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(v) 2% {d WE-L GuiR [3ul 52l A 217 B [Bigil o8l ABCD %3< Al 9.
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auydl : AB=CD=l \ /
WE-1, WS51/8, 5" : ;
WS>-WE’ = ES?
. 51 2 2 _ 2 9[2 ) _31
(Z) —?=ES*= — . ES= i i
31 l l I
~“EC=ES—-—SC=——-=-
4 4 2
. BC=1
i ~\ . -~ - . D(=0 Gi
gd Ul dui sedls ay [altre a1l veuR 5309, 2 / \ =0)
S'(=N) =5
2usld-6
Ref. :

(1) Apastamba Sulbasutram by Dr. D.P. Kuleria & Rashmi Nandal, Abhishek Prakasham, Delhi.
(2) Maitrayaniya Sulbasutram by Dr. D.P. Kuleria, Abhishek Prakashan, Delhi
(3) The Sciene of Sulba by B. B. Data, Publ : University of Calcutta.

101 AHRIR

dl. 23 AR 2023 L A% [Qdside [Qendy, asRR ysd AYRu HAHRRA
Ul. 2202, A4-l 1164 %4 22idl-l Goraull saumi 2udl.

UL AL 22,214 A[RdHE uaideuon-L (A0 UBldL Sdl. A[Bld :[uHAU 3 61 d W2 DAniL
vildn unu Yl uucella 8. 7

auon s ol sedacus wouell ofdia-n uma |
sasidl 2l s30. suseus Add, Agsus aweaq, ydloid
A3, gAAMS A, BAaeus, daasiq e, AU
nould A wdte el 20, quou- 4Ry 9 [Qendl 54, dud
UL L UR.AAL ER 35 Gl Sl
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'-Yll?ﬂcllﬂ zucueg,i — 5 : Jiadia Bisien

SHL QAL
aca™ [Qen-or
(M) 9409157840

M5 5141 SE1A ARAL S2ll, d AVl AU LS % AHAGHL A LeUAL 249, A4 [Bigil 2id]l {d dai
9 5 835 JUll UR 218l [Blgoil eld v g8 [BgHiall 191 utdl UAIR Ald. 2 dl Add el vt Ad
(Gl Trial and error 2l $2cl %HuL dl 5812 &2 531 43 dl Al Al !

Sy[H[AML s UMY €9, WU, UHY (Pappus’ theorem). VUURIL HACAIRAHL sUIU d vilag, Al usL &
AR L RLAL FY. o VAL UHIRL .

6L [t 2004 89, 215 BUR 2181 [Bigil A, B 1 C a2l 6l U A7, B 24, C' 69,

A
ABC
X
X Y Z
A B’ C
2usld-1

AR AL A, B2 A, C'H, B, AL B, C'1L, C, AL 2t C, B’1L dlA Hada €9, (%1 2usla)
(1)) GUgtL ALRUHL Glclledl UHILL Uil AB” i1 BA’, AC” i1 CA” dal BC” vl CB'«li ©9&[6igil
s Z, Y i X a3 edlol dl X, Y 2 Z A0 A1

2L WREUM, 2ed 5 X, Y, Z-l AHIuAL 2Us[dMl drd o euid 6. UL d AUBd sl Udel
5309 2. slu3lll Ga ust A2 w12 Hofl 21Ul e85 [Bguiadl ~18L JvUDAL URIR 21U 2 825 0L YR 29
(Bl Slu.

gd 2L UHA-] viglani 8l s e voll ASA. v Ad Biguidl Bsi sirladi sid dal sidus
AR [Big il cl. FH3 A, B 21l C 21 PUSIR1AL 2L A9 [BigilHinl »18L a4 oiedl 2idold BPisiel dl. 24uel
vicdold Bista Anaal 12 Yo Bsiadl sugil uR 2idd s g ddat elal. 28] 21 [Qqd @3uHl
A9 Brsteil oiigr u2 20dd [Big - M0 dl o et aiadl vl u Big ady. ¥4 3 A ABC” 4l AC”
Gu Y, BC' Guz X 4adl. wat AB Guz 518 B <R HAl. vl »wusl AB wrd B C asy. »um
AABCHL iddld (518 ACXY Haal. 8 -l »idold BisiaL 4l ? »12d 5 AABC” — ACXY — ?
VLAl galol 4Ol A B'ZA” il 240101 Alelot ol Ml viddld A ABC” 1! 2L dl -l 93 s34 a o
PsiaL €9 1 vuyeid 5695 g uReum 1o €,

A ABC’ — ACXY — AB'ZA’ — A ABC’

2 9 UL ol 515 (BLslel asa. a4 5 A BZX ol 9 1ol ?

ABZX — AA'YC' = A CAB’ = ABZX
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1Al ol BPLsiliHl el oS oil. .. 215 Pisiami ol dui >, as vidald Busiell ddi #dut, dl
AL % [3Ls1RIHL A5 (cycle of three) Y3, UAl.
2 21934 516 wRRuH, BruReumsi 4ol w3 ? 218l Buslaq eled 8d Agrsial dalxl ¢4,

2u4la-3

i VAL e85 BLsielly sasHi 215 s [Big Adi oflo Agrsds 1oL, dl d-ll 2id(d Aqwsas.

28] uRL %33 UHIA [Add 2a3uHl Adi, oflo adsial Hed (Gig Busielly sas-l vieR o ¢ig ¥33l
2fl. d sAs AL AHAGHL U8l & w519, GUR A5ld - 241 ABCD Adsdsii A'B'C’'D” A dd
2iddld Agrees 9. (B’ 1 565 ACDHI, A’ 545 BCDHI ... 2 AL 89.)

2 viddld Agwasi-l Us-dl Gd dURiduzl Hioll»d (Mobius) Wl 5 Hiol 6 o AGrsAs)
2 56{l29411 2idold €l dal 1ol 245, 2usla-330 d- qdddg Rt 9. Ful agrsast ABCD (stou o1l
qIRAWI) 2 A'B'C’D’ (cledll 3oie{l wRalonl) 21 ol uuR viddld ..., Hiol ol < A5 | AL 6
grsasin HiollnAx Agrsast s& 9. vl 2uBl A wslA 5 A 3L AB’'C'D'AL qHA4HL, B 2L AA’'C'D’
Al AHddHl, C 21 AAB'D’ Al AHdAHL it D it AA'B'C L AHAAHL 2UAdl 9. d % UHIEL A, B,
C’ 2 D’ o 29, L ollsarll {idaui elg uediyds S asid o,

] uel [ARUGIEL i AUl dlsaR(l (Configuration) Hi 215 viofl © - 835 [Big AR ALl
uR 2dd 9. [Bg ¥ Agsasd RRIGE €1, d Agreasl axiel uAg1R adi 218 AHdel dal vidold
AreesHl ¥ AHAQHL UG €l d 1 5 A 2L AMdd AABC, AABD, AACD dall AB’C’D’<l Hlddl
AHAGHL A, 9.) VA ES AHAA UR AR [Blg2ll 2UAdl . (AU AGEASHL ¥ PUsile AHLdg Sl
d Busteidl 219 RRUGE dal 2idold agsastd s [Big ¥4 5, AABDA dHlddl d4dddl A, B, D
e 7). AL vo{l AAURLA WAL UHUAL Configuration 2t de{l viofll die vuidl & 9.

L GuRel 21u8L A32dHL dlBAL 5143l al S1U8L etrticll wslul Aal 2118 [Bigvil i 2116 AHAdl
Hodl, 5 @l 25 (B UHIAL AR AHAAL UR Sld 2 835 AHAA UR 2L A1R [Bigil 2udal sla.
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slfdrasloisicl GSa

ABAGHIR HR
(M) 9428263776; jignasamer123 @gmail.com

AUBARAL A1 245 310 (E-2Ugfrt 5)HL Uil <62 9 GUR [Rdal Hislaaia 2is auBid s[Rst urdd

5369,

a, b, ¢, d ¥ s[A5 AR BolALsl qvazll €1d dl (ad)? + (2bc)? = (cd — ab)?
WA 5 (ad, 2bc, cd — ab) L WAARLLY 1Yl 9. A8l Gelsell gl GURlsd eSlsd-ll asiusll wal

53069 2 e AHBL il eSlsael us ALl uuad s&l 6.

AU {12 w20l a1y,

(1) AU a< b <c<dady.

(2) a, b, ¢, d M5 [Boll-Lsl Avail 9. ddl [Bot-usl dvaefldl el Ul c=a+bald=b + ¢
(1,1,2,3,5, ..U fi=fh=12An>3 %2 f, =f, |+, )

(3) et yauls Avainiidl Byl (p, ¢, ) HER p2 + ¢2 = 2 dL Byl (p, ¢, HL waleidy Biydl seami
AN, RUR D S r>p, r>q), (0, g, r) WAARLIA Pyl © du saladl 1 p2 + ¢2 = 12 4l
r2—p2 =q2 (adl r2 — g2 = p?) Alleid 59, A5

(4) 204 Y2 (ad, 2bc, cd — ab) 1l AR At AU g, b, ¢, d 9. (2) Ui AUUAL Aol U2l 2L AR
gl AR 519 oirl 20Ul dlu 30 sl AMAs Ad B c=a+ bl d=b + ¢, 2ed 5
d=a+2bds, c e d-ll AU $cle, Mo 21 URL d¥ sl oLdil diofl »in sa1oeses il
UL g 2 d AL Ly 530 Byl »1eL sest 531 qullst
a=c—d 1 d=b+c
Al ad = (c—b) (b +¢) = 2 - b2
2bc i 33512 sl %3 AAel. (RAUEL g 2 dell LU 5L 9).)
cd—ab=c(b+c)—(c-b)b
=bc+c2—bc+b?2=c?+b?
w14 204 Bryél,

(ad, 2bc, cd — ab) = (¢? — b2, 2bc, c? + b?)
e, (c2 - b2 +4b2c2 = ¢ + 2022 + b* = (2 + b2)2
MUM, (ad, 2be, cd — ab) WHARNLY Pyl €.

AUeSlY Y @ 24 Quidl Yg aladl A Ay 5 2430 suis 210 e izl . YoURIdH-AL ALsLs %l
VgL dUlRAL UBL 2L R suid Hedl 8. uedl denrid AR Haotl viAdardl eMul Uole y3al
YAMR 2uil. 201641 dL2ud YRARIZ]L 33U vitd 2440 2AEAAAMT U212 Ade YAMML UL ULl 21
i UL M U glRL Quidd s duinizll 4 uReuM My, o 5 d YAFRML ULl 25 YgRIelN ¢dl ¥

2121 2% 53 URRUMHL Al — L. 5. .
R R
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abil Al As rnas

UL tuoyes ol sl

YRl
(M) 9265028417

(Rlwedlu iy : 2l i s Qe € d ot 3 d Bisiai asn © du wuerd.)

A58 A ABCoL aHAGHL [Big P AL (BLsier a1t &x{la ail (A 9LRiidRl glrl cvdiRAd 6.
APBC APCA APAB

X=pasc’ " = aBca’’ = acas
X, Y, ZAl 4t 5 882 Pugell [Ranaid 22l gll 2uvqiRd 9.

A [Big P dal Busierd & RIRLGE d o RIRIGIgL 13-l ollogell 15 % ds €l d RiGg iec P Al
gl AL, e €9 Y2l BB,

[Bg, P ABCHl »ig2 3 6lgiR dld ddl Rl 2usla-1, 2u5la-2, 2At5la-3 dal susla-4 usuel .

A4 : A ABC = A CAB = A BCA -1 8. @11 qiadieil RigAi-{l earva yuul

A A
B ©

2u4ld-1 2u4ld-2
A A
% |
B C B C
2ugla-3 2usld-4

25lA-1 12 X, Y, Z ARUAL 249 el 69,
21502 e X Al 2i 0L, 25ld-3 e Y -l e e, 2isld-4 1ie Z Al vie s,
dofl susla-13e X, Y, Z 2804 4 9. sla-2 wie X sedal Y, Z 4 69, 2415ld-3 Hie Y 88l dal

X, Z 489, Hsla-4 Hi2 Z oL d2l X, Y 4 9.

\ APBC+ APCA+ APAB AABC ~
AA-THR X +Y +Z = = =1 dflxX+Y+Z=1
AABC AABC

—APBC+ APCA+ APAB _ AABC
AABC ~ AABC

AgA-2H X +Y +Z = =1lddlX+v+Z=1
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APBC— APCA+ APAB AABC

ALE[A-3HRX +Y +Z = = =1ddlX+Y+Z=1

AABC AABC

APBC+ APCA — APAB AABC

A[A-4HR X +Y +Z = = =1

&

Vidiglarsl UMl Sld 9, dxd AdmAbig T [(Hsiel
ABC »id:5ws seaid €9, d Busiadl oiggilell 44
id2 €U 9. L Yid 1 &lA dl T 55 2 r Bl
agol Busiaiel 281y oucgn 4l €9. % ID1BC, IELCA
dul IFLAB €14 dl ID = IE = IF = r 44l dd (1, r)
PS8l ABC, »id:ad ssad €.

AABC AABC
agl B1sieL ABC Al qHAAHL Big Pl AdRRQAHUR X + Y +Z=1 9.

(315190 ABC 41U& a~i [QR1Gi1g 1AL ao{la 1Ml
% P=Adl APBC=A ABC dal
APCA=APAB=0

a2l A ABC U [R1[0g Al &{lu aisl
APBC _ AABC APCA APAB

AABC ~ AABC AABC ~ AABC
afl A ABC U8 A (1,0,0) 9. % UWHIEL B (0, 1, 0) 4L C (0,0, 1) 9.

Bisiar ABCH oiogil BC, CA dal AB wilbig2il D, E, Fell dall [BLSieL ABCHL Hedvsel &-{y
Yl : A

[(BLs180 ABC u1u& DL &l ML
ADBC ADCA ADAB
AABC’ AABC’ AABC’

B, D, C uMw [Bigail €9

~ g \ N E
a2l ADBC =0, AD, BD ux+l vao11 69, a2l "
ADCA = ADAB = % AABC
('la[l ADBC ’ ADCA — ADAB l
AABC AABC AABC 2
N N 1\ - B D C
Al Bisiet ABC na D (0, - E) ¢9.
N S (1 1 1 25ld-5
d o uMl E (— 0, —), F(E’ > 0)

2
Bisiar ABCHL wesouil AD, BE, CF 22Ul 8, dusd 2o [Big G Bisial ABCe Heudes sday

- oy [Alasdl MuRdl uausl

AGBC = AGCA = AGAB = g AABC
adl Busiel ABC au& G AL &l auML

AGBC 1 AGCA 1 AGAB 1
AABC 3’ AABC 3 AABC 3
N N =~ N e 1 1 1 DY
aell BLsiel ABC u1U&L de Heds—< G (g 33 ) 6.

(315180 ABC 1198l Al Yic: Sl &l AL :
(1518 ABCHL  wRul LA, Z£B, ZC-l

B - C

2u4d-6
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(3ts1et ABCHIBC =a, CA=bddl AB=cdl,
sd, AABC = AIBC + AICA + AIAB
=Zar+br+ -cr =lr(a+b+c)
2 2 2 2
(PLslel ABC A1U&L drll i3 I+ &s{ly Ml

(AIBC AICA AIAB)
AABC’ AABC’ AABC

1
. AIBC 7 ar a
eq = 3 =
AABC Er (a+b+c) a+b+c
N . AICA b AIAB c
d % UHLILL = , =
AABC a+b+c® AABC a+b+c

a b

aell BLsiel ABC A1U&L dd vidiss [ = (

o [A519 ABC & d-it ulR5s-u a-fla anl :

C \
9.
a+b+c’ a+b+c’ a+b+c)

Bisial ABC l eitogil BC, CA, AB i coig™iosl o1l €l 8. dud A0mA0ig P Bisieidl 9
[RRGIgl ALt id2 €ld 9, a2l PA = PB = PC = R Basdle, adul Bisial ABC o uRadu séaiy €
dal d adod 5w P Busiold uRdw sdaid 9. R uRadudl uRBlesul sdaiu .

21507 1 Bsial ABCL uRadne 3+ P 9. (usiail ellog»il BC = a, CA =b, AB = ¢ . 32dR
sl (A dal Bustalflandl M uReuHl Gualomi datul .

b
WU Z/BPC = 24, S,a = = < —2R

inA sinB o sinC

~ c b
Bislel ABC -l »ifulRMR 25

Bisiel ABC d 8250 A= \/s(s — a)(s — b)(s — ¢)
sin 2A = 2sinAcosA

(BLs180 ABC 11U8L d-l WS PAL &l Ml
(APBC APCA APAB)

AABC’ AABC' AABC

1 .
APBC =3 PB.PC sin2A
1 .
= R2 X 2 sinAcosA
2
1 .
=—( a ) - 2sInAcosA
2 \2sinA
1 a? .
== ,az - SinAcosA
4 sin<A
1
= a2 cotA
~ o APBC a®cotA - N
J| = , o % UHISL
AABC 4A
APCA _ b%cotB APAB _ c?*cotC
AABC ~  4A 'AABC  4A

a2l Busiel ABC ulU& dd uRss
(azcotA b%cotB c2cotC ) 3
4 7 4 4 ’

)
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o (31519 ABC A1U& drll coisvaril {1y uiHl.

Busiel ABCHl sugil, BC, CA, AB-ii 11\ BC=a, CA=b dall AB=c dl. ALLBC,BM_1CA, a1
CN1AB,®, AL,BM,CN [Bisiai-l ouoail U+l 8 seaid 6. w4 A4l 4ouMl . dud doinlig H
(15181 ABCH, dotdg seay 69,

AHBC AHCA AHAB .
AABC' MABC' AABC ©

(BLs100 ABC 1108 d-L &l Al

1
3 AHBC _ 7 HLBC gL
S = —
AABC %AL.BC AL

HL = BL tan £ HBL N
= BL.tan (90° —C) ¢
=BL cotC
=AB cos B cot C
=ccos BcotC

SinC cosB cosC B
- sinC p "
=2Rcos B.cos C ‘a
AL
— =sinB. 2u4ld-8
AB
. AL=csinB

=2RsinC.sin B
HL 2R cosB cosC

" AL _ 2R sinB cinC

= cotB.cotC
AHBC N N AHCA AHAB
. =cotB cotC  d % UHIL ——— = cotC cotA dall = cotA cotB
AABC AABC AABC

agll (15180 ABC 1lU&L ds dotds : H (cotB-cotC, cotC-cotA, cotA-cotB)
o sicafla dan ax{luaiy oitl Yol :

[Busiar ABCHL RIRLBEXL A(xy,y), B(X,y5) A2l C(x3,y3) Sl dal d % [AS510L ALUE AHdAHi
(B, P(x,y) @l dal Bisiel 11ua Pl &l aiMl X,Y,Z dl. Bisiel ABCH ésisu.

X1 X2 X3
% yi V2 Y3l = %Ac{t. (Al A o s yeu 9, Bisiasd a-sn sulad Ra <))
1 1 1
ed,
Lappc 1 |¥ ¥z X3 1
2 . N\
=t —=2y ¥2 y3|+ ;A
EAABC 2 1 1 1 2

X A=x(yy—y3) + y(x3—xp) + (X3 — X3 ¥) d % UMl

Y A =x(y3—yp) +y(xg —x3) + (351 —X13),

Z A =x(y) —yp) + y(xy —xp) + (X1y5 — Xp¥1)

BURAS 218 URBLMLA s x;, X)), x5 43 AR GHIL AEIU L.
x A=A X +x,Y +x3Z) adl
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x =X + XY + ;37 HOAL.

d o UMY,

¥ = (X + y,X + y3Z) HAAL.

L GURSA A RAU YA D x= (X +x, Y +x3 Z)

¥ =X+, Y + y3Z)<l [F3e 2041 GuatlaL sas 9.

Y :
(1) stloflat i eyfAlarl Yresidi Busiat ABC L [RIRUGE A(xy, y1), B(x), ¥,), Clxz, y3) €14 dl

(1) a-{l suogil BC, CA dal AB-l Heu[Bigail 2is3

Xo+X + X3+X +
D ( 22 3,3’223’3)’E ( 32 1,3’323’1) qall

F (ﬁ—’”% ) aal Busiel ABC o b

G (x1+ XotX3 Y1+t 3’2+J/3)
3 ’ 3
(2) BC=a, CA=b, AB = ¢ 8ld dl Bisial ABC o »id:5
(ax1+ bxy+cx3 ayi+ by,+cy;
a+b+c ! a+b+c
A, B, CelL slclofla Al a2l ddl ouogiicl Gualol 531 Bisieil uRw dal dotdrgel sidofla disld
-0 Agilas I ws 9. ver aeddl vilaay w2a 3unl elaiell du-dl Gedw sami il «el.
(i) a-{la wrHiedl GuRsd Al Bisiaedl axlu i 3usi RRUGBE» A1, 0, 0), B(0, 1, 0), C(0, 0, 1)
N e —— . o~ 11 1,1 11
oWgul BC,CA,AB-i wabigaidl a-la ws D (0, E’E) JE (5, 0, E) JF (E’E’ 0) dal
N < 111 Ca A
[BPrsieirl Heudegal ax{la wH3u G (5,5,5) AL s 219l 69,

Al Gedw ¢l 69,

)ra Gedv, U .

(ii) BC = a, CA = b, AB = ¢ 814 dl 315120 ABCHL vid: 5wl ax{ly aum

a b c . -~ -~
I = ( , , ) AUGLA SAHL AL 6.
a+b+c a+b+c a+b+c

a’cotA b%cotB c?cotC

4A " AN T 4A

(iv)d-ll oty Hell a>{ld @M H(cotBeotC, cotCcotA, cotAcotB) ALBLA $ALHL UAAL 9.

(v) BsiaL ABCHL [21RUGE A(x;y)), B(xyy,), Clxsys) S1d dall (Sl ABC 1 [Gg P(x, y) (1S9 ABC
AaL &l WHHLP(X, Y, Z) 8l dlx = X X + 0, Y + 137, 31X + 3, X + y3Z 2U8 Gt sl
2194 9.
ed &{ld WM 3UHLA(L, 0,009 ddi X =1,Y=0,Z=0
adefl stdofla wi 3UHL A X +x,Y +x3Z, 31 X + 3, Y +332) = A(x; 1)

@in)Psierl R Pl &>l u P ( ) ALBLA, scUML 2UAEL €9,

(1) 2uH &={ld A 3uHl, A(1,0,0) = sidofla Aim 3usl Axy;) d % WIS
(2) &1 wM 3UHl B0, 1, 0) = siclofld s 3umi Bx,y,) dall
(3) &-{la i 3uHl C(0, 0, 1) = stdofld W 3UHL Clxs, y3)

A% undl BC, CA,ABi #ligl D, E, F 112
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| =

)

(4) &o{ly i 3uni D (0, X2+X3 yz+y3)

) = sl U 3uni D (T .

: + +
) siclofla a 3umi E (%%)

. + +
: 0) siclofl wi 3wl F (’“12_"2 y123'z)

)

NIR N

(5) a>{la M 3uHl E G

NIR O NI

(6) &->{la uH 3l F (1,

N

N ~ A 111
(7) (5191 ABCHL Hesvs &lo{ly aiH 3u G (gjg' 5)

. X1+X,+X +y,+
:3LcTaSIquH3uHLG( — 3 0 3;2 y3)

Busiatrl »id:svs [ WRdws P dal dotds H 1

a b c

@) arlluam zudl [ = , ,
a+b+c a+b+c a+b+c

axq+bxy+cxs ay1+by2+cy3)
a+b+c ' a+b+c

sidofly i 3umi 1 (

< . N 2cotA b?cotB c?cotC
(9) &s(ly w1y 3uMi uRs P (a «© o e )

R V. SR ¥\
sl Ul 3uml uRsw
p (azcotA_ b?cotB _ +_czcotC_ azcotA_ n bzcotB_ czcotC_ )
X1 a2 3T, N a2 w73

(10) &>{la 4, 3umi dotd+s : H (cot B cot C, cot C cot A, + x5 cot A cot B)

sidofly UL Funl dotdg
H (x;cot B cot C+x, cot C cot A+xz cot A cot B, y; cot B cot C+y, cot C cot A+y; cot A cot B)

Y 1 GURAsd 2AME eudg 9 5 Busierl uRsw P dal oty Heil stdobld aiMidl Gedm Al dsd
181 d |12 sai 2ddl arRidl viel o sled Sy €9, usl P sl Heil a>{ld sl url uid e
stclofla Ul YRt Ll Hitd 21 €9 dal 8 FUHL ULL Uit 21M 69,

Auefly -y

(1) &y wH | 21w 208 © Areal Coordinates % [A5181-1L Aee{4i Barycentric coordinates €9.
Barycentric coordinatestil 246414 53dl 12 ARl U, ASSIUIRUML, gasuul 21 ol &gl
opfl Qortdedl Wals Huldlell 23 sqUA Ruad Quad Yl qee! wle Guasy 8. [rsuy
a5l i HURLAL GudlaL 57 .

(2) 5 AV A/ 9. 513MY i vl Ry way oflgn aim ysalail 9 d-l vl ALl 24l
A5 UA 9. Auinl 8Rll ol YeARi[sail © o [l st sid. 23 dldl aell yilsai
(Al €. Ho du 219y s2el 13 Uieidl €9,

+e+ 44

By — E Copy-6 AU $211R-2023




HUIYRS URoll ifGidst :
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(R 2 AUAHL U @ 224 UL $USL 24 Aot an wRa HiRel s4. sidw-iL yaiao] a2
s14 527l Sldl e9dl dHel dMel alul sl eliaels 4 s, Pragl age apflodr gamei mel
ANl o1wuL 24 [Aeneoil vin A sHDi AL wL

(Pragl ot [Qael>id Mee3u 2dl M2 daur 2dl AR s sdl. [Qaleld &R urval
Axeml glel a[® odl. Rl (el il siél, aue sl v, s34 uadl ygdl auedl alsaedl duiia
uRaY 52Ul AUBIdHL 110 atdl HIE M doill Udl. dus(l uiel v 2dal geu [@enl>i axsl
watld 2aloy’ <AL Hiofeald 2 Uiiledd 2L © A dld At 1513 ©. el Hofl Ax[Md wisll
slal 9di (Bael A du-l afRddizil »ad ugl a1, Avll edl. dxiat 203.8ld. <l (a0l aadl edl.
2y YRARI 244 28 3hldl A2l Yalsid Adl edl. AR sIRUBL 244 WRNEML dil w13l
UL gdl. Al u2d YMARIAL A QoL gL detdl Problem Solving WorkshopHi [R2012{
ur ddl% du-l Aail ddidl. 2012+ 2o AL Haotedl AL HABSIHL dHelL Avaidl [
wUledlysl ([Arqd Qv qual 9.

[Atie™ls 3Ll Hard sidoHl sdl Rl HIR dM-dl w12 WRAU edl. uid Ol A3l adli
UL AR 16 Ugltaiinl dd-l Ascubidia 51280 2 uRAA 8Ll e6 ot-dl. $I1G3axi-l
Ul AAeHl dl dudl Hee Hodl o, uig 20 Ugltziia 2815 oirlladl 12 2 [Ad1R Hie
AMAl Hedald A Ul Hodi. sidsl [Qenell>l el bl dxl uaqusiidi diooll 244 Aa
ol HAdl. dl (el ual Hiedl [Auaml Gl »ia [Aldtdl 42 Azdi. ULL2UR.RUA 516U
ULl 2R Bagl Aol vile Hi2l A4l 516381 Al dHl Al [BReldl dxe An vie(d 21414 «9.
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[Atlecls) vHelaleHl UL 2UR. U ALSoAL AURAHL A3 ARl U220, U G saot-
ALBU Ao edl. ARdni dxel & Yl madl vl edl d-dl >0 215 ay udlla edl. 18 3l %= 2022
Ay saoi-l oMl dun 9ed Haald 2y, 9l HAldH ddel Gl YsHIoi drsUl dxe dsai-l (Bl
AULAL Vil ARAR {12 dHeA ddleRU dledlndl volR Heul, 224 gesdul aMel [Qely dldl. [ae i
AE U, WONOL i delallet, Al i HH{HL % qLaLR, AR, [Qen cuwiad(l, 2l sl
(et 22)l. AA1RAL 2[AH £9dl ML el Hi2 [FRotd 4R1axIR ol el ealsail 2uell Aeui
Adl MA 9. [AdledilS Ucl s s edl. dHedl AUSHL 20ddl Al S1S dHA xal 2ueyds,
Ay ds Ule 524l

(20 @vinidl 3edls wldl Badl weodi oiq . 8ll. Ydid Bagl wdel voll 9. 24 wuldl

UL HIZ § d¥ell UL 8§ — M. A AULA3L)

UL 2. 2R, A4 516321 — A AR Hn
[Roit 24l - 2023

UL A, R, A $1G3UA Ad- 2023, W, SHA, AR dan oA, sidA
duo YRARA [Qendl2AA [Roia 2uaiui sl dar 2 20 200 6.

[Roit A2-umisll siS wa 28 [Anu u 2idw, [€21 x1aqn der1dl curHi 75090 1000 oeixi
Qual-l 84l
(1) Ui gl i Aval o vl (Numbers, Numbers Everywhere.)
2) B Gualdll €9 244 umE w89, (Mathematics is both useful and interesting.)
3) A5 S1AsHAUL Bl $101. (Role of Mathematics in Space Programme.)

util ML QiR [QenddlA [Roitq 215U 530 e SIS 6ugA 2269 A&RUL avilA

B2 31, 2023 Yl A a-ud gRUR, w22 Uize xaa w13 wizedl Hisa-il

284l

Prof. M. H. Vasavada

Sameep, Near Water Tank, Nana Bazaar
Vallabh Vidyanagar 388120 (Mob. No. 98246 69364)

uiHl Qg [Qendlid vgua due wan s 2ua-i [@Qensdld 311200, [Gda s
2ua-R [Qendlq 31.1000 1 gdlu 59 2ua-uR [Qendfl- 31.800 WRARS 2ucumi a8l

[Roiy 08 2uurd Y3 UM, AU, AAL U, 5L AOLHE 2ARURA 52U 91 d, 20u-l Hieudd
612 AU 2 E-mail ID €L SWINHE A2 HRuazll.

[Rois Hisaa {001 WeR Whatsapp (98988 38940) UR vl

aca™ [QennoR v2lagous ofl. uey
al.05-10-2023 sdlR
UL 2. 2UR. AL 51832
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(iAg] mEoi: As iellvi QIlscaca

Ul. gdrgrite A=l (9ud12)
(M) 9722678199

Ul dl. 202, Bldgl A8ol, 5 FHA ¢l AU SIA%, AHBLALLAL OlHL % ALALdL e S
s A 2 A1) 4D dlS AolAd scL, 4L Q8L 24U IR [AAR 52 €9 2 AL 012
sl 28 AAs AARAAL [A2AR 209 9, AR HA AR Al 2geqld 2 9 5 apfle WL w1 o o,
{19 @19l ARV, UBL g& A5UALOL ell. dH~ll Aivilell EHAL 215 21V A% B0sd, i AR UL
24l 3613 Helsld %dl, dl AYLuel esiicis Glodell 2lduid 254 ULl 5cdl. HIRL @add 214 5103l
8324l el vla-[Aay 2 .

ay 200240 B.Sc. AGARSHHUL Masy AUA S1A%, vHeldleH] HA UL HOUL A UAHAR
Mol vl @l HOUL, AR il vid™d 24l 5 AHAL UL, 24, lSdca, AL 2181d
alaaldl Al §55 2-Alvll adl. e85 ALl vid 2-4 A1 Ul gL [Qendli-l »ie: 8 [Afre
UlAGLA %Ll UAIRA SRl

Hel 2y vl Al dd dle 9 5, 200441 T.Y.B.Sc.Hi U HOAdL HIE PR M SIAAHI
IAEAUAL MRl A AR ¢ AAHAAML ol 3 edlfasaa [QAuuul ids ysl 523 3 ugdl alBidaua
[Avuul ided ¢Raldl el didlv dws vudl odi elildswz [@ua uie s30 sudeust sid%-l
stalauni oL 530 2l QR ugdl anHlopel wiia vl 3 HIZ 2dedust ellfasia (sl oeaHl 9,
ol He dicsi(@s ofialdla alRidauz [@QuaHi eelds Yol sail 24128 sl

ugd, Uld 2 uenaoll Aal xUgeqd s @l 20ae $ld dl -l uadl 1-dlg
LAY 8L A A, ol L 5 2Ll A% ALY2Y 2L He HRL AH[A 12 S5 UAS Sl Sl dl
o3 AUl $55 AB Sl % ASH. 2 (A1 H T.Y.B.Sc. allfasaa [@vy e 530 duBidna [@ydlsi
udel Hadl dlal. d ugl @fle e 3. A ol kol Hdlea dsu dBld [Auy woilid
il uRlL eoL dlal, il 2135 Wil $134 210 8l ad @l Ad ¥ HI edl 2 ulauHdl
Al 25 Ul AU AR M AL Gllotd-l AL SRl

avf 2005, o Wil cld . MTTS MaMHL (dl. 16-05-058 11-06-05) ¥4l S.P. College, Pune
gl 2 16 %= 2005 2l Yordui VSRP UM 93 2dl-dl €9, 1 aid{loodl a2 4R el
198l el dtlm dldl o) glall e9di 2Aldet MRalL %RUAE it Recomendation Letter 2413 Uik
HIR5d TIFR Uelad 53, U, aHloostl 21190 Udetn 51280 VSRP Miauul el adla widl uaieoll
255, Ul 4l eall Aot deell adlui asd eldl. 204 9di eHl-Al 208 51281 § VSRP U204
Y12 TIFR 4ol sl a1l vt (¥Rt AHA Ht 8al{l vtz usL 1oll, ¥ oled & .3l Rlg e
il UL (AN 21, et 2R 89, el @lool sdalell He vl [ AlHi TIFR <AL
Residential quartersi 2&al-{l 1o1ez Yl uLdl.

aUHI A UA SHAL ASRAHS WL, Al 412 HIFL 1R UL dld Al AR 2L A51R1HS Gl
Uyl ueifad sdl. 2apfloovt oy HIRL @antd d3dR s34, dH AsHl @adul wel usiel A Glad-l
AR 54l 9. Al oflod 2imis Ay UL 3. A ellLi ALSeL WAL HIH 25 A5l

dogct YMRAREHL 2eAA 53l 2445 [Qenellll ARl Usedidl B3d Anadl, UMl sHeldlestl
(Ml 22 3613 URL %l it LBl Uaelidl G5e dl Huoddl %, Uig @dri-l Glad wad-dl sd Ul
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Hoedl A 2Aid A51RAHS Gloot, (A0 2 AN AL ULl Sl

UH HIRL B.Sc., M.Sc. 224y @l i wild [Aay us ool o1ul, ugL 2L dl ol 15
A3 % edl.

Ay 200941 H1zsAAL WAL, YOl gI1 2UAU¥d 215 AR asanuml el w12 &L daidl ds
ugL e 1ol

Hl29L aHl 2l EHall UAM @A 8. d [RABAZU 24 sl 2 d Ry U8l ddLdl
UG [T UL UL A 1AL, aAUH|2 AR UL 2R AL AR U] (FY.-S.Y. )L svell-12 24l 1R
Ul 4L i UG [Tul A2 A HIRL A 83dR Add Al A0 UL IR 1D AR Al (FY.-S.Y.) -l
Uil Al Yl 3.l 6L 24 21244 . del Aleold HisAdL, dl UsAusll S 4L dUf8Ldstl Very
good !! .......... ol A1Zl Coment 2AlUdl.

Al HYYen 5. auadl

Al HYeUS 3. a1 AL5-10-20231 A% AHEIAUE HSIH S 4. W H8IdR aradt
8ol i il W1y Mz Aol adlRaq 20 sginld 213 29 532 1A,

Madhubhai, though a few years senior to me, was a close friend. He too studied in
Bahauddin college, was a student and ardent fan of Raosaheb. Extremely mild mannered and
soft spoken Madhubhai, though he worked in administrative side of school education for most
of his career, continued his interest in Mathematics education and in activities of GGM almost
till the end. His passing away is a personal loss to me and a great loss to the mathematical
community of Gujarat.

May his soul rest in peace
M. H. Vasavada

(X2
2l ML ALl ALSot g ULl 422 Al IR HA ALER i ULl U 52 6.

922Ul A8l {30l 2ABAAAHL § ¥l AUl Rl AL wRAU. Wl (el sidsHIM
sl Gl oA [Qaneaid Uieust 20U, 5195 dasdidl 2gaid ugldl 244l ys il e

Hecdrdl dl. ail oradl @ Al aof (el A8 Asoudal dsidl s1RaL 5 Rl D.E.O.
UEAAUL A5 Sdll. d¥ 9di ad (el 18 @dd Aolt AvAL Sdl. ASIGEl sidami a0z
A Aol [Qendl ol i R ugdlAl duel Ales @, vot o Yell, Hlderl s ura
A, 5181 24, @ulsdca [QARe ed. AL Y51 HAAAL 2EAAA Quid gLl AL 8
LAl AHA UHARL UG, 24l A, 1YL ULL &l
qsteil GritML Hueldle dul Usdl 21l WAL ARl Yelsiel AgUALoL A1 A Sl
DIMEL HIRIHE Qa1 38l @o1e10L 80 F2dl Yelsl Hel AWl — AR el o § 2a0(a A ULSoixl
AR Al Al sadl. wA vudde A A O 3 qaasdl sl [Renydaliel wsaaidl
aldelul a®id Madsdl a1 qolla uienus 21202, A AR (Aol a3 3 24l 291 &
yel 53 sl 2% [Qendlil il die & 9. ALl U518 2161341 uai 2l Bl udol
R4 sle 530 il eal sqal v Rl e WAL UG AL Sl UH Aild U 2 %
LT
HYRAY %. Mg
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2apily : 4RI YA D Vil AESKRIS?

L. A s
BHELAE
(M) 9925016492

[Agie oURdn A AR vLaAUs-FHEL ad(bisil n iy 32 UR ARl AHI™ HAHAL i
il A [Blclel 2HLrie geledl - ial [Pagl Alsoid tilamiil sigila.

[(Pael Aee usdl 3L HA SIA%HL edl. 198641 dil AHeldled] Mo SIA%HL AU 249
200441 AL S1A%HL AR [Asidirl vtg =il 20114 (R 2dl, Rl adL du-l slas-l
Rieision eHule Al d08Ld stivel 2 2ile wiadl dusdl atsiduHi oisl 1l x1s [Qenli
ye5d ol

19872l 19901 aul a1 A 2eulow-l [Qeiell lai-dl dsidl el edl. eUHlD AL 2R Yer,
v uel e 2 vied [Qaeli-dl uldetd usl dMed ¥ex 4. Hiel Theory ™eldld ¥ elval
dpauleflol el Al o Hid. €25 diA 2id ddil SLS SIS Us Y9 Haal ol st Hie Ul Ul i
Ad [Qendl>0ni Q2R wlsd woyd sail i ddsl [QaR alsad ussialdl dail g9l Uact 3.
eloo-l el énal [Qendl>iul edl sidq 51 audia dladl edl. i ar 1S Qe 2Adl
Alsastl dun 2R 2Udl 2 wsdl d 24 Ul slddl A 5. sl Ydla g g Al yAdlA w
yaelsiz viepme 8y 3 Reusiz yld 533 dx il Qenelq agaidl uact 53, U2 A-1R
e S USLAL 3L FAL ARUUSIAL B3dRHL a1l 5101 HIRL €9,

Yot Ph.D. el M2 dHlovl HRRd sdl SVNIT ydxiall sl dlaH.uaidu 24 3.
WM Vi HSAIMR Fal (PRl Ausil Hiolesld 60 s1d s34 Ph.D. Rafl Holl dd § Wi Ae™1Y
AHY €9 A 2L 2402410 Hies{l Bl A @l Wl Holl sdl 24 die 530 dud ded 53 6.

[Qenellsin udl 2eule 412 HIR Aoy Ay e oi=dl 9. SIA%-L AR [AcoHL § duedl Assds
oL, HIZL w29l el vl olomi o odl. v stds ML aml 412 oaldl 1A ds wadl edl.
200741 diMletrigel [Qg21241 Graph Theory+ll International ConferenceMi 3l. . 3H. U2d A |
a1l A1 813l 0L sdl. R @l w18 $AAL 2 sAIEHITIAL Mg 54T Sl

[(Brael ALsor o=flardl [ sdl 2 A=Al dlse, du A @l 2iidde deld g, vi5e2 die{l2
guildll ALY WU dl duel AH UHIEL SR Hlsiled el sRllalR dHAl Yol YR Hsd SIRd Al
Ui, @A Al s Gid dd %Adl. MR URARS doit edl. MR 82 vdl 204 Al ddl
4] oalal WIS sl W Yoll [l 24 aviad 9-uid ad-l sdl. 2 el eyl Asidl 2
i id Ysd HA e Scdl. Al sulesia dd sdl ASH @l og uAA Adl. AsAs Fdl
R UL dil 2l il Gt Mied uslad R auardl. sl adl uddl 25 alon a1
AgALBl 8. 2 avid dH8lL M olletledl. s& 2l AN, Y dl UL HIolL U % e 53190, el
uaA AAHOg, et 5309 2t Gia Helelly. 2 A @l wolal aidl s30. AL ALL-ARL
Al Al dlddl AiHAAL, 24 HRAl 2 28l U AL H AGASRUIAL Hiee HIAL.

UMl o UAAL 2[M2M, viseH ASIRMS. did @lsdcd usiaoll A wan Aeueldl
sl. 2l [ @ulsdrl diotl AL A HAdL 21 HIRL @anl Acld Yue bl . @l Ad
ald dert A12 53 e i viwla.
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A;AS SIRIS)

dpasUcll AR guoll Hatala Ll vio{lal {12 yarotd 25 uReu 21w 6.
336 + 337° + 338% + 339° + 3407

237% + 2382 + 2392 + 240 + 241°
ol Ad sl dl wia $As vl QUL qaouq oo 519 i sEs Avaiziiedl g9l

Aol AHRLAL 2 HAL 69 Bl RAvY, UL 69,
2 2] i @A WHL 9. Uil Sedls 12 puudl €.

562+ 57°+ 582+ 59%+ 60%
3924 40%4 4124 4224 432

1142397+ 114240°+ 114241%+ 11424274 114243%
946382+ 946392+ 94640+ 94641%+ 94642°

3027489309888+ 3027489309889%+ 3027489309890
(3) + 302742}893098912+ 3027;}893098922 =
2140758220991%+ 2140758220992% + 2140758220993
+ 2140758220994+ 2140758220995

2L 3ld uid sMRLs Avaiicl @il #aA oflow st win sMs dvaiziial aoti-l uatouell eiotdi
2 40l g = s18 GeleweL aldsl Huadl?
51 UL UL AUUS B5e bl ?
Uddl Sl 1 AYA FHIR UR, A%WSI2, 95379 27040

auféidoil 3Rl

Al vl vl adl, Al 531 531 a8l s anelat,
AL Wl w1, ed W suiy gl A8l adlsl.
SR ECEIRN NI EIEID S AL @LRIL. . ...
HiuL e il arall o alelal, e[l S 53 o1 wla wdl cnellsl,
QUL UL R HLg) aleflal. U A A s3] o]l andlsl.
A3l @AURL. ....... A3l @R ......
JBILSIR sl 2AaLss A cudlsl, AL AR areud €9 aieflal,
a3uL A12 ALl ARHL el (AL oUBict YAl €9 AR celsl.
LUl ... SRR EREIDEN

HUSIR sl Mesl o Al
AN ARl HLE AHnUl Al

A3l QR . ....
R ETERTICI EDTR
AUl (M) 9727796934
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ul. u. . qé d1féid u2d-2A0id1 Ji5-310 (E-Copy-5)cil B3l

3. AR s
sl (M) 99253 62754

(42 a8 Wi 0 B3a 2l sRMeus 8552 drsdl ner 8.)

(4) Iff(x)=x—x+ 1 and flow) = f(B) = f(y) = 0, then find the vlaue of o'® + B'° + y'°.
Solution :
Here, o, B and 7 are the roots of the equation x’ —x+1=0
L o+pB+y=0 )
and off + By +yo = —1
B HY = (0 + B+ Y) =200 + By + Yo

—0-2=1) =2 (ii)
Now,o’—o+1=0 > o’=0-1 == - .. (iii)
Also,

o =o—1
o =(@-17 o= (a-1)

=0’ = 50° + 100* — 100 + 50 —a
=@ -a)=50—a®)+ 10 (> =)= 10 (e =1) + 50> = o (From (iii))
=o' — 60’ + 200> =210 + 10
=0’ —a—60+6+200° 210+ 10
o'® =210 — 28a + 16
Similarly B'°= 21B* — 283 + 16 and ¥'® = 21— 28y + 16
W +BO+YC =21 @+ B+ -28 (@ +B+y) +48
=21 (2) - 28 (0) + 48 ( From (i) & (iii)
=90

(5) Leta®+b*=1,c*+d*=1and ac + bd = 0. Prove that @* + ¢* = 1, b* + d* =1
and ab + c¢d = 0.

Solution :
Let 4= [? Z] e
Nowd-aT = [¢ D] [0 O] = L‘iii; AN e ] ) Q— 0

Now  (ad — bc)* + (ac + bd)* = (@ + b°) - (¢* + &)
. (ad-bc)+0=1

o (ad-bc)* =1
- (ad-bc) #0 S TAT#£0 - A7 exists
. From (1) A'=A"T ATV A=T AT A=1
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[Cl C] [a b _ [1 0
b dl l¢ d 0 1
) [a2+c2 ab + cd| _ [1 0]
“lab+cd b?%+ d? 0 1
o d+=1,b"+d*=1and ab+cd=0.

(6) Letxy, xy, ..., x;o be 10 numbers. Suppose that x; + 2 x;,; =1 for each i from 1 to 9. What

is the value of x; + 512x;,?

Solution :

(7)

(8)

9

X1+ 512 x10= X1+ 2xp — 2x, — 4x3 + 4x3 + 8x4 — 8x4— 16x5 + 16x5 + 32x¢ — 32x6 — 647
+ 64x7+ 128x3— 128xg3 — 256x9 + 256x9 + 512x19
= (x1+2x7) — 2(x+2x3) + 4 (x3+2x4) — 8 (x4+2x5) + 16 (x5+2x¢)
— 32 (x6+2x7) + 64 (x742x5) — 128 (xg+2x9) + 256 (x9+2x10)
= 1-2+4-8+16—-32+64—-128 + 256
( From x; + 2x;, =1)
= 341-170= 171

Ul Y. A. dé1 duftid usell : vis-311

Let a, b, c, x, y and z be real numbers which satisfy the three equations

13x+by+cz=0,ax+23y+cz=0,ax+ by +427=0.
Suppose that a # 13 and x # 0. Find the value of 13 + 23 + 42
a-13 = b-23  c—42

a, b, c, x,y ¥ 7 ARAlAS Ava1il €9 % {12l AH 50l AMLHLA 5269,

13x+by+cz=0,ax+23y+cz=0,ax+ by +42z7=0.

~ ~N ~ 13 23 42 . RN
a# 133 x#08ldl + + Al (53 4L,
a—13 b—-23 c—42

The sequence ay, a;, a,,... satisfies the equation a,=2a,_ — 2a,, + a,_3, for every integer
n=>3.1If a4 =1, a;9=10 and a,, =100, then find the value of a,¢,;.

A%l ay, ay, an,... W2 a,=2a,-1 — 20y + a3, 1 = 3. A ajq =1, ajo =10 2 a,4 =100, €14
dl g1 <1l (31 2L,

If zy, z; and z3 are three complex numbers such that z; + z, + z3 =0 and
|z =1z 1=1z31=1, then prove that z; z, + 2, z3 + 7321 = 0.
°2?l2{322{b2{l%ﬁz1,@,z3 "l.l.éZl +Z2+Z3=OQ"|.:|.|Z1 |=|Z2|=|Z3|= 1,("?[?.".[[(\’{('[3?1%

2 +253+2371=0.
++e 4
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Beautiful Math : Music

Y29 HiEl

ﬂ?fl qrergi™H e Tﬁ?ﬂﬂﬂ?‘ﬁﬂl (Sangeet Ratnakar 1[21)

Vocals, instrumentals, and dance collectively constitute music.

India has a rich tradition of Classical Music or Shastriya Sangeet. This system of music is not just
an invaluable heritage, but also a timeless testimony, unifying arts with sciences and
mathematics.

We shall try to explore mathematics in various aspects of music, such as

e Swara (vocals and stringed instruments)
e Taal (Percussion)
e Nritya (Dance)

1. Swara

Swara consists of various notes like Sa, Re, Ga, etc. that constitutes various ragas. Swara(s) can
be classified into two basic streams: Shuddh and Vikrit. In a saptak (octave), there are 12 notes,
including both the shuddh and vikrit swara(s).

Sr. No.  Name of Swara Indian Symbol Western Symbol
Shuddha swara(s) do not have alternate frequencies : e Ve =
z nada)
and hence, are also called ‘Achal (immovable)
Swara(s)’. Vikrit swara(s), on the other hand, may °’ el Ak /3 CEn
have alternate frequencies, either higher (Teevra) or 3 Rishabh R/Y D
lower (Komal) than the standard swara. P Komal Gandhasar . D¥ / Eb
Ragascanbe 5 Gandhaar G/T E
i CIaSSIerd 6 R'Iadllyam M/H F
into various .
. 7 Madhyam Teevra M#/H F# / Gb
families,
better 8 Pancham P/4 G
‘ J known as 92 Komal Dhaivat d/ ¥ G# / Ab
| ‘thaat’(s), 1o Dibsin D/Y &
h.avllng 11 Komal Nishaad o/ A# / Bb
similar -
” . . . 12 Nishaad N/ B
swara(s). In Hindustani Classical Music, there are 10 s 3

thaat(s).

Mathematics is particularly useful in determining how many ragas can be created in of one thaat.
The concept of permutation and combination functions here.
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1.1 Classification of ragas

Ragas can be classified into three types based on their structure. The basic structure of a raga
consists of Aaroh (ascending scale) and Avroh (descending scale). Depending on the number of
notes in both Aaroh and Avroh, ragas can be classified into Sampurna (7 notes are included),
Shadav (6 notes are included) and Odav (5 notes are included). These are known as the Jaati(s)
of Ragas.

In order to determine how many Jaati(s) are
possible, we can run a simple permutation.

l i Let us assume we have two vacant spots (Aaroh

3 x 3 = 9 and Avroh). We can fill these up with 3

possibilities (Aaroh or Avroh can have a

minimum of 5 swara(s) and maximum of 7 swara(s), i.e., the possibilities are 5, 6, and 7 swara(s)).
Thus, 9 Jaati(s) of ragas are possible.

1.2How many ragas can be created using

Raga
permutation combination?

|
[ I

Sampurna Shadav Odav
Sr. No. Combination of Swaras Number of Combinations
1 Sampurna — Sampurna (7 —7) 1 e 6.7 57
[ -1 = 5=
2 Sampurna — Shadav (7 - 6) 6
5) Sampurna — Odav (7 -5 15
P (7=2) = 7-6 = 6-6 = 5-06
4 Shadav — Sampurna (6 —7) 6
S) Shadav — Shadav (6 — 6) 36 _ E
- 7-5 - 6-5 4 5-5
6 Shadav — Odav (6 - 5) 90
7 Odav — Sampurna (5 -7) 15 Different ragas can be created by
8 Odav — Shadav (5 - 6) 90 combination of various swara(s).
9 Odav — Odav (5 - 5) 295
Total Combinations 484 Consider the situation of
Sampurna - Sampurna. Here,

there are 7 swara(s) in both aaroh and avroh respectively. Only 1 combination is possible,
i.e., Sa-Re-Ga-Ma-Pa-Dha-Ni and Ni-Dha-Pa-Ma-Ga-Re-Sa.

T ” T e (1 s ,T i % i D = Let us consider Sampurna -

ﬁ TN ZAN ﬁ Shadav or Shadav — Sampurna.

= { . - We have 7 swara(s) on one

s ‘,\\R) (G) M ‘:y\l’;‘ '\D> @ s hand and 6 on the other.
Hence, we can skip 1 swara

each (except Sa) during the 6 swara aaroh (ascent) or descent (avroh) respectively. Hence,
we have 6 combinations.
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Similarly, in case of

4 Odav combinations,
3 either in Aaroh or
= 2 Avroh, 2 notes can
, be skipped together
| fol 15 aither in ascending
e / Wy or descending
. * ¢ . ¥ 2 /N 2 pattern, as shown in
’ £ the diagram. This
leaves us with 15
combinations.
The total number
Aaroh Combinations  Avroh Combinations Total Raga of worbinations
Possible (x) Possible (y) Combinations

Possible (xy) including both
Sampurna — Sampurna 1 1 1 aaroh and avroh
Sampurna — Shaday 1 6 6 can be calculated
Sampurna — Odav 1 15 15 by multip |y|n g
Shadav — Sampurna 6 1 6 aaroh and avroh
Shadav — Shadar 6 6 36 combinations

Shadav — Oday 6 15 90 possible.

Odav — Sampurna 15 1 15

Odav — Shaday 15 6 90 Thus, a total of
Odav — Oday 15 15 225 484 ragas can be
Total Combinations 484 created in one

thaat.
Considering that there are 10 thaat(s), 4840 ragas can potentially exist.

1.3 Vaadi — Samvadi Swara(s)

Sa is the basic swara relative to which the entire saptak thrives. Let us consider the frequency of
Sa to be 240 Hz in a particular scale. Mathematics comes in handy when we wish to know the
frequency of one of the missing pairing Vaadi - Samvadi Swara(s). Vaadi swara is the prominent
swara of a raga, which is supported by the Samvadi swara.

Samvadi Swara, by convention lies at a frequency 1.5 times higher than that of Vaadi Swara.

Hence, if the Vaadi Swara is Sa, Samvadi Swara would have a frequency of 240 Hz x 1.5 = 360 Hz,
which is the frequency of Pa. Hence, Sa and Pa form a pair of Vaadi— Samvadi Swara.
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V=15 xS§ (V= frequency of Vaadi Swara;S = frequency of Samvadi Swara)

Swara Length of string  Frequency (Hz) 14 Frequency and length of string
(inches)

Sa 36 240 The data consists of length of string of a Veena
Re 32 270 corresponding to their rough experimental
Ga 30 288 frequencies. In order to find frequency of a
Ma 27 320 swara using the length of its string, we make
Pa 24 360 use of simple ratios. Length of string is
Dha 21.33 405 indirectly proportional to frequency pertaining
Ni 20 450 to a swara.

For example, we know that the frequency of Sa is 240 Hz, length of string of Sa is 36 inches and
length of string of Ma is 27 inches. How do we find frequency of Ma?

We equate ratios of lengths of strings of various swara(s) inverse to their respective frequencies.
Let frequency of Ma be F. Hence,

36 4 F

27 3 240

F = 320 Hz

F=2x240
y

(F = frequency of any swara;y = length of string of that swara)

We can also perform back calculation and obtain length of string of a swara using its frequency.

For example, frequency of Sa is 240 Hz and frequency of Ma is 320 Hz. Length of string of Sa is
36 inches. Again we equate ratios of frequencies of swara(s) inverse to their length of strings.

320 36
240 L

L =27 inches

36

L=——

24

(L = length of string of swara; z = frequency of that swara)
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A basic conclusion can be drawn here:

Frequency

Pitch
teft Lengthof String

1.5 Frequencies of semitones

There exist 12 semitones in an octave, i.e., there are 12 basic swara(s) (including shuddha and
vikrit) in a saptak. These differ in frequency by a factor of 21/12 = 1.0595 times the frequency of
the swara preceding it.

X
f"=fb><2-1—2_

(fn is the frequency of a particular swara; f, is the frequency of base swara; x
= dif ference in the semitones of n and x.)

Sr. No. Swara Ratio of Also, the frequencies of all swara(s) of a saptak have
Frequency w.r.t. 8 5 5 5 & o
7 g ) WY WS heen determined with respect to their ratios with the
s " 16/15 Sa of the octave. It is given in the following table.
%) R 10/9
i . 27 What is interesting is the ratio of a particular note in
5 5/4 the preceding (mandra saptak), existing (madhya
6 M 4/3 saptak) and succeeding (taar saptak) octave would be
7 M# 45/32 1:2:3
8 p 3/2 R
ol d 8/5
10 D 5/3
11 n 9/5 1.6 Merukhand
12 N 15/8
13 S (of the next 2
octave) ‘Meru’ means ‘axis’ and ‘khand’ means ‘parts’. It is a

traditional practice wherein different

Number  Number of unique  Swaras considered Combinations possible

of swaras combinations (here) SWUrG(S) are arranged in different patterns'
=n possible = n! The number of patterns are the
S SRG . .
St permutations possible with the given
3 3= 3x2x1 = 6 R RSG number of swara(s). For example, if we take
RGS two swara(s) — Sa and Re. The number of
G GSR .
swara(s) is 2.
GRS
21i=2

Hence the number of ways it can be sung is ‘Sa-Re’ and ‘Re-Sa’.
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Similarly, when we take 3 notes, number of permutations possible are 3! = 3x2x1 = 6.

Number of merukhand patterns possible = n!
(n is the number of swaras involved)

2. Taal

Indian Classical Music has rhythm as an integral part. These instruments are known as percussion
instruments or Taal Vaadhya. Few of these include Mridangam, Tabla, Dholak, Pakhawaj,
Ghatam, etc.

Let us consider the use of mathematics in Tabla. Tabla compositions form patterns within
themselves. Even today, Tabla compositions tend to be delivered orally from a Guru to a Shishya.
They are counted on fingers, spoken rhythmically with hand movements (padhant) and
memorized.

2.1 Laya

Laya refers to the speed or tempo of a composition, it forms a backbone of any rendition in music.
Mathematics constitutes the concept of /laya. There are three fundamental types of laya: vilambit
(slow), Madhya (medium), Drut (fast).
These can be visualized using a say ‘Lay-ometer’ like an Odometer.
A\A‘ll(“]’\'ﬂ
2.2 Taal Chakra
A taal refers to a cycle of fixed number of beats: ‘maatraa’(s), say ‘n’.

A taal has the following basic components:

A

2

Laya
. Maatraa: number of
beats Vilambit Do

e Khand: Divisions in a

taal consisting of sets of maatraa(s)
. Bol: Notations that constitute the
maatraa(s)

Most common taal(s) include:

e Teentaal (16 beats)
e  Kehervaa (8 beats)
. Dadra (6 beats)
° Ektaal (12 beats)
e Jhaptaal (10 beats)
e Roopak (7 beats)
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A visual representation of Teentaal is shown. Here four different colors code four khand(s) in

which the taal is divided.

Let us consider playing a taal, say Teentaal in four different laya(s).

While playing a composition, we try to accommodate ‘n” number of beats in one beat. Thus, the
composition has to be played ‘n’” times to arrive at the first beat back again.

1 2
Dha Dhi
™ e
X
5 6
Dha Dhi
S g™
2
9 10
Dha Teen
e e
o
3 14
Taa Dhin
S S
3
1 2
Dha Dhin Dhin Dha
e S
X
5 6
Dha Teen TeenTaa
2
9 10
Dha Dhin Dhin Dha
e S
° 0z 14
Dha Teen Teen Taa
N’ S’
3
1 2
Dha Dhin Dhin Dha Dha Dhin
s
X
5 6
Taa Dhin Dhin Dha Dha Dhin
S’ S
2
9 10
Dha Teen Teen laa Taa Dhin
e’ g
° 5 14
Dha Dhin Dhin Dha Dha Teen
S "
3

yoldlay — E Copy-6

Teen

15
Dhin

3

Dha Dhin
N’

7
Taa Dhin

1
Dha Dhin
S
15
Taa Dhin
S’

3

Dhin Dha Dha
o

7
Dhin Dha Dha
S’

1
Dhin Dha Dha
S’
15

TeenTaaTaa

g

Dha

Dha

12
Taa

16
Dha

4
Dhin Dha

S
8
Dhin Dha
S
12
Dhin Dha
S
16
Dhin Dha
S

%

Teen Teen Taa
e
8
Dhin Dhin Dha
g
12
Dhin Dhin Dha
S
16
Dhin Dhin Dha

S’

[44]

Single Beat: The original taal is
played once. Each cycle
(Aavartan) takes 16 beats.

Double Beat (Dugun): The taal is
played twice since two beats are
accommodated in one beat.
Color coding shows the taal
played twice.

Each cycle (Aavartan) takes 8
beats.

Triple Beat (Trigun): The taal is
played thrice, since three beats
of the taal collectively occupy
one beat.

Each cycle (Aavartan) takes
roughly 5.3 beats.
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1

Dha Dhin Dhin Dha

S
X

5
Dha Dhin Dhin Dha

e
2

9
Dha Dhin Dhin Dha

2

Dha Dhin Dhin Dha
S

6
Dha Dhin Dhin Dha

10

Dha Dhin Dhin Dha

3

DhaTeen Teen Taa

S
)

DhaTeen Teen Taa

11

DhaTeen Teen Taa

4
Taa Dhin Dhin Dha

g
8
Taa Dhin Dhin Dha
S
12

Taa Dhin Dhin Dha

Quad Beat (Chaugun): The taal
is played four times, since four
beats collectively occupy one
beat.

Each cycle (Aavartan) takes 4

S S N’ S’

° z 14 15 16 beats.
Dha Dhin Dhin Dha Dha Dhin Dhin Dha DhaTeen Teen Taa Taa Dhin Dhin Dha

S S’ e S’

3

2.3 The Hemachandra - Fibonacci Series

The Hemachandra numbers or Fibonacci series
consists of numbers in which the successive terms are
the sums of the preceding two consecutive terms. It 34
is as follows: 55

0,1,1, 23,5, 8, 13, 21, 34, 55, 89, 144, 233, 377,

610.... £\® 21

These are also visually represented as the Golden 13

Ratio.

Let us consider two sets of bol(s) (notations) in Tabla, namely, ‘Dha Tee’ and ‘Na’. The first one is
a long syllable and the second one is a short syllable. Let us try to fill 8 beats using various
combinations of these two bol(s).

Let the number of beats be ‘n’ =8

Hy, = Hp_1 + Hp
H, refers to n'® number in the Fibonacci Series
Hg = H, + Hg
Hg = 21 + 13 (Refer the above Fibonacci sequence)
Hg = 34

Thus, 34 combinations can be made by different combinations of these sets of notes. This method
is used in elaborate compositions like Kaayadaa(s) in Tabla and ancient Sanskrit poetry.

3. Nritya

India has six major classical dance forms, namely:
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o Bharatnatyam
o Kathak

o Odissi

o Kuchipudi

o Manipuri

o Kathakali

All these dance forms are uniquely beautiful and complex. Dancing relies on rhythm, thus,
mathematics. Besides being used in compositions and tempo, mathematics can be clearly ‘seen’
in these dance forms.

e
3.1 Shapes and Symmetry Z

Lord Nataraja’s picture can be seen inscribed within a circle and ﬂ “' \,'\"-‘.!’- —— ”*
\ % YL S h
two congruent triangles, signifying importance of geometry in .‘ M “vlﬁ

creating balance in various positions and mudra(s). | 4 NS : .
) (/ g Y/ 1
A~ )\
\ 25 TN\
3.2 Lines and their significance - _~_§< { soifles & 7/,‘
Various postures can be roughly portrayed using straight lines. “ / 7
These lines have their own significance. o -

Vertical lines have the nature of fire’. They
communicate strength, stability and authority.
Horizontal lines have the nature of ‘water’. They
convey calm, peace and passiveness. Diagonal
lines have the nature of ‘wind’. They impart
movement, action and drama.

Thus, a fundamental concept of geometry - a line
segment - communicates various emotions in
dance (here, Bharatnatyam).
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Shapes formed by various poses can also be seen. Thus, geometry has a role to play in the
formation and stability of these poses. These positions are symmetrical, thus, pleasing to the
eyes.
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