1.

Rem;inder Qlo?ients = v
210389 365 143 X 365 + 37 = 52232

576 3 37 X3+32=143

149 1 32X1+4+5=37
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129 6 5X6+2=732
20=(5X4+0) 2 2X2+1=5
9 4| 20 20—2X9=2
2 5| 5 5—2x2=1

1 o| o

The process of reducing elements to their lowest value is known as
“Takshanam”. This may be done either at the end or even during “upasamharam”.
This may be defined thus:- If a set of values of x and y are obtained which satisfy
the equation, bx — ay = c and if such values exceed the values of @ and b
respectively, so that

X =na+ryandy = nb+ry, then
b(na+ry) —a(nb+r,) =c

ie bry—ary=c

Reducing the values to 7y and 7y is called “Takshanam’.

It was stated and proved before that in the equation Bx — Ay = +C. C
must contain the common factor of A and B, but it is not necessary that A should
contain the common factor of B and C, or that B should contain the common
factor of A and C.

This will be evident from the following problem.

Solve:- 100X + 90 = 63y

H.C.F. of 90 and 63 is 9. Dividing 90 and 63 alone by 9, make another
eqn., 100X + 10 = 7Yy

(Valli)

100 14 30 Mutual division
7 3 - 30 - 2=(30—4X7) 3|7 | 100 |14
2 10 -+ 10 -+ 2= (10—4X2) 1 2

1 0

100 X 2+ 10 = 7 X 30
.. 100 X 13 4+ 90 = 63 X 30
SLX =13 =30
s0, X is obtained by multiplying 2 by the H. C. F. 9.

Again, 10 is a common factor of 100 and 9o. Dividing 100 & 90 alone by 10
and make another eqn, 10x + 9 = 63.

63 ... 6 ... ... ... 45

10 ... 3 ... 27 ... 7=(27—-2x10) 3|10 |63]|6
3 ... 9 ... 9 ... 3=(9—2x3) 1 |3

1 0

Here the divisor 63, is greater than the multiplier of x; in mutual division
the remainder 1 comes in the column of the multiplier of x, but g is to be added.
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So, the values obtained have to be subtracted from 63 and 10. (see page 307 - Rule
).

Hencey =10 —7 = 3. x = 63 — 45 = 18.
10 X 18 +9 = 3 X 63
.. 100 X 18 + 90 = 30 X 93
c.x=18andy = 30

The same values can also be obtained without dividing by the H. C. F. thus:-

100 | 1 30=1y
63 | 1 16 = x x|y
370t 36 | 12 1| 100 | 63 | 1
26 | 2 58 6 D
1| 37(26 ]2
11 | 2 | 270 | 28 =
2| 11 3
4| 1| 90| 2 =
3] 1
90 | 90
1| o 0

The problems so far discussed are known as Niragra-Kuttakaram so called because
(bx £ ¢) when divided by a leaves no remainder. There are also problems known
as Sagra-Kuttakaram wherein the quest is for a number which leaves two different
remainders when divided separately by two different numbers.

For example find that number K which when divided by p leave a number
R and when divided by p; leaves a remainder R;. Here let R > R;.

Then K = pg + R

and = p14: + Ry where g and g, are the quotients.

p1g: — (R—Rq) = pgq (1)
Since p, p; and R, Ry are known, this reduces to the form

bx —c=ay where

b= p,

X =

c=(R—Ry)

a=p
andy = ¢.

Hence g and g, can be found easily and hence K also. Specimens of more advanced
problems of this type are indicated below.

Problem 1: Find a number which when multiplied by 27 and divided by 9862
leaves a remainder 6, and which when multiplied by 600 and divided by 16393
leaves a remainder 3.
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First find 4 and b which satisfy the two equations,

27a =9862m + 8 (1)
800b = 163931+ 3 (2)

Then find a number K so that

K =9862m;+a (3)
and K = 16393 n; +b (4)
Then 27 K = 27 X 9862m, + 274
= 27 X 9862m; + 9862m + 8
= 9862(27m; +m) + 3

and 600 K = 16393 (6001 + 1) + 3.

2
Then K so found will be the required number, for 7

d 600K

K .
leaves the remainder 8
2

leaves the remainder 3. From (3) and (4)

9862my + (a — b) = 16393n;. (5)

From this 71, and 7, can be found. Find a4, m, b and # from equations (1) and (2).
Step I To find ‘a’ and ‘m’ from (1)

9862 | 365 | * | 1826 | 9862 — 1826 = 8036 | 3 | 27 | 9862 | 365
27 3 5| 27—5=22 6 7 1
7 1|6 1
6 8|6 2
o

[

Since unit occurs in the divisor column, 1626 and 5 should be subtracted
from 9862 and 27 respectively.

So a = 8036 and m = 22.

Step II. To find ‘b’ and ‘n’ from (2)

16393 | 27 | 3907 X 3 = 11721 =D 3 | 600 | 16393 | 27
600 | 3| 143X3 =429 =n. 5] 21| 193 |9
193 | 9| 46 1 4

21 | 515 b = 11721.
1|1 n = 429.
1| o| (b—a)=11721 — 8036 = 3685

The values are multiplied by 3, since ¢ = 3. See page 308.
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To find 71, and m; from the equation

16393 11, — 3685 = 9862 m (6)

1| 876 | my' | 1| 9862 | 16393 | 1
1| 527 | ny 6531 | 9862
11349 113331 6531 | 1
1| 178 3200 | 3331
24 | 171 2| 131 | 3200 | 24

2| 7 112 | 3144

2 3 1 19 56 | 2
1| 1 19 39

1 1 19

o

Here the last remainder is unity. But ¢ is 3685. So the values of 171, and 1,
should be multiplied by 3685

Now, 876 X 3685 = 3228060
and, 527 X 3685 = 1941995.
Abrading the values, m; = 3228060 — 196 X 16393
= 15032
1Ny = 1941995 — 196 X 9862
= 9043
. K = (163931, + b) or (9862m, + a)
.= 16393 X 9043 + 11721 = 148253620

If during ‘Vallyupasamharam’ itself the device shown below had been employed
for the proposed remainder 3685, the values of m; and 711y could have been
obtained more easily without making figures unnecessarily too large. The device
is termed “Takahanam” as has already been referred to.

Artificea to be employed in ‘Vallyupasamharam’

Arrange all the quotients in order downwards with the last desired remainder at
the bottom with 0 below it. Arrange also the two given numbers and the successive
remainders downwards in a parrallel columnn. The two columns will contain the
same number of elements.

The results of Upasamharam are to be recorded in a third column upwards.
If during this operation, at any stage any element in the new column is found to
exceed the corresponding element of the ‘Remainder’ column reduce this element
at once to the remainder obtained by dividing it by that element in the ‘Remainder’
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column against it. At the same time reduce the previous element (below it in
the new column) by just as many times the corresponding remainder and then
continue the upasamharam upwards.

Example: 4 = 16393, b = 9862, c = 3685

Remainder | Quot, Results of ‘upasamharam’(III)

I o] @ @) )
16393 1 15032
9862 1 9043
6531 1 5989
3331 1 3054
3200 24 2935
131 2 512 512—3X 131 = 119
56 2 247 247—3%56 =79
19 1 3685| 3685—19x193 = 18
18 3685| 3685| 3685—18 X193 = 211
1 0

Thus we get, 9862 X 15032 — 16393 X 9043 = 3685

Problem II: Find that number which when multiplied by 7 and divided by 982
leaves the remainder 4, and which when multiplied by 11 and divided by 2023
leaves the remainder 8.

74 = 982m + 4 (1)
11b = 20231 + 6 (2)
Number K = (982 m; + a)or (2023 1y + 1) (3)

i.e., 982m; = 20231, + (b—a)

1. To find ‘@’ and ‘m’

8 —
982 140 702 = (a) 3|7 | 982 | 140
7 3 12 5=(m) o | o
5 4 4 5 9| 22
1 2
1 0
IL To find ‘b’ and ‘n’
2023 183 1104 = (b)
11 1 6 = (71) 1| 11 | 2023 | 183
10 6 10 | 2013
1 O 1 10
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. 982m; — 402 = 202314 16 | 982 | 2023
2023 2 775 = My 1 33 59 | 2
982 18 376 = 1y 4 17 21 | 1
59 1 23 1 4 | 1
33 1 46 —1X38 =38
21 1 36 — 1X21 = 15

17 4 1608 — 17X94 = 10
4 402 402 — 4X94 = 26

.. Number = 982 x 775 + 702 = 761752 982)4914(5

Verification: X7 = 982 X 775 % 7 + 702 X7 LD
982 982 982 4

o =775 X7 —1—2 + Remainder 4- 2023)12144(3

11 _ 2023 X 376 X 11 4 1104 X 11 12138

2023 2023 2023 T

= 376 X 11 + 6 + Remainder 6

Problem III. Find the number which when multiplied by 17 and divided by 123
leaves the remainder 5 and which when multiplied by 13 and divided by 953 leaves
the remainder 7.

174 =123m-+5 (1)
13b=953n+7 ()
K = (953 1y +b) or (123 m; +a)
953 1y — 123 my = (a — D) (3)
Step I
123 7 =22=a
17 4 20— 17=3=m 4 | 17 | 123 | 7
4 5 5—4=1 1 4
1 (0]
Step 11
953 73 587 = (b)
13 3 21—13=8=(n) 3113|953 | 73
4 7 7—4=3 1 4
1 o b —a =587 — 22 = 565

123 M1 — 565 = 953 11
Step III



GRYUEBAINE: QADYBIaHO 317

953 7 361 = 1My
123 1 46 = 1y
11123 1953 | 7
92 2 39
1 31 92 | 2
31 1 565 — 13X31 =7 - -
1 30
30 565 565 — 13X 40 = 25
1 o

. K= (9531, +b)or (123 my +a)
= (953 X 46 +587) or (123 X 361 + 22)
= 44425

Problem IV. Find the number which when multiplied by 23 and divided by 12347
leaves the remainder 9 and which when multiplied by 150 and divided by 4999
leaves the remainder 5.

234 =12347m+9 (1)
150 b = 4999 11 + 5 (2)
K = (12347 my + a)or (4999 1 + b).
. 12347 My = 4999 11 + (b —a) (3)
Step I
12347 536 4295 =4
23 1 8
1| 23 | 12347 | 536
19 4 7
_ _ i 4 29 4
4 1 9—2X4=1 a = 4295
1 3
3 9 9—2X3=3
2 o)
Step 11
4999 33 3166 = b’
150 3 95 =1’ 3 | 150 | 4999 | 33
49 16 80 — 49 = 31 3 49 | 16
3 5 5—3=2 1
1 (o)

Since unit comes under the divisor, b’ and 1’ should be subtracted.

. b= 4999 — 3166 = 1833

(a —b) = 4295 — 1833 = 2462.
. 49997 — 2462 = 1234711, (3)
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Mutual division

2 | 4999 | 12347

]

1| 301 | 2349 | 7
9 59 | 242 | 4
5 611
1
12347 2 1905 | = ny’
4999 2 781 | = m,'
2349 7 343
301 1 45
242 4 1722 — 7X242 28
59 9 430 — 7X59 17
6 1 | 2452 — 6X410 2
5 | 2462 | 2482 — 5X410 412
1 (o]

My = 4999 — 731 = 4268;1; = 12347 — 1805 = 10542

. K'= 4999 x 10542 + 1833

= 5,27,01,291
12347 X 4268 + 4295 } 22700291

To test whether this is the least value:—
Since an odd order of quotients are taken,

1805 X 4999 + 2462 = 731 X 12347 (1)
12347 X 4999 = 4999 X 12347 ()
(2) — (1) = 4999 X 10542 — 2462 = 12347 X 4268
.. 4999 X 10542 — 2462 + 4295 = 12347 X 4263 + 4295
i.e. 4999 X 10542 + 1883 = 12347 X 4263 + 4295 = K.
23K = 12347 X 4288 x 23 4 23 X 4295
= 12347 X 4288 X 23 + 12347 X 8 + 3

_ 9
= 12347 (4288 x23+8 + 12347)
28K

12347
oo 150K 5
Similarly = =
4999 150 X 10542+ 55 4999

= Integer + remainder 9.

Hence, this is the least value.
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a? 4+ b? + 2ab = (a + b)?

4ab+ (a —b)* = (a+b)?

a+b*—2ab=(a—Db)?

(a+0b)* —4ab = (a—b)?

2(a>+b?) — (a+b)*> = (a—b)?

(a+b)(a—b)=a*>—-1b?
ab.c.=a.cb="bca =bac =
c.a.b. = c.b.a.

(ab)? = a2 b?
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Addition and subtraction can be
performed only between quantities
of the same denomination.

a? \a  a

(%)2 T h Vb

Ifa:b:c:d thenad = bc. The
product of extremes of a proportion
is equal to the product of the means.
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Kuttakaram

Law of inverse proportion. If a

varies as -, then ab is constant.

b
The square on the hypotenuse is
equal to the sum of the squares on
the other two sides.

The difference of the squares of the
two sides of a triangle is equal to
the difference of the squares of their
projections on the base.

Conditions of similarity of two
triangles:—

1) Parallelism between the
hypotenuses and a side of each;
perpendicularity between the
hypotenuses and a side of each.

2) Perpendicularity between the
three sides of the one and the three
sides of the other, each to each;

3) Parallelism between the three
sides of the one and the three sides
of the other, each to each.

If a nearly equal to b, then ab is
nearly equal to 2 (a2 + b?).

2

1) [xdx = xz
x3

2) [ x?dx = —
/ 3

. x4

3) [x3dx = —
J 4
5
@ [ xtdv ="

In multiplication like signs

give plus and unlike signs

give minus.

If two sides of a triangles are equal,
the perpendicular from the vertex
bisects the base; if they are unequal
the foot of the perpendicular is
nearer than the shorter side.

Six chords, each equal to the radius,

can be placed in order inside a
circle.
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321
The chord of the sixth part of the
circumference of a circle is equal

the radius.

The feet of all the ordinates lie on
the horizontal axis.

The ordinate is not proportional to
the length of the corresponding arc.

The difference between any arc and
its ordinate is obtained from the
integral of all the ordinates up to
the previous ordinate.

Rsin(A £ B) =

Rsin A Rcos B=Rcos A Rsin B
R

Jn?® — 1%

= Jn+1, where J1, [5,. ..
Jn—2

are the successive Bhujas.

Area of a triangle

1
= — base X altitude.
2

Rsin(A + B).Rsin(A — B)
= R?sin* A — R?sin” B.

The converse of 32.

Rsin A x Rsin B
A—i—B)

= R?sin?
2

—R2sin2 (ﬂ)
2

The chords of any two arcs
of a semicircle are mutually
perpendicular.
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Kuttakaram

Chords equidistant from the center
are equal.

In a triangle, the product of the two
sides, divided by the diameter of the
circum. circle gives the altitude.

In a cyclic quadrilateral the sum
of the products of the opposite
sides is equal to the product of the
diagnosis.

The area of a cyclic

quadrilateral is equal to
V(s=a)(s=b)(s —c)(s —d)
where a, b, ¢ and d are the sides and
2s=a+b+c+d.
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The common chord of two
interacting circles is perpendicular
to the line of centres.

If unequal circles intersect, the sag
of the common chord of the smaller
circle is greater than that of the
other circle.

The product of the heights of

a segment of a circle and its
complimentary segment is equal to
the square on half the chord.

The surface area of a sphere =
Circumference X Diameter.

Area of a circle =
Semicircumference X Radius.
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Volume of a sphere =
Circumference X Diameter®

6
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@ROMMIBo
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@RAMNAIMo

@M lBINIeMo

@REMLIMYO06Mo

@0a 00 ldHo (HQOMa ldHo)

@RaI0IOmMo

@RaIQIOTMa0I0BHo
(GTOSFED

@MV

@Yo

@nELEYAT

@RAINe

@RAIYIVOOMo

@RANMMOQYUo

@RONCUHlO3 B

@RANBDIW

Kuttakaram

DolaYn 1363303

The extremity of a line or arc;
remainder in Division in Kuttakaram
The fraction %

To apply or use a general rule

The divisor in MoW&:59000 Which
has numerically the greater remainder
The positive remainder after division
Additive month on account of the
difference in the number of days in
Solar and Lunar years

The intervening arc between two points
in the circumference of the circle
Difference; the perpendicular distance
from a point to a straight line or plane
10'5 (place and number); The digit of
the highest denomination; the last term
in a series.

The place of the digit of the highest
denomination; the ultimate place when
arranged in a column

Infinitemal

Mutual continued division (as in
finding G.C.M.)

The period from Full moon to New moon
G.C.M; reducing a fraction or ratio to
lowest terms

G.CM.

109 (number and place)

New moon

10* (number and place)

Refer to “eryo”

Subtractive days (same as @IdloHU@o)

Even place counting from the unit’s
place

A unit of time. viz 576 years or
210389 days adopted by ancient Hindu
astronomers

To carry on an operation till the

results of two successive operations
are practically the same

An unknown quantity
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DolaYn 1363303

In Kuttakaram, the smaller of the
last two remainders taken into
consideration

Octagon

A side of a poligon; an edge

Rough; inexact

The number of days elapsed from a fixed
epoch

Unit of length

Number, digit

Part; numerator of a fraction

The mean longitude of the sun

One of the diagonals of a quadrilateral
taken for reference. The other is known
as ‘Gloloaan.’ or ‘DOOBEN.’

First integral or sum of an A.P.

Unit’s place

The two segments into which the

base of a triangle is divided by the
perpendicualr from the vertex
Rectangle

Length

Length and breadth

Product

The desired anteoedant; The third in a
proportion

The desired consequent; the fourth
proportional

Breadth

Refer to @paydeRo

The other Co-ordiante

The ordinate of the other @=0

A minute of arc

The complimentary arc of any chosen arc

The desired point
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Kuttakaram

DolaYn 1363303

Proof
By assumption

Penultimate; next to the digit of the
highest denomination

Same as ‘100’

The divisor in MVIW 5900 Which
has numerically the smaller remainder

The deficit or excess of an arc
The topmost

The smallest number to be added to the
dividend to make it exaclty divisible by
the given divisor

Negative

In the same straight line; a part
Unit; Unit’s palce

Consecutive starting from unity
Consecutive, numbers starting from
unity

Same as aB&EA@YE]
1+2+3+---

1 +22+3%+---
13+23+33+...
42434+
15+25+35+A..

Numbers descending by unity

The arc to be traversed. (Refer to w®al0
oJo)

Odd place counting from the unit’s place
Odd number
Odd
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DolaYn 1363303

The diagonal of a quadrilateral;
hypotenuse of a right angled triangle;
radyector

of the circumference of a circle

21600

The number of days past from a fixed
epoch called Kalyadi; the begining of
Kaliyuga

A special method of calculation
employed in Hindu Astronomy
involving the principles of Rule of
Three, indeterminate equations and
continued fractions

Group; Section

Same as ‘@RaloaloHo’

Centre of a circle; the particular point
on the circumference from which the
arc is measured

Abscissa; adjacent side of a right angled
triangle; Corner rafters of hipped roof,
107 (number and place)

The difference between two successive
abscissa, the first differencial of Kotijya
The point at which Koti touches the
circles is its starting point and the other
end is its end

Corner; Direction

A unit of length equal to about 28"

Part
Multiplication by parts

The difference between two successive
ordinates, the first differencial of
Bhujajya

The second differencial of Jya

10" (number and place)

Number of terms in a series

Calculation; Science of calculation
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Kuttakaram

DolaYn 1363303

The arc already traversed; the quadrant
— ™ aldalo=a@aHyaldalo

Mutiplication, multiplier

Multiplier

Multiplication

Mutiplicand

A unit of time (Refer to table appended)
Volume of a sphere

Surface area of a sphere

Sphere

Planet

The maximum width of the overlap of
two intersecting circles

The difference between the diameter
and oo

Cube of a number
Cube root
Volume of a body
Product
Rectangle

The circumference of a circle is

assumed to be divided into 21600 equal
parts and each part is known as a Kala
or Ili

The number 21600— same as “@MMa]

»

@o

Quadrilateral

The base of a quadrilateral, the opposite
side is known as geélo

A unit of time viz 4320000 years
adopted by ancient Hindu Astronomers
The common difference in an A.P.
Lunar month

Arc of a circle

Calculating the arc of a circle from its
semichord
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DolaYn 1363303

An arc measured from ¢nau03 & ®elo
@l in the anti-clock-wise direction in
the first and third quadrants and in the
clock-wise direction in the second and
fourth quadrant

Complimentary arc of @20.219alo
(Refer to Fig. 33 on page 141)

Inclination, angle

Shadow

Denominator

104 (number and place)

Same as 2y00]

Difference between an arc and
corresponding semi-chord

The ordinate of an arc; Semi-chord
Complete Chord of the arc

The semi-chords of one, two, ... parts
of the arcs quadrent which is divided
into any number of equal parts

The summation of semi-chords

1 1 1
60 * 60 3600
To multiply
Abraded

The method of abrasion—The numbers

of a @el

by which the @em&omo and anels are
abraded

Elongation of the moon—the phase of the
moon

Subtractive day

Apogee of the moon

Similar Figures
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DolaYn 1363303

In a cyclic quadrilateral, there are

two diagonals. If any two sides are
interchanged, a third diagonal is
obtained which is called the @@l
&6Po (Refer to page 212 — Fig. 47)
Third integral

The ordinate of 3 rasis of arc of a circle

.1 . .
ie — the circumference, the unit of

1 th
measurement being ——  part of

21600
the whole circumference
3,5,7, etc
Rule of three—(Direct proportion)
Triangle
Scalene
Equilateral

10 (Number and place)

Half

North-south line or direction
Perpendicularity

Same or parallel line or direction
Solar day

Reduced dividend (by their G.C.M.)

Reduced divisor (by their G.C.M.)
Additive and subtractive divided by the
G.C.M of dividend and divisor in

Kuttakaram
Same as @=0

Same as &LleEHnIgMIU3
A polygon of 32 sides

A gnomon 12 @owelo long used by
ancient Hindu Mathematicians in the
measurement of shadows

Second integral

The divisor used to calculate a second
correction after a first correction

Positive
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Arc

1
A unit of time = % of a solar day
0

10" (number and place)
Consecutive numbers

Circumference with reference to
position

Transpose
Column, ten, (number and place)

Compound proportion involving five
terms

Same as 0n0JRYD

A quadrant, number of terms in a series
A series

10'7 (number and place)

Arithmatical processes or manipulations

Circumference with referance to

manipulations

A complete revolution of a planet along
the Zodiac with reference to a fixed
star

The time when moon is in conjunction
with or opposition to the sun

Side, surface

Outer side

East-west line or direction

Opposite side

The antecedant, the first term of a
proportion

The consequent; the second term in a
proportion

10 (number and place)

Number of combinations

Result
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DolaYn 1363303

Same as (oo

Side of a triangle, a quadrilateral etc; a
semi-chord (R sin 6)

same as al@l@nemo

1
—— of the circumference

360
Divisor (General and in Kuttakaram)

Dividend (General)—The multiplicant in
Kuttakaram

Fraction

Side of a triangular polygon; ordinate
of an arc; opposite side in a right

angled triangle

The difference between two successive

ordinates
The number of terretrial daye in a Kalpa

or Yuga

One side of a triangle or quadrilateral
taken for reference

A square with a pyramidal roof usually
found in Hindu temples

Small tentative multiplier in
Kuttakaram got by guessing correctly
according to the condition given

The result corresponding to a given a@
The overlapping portion of two
intersecting circles

10 (number and place); middle point
The mean longitude of a planet

Same as aICl®ORY

10'2 (number and place)

In Kuttakaram, the greater of the

last two remainders taken into
consideration

An arbitrary unit of measurement

Same as @@au0a3l;, Begining of first
quadrant

Refer to ai@owa@Eal
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To end without remainder
The line of section

The starting point of a line or arc; a
square

root; cube root etc.
Thickness

The starting point on the ecliptic which
is fixed in mle@m calculation

Southern
Even
Even place counting from unit’s place

Sun; Contact; one of the elements of a
alemidowo derived from the sun of the
true longitude of the sun and the moon
MIOREWIWo

Arc whose semi-chord is equal to the
sum of two given semi-chord

A number; one of the signs of the
Zodiac a term & a ratio
Unity

Division by magnitude

10'5 (number and place)

A chosen point on the equator
Perpendicular; Vertical

Foot of the perpendicular

Same as soeil

Convert fractions to the same

denomination
Square
Square root

The odd place counting from the unit’s
place

A square



334

LGB UDETY6BBUB

aefl

()JeléoJ(TUon_O()(Do

Q633D
alleowo
aflef

aflanavo6y
aflqyomoe

Qoo

QUYODITN D 2IDOUYo

QMo
Qoo

aaseloo

QARTVON@RIWBIdro

QRTVB:5IB000
QI fWa0emo
QIIMVo

QIOIVIELO

YOIMD
0o
EEIMAIMVo

Wlayaldalo

waUl

Gy

(O eIV al=T
el

cWIEAHU Do

oY

AU

GaHOALUDIUDo

av

Kuttakaram

DolaYn 1363303

A column or series

A particular kind of operation in
Kuttakaram

Subtract
Subtraction

2 of an i (eef)
60

Odd number

Breadth

Circle

A cyclic quadrilateral
109 (number and place)
Unity

Subtraction

Inverse proportion
Inverse proces in Kuttakaram
Generalisation
Diameter

Radius

102 (number and place
P

Gnomon; Style; Vertical post;
10'3 (number and place)
Parts of the height of an arc

Sag or height of an arc

Diameter less w0

The difference between the given 21alo
and the nearest 00008402100 1o
Subtractive

Zero

Correction to be applied to a result

A series

A figure representig a series graphically

Hexagon

A polygon of 16 sides
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DolaYn 1363303

Of the same denomination or kind,
Similar

Addition; summation of a series; sum of
a series

Integral of an integral

Sum of the integrals

The moment a planet enters into a sign
of the Zodiac. Also the entry from one
sign to the next

The common chord

Solar year

Product

Correction by addition or subtraction
Product of like terms

A square

Same denominator

Trapezium

Level

Even number

Regular Hexagon

Parallel straight line

Semi-perimeter

Universality

Of the same denomination or nature
103 (number and place)

With remainder; a kind of Kuttakaram
Given data

Solar day

Line, direction, formula

Northern

Solar year

Division according to place
Difference from the correct value, (Error)
Correct; True longitude of a palnet

The number above the penultimate in
Kuttakaram

Division
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Divisor
Divident
Multiply

Remainder after division

A palne figure
Area

Additive

Kuttakaram
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Technical Terms and Their Corresponding
Malayalam Equivalents

Abraded ®aYo
Abscissa €08
Addition GOIWo, Moo
Additive CaHalo
Antecedent (@JMO6Mo
Application @RGIE3Udo
Arc WAV, aldalo

”  already traversed O®alalo

”  chord of UATPERO

”  complementary G»9S1210a lo

”  sag of (0o

” ordiante of @RELERY
Area BHHU@aNLIo
Breadth allyooo, So
Base @l
Calculate WeMER S
Calculation wemlomo
Centre of a circle CMH(MBo
Chord UATPERYO
Circle QoMo
Circumference a1, eanoil
Column aled®), aiefl
Combination @Yoo
Common aVLIWIEMo
Conclusion @RMMIMo
Contact MYUdo
Continuity ALGJVIWIREM Do
Conversely 6MGEOAG14)
Corner @06
Correction GUOIRLYNAIL
Cube 2pIMo

”  root apImYelo
Cyclic QYOTMIMHDo
Day dlainvoe

”  solar avoaImElaiave

subtractive

@RAINo, MIAHHWo



Decimal system
Diagonal
Diameter

”  less sag
Diurnal
Difference
Digit
Direction
Divide
Divident
Division

” mutual
Divisor

Ecliptic

Elongation of the Moon

Even
”  place
Extremity
Fraction
Formula
G.C.M.
Generalisation
Gnomon
Group

Half
Hexagon

”  regular
Horizontal
Height
Hypotenuse
Hemisphere
Hypothesis
Inclination
Infinitesimal
Integral

Inverse proportion
Known

Lac

Latitude

BUOYEEMICTHOWEMIMo

d})ﬁmo

QIR
(REEIMANOTVo
JoElme
@RIMOIBo, BRADOo
@Rodho

Alosy’

a00laR S

200@Yo, BIRYo
a006Mo
@REMYPMO06Mo
BIR o, a0V 0
@RalHOQYODo
(©][Ta]l

QUDo
QUANNIMo
@Ro

clan oty

M@e

@A QIO Ma0I0E:0
A lWaneMo
Dodh

&Q, alGlay

380, @ADL
oUW

MLAHW U)o
avaall®amoe
Llo6Nlo, DANI
&)6@0
@RELENIBO
@RENWo
0210l
@06MAIBleMINe
Modellmo
QYANOH@OIWT o
DEMIDo

BldHo

@hHo

Kuttakaram



GRYYEBAIM: QBMIRIaHI
9 O

LCM.
Length

”  and breadth
Level

Longitude

Longitude (mean) of a planet

Limit

Last

Month

”  additive
”  lunar
Multiply
Multiplicand
Multiplication
” by part
Multiplier
Negative
North
Northern
Number

”  consecutive
Odd

”  even

Odd

»

number
”  place

Opposite side
Ordinate

Octagon

Parallel

Parallel straight line
Part

Penultimate
Perpendicular
Perimeter
Perpendicular—foot of
Perpendicularity
Planet

Positive

aVNG2)Go
@RWINL, MBo
@RWINQIlTYIO.
auall®mame
DELYM.
GBUDIODDo

alBo

@O0

M3MVo
@RWINIM
212(@B@Mo
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Please write to  info@sayahna.org to file bugs/problem reports, feature requests and to get involved.
Sayahna Foundation « JWRA 34, Jagathy « Trivandrum 695014 « INDIA
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