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SRS S-BIRETIE (Ffere

T ARPBHEHT o (Substitution Rule) ST e “ifo® 1 gea @ [ f(2)dr &R
A2 | IM QN G0 TR 5T v WA, @I 2 = g(u) , O QW €Y dr -G8 QRN du, F1ed
w8 I, I G0 AT (Treie @ I @I

dx

dr = ¢ (u)du = —d
r =g (u)du 7o 4

QT j—i 7 otz @3 @RE Ffere =g (Scaling Factor) | O TU9 o T (AT z
- FATGT IR, O F& W9 du “Ifaells Fopg eptifae Ao 2, ©f Fdad I «3
cefacefbe | g aW o=l §-fE (2D) ¢ A (@NF 2, y) @32 Yo TG 561 (N w, v) T2
FE TG (FIACCTG W (@S B, 49 F& CFqTe drdy IO AFBIE? @2 AT Teds
! SRR (Jacobian) |

BHI% | (Coordinate Transformations)

FICSNT (Cartesian) BAE JIF! IACe AN A 96 (g FsfieR fae (Square Grid) | =%
CFARCITE @2 e SIee e Ty FARAEE 20 91 @ (@Il v A1 ety amree
TS (I SNid G farefBe B ¢oist (Polar) a1 Fifeifgae gmis e cce 2711

99 QW (u,v) CFT @F (,y) COT 96 FAGT Wole, BN FoTo Q@ wEqets s
JeIRR, BRI YNCTYHCY Wiz | @Ffh W I(CFa AuAv FARER 7 @i oge wipfen
3 IGTE HAFIS TS AT | OIE G CFATE FSF WA?

TSR WGH: P9 ok Ae®wI©?  (Why Jacobian is
Defined This Way?)

@ MM IR Yo T WR: oz = f(u,v) 9R y = g(u,v) ! @ RAREEDG
(Transformation) IS FCTF GMoeT 8 A (Non-linear) | fF€ FEFAGR FIB I¢ *If&
20 @R RS (Local Linearity) | 9f¥ 3 (11 I@G@4E 47 37 2M8ICd (Zoom in) TS,
SR (1B (AT GG TR NCSIB A9 |

(5311 FifRte™ (Taylor Expansion) SR G2 "Gy 39" S F@ ARTCALTEAT 141 I

dy dy
dy ~ %du + %dv

G o WG S a4 40 I
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@3 @ WIGFT v corem, T Wi aeaw 3 efarete e A, aftd 2 SR
T WGF (Jacobian Matrix, J)! 39 F& AT, @ SBE woed @Pe @3 WEFG @=
GF0 AYFe (FF FST (Linear Transformation) |

SHifNfe® @ aifFmieT 3791120 (Geometric & Graphical Insight)

QT o 20, 9 WIEH FOE@ CFama (Area) e I@? @R WEAERERT WS
G35 Ty e AT LR FAE CF@Fe1 A &ion o T e 6% elres MGG
feofT™® (Determinant) @F !

Determinant as an Area Scaler

W @B (TF T AN G0 AT I9(CFQ S T4, O G0 WIGH M ea Gvest
FAF A (18 1(CHAB G0 ANBHE (Parallelogram) s 271 (1R AR
CFQTeT N | det(M)] !

QARG OIS F& ¥ AW Sivel TSN Soiciaae WigH J W o 341 7, o2
dudv CFEI F& 0 dady CIT IR 9 ASREE T8RS 2@ 9 CFawa 23

dA,, = |det(J)|dA,,

gdie,
dwdy = | det(J)|dudv = ‘%
«B12 20 TRE EBAE B8 S (du dv) NER (IRGd ST &Y | SO 26T (72

@I T @ A A0 MR JAE ARTOER T (Fawe Fopg 2ONEs Al AHhe 20

dudv

JITSAR (AT (AR dAwe Tpififes e

CoETI BIICR SN (2, y) @9 I (r, ) I (1 ST (A WG 7@ 292 I 1 ¢
@39 SifNfes =7 T5 I 9T CFaHET Ao @@ R

dr
-\ + dr)do

rdf

T (0,0)
@ & (TR fare gft Fa oo ©ie* (Wedge-shaped element)
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for@ (eall, =e q0ed (e Sl (AT fated aifba cwaee 2@ dA | e IM O 7
G @ @dl, O @t G AP ATSCTHEGR N0l AT | 92 ATSCHADR G2 AT g
J 7

o IS IR OF EIS T ZCE dre |

o BI7 IR 97 2% o7 I «@fb (F®m (AT FO6! IR W0 O S | JEBIOE A 5 = 16
(AT SN G, F& (@ d) 99 & B9 2 rdh |

AR FU CFATEAND B0 G GO
dA = (dr)(rdf) = rdrdf

Wifeesa cel 9356 GH/G - GO e A (@ (AP T© A IE, 92 dr O df e o7
fere Tt v© ¢ e AP | IR Jfa 1 CFER @ISEIR 2@ o

FITSAR (AF (AT SHIFRAET AT et

QT BN A AN TS SRR (2T M @3 - @ ToAfFfe awid Ff7 1 Feea
8 (AT T 2

xr=rcosf, y=rsinf

o 229) g wigEf tofa <l

= 9(r,0)

Jacobian for Polar Coordinates

7 % % cos@ —rsind
% % sinf rcos6

G 93 MIGFT CORNTT (Determinant) (&F FCA:

det(J) = (cosf)(rcos@) — (—rsin@)(sinb)

det(J) = rcos? 0 + rsin® 0 = r(cos® 6 + sin?6) = r

T AGe TN GV qF2 SRR (M@ @ dedy = det(J)drdd = rdrdf
«ft vy FFOE T, I72 GBIR AN IE@ @ WA WiNeF «@YB (Geometric Insight)
G SHCHRACT Teeiforsry SO @2 ad 72 P10 1 WieRa oo wivfes cabaat
TEFACTE S IACE!
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AT AeAfS2 FFAIRGH (Problem Solving Insights)

Tips & Tricks with Jacobian

5. foF WAeF FGT (Choosing the Right Transformation): 3fBremta= J
(limits) 1 FEG M wge WFfod 2@, ©@ G G0 FAR ORI I AF
& (AT I8 A AASCHA) I (O | (A TAYCST AN & + L = 1 A,
T = au,y = bv ¥ a1 @b 96 712G I8 w2 +v? = 1 T IR | O SYIFIA =4 ab |

3. EFoif WA (Inverse Jacobian Property): WA WA FR*FGTEA! GNTOI-

@ sl AEF @, x,ymu,vwwmmu,vmx,ymwwl

RO g (12! ZFert Wit 2o e S @, det (L) = gy T4
bt WiiGeEs fCORIT (37 I Ot Orb Meag I| ¢4l

TS @1 8 2fiF63 (Problems for Open-Ended Exploration)

1. CAFRR % (Spherical Coordinates); - =7 colvm@ (@S TS
e
xr = psingcosh, y=psingsing, z=pcoso
@3 eicpIe WIGH® (@ 3 x 3 WGF 203) @7 e @3 MRie @ 9= FCHrRAwS
2 p2 sin ¢ | @fb Eiffed R (@t @6 - el @ 21 ) I e
FJCEE?

2. e 2fBa WA (Gaussian Integral): =R e [yre 4B FGraa 2
[7 e dr 1 a SR ST A AR w1 58 A G I+ T ke BB
@ dedy 93 ST SHRIRAN IR FCE (AR @ACEHD 7 dr d S FASH T4
7, ©r1 «@fb YZres ML 2@ I W T «@fS 6B I @mers Ak

3. FWOT CFAF (Area of a Parallelogram): 513G i Mca ca=t 43f6 vgger: y = 22,y =
2 —3,y=—r,y=—c+4lu=y—20 9Rv=y+ux 4 SIS 3T et
IR FE G99 (FaQF (9 I




