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1.2 amEat

SLSIoF CFia R TR Qe 372 wwge)ef | ke fewratmie wawae
(Ordinary differential equation) (I 3% 23 WLTASF I, (NG GO TLAW, TSI
17, cotsl, e 2w Fre Srwe 5190 | (o2 (5ImIF6a (stochastic) fewrtaf@mme
FSNFel AETE AT (finance) R (@ SHHG e sifosret fefes Srwe i wepHw =7
fadfiae Zoifn ke Rea aze 22| @2 TR T @ fofe g i
(enlegral calculus) @2 ST % ST 22w @ faol WA fCHITAHIE AT 519w @
LI # ST T2 A |

1.3 fowtafme astewd ¢ o e

@ ARl oI 27 TSN berara Sae @ FA Haaa S oI ST (X
F(A O F&T 2 fCFITafmaieT A9Fa9 (An equation involving derivative (derivatives) of
the dependent variable is called differential equation) (X fEHICARIE ANFACH (FETHG
{6 FIFW ST AT (TSaRe veraa saerafe oifde 20w 972 231, ot @1 23 el
foeITafmE T | AT G FI- G AT, TSN 5a1aa SRl a1t
TG 71 9IS 27, ©ITF 711 28 Wi fewitafme A8 |

1.4 gEe 22w A Twakme aiead

22N NG IR FFCEIR e (R 3 gi = f(x.y) @AM f(x,y) xy GO0

TRETE 12 5ot R S1abet | AT AL @l 1K FIF (RICE! QAT (TG AL T1ad

SR g—i TG T |

(A (T feICaferaIe AFace Ml T@0s @ iR fCpItafmie Awaces FAesr=
w4 *(f&q, T T S T Z0F, FEW NG (highest power of the highest order
derivative) | (3 FNE 5ara o] fEwITATRIE TRFACER 0% T&, OIHE W04 SRIZS 7=/
e TR A9BE 74 (solution) | (@ N Te NAF fEwICARm@E TAwad =g, wouf
ﬁlﬁﬁr\;ﬁ &< (arbitrary consrouts) &2¢ FC OICF AL FNLT (general solution) =Tl
2 | (@ AN (FICa] [GARES 77 AF 91 ©ItF [T TN« (particular solution) &1
|
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d d
@ ot i gy + Pix = Qi a1 = G(%.y) @ Fx.y) @ G(x. )
20! * WA TSR SCAFF OIF el 27 TGTor fCHTARRIE e | 2 430

d
FNEE T AN Go) G0 AfSFoT T 2T y = vx @R ﬁ =G(x,y) 93 ewcafme

AN AN FA Gol) ATSTI 7 T 2ATAG 27 |

A% (I eI AR = g—i+Py = Q (AT P 93 Q (=1 &3 Al (FETG

X T AT, O el T 2L NI e (Gl tafraie saeael | G il w1
APeTe ©eAMCEA (Integrating factor) JRITT Al RICH y(t) = -[(Q X IF)dx +c¢ (A IF

I TR Bt [pdx .

d
SN S9{ G HRCIR AL TG ALK AN (RICE ﬁ”’]x = Qi @A P ¢

Q, CATe &7F Al (FIATNE y 97 IC2HS | G2 LATAT ANPACAA AMQ CRITa!
(IF) = (Q, x IF)dy +c AT [ _ JP-o

d

TwAd s G = 3 fowitafame Tfieaaba e e el st |

X
y
Y

I 8 &y _
dx x

= logy = logx +logc =y = cx

Twigad 28 AvE s dy:ye“ g8 x=0,y = 0.
dx

y @3 W= g St aga x = 1.

o d_y_ X d—y: Xa®
ERISICR I =7 _[3

= logy=e*+c¢

x=08y =eI0NH AT loge=e’+c =C =0 loge=1
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S logy =e*
x=1dfSBAT IR AR s logy =e >y =e°

Tnizae 0 8 j—i+%=x2 a3 TowpitafmE A6’ Tge e |

MY ¢ @ve TN’ G0 FEART TwakEe ANwad, I @9 @

dy _ o (Lo _ alogx _
dX+Py—QﬂW@QﬂWaIKdX—e =X

O AN y.X = Ix.xzdx

2
GEEI yx=XT+c

X

4
Twizad 8 3 (Y (AT Twiel ([UPT[L2A feitafmre e oo weal |

= £
oS y =S+

AL 3 A y = e (AT A (A O (FRIPTICRA A9 | 2. g—§= m

RIS yzg—i l x.g—i—

TR v 8 GF6 TER TR SRFS FFA (A2 (@ETH G 77 (non horzontal
lines) o7 fwitafms e fefa St |
TG ¢ G0 SR SRS AT ([ (AT ST 73 O Hal2el (Tl ¢
ax+by =c (AT 3 20

Cadx g
"ady+b_0

T y G ANCATHF SR I A2 ¢

y=0

d’x d’x
a——=0g —==0
dy2 a dy2

1.5 sreerd fewitafemie Afeates fem g cwfe

NSO oI TR S I ¢ g—}:Jray:O
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@A a ZITE GF0 &7 |

1dy
wieffe 2 ydt a

G AR T RT3 (1) = Ae™

A8 s 3 y(t) = y(o)e ™
IR TN T A T (@I [T T afeglom =1 27, 9 it [eeg idie
(parti cular solution) | ©1Z(&T A T GF GF(0 N Gl GF G0 [T TN 2SI
GR GBI TN FAE T AR 2N A | AT A T2 y(0) T 229 F(F ©L€
T A #IeT AT | y(0) CITHTE G GFHB T T Ty AU 22Afis =S (Initial
condition) ?IIeT« S |
3 AT I ANATHR (G 9o (77 eag ¢
S| @i AN Tl alifelfos = 8 (numerical value); 38R y(t) SICo<E | @6 @
3T 72 (time path), @A t 0 303 377 |
21 y(t) 9T AT (@I ST AR 1 | wefie it ¢ @21 78 e a1 20 oigs ok
ANCATF y G e o7 31 784 |

1. SPTETOR fERITAEaE AT fm Sl #%fS ¢ (Non homogeneous case)
PTG GBI AN SR (R %+ay =b.

UG AR TN 715 1l ¢
(>)7if&%5 WA (complementary function) y '@ () R=@ 31wt (Particular

integral). Yy

AR I R y(t) =y, +y,. AT AT T oo e
Aelba FFH© FNGIOR WA (e = (reduced version) |y, = Ae™ Il A7
AT |

09 %1 (Particular Integral) 203 y = K (1871 23 | ©izl& ili_}t] =0 @R ay =b
2| OAR y =g

LS ALl y(t) =yk+ Yp

b
a

=Ae™ ™+
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(@AM a£0)
M t = 0 2 OIZCE 4 AF y = y(0) |

3O =A+ 2 = 2= 5(0)- 2 e y(0) =[50 -2 + 2 o o e

a

(definite solution)
e Sviared T @2 AN oS @RI 2 ¢
Twzad > | Ane fTraEmEE A6’ T I e

AL 4l 8 (31—?[/+5y=15; y(0)=1
AL ¢ 27 eI AL WA AT SISO (SR AN TR |

AL TGS Y(t) =y, +y, AT SACAF &) A7 FF>© W RKCm=ii
31 20e | wiefle FH® FAETe i FaAFe @E (reduced homogeneous

form) 2

j—}t/+5y=0

Tt G35 2T TR y @7 TG [{CIG F41 0T (trial soulution)
y=Ae" %0

S Are™ +5Ae" =0

A Ae"[r+5]=0

@ARY Aet 20 T +5=0=>r1r =-5

OIRrE AR T sy =2,

RO FITa &o 431 T y= K. (@4 K @30 633 |

" %zO QA Sy = 15@Ry = 3.

y, = 3, HlLIae TSI ¢ y(t) =Y+ Y,

MW y(0) = 1 WO y(t) = Ae ™' +3 99 (F0F y(0) = 1= Ae” +3.
qfie A =1-3=-2.

o y(t) = 2" +3. RICE 20G TG WS i |
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SLATF (LG AL A FCHICEAE FAFACEIR AT (ATl Zeal s
ATG SHIRACET T |

Twizael 2| 96 Ao ARSI 1 S TeoAwe #ARaE 1 Ty 7130 (73 | €31
I I 17 Teo{ve I (adjust) I S o7 2R 2 0 A1
Tom foren | @@ AT = of P-MC(q)| @I q @ SeAmTT
Az, p @ITE! Teriive 3E € MC(q) CRITE! SeoAe 3 SICo | 21 A
MC(q) = aq(a > 0). q(t) 9= &= fCPICATRIG HAFe TG FCA | q 9=

IECREEE (steady state) ICERICEA I REER q(t) CFIC = AT (steady
solution) fSifeT® =71 &= #1FF8 S0 (q(t) converges to steady solution).

TN E q=afp—aq]:a>0
q+oaq = ap; 9% 9 FEARE fCFAFEE AT @A F7 72

(constant coefficient) €<% &< #v (constant terms) AT |
SGTS SIS  +oaq = 0
q. = Ce™
22 el Gfee S @IteT q = 0 744
9=9
oag=op .. q=§
A= AL 3 q(t) =g, +,

—cet 4 P
a

q(0)=q, =C+§ . C=q, _B

al) =0 ~BJe 2

T t—> o q(t)—)% wo>0,a>0

Trizge 0| €@l TS HItEd vifzwl @It ¢
q° = A+ BP @R @9 (T 8
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q° =F+GP+H(1—e‘“‘], w>0, @ATH T 2W6 ANCAT ATATH
TeoiveTera Jia fmi 03 | 4@t i Sfefae sifan at @it fefere
5 e 2 (adjusts) P = a(qD - qs) PR | G2 [CRITAPRIE A0
S Tl | 2 P(O) = P, . P(t) e it i e wmsisi 222 (Does

P(t) converge to finite teait?)
g e P=afq”—q’)
A P =a(A+BP—F—GP—H(l—e‘”‘)) 1> 0
. P-a(B-G)P = a[A _F— H(l _ e—ut)]
= [a(A ~F-H)+ aHe_“‘]
A AF a=-o(B-G)
b=o(A—F—H)

~P+ap=b+oaHe ™ Wi & 7 Taelf [y + ya(t) = bt) | =

ANFET B 3 IF = .
Faaafoa Ten o [F ez o 40T ¢

(F’ - ap)e"’t = (b - crqu:_“t).eat

d at| _ q..at (a—p)t
A‘dt p.e )— be™ +aHe
ST HCA AL 8

at (a-p)t
at _ be + oHe te
a a—pu

pe

P(t) = §+ —aol(_lf;ft +ce ™

b H
we=(ro-2- 2t
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15

P(t) = b, ol u [PO _b —@] e ™

a oa-—-p a au
a 933 b 2feZIo 4 ¢
_o(A-F-H) oH  u
U wre) *43_(3)_
a(A F-— H) oH )
*LO ) —(B-G)-n)
(A—F—H)+ H  w
= G-B n/
G-B-H/
/o
A-F-H oH ~G-B)t
P, — - — le
+H1'9  G-B G_B_M/

/o

a(B-G)t

T { - oo O TGO 26 O’ = T Wevia 27, @ Toiw Al (Ttser)

‘O @ MEEPE R, G-B>0 IM=T

< P @ werm 2 AT 6 B> o e, cz cim

(@A S 49, @32 B < 0 ([029 bifaw! (@2 g BIet 379 |

1. TS W@k FECARE fCwtamm@eE 79639 ¢ (second order linear Differential

Equation) ¢
O3 RO TCPIAPRIE AR 42 W (ATF &g o7 321 0 |
(F) &ATATT W @A S vy 77 ©IF 92406 (acceleration) &g |
(¥) SPRFACALF AN SIS (approximate) FAK S |

1.6 @S Wiaiw weercails Twitafme Aftieacos =9

ety

2
T gofit e (classical form) 2 41 27 OI2Ce ¢ ai%+ bdy

G2 AT ANFAF AT FAIF GFT6 2GS 20T ¢

dt
A ay+by+cy=0...(1)

——+cy =0

+By dl y = Ay + By
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ToTATE FTFACE M a = 0 W OIZCE ANFIE0 AT WA FFACAT (CHIEEE
AT TS 23 | (G TN 0910 20 y = e |

G M (1) G A SCEAD T 1 AT ORCA y =, y=re" 9K §=rle"
AT =G (1) 72 AR | 0 TN 20 4026 4 bre™ +ce™ = 0

:>en(ar2+br+c)=0

QARG o FACR *7 ZE A1, ToAR y =™ (1) 97 GF6 T4 27 (FIera 37 7
ar? + br + ¢ = 092 TN 2T FCA (satisfy) ar? + br+ ¢ = 0 92 AT @ @
e ANFA4 AT I 27 b9l ANFa9 (characterestie equation) | G2 e AR
ST (roots) T 2

70 T A G fonfG Aol A |

() b% —4ac >0 ORET a2 4 br+ ¢ = 0 99 1@ IATT S ST

() b> —dac=0 T a2 4 br+c = 9 LT 7 |

(9) b —dac <0 T % + br+c = < LT TifvaT |

et w4ta G2 foaft e Rred it femafmie wSiwareid e Ssn S @I |
1.6.1 wfs@se FAFHCeF I ¢ SFTI &1 (Real and Unequal Roots of the Charac-

teristic equation) :

e e AT @ 412 4 br+c = 0--(2)

Totoiivg ¢ MM TRFe 2VE fFem @ 7R FNFA¢! 2€ (T 5A@9r® 729W; (Polynomial)
O 1,6 1, €2 72 T (distinct) 1 NG AR, IR ©IF TN (1) Fe] T 209

y(t) =K e + K,e"".

o4l 2 (2P r, '8 1, (2) 7R BAETS =AW 6 T4 (roots), FTOIR y(t) =K,e™ @<k

y(t) = K" QT (1) 7 fewItaf@maier Twaters Faidie | (R y, (1) <R y, (1) Terag &
TN TSR O TSy, (1) + y, (1) € (2) 9= FNLI Fhel 3

aly; +y,) +bly, +y,)+cly, +2)

ad2y+y bd(y, +y
- ) M) gy )

= a(y] +by, + C}’l) + (}’2 +by, + CY2)
=0+0=0
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~y(t) =K et + Kye™ ..(3) e (1) 7R 2ive Tewitaismiet FReiels il | <= T
A AT (@ 26 (@ (@I ANAF [ A ® 700 (Initial value problem);
ay+by+cy=0; ¥(to) =yo € ¥(to) =2:...(4) T CF@ K * @ K, * @5 76 &7 Al
AEATS y(t) =K, *e, " + K, *e,' T (4) 9= ANI; O (3) 5 AN AN 1401

T2t 9oy T30 AR |
Q1 AT t, = 0 G2 G2 S (4) 7L TN AR (3) 7R AN N4 &IAT “frea
CoTteTl 8

GEN yz(()) = r,l(,e,r"0 + r2K2e2r3'0 =1K, +,K, =x,
<. TGRSR A 40 ¢ (SR SCeDe)

1 1]K, Yo
Ll rz]{l(j ) Lo]

@Y 1, # 1, JoAR 729l WIGIT = Btz (Non singular) | wdfie 2 @ @Il
ISR T y, G Z,, TN (3) 431 AT, AW (7€ 2, OIR0E SATAS (5) 7R 2l (&
A 3 (systems of equations) (R 2R, ©IF (AF K, ¢ K, 939 9 (unique
solution) #NeT T | SIZTET (3) ¢ (1) 7R FANFACER FLIFS TN (general solution) F&T!
A

TwzAd > | [EEARS 2R S A T A 61 | (solve the following

initial value probelms)
) §-y=0, y(0)=3(0)=1
() 2§+3y-2y=0; y(0)=3, y(0)=-1
AN (F) §-y=0
Lt =1=(r=1)(r+1)=0

y1(0) = Klelrl'o + Kzezﬁ'o =K, +K, =y, } 5

r=x=xl
OIZE y=K,e' +Kye ™

@49 1=y(0) =K, +K,
o 1= §(0) =K, - K,
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Toak TeF TNFA AR>S A FE AR 2 K, =1, K, =0 .. 7 smnai ¢

y=¢

() 2§+3y-2y=0

© 2 43r-2=(2r-1)(r+2)=0 - 5= Y =-2

C vl 21
. y=ceT+c,e

y =0.5¢,e"* —2c,e ™

Qe 3=y(0)=c, +c,

~1=y(0) = 0.5¢, —2c,

Tox TR FL FCH AR ¢, =2, ¢, =1 - y=2e"? 42!

1.6.2 sfe@sre JM<Fated @ﬁﬁi?ﬁ (Complex Roots of the Characteristic Equation)
Tototiwg & | A (1) 2ve FEecars faoiy Wae fCwafme Auwaced sihgare

o

o[ (Characteristic polynomial), Tl A4 (2) @3 T 26T, ©F
Tt Teva T 27, Sdfie =1, 2, @A y(t) = K e + K,te Ore
FRECL (1) 4= AT T4 209 y(t) = K e + K e

AR (1) @2 5@ 2o AM b” — 4ac = 0 T OICZA (2) 97 (FIETE

/ 2
ﬂﬁ% 5\93 Wa rl W [‘ﬂw {:zli:?EQ r= _bi ; _4ac m{ rl = —%
a

wifie GG AT Iy, (1) = K et e Atarel ey (A=t &n
I G5 FIF AT (auother independent solution) ATAEH | faelz
T AW Ty, (1) = K,yte' SR ay, (1) + by, (1) + ey, (1)

= a(r,zterII + 2r1er‘t) + b(rlterlt + er") +cte™

= trr"(ar,2 +br, + c) + ¢ (2ar, +b)

=0+0

(CRY 1,3 AN (2) 2ve Bl e 2l FCA, 8 1 = —%
“y() = Kye™ + K yte™ It SHargel S|
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Twiggd } | WHERS AR M AEG T TG S |

y—4y+4y=0; y(0)=2,y(0)=5
T 3 &G eI Siasre Awael (It 8
r’—4r+4=0, FFRAE 1 =1, =2
TSR NG TG ¢ y(t) = K™ + Kpe™

I 2ifi=s S P W o2wT 2 K, +0=2 6 2K, +K, =5
TS AL FAPLTT AR e 90 8 K =2, K, = 1
o e i ¢ y(t) = 20 + te™

Totoiwy 0| T ECalT faor star fewritafmie St siRaste Iesitnd serad
Gioa A o +if GACER T TR AR S b2 — 4ac < 0; O FANFAALA
Al AN 2 y(t) = e (¢, Bt + ¢, sinpt)

asld 8 AM B2 _ 40 < 0 T N2 bfaaere AAwaelba o 203 ¢

—_£ L _K ¢
I Za+l2a dac—-b" 4R
__b ;1 —b?

I, 2 2a 4ac—-b

U TR (B 12 (2ITeT Gibet Slea=l 161 (complex conjugates).
W o =—% R B = ydac — b2 /2a T OIR(E BR@GS AN o4

L., =atif 2|

TOAR y(1) = K, e P 4+ K. (4) Za (1) 7 SFTmaicerst sfanar |
Q¥ LA (exponents) FTFIFAIC ¢

QletiB)t _ qot it @R [eiB)t _ ot Bt (5)

QAT e ; G TAME AT FE o *ift TAMTE FETIF A (imagnary
number) i TR | GICFHCE SR @A (Euler’s formula) e (F (5741

W& ¢ = cosx +isinx
OIZCE (5) THA AAFI € S 7 SRETH (4) 2AWE N7 ol 209 ¢
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y(t) =e* [Kl(cosﬁt +isinPt) + K, (cospt — isinBt)] ..(6)
AT =1 ¥(0) =y, € ¥(0)=2,. .. ¢, =y,

20~ %o
oc, +Pcy, =z, . €& = B QLI AFET y, 8 7, T G

TEAR TR (6) RITET T2 96 Aige T |

1.7 AEgR Afefe Fieterst

FoF AW 61 93RS AW &1 (Repeated real roots) Tl r=1, =1, ¥
@ ATTRZIR 9o fBfeRierel; 5Raefs e Aoaiiiaor brea Sor ea 1 | daw
CFE ARTS SFE K e @3 K,e"', @2 12 531 A7 (exponential expression)
TR M | AR 2ifsrs *1S fmrore i r, @ r, STz 4el1eF 27; ORTAR y, — 0 T4

t— o0 ; @2 oifoRE ozl el A | fFe I 93 & =9 € Tl Wi =7
OIRTE, LIS 0L eI 2 | G AF T, = 4 1, = 6 | S t I 0 A0 e AR

(cospt +isinft) €3 (cosPt —isinPt) (2T bt SR Foak K, € K, (F G S/t
wfboa sqaa! f2orta MFie 31 TR, @99 K, =¢, +ic, ¢ K, =¢, —ic, JOA}K

(c1 + icz)(coth +isinpt) = (c, cosPt — czsinBt) —i(c,cosPt + ¢, sinpt)

E@R (c1 + icz)(cosﬁt —isinpt) = (c, cospt — czsinBt) —i(c, cosBt + ¢, sinpt)
TeT2 (RITE qTF S Ti0a Slejdahl, Q4 (2P Yo Si0e1 SR (F197Ee Z0e A%
iR 7, +iz, @ 7, —iz, T @ 27 | TOAR TATAS SEADS Gifoe] Seaanl A (o[

PIS 2(clcoth —czsinBt) et TR @l e 11 ¢
y(t) = e*(2¢, cosPt — 2, sinpt)
Al y(t) = e™(c,cosPt + c,sinpt) ...(6)

G ATE y, @ 7, (AT & (6) &F ¢, ¢, T W AN A A AR MPREFTE
T AN AT | (TRQ sin0=0 8 cos0 =1 GR

9(t) = e[ (oce, +Bey)cosPt + (ae, —Be,)sinft | I (oT® AR € ot 2 (ol
A |
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y (1) +y'(9)-2y() =0
£l AT #A TG (trial solution) 2! y = Ae™ # 0.
y'(t) =rAe™ y”(t) =r’Ae"
AfoTI7E I3 ¢
r’Ae™ + rAe™ —2Ae™ =0
2] Ae“(r2 +r —2) =0
(r+2)(r=1)=0 . Ae™" 20
Lr=-28¢r=1
TR y, =A™ +Aye!
RO AR &) 417 y = K (&67%F)
.-. y!’ — yH — 0
S 2K=-10K=35
ST IR T ¢ y(t) = Aje > +Aje' +5
QU y(0)=12 . A+ A, =7..(])
y'(O) =2
Ly =2A7 + A
L y'(0)==2A,+A,=-2..(])
(1) (I) T IR 2 4, =3
A,=4
rEre e STl 2ret ¢
y(t) =3¢ +4e +5

TETS! AE! oo ©itd fZfe#a (dynamically stable) 203 Wy, — 0 Z7 74
t — oo B(A G G2 TR T{T 203 (Feraig At A o] fFreivs T g dee

=
QYT 1, = -2, 1, = | G3R LT T AHeAI60G ST FEIET Z3 SR STELS! ARIRZR

(inter temporal equilibrium) 5w fZfeAETe! (73 |
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TWIRAG X | 2WE T HFY LTS (price adjustment model) FISILRE FAR SIS
fesiica Tl <ol | g s A w =t —q°) 2 ife @ el s i
e &7 (adjusts) @ q° = A +Bp, A>0,B<09R q° = GP+mK, G>0,m>0,
K @Ite @il Ries Rraifers seataa sifase | <1 ai @il Fieia $eoq & (economic
profit) Al (FIFAC ARCARFCS Tose TS & K = y(p - ¢) T @A T > 0 R

T TAMT AW € vy >0 @A ATACIF S (speed of adjustment) FTHF 2piifso= |
GUERCE MITE SRHAe [ S |

TG 2 P = a(qD —qs)

= (A +BP-GP-mK)

- p=a(Bp—Gp-mK)

= o(B-G)p—omK

8 K=y(p-c); ©>0

“ p=a(B-G)p—amy(p-7)

.. p=a(B-G)p—omyp =oamyc

«ft @35 TS WAk fTeraFmm 7head AT &% 7290 (constant coefficient) &

#[% (constant term) A2 | (p=p”; p=p’ € T AA)
Toifaee fTeitafae AFebrE AvETelm S (homogenizing) G720 ATA

p—o(B—G)p+omyp=0

T p(t) = Ae"

Sop(t) =Ae™ € p=rAe"

S p-o(B-G)p+amyp=0

(i ~o(B~G)r +amy)Ae" =0
Ae" #0=r1’ —a(B-G)y +amy =0

«ft @fb 5@ 29 (characteristic equation)
FCRINIETRIS 3&1=3 (Characteristic roots) ¢
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a(B-G) \/Otz(B—G)2 —4omy
L.1, = 5 + 3

@1 TS ETa Tog (distinet) SIZCA FANGTOIT AT 8
P =A™ +Aye™ = ARTTT T

Rerg Fie ¢ p=p=0

p—a(B-G)p +oamyp = amye

I oomyp = amyc

LP=T CATHA TS| ANAE
oA AR AN ¢

p(t) =p. +P

=Ae" + A e
@A (1) @ r,, 1,3 5 &47S g | o7 B < 0 wifie bifewt (@l A61ems bl s1ef

AP, AT (AN AE OIS A=F (I A G <0 dR a, m, g > 0 EF I 99F 1,
r, L A Z0O AR | 0 S[ETaR AT S FT5{ 23, OI2a UG Ao 72 STF ol

ASIRE ¢ Sfensl 2@ |
T eTa wioer 23 wiefie

o*(B- G)2 —4mory <0 O4F
p(t) =e" (K, cosOt + chosvt) +C

a(B-G)

@ACT h=

2 2
ez\/““m"’_“z(B_G) ~+h < 0,7
A9 ¢ wfeAd & (B < 0, G > 0)
ETAN AW A Toa AR @F A (@, W PTCHe BN MW e 2d | Awa
SETACRR (LG G2 AL ¢ 937 M 90 SIS 24 (monotonic convergence) €%
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Giibe] eTad 20e1 gAY SO A TS (damped fluctuation or damped oscillation)
2|

1.9 @iy ¢ Yurifed qre-afedre

@AY @ Y@rHIfea FifFe Nrea fTom T fCHafme ATF0e™ e FLw
41 T |

1.9.1 f5fei9t =2[F (The Phillip Relation)

wifefF TGAE (Money wage) I@d 29 @R (@R A & TSI SIS F7=o/F
@A TFfersl 3793 |

w=f(U) f'(U)<0

QAT w RITET ofefE wgar 3faa 27 widie w=% G U @It ([Ied 29 |

TS| FITE fletel TF(T TmIFFe! 219 8 (@AY ATHF 3 Tidre 41 27 | afoq Fiae
@It @ e w wdfis s sgEl @ide W™ (Money wage cost) T4 AT O
TWIFFS Tog 2ol #tT | @2 Ao ¥EE SedMaRerel, T, [ AR (A AvE Al
IS (Exogeneous), ©IF il bl exifire =211 A smifere 2t p =14l 23,

p=% Il E@S 2 TeAR p=w—t.
W f(U) Aeieafs e 21 A f(U)=o—BU = (op > 0) (o p > 0)

1.9.2 eyt 34 fFfe?l 7=9F (The Expectation Augmented Phillips Relation)
ol 34 fFfetel T=oItFa ol @It ¢

w=f(U)gn (0<g<1)..(2)

Gt @te AR JmiFefed 29 (expected rate of inflation) | I Yw@ifFerel
AP 0 beire AT O FFCER W JuiFwel wHE @3 e R =1 Im
ARSTE O (@9 TGS B | GRG0 w (F 7 @7 I S (increasing function)

&3 &1 & GUFE p=a—-T-PU 2 p=a-T-PU+gn (0<g<1)..()
T it 29 Sferaifere e (adaptive expectation) eI 9ifFe 27 ©rzwe

& _i(p—n) (0<j<1)...D) <& ATl e erifire arfen 2/ FHCE AT
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fFeita sifqaefee 23 ©f e S A | 7w 7 (actual) TEFFRST 217 p, oo 2=

T SICAF (@R ZW, OIRCEA 1t @9 SREA TN (revised upward) ZJ Al dn (VRG]

dt
W p < 7 ZW OIZCEA 7 @7 TFIA AN (revised downward) (A |

(1) @3 (I1) f¥ta @ 5l ST codl Zenl ©its 4fo siead € n, p, ¢ U foafs
551 (7l AMCHZ | AR 1@ p (F G0sIfEa @ U (F GUeeio ZAA a6l I e
A <P IS |

@ IiffF TfSF (monetary policy) T2 T ([@FRTT (Fra Jurifod afsfem
o) 41 AR, OIRE &l AT FNaE N GETeeE (nominal Money balance) Jfas 29

—% @A M I AR S e | e T S = K(m-p)s K > 0..(3)
(m—p) It 23S W (real money balance) Jfar 24| m—p=%—% =TIy —Tp

M) ﬂﬁaﬁq@)cwmﬂm ea@ﬁwaﬁmmmww|w

CSTH p HIET, dt Y e S 929 IR JoARk @2 WTE ([N (FLE J@Rifed
Af ol fdfae Face 793 23|

1.9.3 © 99 A" 29 (the Time Path of 7)

RS STEAG! (A 7737 (1), (11), (1) @3 T (@ I% NCH 2NET (95 OIS
i, p @ U-a2 foafb 5o7s @itz | @2 foafb 5e10aa (@ (@I 7fo 5eTiad ot @3 95
veaif [*% @3 Twatme 929 (single differential equation in a single
variable) 919« I S|

W () & (1) @ =fsZiom I 27 Oz

4 o= T-BU) - (1~ P ..(4)

Cd’n ipdU dn
v s g o))

(3) & (5) @ dfeF7 A ¢
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d’n _
d— jBKm—jBKp—jl-g )dt .(6)

NI (2) CATF #ieT AR ¢

p= c(ljfﬂt %

2

dT?+[BK+ -9 %—f+(jBK)7f = jpKm ...(7)
?ﬂi+adn+an b..(7)

ez 'dt 7P

(@ACT a, =K + j(1-g)

a, = JpK
b= jBKm

_b_
o e ¢ ﬂp—g—m

wdffe ARG TRFRS FTIF TELS! ANIZE W 762 F0 Af¥=01a S (nominal
money) Jad AT T +AfF5j7F SCAFEA (F0q 96 A (A ¢

1,1, = %(—a, +/a’ —4a, ' .(8)

@A a,, a, TSAL (AT | GUFCE (ARG W9 (AT a,° 7/ 4a, o1 fdiae =1 Az
I ©f2 579@51® & (characteristic roots) A%, ARG Al Tbe fon 42902 20o I |

Tfq a,2 >4a, 2 (8) @9 BT ?ﬁﬁﬁﬁ AT A (real number) 20| @2 a,

GINF, AR \Ja,® —4da, <+fa =a, 93 1, WAET @ 1, INF 203 b RfoaR!
(dynamically stable equilibriuan) 203 |

A a? >4a, T, O (8) 97 T@ANES e @i (fa,? —4a, =0 TA| AR
n=r=-a,<0. (AZQ r, ¢ r, TTZ F¥F TR ARG 0o CFLAS Bl

FIRG 7% F1 ACI | G SoaT Y GG AT OH h = —a,,. qUFCEe Semlie ZIfg
A
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AR (8) G I SRE HeTie BIG S HAC |
Tz > | [t seififie st St Mk @ @eat @ ¢

p=l—3U+%....(1)

=)

(21—?: = %(p— n) w(2)

=2

(@) p(), p(t) & U(t) ef |

(b) p @ FT 2I2 STEB FA |

(c) p 9 U @7 S@ds! AiRgE o+ & 2632

(d) U & p 93 7z TiFo? M G2 72 ANMIZE I IS 27 AP (6e19]
@4IF oizE & Taw wigfeon & @4l 9F4mse Aewt Aa?

S ¢ QTSP BRI p =3, g=%, j=%,k=%
. _ 9 9
TOAR () TPACT € a, = 2, =3 Q b—gm.
b _ J‘
ﬁr‘mwm@mg—m-sﬁa ETO Gioal @A h = -1€ 9= = oA

7T G AL I 8

n(t) = e“[A5 cos%t +Ag Sing ) +m

TN (2) @ ATSZIo FAE @3R p FAGE FACA
p(t) = é —t{(\/_A —-A )cos%t (J_A +A6)smgt]+m

@ V() =g —3p+ 1
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BICEIN U(t) = é “{(2A ~J2A )cosgt (J_A +2A )Smﬁt}JrL_;m.

4718 9
(b) =1, I

=12
(© p=m. U=gg-gm

(d) @2 U; p 93 A5 =i, 5ot (@2l (@UArSias Tag 77 58 44N 5o |
A SE Ffe (@9F T g = 1 92 Foshiam awedl |
1.10 FFFSAT

G2 S TCHaRmEE FAReaed G € S99 TS sl 9 2z | Ao
TYIZATEE T O T 2o (It 2002 | Lafed ea AN CFea a9
AT TG JCACR |

1.11 et
1. focea emiafem afefba s wiw 2.

(a) %+4y=12 G2 AN ANLFS AN F 2039

4
d -
(b) [d—ﬂ —-5t" =0 @2 FNFAeR T € WAl F2 (Order and degree)

(a2 (&)
© |2 +Ldt3J =75y @2 FAFACH T € WAl F©?
(d) ‘é’t’ 2y =0; y(0)=9 @7 e i@ e e |

() y"(t)-2y'(t)+5y=2 @ v e & zae
2. Sipa amaferm afsfa ofwa 5
(a) HA AAF AW FGFG TEPHOF AN« I ¢

(i) y—y=0,y(0)=y(0)=1
(i) y—5y+6y=0, y(0)=3,y(0)=7
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(b) §+2y+2y =0 <= CriafrE 7Sl 3 il o=z y(0) =1, y(0)=0=a
O Ol I fF 2ta?

(©) §+9y=0 <& TCwiafme AW diefe = y(0)=2, y(0)=1 =1 ©
S A |

(d) €3 AT G0 ST T 2ITOCTT 27 €2 AT fofe bifew wifwied 3
@ | T Bifenl @UE ANFFd D =5-3p € @I @I T S=3-2p =W
O3 GRS sifeHie fzfemiere! [61a S (dynamic stability) | 2@ o2 e
Szl p=p, A4t = 0

(e) CRITAI (T3 % 62 (VTR GIOR S 9o @@ 21 (fixed proportion) &l
AT 60% | G2 TR 92 A% R S| W Tee-Sesive S

(capital-output ratio) % (S §7F AT, O 62 wedaifed Jag 27 fefa st |
93 wfaifeq goIm 2t (United period) SR =W FCo! 207 @ SATD
AR TG @ 15002

3. Aipa amafem afsa esia 10.

(a) 2vG %=2(D—S) A @ ST bifenl @4 D=2-2p, @ @HliF @R

TN S= -4 4+4P (2 G BIfTg [ weat|
(b) @ TF SifTAl ¢ @M @A FANFAA ¢

Qd=—0—BP+aS%, (0.B,y.5 > 0)

dt’
Q¢ =—y +0oP

(i) €@ TF TAED ACATTF o7 A1 29 wfefae sifzna 7amf Sesire
(rate of change of price over time is directly proportional to the excess
demand) | p(r) @7 F=T el Fdf@e S |

(ii) SIWANRF (intertemporal) FANRZ! 3T & ZA 2 AR PifTF= o1 (Market
Clearing price) & 2ta¢
(c) “IRISGIET Toig [ W34 (restriction) ST FCe1 sifoxy fFfeHerel 7 321
3 ? (dynamic slability)
(c) &A1 TF SifzAl @ @ @A AN ¢
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Q =a—BP—n%, Qs =8P (0B 1.5 > 0)
(i) €@ T 2fS T2 A ATHT (Market is cleared). P(f) @7 L= AT
faefm 3t |
(i) @2 oty & afowm f2feRer ST (inter temporal) FAIZ &0
TR ?
(d) y"(t)+8y'(t)+16y =0 @& AA=eifba i T |

(e) y"(t)+6y'(t)+5y=10 @& 7 qzeilG i w2l y(0)=4 ¢ y'(0) =24
ATTF @Ale @ SEANRE AR sifowy fZfotere! Sitg [

1.12 argeife

1. Simou C and Blume L (2010) : Mathematics for Economists, Viva Books
2. Chiang A and Wain Wright K (2005) :
Fundamental Methods of Mathematical Economics, Mcgraw Hile

3. Sarkhel J and Bhukta A (2016) : An introduction to Mathematical Techniques
for Economic Analysis, Book Syndicate Privale Limited.

4. Baumal W. J (1970) : Economic Dynamics : An Introduction. The Macflillan
Company



g% 2 O tafis Femifae

Qen
2.1 T
22 o®iE
2.3 TafE wEiead og
2.3.1 SN 8 9AeH TEeW weEE
232 efegiom
2.3.3 BeCFA womIAd
24 (237 ¢ oA fEmeaa
24.1 (o379 @ farsena
242 (O30T AFEARE FSae!
24.3 cFaa A @ [{ffe @i ¢ cegaaif® @ wfre aifdm i
2.5 fadfias
251 fadares fawie
2,52 WiEEE 8 (Fwiga
2,53 AW GR ACHINF HomE
2.6 cwaF fafsm e
27  AFEeAE
2.8 epiEt
29 azefy
2.1 Sty
G2 G0 HA1T FAE Ml SEre 2

(F) TRACART AN ©F F @R ©F weeal [few smigw [fg
() (937 0@ F @RI @3 o7 ey s &

(o) ez I At

(%) fefiacea g feeita e f[ifd SeprEe S0 1w

33
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2.2 agiEal

TAifore G FECARE ANFAN x € y G W& 7S ol 291 I x 99 T
YWE QTF OIZCE €2 AANTACER S0 N y G i efy a1 77 6 72 150 ordl T3
OGP A Y2 Al O THF FNFACIE GFG AN TTI0F T (0 | (T A
(@ HIfEnia ANS9 @ (@QNTTR ANFAe GG AN N 2o Sy &7 e 2@
| G2 ST G2 PR AN REE vl w4 A |

2.3 @fds AEd oF

G2 QA Seif [RE TRecals AN GioeE @ W @RE AN °F Al

FAIACARIE TN ©F | SHEATHA 2
3a—b+ 1dc =7

2a+2b+ 3¢ =0

a— 12b — 18c =33

GO OTG N2 FEACAIF Tl ©F 9% 27 | g weltafes qeter Frei e
FIACARS 9101 (7R T | SAFATHF T4 5ol e weapfzre smepef afv sitafes sieae
©F 73 (systems of non linear equations), ©4 (32 AN SRECEAA AR O
IR (approximate) FRFACARE ©F AR I 27 |

TREACARE AN ©F TR 9o Awe Wt G ZE AASHRIT SopiEe
(Gaussian Elimination) | €% 2% Wt @RI T SNTHT A 7SI el 922 AM 3783 27
OIRCE FOTA TG 2N A (2 TAFAe O0F | S 201 TERS OF | €2 (F(q
TAfeF TTF Tfow TGl wefee arEfeame qreifems saaifial a
S A el hred e e ffere 231

2.3.1 NCHEE @ NeHA-Taei S2FEd ¢ (Gaussian and Gauss-Jordan Elimination)

m FLIE ANFAY 6 n FLLJF TGl 5aF [A¥S G AR (FfF ANe ©FiF @l
T ¢

a; X, +apX, ... +a, X, = b, ‘l
ayX; T ayX, + ... +a,x, =b, 3..(1)
anX + 41X T + 4nXn = Om J

€2 OLF a;; @R b A ANE AT AR ay; A § O AP x; TS 5 H2 |
(1) 2w Stz FL 2CeTl n B (tuplex) RS ABT I X, Xy, ey X, A (1) G4
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m AT TN ATOFOE A0 (satisfy) I @« W 2ave AN ©F

29 2

2x, +3x, =7
OfRCT X, = 2 € x, = 1 20T A

xl—x2=1

©Eoa ML ST (ol |
I ove wFn == ¢

X, tx,+x;=5
xz—XSZO}WX':S’Xzzo’X3ZOW
“AIta e swiae |
AVG (AT AT OLFA (G o1 ¥AF TZ! 20O 2AA |
(1) @I @6 TN F =t sied aRe
(2) FoefET T 2fhewl TSI 2
(3) @« (It T [fE (algorithm) SMTE [l (AT T AT 2 7T 2
AATO: o7 (A AN “Twte sfeq T ¢

(1) af$Z?[ (substitution)
(2) Elimination of variables ql 550%™ SIop7@e
(3) MG *&f® (Matrix method)

2.3.2 @f$B9 (Substitution)

@2 EOTS (1) 2AWE TN OLF SFCO A6 AP NG @ (FICA G0 G
(x,)) TG | S Gerpasfer SiTs b 2e (@9t €2 verpafe «B e wisare ez |
G x99 9% 79 (expression) 9 (m — 1) FNFAC IACA 22 | wffe @@Ita (m — 1)
FNR AN CTEN AT X, Xy ooy X, G 5F ACF | GBI T4 9T FO1G
TR A 2SN AT To=e 2[A @ T4 F(A AET T | FACACI 22 GIF(6 5o T
T P B TNTH SRS 2% O ST 7667 xi @ At s 23|

TwRRed ¢ 3x +y =13

Sx -2y =7
AL FNFA9 (ATF ¢ y = 13 — 3x y 97 W fgoin 7hare afegiom T ¢
Sx-2(13-3x)-7
= S5x —26 +6x =17
= X =23 93T ALY AR (AF A y €I WA; (B x = 3 A ¢
y=13-33)=4 . x=3,y=4 W8 se|
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a'€b (AF a+ b AT & ANERF (parallelogram) 77 Tl ZCA1 | a (ATF 2a
AN Ty, SERY (ACF a TR (@ @ SfFe 2z oS e s 2 efdss futa
&S a1 2| a (ACF b #ANSTR Gy TARTCS b @7 eifswea a1 2 |

7 (ST, T (A (SFEA IR0 SHAMA 7 AT OIS B w1 =7 0, Al
a0 |

(ST afdfor Rivef g ¢

(a)a+b=b+a

b)y(a@a+b)y+c=a+(b+c)

(¢) Ma + b)=Aa + Ab

(d) (A + wa=Aa + pa

(e) A(na) = w(ra) = (Aa

2o fJfifors @= =3 f[faww f&f (commulative law) | f@Sin e zten frws [y
(asseciative law) | (c) @ (d) Rfims 2ten aGage [&fd (distributive law) |

Cfafve [Rfg Sepit@a - b+ c 2@, @AME a=4. =5 7y=3.

2 1 7 8-5+14 17
41 |=5] 3|+2] 1|=[4-15+2 |=[-9
3 -2 -3 12+10-6 16

2.4.2 FFECA}F WSq@! (Linear Dependence)
a, b, ¢, d 92 5 (AT T CARF AT (Linear combination) 9 2(a1 ¢
oa + Bb + yc + 8d. €TELE o, B, x. & 92 HEAME TE (FER A | 1A TF @FH
n (S3EF @6, bl, b2, ...... bk, ¥3 (SFaef TR Fomie 2@ I ama @
@I @O, S7iRefer™ 7Feafas A= (Linear combination) RT3 &z« 321 217 |
I (@A (ST AR TR O e g T Al AW O ol
FIACARPSIA FE 2 (linearly independent) |

TR ¢ a=[ﬂ;b=“g} C=[g] I 27 ©IRes (79l AR b = 2(a + ¢) | oK
a, b, ¢ @ FEAERE TS| bl, b2, ..., bk (eFael TEtalie WeHRE =@

(PTG AM 0Ly, Oy ey Oy, K TR (R A, TN 0L %o 27, SREI (DA
o,b! + oub? + ... + oy bk = 0 T |

2 - 1
wors ({1
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@2 foafs o3z Setafis s 2
TG 8 @ AF o, B e y foqb (Fa A @A o + Pb + xe = 0
aqrFE 200+t 4B+ =0
a+pP+yx=0
200+ 3+ 2x =0
ﬁﬂ:ﬁ?ﬁ% (elemination) Sl FCeT

1 1
200+ 4B+ =0 —B+5X=0 EX=0

ARSI s@mere o = P =y = 0. JOAR a, b, ¢ (TFAf CAFHCA FE |
243 cEq R A Ffds o e (o379 oW 9t Afws aif= << (Difference

between scalar quantity and vector quantity)

(@ e AT Big A T oot asm w41 T8 OitE (Faia aif T@7 23|
wiefle (FAR AT T DR, @0 W A T @S AN, SR, GG, ) 2901 |

5% (@ e AR 75 2FE Ty O 9 ¢ rs TR SR TS it A
A A (oA AR TN T (@ e, ifsran 2o |

FAR A vy W AR ot @91, R[Reae, wd Tenift Sieeifires e s
SR 23 AtE | 58 (@39 A Witaa 1w e wfte A sitra @il [cnel wd
T eeifared ke FENEpitE F AT G IR 9 (o3 AR @ vy
ARSTAR e Tol TEaRe 73, ot S ¢ Sgae (@I Seiae e |

2.5 A==

g 47 9 Ffe [OPTF (square arrangements of numbers in array form)
4@ 7o 27| 9o FEACARE AN [ACIe 41 2l 8

ax +by=0 ... (1)

ex+dy=0 ... (2)

I @2 ANFIISTET 96z (non trural) AN ACF, Wefie x = 0, y = 0 =T T
S 2ATF, SIFE S22, b, ¢, d €2 Ao T0a7 79F AR | 46 AN (AT
X @3 y T S#ARe (eliminate) T AW SR (12 7=91F “eT AT | AT ARSI
¢ ¢ BORIGTE a T @d F07 W [l 1 AW ©izeet 20 (be — ad) y = 0

bc—ad=0 iead—-bc=0 ... 3) (o y#0)

A9 (3) M 779 2 OIRCE (1) @ (2) ANPACET S-9b% TN 2N A | NP9
(3) @3 AMCFA *FFF AT F1 T ¢
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2 g G} G2 AFHHE & W Tom WA €7 (determinants of order-2) |

2.5.1 fadares e (Expansion of determinants)

GRE]

2 b Pt 2 7 ¢ 7 wERRR I <R . b. e, d o 27 e
Tl | wiefie

a b — 24w Al
b d
l d
2w feor| — faom Afd
Kics wg

fdiarsa W 26t ¢ ad — be
foes AT “AREF 7Fae [Aabal T4 26! (simultaneous equation)

ax+by+c =0 (1)

ax +by+c,=0 ceeene(2)

a;x +byy +¢3=0 )|

TR (2) € AT (3) & [RAAAoufe #&fe @t (cross multiplication) 1% ¢
X y 1

bye;—cyby  aje, —ase;  ayby—asb,

b,c;—c,b; a5C, —a,C4
te azzbj —bza; - ajbj —bZaJ3 (ayb; — bya; # 0)
X @ y G W AL FAFAC AT A1 ¢
a,(b,c; — ¢c,by) + b(azc, — a)cy) + ¢y(aby — byay)) =0 ceeeen(4)
a, b, ¢
A9 (4) 97 FfAcaa FFS @ AR A = 22 Ez 22 a2 «ft 96 fauifas

f4/a< (Third order determinants)

b, ¢ ~b,

4 G
b3 C3 2

a, b,
33 C_'r 3

b,

3

3 a +¢
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2. Adaraa giieen (Properties of determinants) :

1. I @I e Afte ¥8 8 B8 Afre Felres T I oige Fdarea
T SeifEafe$® A | @I 2

1
z
2 2

z

X
2
y2

Z

2

[ ———

Hom =

o -
N =

2. W @ @I q siriofif* sifa at si=iiefif* ¥E (adjaceul rowx or two adjaceut

columns) 2/777 & 41 2 (interchanged) ©1ZCa [4@Ha 2/ W (absolute value)
w32 A3 7 e +RafSe =) @m—

4

1
z|=-
2

1
y
y> z

" =

y
1 1
2 2 y2 22

arwea 22 ¢ sl AfF +ffafes zrng 3k o or ey 2|
3. T (@Il fdiaea (@ @Il Aies p TNEAE Fiecd Ui e Sfes Fa o=

(passed over) #fFeifs 2ie 4@ 203 (resultant determinant) (—1)» A (FATT A ZCaAl
o fadia | w

3 3 3 3 2 2 2 2

1 1 1 x>y’ 7z u X* y° z° u
X Yy z uj o .31 1 11 |, 2 1 1 1
x2y2 7 uz_(l)x y z u_(l)x y z u
X3 y) 23 e X2 y2 Z2 u2 X3 y) 23 u

X y z u

1 1 I 1

I
=1 NCRRE I

$ oy 2w

ToFA TPTIA (FLG AT, 59 ARG ot ANEAE AFF Toltd Sfod FAc!
20ET @R CTCRCE (—1)3 20 | O GOt S 9fo Teas AlfRH Soig Sfos Il
27 G3R OI2 (1) TW R AR o AT G0 AT AR Sfos FA 27 @3
CCFE (—1)! 27| I AR +IFRCE TE 27, OIS G2 qife SeTes I3 27 |

4. 77 @l TR @ @l g i A gt v a3 7@ oe FdRst Tale =
3l ofF W *w 27 | wefie
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a ¢ ¢
a; C; C4

5. T (@Il Fdea @ @ A A TS AT SAMNCE G A e @
341 27 ©oEE W [daae @i A @t Tesive e ed a1 it | Iidfie

pa, by ¢l=pla, b, ¢,

pa; by ¢ a; by ¢

@R, (ay ab, oac,/=abja, b, c,
Ba; Pb; Pcy a; by ¢

6. I @A A A BT AIFO TAM ¢ oW IF W OIZCE WEGFH r TRAF
At @eaiTea e foife 211 @@ ¢

a, +a, b, | la, by ¢ |y by ¢
ay;+a; by cy| la3 by ¢35 |03 by ¢y

7. I @ R @ AT @ $rsa 24fe Somita JE 9w @ A Al
WEA TAmIaefe ST ) At A A @l I O, oSl A A BrEa SeAmitas W

@il A facme T =, oizte WEESta e @2 AitF | (I from each constituent of a
row (A column) of a determinant are added or subtracted the equimultiplex of the
corresponding constituent of any other row (or column) the determinant remains

unattered) |
a; b ¢
@« A=ja, b, ¢,
a; D3 C3

IR &A1 A AL FLEF 03 @R WiHd 2fo SAMITTA p @d (9l ¢ Poly wEe &fs
TAMITE q @9 eaie a1 20eN | oretE fMdiEta M @Il SifEks w0

a;+pb,—qa b ¢ a, b ¢
Jodk |a, +pb,—qc, b, ¢ [=A=la, b, ¢,[+pxo—gxo0
az+pb;—qc; by ¢ a; D3 C3

(4 T TS SPAH)
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8. famerm 4@ (special determinants)
afesy fadi@sF (symmetric determinants)

a h g
h b f|=abc—2fgh—af? —bg? —ch’
g f ¢

Trizad 1 3 fa@i@ 1 Fa e Mdaeafam s fda s e
a-b b-c c-a 0 a-b a-c

(a) [b-¢ c¢c—a a-b (b) [b—a 0 b-c
c—a a-b b-c c—a c¢—b 0

ST 8 (a) ¢, + ¢, + ¢; TR 2N ¢ TSR ¢ gl wiEn afe THm 3f c@iol T
TR O A

0 b-c c-a
A=1[0 c—-a a-b|=0
0 a-b b-c
0 a-b a-c
b-a 0 b-c
(®) c—a c¢-b 0
R, - R, (22w 7 - faSw 7f7) @3k R, — R, 401 212 ¢
a-b a-b a-b
A=lb-¢ b-c b-c
c—-a c¢—b 0

R, € R, 47 Toimiwef oo

s A=0.
x—1 1 1
I 1 x+1 -1 |=0 ¥ 9@ x 93 71 A% Tl Qo et
-1 1 x+1
x—1 1 1 x+1 1 1
TG 2 1 x+1 -1 |=0 or[x+1 x+1 -1(=0
-1 1 X+1 x+1 1 x+1

(clr =, +¢Cy +C3)
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1 1 1 1 0 O
or(x+Dl x+1 —=1|=0or(x+DfI x =2
I 1 x+1 I 0 x
(CQP=CZ—C| Cs’:03_0|)
or{1(x2-0)-0+0}(x+1)=0
or x3(x +1)=0 .. x=0,0, 1.
a+b+2c a b
3. (748 (3 ¢ c b+c+2a b =2(a+b+c)3
c c+a+2b
a+b+c —(b+c+a) 0
g 8 LHS=| 0 b+c+a —(c+a+b)
C a c+a+2b
(R, =R, =R, ¢ R, =R, - Ry)
1 -1 0
=(@+b+c)? |0 1 -1
c a c+a+2b

NSOU « CC-EC-07

=(a+b+c)’[l(c+a+2b+a)—(-1)(+c)+0]=(a+b+c)’[c+2a+2b+c]

=(a+b+c)?, 2(a+b+c)=2(a+b+c) 2AfIS]

I x xz—yz
jRERTIE e @l y y -
1 z zz—xy
1 x xz—yz 1 x X
T s |1y yi-z|=[1 y yi|-
1 z Zz—xy 1 z 77
1 x x X X XyZzZ
2| 1 2
=ty Y|-—p Y Xz
1 z 2z X%z 7 XyzZ
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(2 AR AT TAMACE x, TOR AR 2ATF TAMAT y € TR AR 2ATF
ToAmCE z Trea wel 33 wwe sl xyz T e 4t 2o

1 x x X 2 1 1 x x| |x 1 %x°
=y Y -— xyzly ¥y 1=[l y yY|+ly 1 ¥’
1 z 2z} X2 y4 Z 1|\l z 22z 1 72

b

—
N
NI\J
—

1 a a’
5.8 @ a1 al| @36z @efcwag |
2
a a 1

TANY ¢ BT © TOR BT FRSH SHAMCE AL TS SoAMSET A (e} FA0e
A% ¢

l+a+a’ a a’ 1 a a2
A=|l+a+a’> 1 a| A=(+a+ad)]l 1 a
l+a+a® a’ 1 1 a® 1

AW AT AT ToAME Ao gor Afaa Soimmal (ars [ T4 iR

1 a a’
A=(1+a+a2)0 l-a a-a’
0 a’-a 1-a°

2
a

_ 21 _ 2] 1
=(l+a+a”)(1-a) —a l+a

=(1+a+a’)

l1-a a—a
2
a“ — l1-a

=(l+a+ad)1-a)’(+a+a’)=(1-a)".

2.5.2 Wigw4 @ (FFFd (Minor and Cofactor)

@it S at Refimamm @ @it SAmitag izae Tece @R, Sdasba sae
TS 7 I, TE ToAmIaoa 7B AT € TSE T I 2 FdfiEs | @we 3
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a, b ¢
a, by, ¢,
a; by ¢

AR ¢ TOR FAE TS O O TP I ¢, IF T2ad e (ol |

b
472 S a, @ by &7 WA LA 2 [p! !

(i, j) % TAMTTT @FEFA A = (<) x (i, j) O TAMTaR Wzaa | wefie D
fefiz=oa ¢, @7 @rmEa = ¢

wigfle ¢, @7 TR (AR AN

a, b,
a; b,

A= 2 ©(4 ¢, G W2 2l

a ¢

UL
4 €

3 b b
D" gj b§ ORE a, € by, @7 @EE wA ()7 b; 213 UER
(-1 :'2 2‘2 FLYF |
1 45
Taigze ¢ A=2 3 1| feffaalon 4 @3 @rmiga faefa s
323

FAMYE ¢ 4 97 WET 2 ¢ | 4 O SR/ (@RY AN AT 93 6w wE o T
FfF A TS TepTRe T Wit Reffaasiba e 2e wiEaa |

Iedd 4 99 (FIFIET 20 ¢

14212 1| _ 4
W2 Y=-3

2.5.3 79 (adjoint) €32 WIS (reciprocal) fHefas ¢
@it fefias A @3 ime o e @R @i Refaesbos T Samiaefe g

A e s@mel Tommale @wEa aal afve | o A’ i fofre Fat @)

was A= by b;
¢ € G
JeA A’ = B, B, B,

Ay A, ... T A T a,, ay, ... T SAMITTR CEREESA
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A e stame A7 =

> |_ﬁ:b | |_:b

SEEEF)

1 2 3
2 1 2
I 1 1

Refaa sieeEs ¢ S [dfas ST s

Swigaet 3 A=

-1 0 1
1 -2 1
1 4 -3

— =

ST 2 A = -|1 1‘

o — — — U)o
—_— ,_.I\-J'_‘._‘

Py — 9 — o

[

=(1-2)-2(2-2)+32-1)=2

gq4q A = 2
1

1
1
3

1

A @3 S Qe 2 AT = —

10
1 -2
2|1 4

2.6 e fafem eram
TEACART e OLEd T (@E [&fdm Tom fofe s w4t 7w gt ¥iead

ot a1 T ¢
a)x + by =d,
a,x + by = d,
A A, a, b
gx:—’ = —— A: 1 1
e g e YTy @EA 0GR A=l

d b d
1‘ ﬂWAﬂaﬁWW(d;Jma%mvmwm[z;]@

— 1
A=ld, b,
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a; d,
d

d
N ﬂwamfﬁwm[d;]ﬁm afegis T g | @E [y
2 =2

AZ:

me:ﬁe y=ﬁ|
A A
Twizge ¢ @ [fE SerEe F0a AN FE ¢
X+2y-z=9
2x -y +3z=-2
3x+2y+3z=9

1 2 -1
2 -1 3
3 2 3

TG 8 & AF D= =1 (-3-6)-2(6-9) -1(4 + 3)

= 946-7=-10%0

9 2 -1
D, =[-2 -1 3|=9%(-3-6)-2(-6-27)-1(-4+9)
9 2 3
=—81+66—-5=-20
1 9 -1
D,=2 -2 3|=1(-6-27)=9(6-9)+(~1)(18+6) =-30
39 3
1 2 9
D=2 -1 -2[=1(-9+4)-2(18+6)+9(4 +3)=-53+63=10
3 2 9
g x_y_z_1
W%WDDI D, D. D
x_1 - _&___20_2
D, D D -10
y _1 D, -30
- = = :—:3
D, D "¥ P "
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Twizadt 2 ¢ X+y+z=4
X—-2ytz=-2
3x+2y+7z=14

(e &% opEie x, y 8 z @9 W T S

111
AN ¢ A=l =2 1= 1(-14 - 2) —1(7 = 3) + 12 + 6)
3 2 7
= 16-4+8=-12
4 1 1
A=|2 =2 1|=4(-14-2)—1(-14-14)+1(-4+28)= — 64 + 28 + 24 = —12
14 2 7
4 1
Ay=[l =2 1|=1(-14-14)-4(7-3)+1(14+6) =— 28 —16+20 = —24
3 14 7
11 4
Ay=[1 =2 1[=1(-28+4)—1(14+6)+4(2+6)=—24 -20+32 =—12
3 2 14

b2

-12 4, _-24
A 12 Y A -12
ﬁt‘fﬂmﬁmgx=1,y=2,z=ll

2.7 e

G2 TEAHBIS (FRF FANFAER A G2 AIFACART AN ©F [Fe a4 341 =0
O SIEAGA T TR | @ A (9T ¢ O FRAEe Sl wig @6, [eel, @6
FEE NS @A 2R | TS ANeae orgd sifafes wmae Fena Reffaea
ST TS (@FF Y Septe 1 23 O [Jam i (reat 20atz | G2 2T e
IS GRel @ o [y axfalEe oam a9 s |

2.8 epEent

24, A 12

A 12

fTen- =
1. o7 2pafera afsa e 2
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(a)T#PIE (elimination) &fOTS WTHA 6 ATNFA (AF x € y «F W foqef7 Tt ¢
2x + S5y = -10
2x+4y =0

(b) afw a=B S b=m 23 ©d 3a — 4b TO A7
(c) Tva (oAl & waeaiisei Feadie 2

il

523
(d) I A=|7 3 4] =W o@ A [ffmaia W Il A2
9 4 5
120
(e) IM [0 2 x|=6 T O x G T ISl FA?
102

2. e emaferd spefae 5

3 p+2
(a) &1 T X‘[é‘i]sy—{ 5] I x = 2y 2 O p, q, € r Il FA?

3r
(b) W feaf® eFq @ =@ @
3 0 3
A= |B=|g| e C=|3?| wm o tafes el v w0
2 0 8
0 a -b
-a 0 c|=0

(c) T®m Il 3 ordle @ Tl

2 2
a~ 2ab b

(d) odte @ [b>  a’ 2ab| @36 T2 A5G (perfect square) |
2ab b> a’
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X+a b c
C Xx+b a
a b x+c¢

3. Troe emaferm afefa spefam 10
(a) NTHA AN TN FC x, y € z 93 W IS A TS |
4x —y+2z=13
X+2y—-2z2=0
—Xx+ty+z=35
(b) ooz TPl ©FT [abal T 2 R @ FANFATOG A CFCE (PICA G5
A (unique solution) 78I &=l | IM W 27 OIZCET O FA 2[GrH A |
-X-y+tz=-2
3x + 2y 2z =17
X+3y—-3z2=0
() IM x +y + z = 0 T O & Al
X y z
2y 2 |=0
Y+Z Z+X X+Yy
(d) @ &fd SREE AaE I ¢
X+2y+32z=6
2x+4y+z=17
3x+2y+9z=14
(e) fa®Ia 71l Fta ordle @

(€) X 9T (N A=H Ty -0 A?

x+1 x+4 x+2
X+2 Xx+5 x+4
X+3 x+6 x+6

=0

2.9 aZafe ¢

1. Hoy Levernois McKenna Rees slengos (2012) : Mathematics for Economics,
PHI1 Learning Private Limited.

2. Sydsaeter and Hammond (2002) : Essential Mathematics for Gonomic

Analysis Prentice Hall, Iac, Loudan 2002.

Simon C and Lawrence B (1994) : Mathematics for Economics, W.W. Naton

and Company.

L



g% 3 O @FRs Jeeifaren wfelhe fTaw

1ow
3.1
3.2
3.3
3.4
35
3.6
3.7

3.8

3.9

3.10
3.11
3.12
3.13
3.14

3.15
3.16

3.17
3.18
3.19
3.20
3.21
3.22
3.23

e

e

WG AR

WG & @ wsE

GEE eFEre

Wi e

IEKEICR I

3.7.1 fRefreg@ wifieem ol

A=Y MG

fRerdte Wit Mdad sa7 @
faordte Wihtee ARt @S AMFacE T
@E e smfere SRR T
GFGEEILF GR F-GIAEGF UG
WA GR (FEEA

WiGER et e farae

3.14.1 sfzxSieTel T

3.14.2 wigrae Sife

WEEE e wdw

IR Qo

3.16.1 HIFTIR Qdta Tfe

afes wifgs

it GH

WHER T

2995 Senb e

AR

epliaett

bpgt

52



NSOU « CC-EC-07 53

3.1 Sty

B SHIIA ASTTA M R et Aeeifares wfieed wwgs)l o g
OIF AT FHATF 0O AR | (T —
(F) WG ¢ o7 dFaren
(}) Tafw A9 orEa WIGCSR MGeT A5
(o) freita @k Fwae ©F 29t WIGTIE TSI (inverse) TLTT AL F41 €I
() 2990 BNTH=G “i@mhed A6 @ T T

3.2 agEl

WEE @3t IT AT TFE TOTT TG € AITEFSIE 2 T 3 TS
TS | SRIF G2 A0 FRF AR (4 @ ARG o T St 78 el |
(2 ©FH I AN @97 T O@ O (F I I AED (12 2Maf08 MG AR
e T2t 7w | weftafes [feq serR e fon A1 v a1 oFe wfes Tap™iEe retEd
OFg FAAFACIF (simultaneous equation system) FNLE ATAG = | WIGH G2 CF@
TFes)d | SR GBI (FLE Tl AN OF2 FACARE REN TF | G S
WG WFT g6l R o f[fer s etafoe 2z |

3.3 WigEa

FERATE| MANF M A IR TY Al T WP ASIA T, OA (@ SO
Al Fsfeta Reuit Aveal A, ot WG @1 2 | GURE el ke @ SomiaeleE
T 20 ot AT @32 TEw 9199 (@ Toimiaalem Reps =@ ot 36w 9 9 96 23 |

WIS 2T FACS AT TOIH [ | Al 22 %Al () WA || || 2SIF a2 T ZF |
@ w27 A A A it sife =@ erReE WiGER ©f@ (entry) A S#WE (element)
TN T | @AETHAT @, ), 8)9s By, &y, THIMOII BFH F1 2 | HICS AT 27 TS
orRE e 2 0 2 S

Az[an 312] A B=(2 S)WI

Ay, Ay 7 9

AlRerSIta A [aij] T TGN (TG 271 @QITT i = 1, 2, ....m ZE1 A 3.2 @]
j=1,2, ..., nZA T M|
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al] alz llllll a]n
. a a RPUURR - |
Wﬁﬁ\, A:[al‘]]mXH = :21 22 2n
am, am, ... A |

fm i
WW‘{%WWW‘TWalx+b|y=0kﬂ?{i32x+b2y=0.ﬂﬁ2ﬁl'ﬂ
ANFANF b, @R GOR ANFAF b, W @ a1 &7, 9 oR7@ KAl F41 =, ¢
fcaerrsTe x Wt ©isl w41 27 ©I20e 20EM ¢ ab, — a,b) = 0 G T 2F AN 7o

b
oA T (elimination) | 43 ANAFCSE S CFCA [:; blj IFF AF F4 T

! 7rel I | eIt x @2y @9 a,, by, ay, b, 329 Al e @ 27 Wikrew Somia
(element) | T n FAF 55 @A 900 m WAF @IFT 77 AN [{EAHN T |

a”X] +a]2X2 +.......+a]nxn = Cl
aHX + 37X,y L, + aHNnx, = ¢,
an|x; +an,x, + ..... +amXx, = c

GUFCE ;5 8)9s e DONM X, X, ... DETAIIE 729 (coefficient) €€ ¢, ¢, ...... fafen
TFatslEa “nafoE, ame (constant) 2T W 4 =

Tt 72 AT o1 @077 TAMITTR 2L TAW a,,, a,, ... T2PTE, FoR
TAMIE X,, X, BERIRPE @8 (< TAMIA ¢, ¢, 22 ARERR|

it fo <= SAMITCS ARSI AT A ST AT Gb WiGree el
CISACRI

al] a|2 s aln XI C]
A=|3 32 - Az X=[%2| . c=|%
Al Apma e Amn — X3 nxl Cm mxl

I MFER CFa SRl [ w1fge e i Al ik T 7ake [are ofe
| FAN (F FHEARS ©IT aFH T AW | (@I —

[a“ a,, a;rl— 2423 A
Ay Ay ay;— faom AfF
N

a2 @S gor
FANRA T
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Tuiga 2 @@ AT X, X,, X, G2 foqlb vena A Fuare 5 w60 ife
20 8
4x, + 3x, + 5x3 = 27
X, +6x, +2x; =19
33X + X, +3x3 =15
GRICT a) =4, ap = 3,83 =5, 8y = 1 ay =6,a; =2, 85 =3, a, = 1,
a3 =3,¢,=27,¢,=19,¢; = 15.

aj; ap ap 4 35
3 o

a3) a3 4as3 13

X4 C 27
X3 34 C3 3x1 15 3x1
A, X, C 2Todbe 9F G0 @oiF |

3.4 WGER @ i woE

I G S Aifad 74l @3z Teg AT 4 7 T Wi o= o
39 27 | Wik m SehiE A € n S FE A e WihEE 5 2@ m < n| G
& 2 m A n (read as m by n)|

12 2
@l 5 A-[% g g]aammwaawmﬁﬁ;@ww
3.5 WitEE dFarew

(A) SR WG ¢ @ WGEE AR 9 TN AR SN ZE OS
WWWIWA:[; B 72}
2x3

(B) W7 WG ¢ @emig @ A7 e Gy = 77 oGy 2 77 o3
(C) T WiTH ¢ 3T T 72T oifde MGH T MG A I (9391

ap

B as)

M Jnx
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(D) *=7 S7G3 (Null Matrics) ¢ T (@I WHID (m % n) G TR0 AW %
TS BIZCE OITF *[+7 WITGH (m x n) I67 T € mxn ©IF HBfFe Fa a7 @I=—

0 0 0 0
[0 0 0 ?nH 76 3 x 3 @ [ @ 3 x 1 @ [{f4% = Wit
00 0 0

3x3 3x1

(E) 3ftwa WfGH (Square matrics) @3 WTeIFT WHA (Rectangular
Matrics) ¢ I (@ MG AT @R T TG =7 OZA GO 9(0FG WGT @)
g femel (rl e OitE S WG 3 28| e (@Il m x n FERHE
WIGIA (FC@ m # n A OCF AT TEH A o1 T4 23|

wiefie [ﬁ ; ]M <% i ifGe @ [12 0 _,?Lg a=fb wiereE Wi |

(F) fo%= Wifgo (Diagonal Matrics) ¢ @ WG @wemia 47 o5 q wefa
(principal diagonal) Toimia @fe *ay & &1, @3 AR Fwel Tome *ay 2q, wfig
@ fodwelta SRl i MRS Ty 9 FRATE 277 203 91 GR A ZI
Tl w1 w42 *w 23 o o Wiy 7@ =3

2 00

g [8 ‘g _g] 3f5 @i fodfe ifGw (3 x 3)|
33

(G) cF&11a WiG3 (Scalar matrics) ¢ @ MHER F7FH T FF Tomaai

90 0
(leading diagoneal elements) 3« OIS (Fa1id GG T&1 27 | (@I [0 9 0| a5

00 9

cFeT G Tvreae |

(H) Stewsd a1 «FF WiGH (Identity Matrics) ¢ @ 3o WG I 0@
Tomiefe <17 @R ST SomAef W7 Site wrens Wit T 24 |1 GTF Imxn w4
n (R 2o e w1 21 widie @36 wrews Wifhs A = [aij] 3 27, O aij

=0 V (forall)i#j @32 aij = 1 T T 7{H0 i = j T | (I [}) ﬂ Srens G |
2x2

(1) ret WiB3A (Equal Matrics) ¢ A = [aij] €3 B = [bij] ¥ u2 Wifes ™ 2@
T fasferire 4o *$oge 302 ¢
(i) ¥2 WGrEae T O 21|
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(ii) w2 WiGreae T2 Seimma Tu 2@ wiefie aij = bij (i =1, 2, ....., m) 9%
G=1,2, ., n)| @V 2 @I TGIET 7 |

SR ¢ Bs T 297L3““_<f2 [iiéy ﬂ @zg b WifsR T, ger
x+1=5,x-1=3,x-3y=y

x=5-1=4 x=4.

sX =3y =y N9 x @F W IBCT AT 4 =4y oy = 1.

ToaR e T x =4,y = 1.

(j) T= farsteigte iR (Upper triangular matrics) ¢ @ 35 smifgram 3
FG A SRR A Soim 27 St @1 =W % fartagfe e | @ w—

25 7
0 4 3
00 1),

(k) = ﬁﬂ.ﬁl‘“ﬁiﬂ% WIGH (Lower triangular matrics) ¢ (@ Toffra s 347
fotaa B4 szt aAfef Seimia == oIt 7e7 23 s fqraeigfe mits | @m—

[5 0 0}
3 40
2 2 1],
3.6 WTPEFF =
T @ Wi et © Teete e 906 @4t 2fel Aifa 38 Fesite
T(E G 9F2 AL 2l TT OF FF0 oz AHe Altee 2 O OitF a9 T

TIGET e | @@= —

a a a.
a” al2 alB 11 21 31

ﬂfﬁA{az, a5 a23] @WWAWQﬁﬁA'W[aQ 42 332] T
33
3%3

a;; a A
a3| 332 a33 13 23 33

WG A 7 2Ee w6t Al A AT 20 bfee a1 | o 6 Twizas (red 15|

4 1
4 1 2 _
A 2[1 5 7]? . 7> @we G 2o oI ke @ 2@ A’ -[1 5]
LX 3x2

27

wefie BArEe Witer @ «ffafee 2w & wisha 3 T e uft Afq
e Wit 30 A € 9o =)
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-

J

s 3 2ve Wi = A—H A=[31 5],
S3x|

THCE TRATEl (ATF @R AT @ M A =[a],., T O A =8 ],
wigfie (m x n) WGEE 2AEES WEF 2@ n x m FRE|
3.6.1 Zsiae MHET «f ¢

Bred WiGER ol ze ¢

. (AY=A

2. (A+BY=A"+B

3. (AB) =B'A’

A &5 S T 1 G garea it 7= 2ered 391 I SiRE I
wiffsse @ sieat aw1 @Sk i 1t oiter @eieem 2aes 2@ o
WGREE ATod FEEE @I9e | (I 2

_{3 1 on_|1 3
4ql I A—|:5 7:| R B—[z 4]

W(AJ“B)':H ?4]:[2 H

o Ar |3 5 |12

Gt A _[1 7] e B —[3 4
o ’ r_ 4 7
Todik A'+B —|:4 11:|

TR «iepita 7 Wit eoweE g €@ Wit [Refe T ke
ATOIFLA ZWEA (The transpose of a product is the product of the transposes in
reverse order).

5 7], x_[3 1
W‘TSWA—[Q 3}\GB_[2 9]
29 68 Coamy_[29 33
A]5"‘[33 36] "(AB)_[GS 36]

321 al[5 9] war[29 33] o
B_[l 9} A‘[? 3] BA‘[&; 36] ~(AB) =B'A
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3.7 faoidte GE (Inverses)

(FTE I5E € TPEEE (Non singular) WfGtsR ¢wtaz f[ede I3 s
AT T @A AA- =1 = A A *$f6 Aifere 2 | @it e o [eidreg A i
At @d 01 G WG 2eq A | 77w @ A & A~ ea =mesl 1 =it @el Facere
(pre or post multiply) €&3 ¢ WIGT 2N |

3.7.1 ooy d wifw o ¢

(a) 2ATOIFL 9T MG R WIGT A =1 | T I9fFhe 96 Tzeai *1© %
A *1S 77 | Koo Wifem e, 77 @ i e [ede mty A sz
G2 G 203 7 FreR | wi[kE W @l it [ede s 91 A0S oz oE
gt sife <=1 27|

(b) T A-! 97 wfeg AT, Ozte A I =0 2@ A WiGEE [ede it
wefle A @] A~ GTF AR ooy Wit

() IM AT FIn x m T oA A € &6 n x m FEREE WHT 27|

(d) 3t fReidre Wt ofee ATF ©=TE GBS0 (unique) Z(A | G2 STl
NS smEore @i =1 A3 |

gl AT A WiGE Redoyd s 20 B, e AB = BA =1

G4 A F, C T7F 930 WIGH @ACT AC = CA = I. @317 AB = | 93 TSAATH
C faca =t wel Fat T AT (premultiply) ©120e1 2038 CAB = CI(= C) (@29 CA = [ 4&l
SRR Z0ET], S99d B = C 512dl B = C wigfie B @ C 112 @3 3 @32 fFoidre s |

(e) AA' =19 A1A = [ (T T2 @RIT OISl (@ YHd W4 (@ @it @3
TNFA0Z A @R A~ @7 TS! [RAFOYA 43 W CFE AT |

efie T AA-! = [ 2, @R B @36 T @¥« 27 @407 BA = [, 794k B = A~
I, @49 BA = 1 93 Teuo/% A-! futy Cerdred @9 (Post multiply) Fat&1 201
(BA)A! = A

=2l B(AA!) = IA-! (3iztaidt f99s At associative law)

BI = 1A~ (AA-!, 4RI

s B=A"

GFBOIE GBI R TR @ W AIA = [, Ozte @@mE @36 it C @i
CA' =12@, o 7@l C = A

fafie wiufer 42 swmgd|

(E) I® A ¢ B 4o s=beEa suifts 28 I8 @ n x m o,
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i) AHT=A

(ii) (AB)"! = B-1A-

(i) (A")" = (A7

22wfs SRpita Reidre Witew [ede 2z 3o mitw Toula o uft Mt
BOFCETA AT Z0e! (72 w2 WifGeR w19 @Few Afees (reverse order) A7 M=
wowe | goratd 9 ZeAl Beed WiteeE [ede zen o Wit [ede witee
B |

A2 1o ¥ JoB | el FafEtieeita awd Fa |

¥ TF AB 3 fJeidre Wifea C | Jeaik (AB)! = C € CAB =113 B! Al fatg
Terared od I 99,

CAB B-1A! = [BIA-1 = B-1A- (1)

Q¥ TofIeE ANFAA0A Ao 2 CABB1)A-! = CAI A-! = CAA1 = CI =
C

Teaik (1) 6 ol @0 9 C = B'A-! At AB 7 f+ifre Wi 2 B-1A!|

wor {35 FRfiRie S ame w1 T ¢ 2ve A @3 [ide Wi I D 27, ozt
DA’ =158 (AAlY =T =1

~DA'=(AA"Y =(AT'YA’

TonewE (A')! iy Teawd I AR ¢

DA'=(A)"' =(AT'YA'(A) =1

gfie D = (A1) |

3.8 A WiGH

@I 3of fGE 2 oifoe fAoies |A| @3 Fzeds aat e iR 2me mitss
A &3 TGRS Al A WG = 2| G adj A AR o =1 23|

1 2 3
Tazgd ¢ A=[2 1 1
-1 2 1
o1 o1 2 1]
21 =11 =12 -1 -3 5] [-1 4 -1
oo R332 |4 4 -4|=-3 4 5
ORET adj A= ‘21 11 TR 2| T s -3 | 5 -4 -3
2 3 -1 3t 2
o1 TR R o

w%F 2 A. adj A = adj A.A = det AL
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3.9 a7 witw Fdied Fa= 7@

ol Sifel 2 A adj A =adj A . A=det A .l

we A 2A | _[adA L,
det A det A

L, adiA
goak A =292 (det A =0
" detA( )

1 2 3
quzrﬁA{z 1 1}mwwﬁcmm|
1 2 1

1 2 3
detA—{Z 1 1]1(1—2)—2(2+1)+3(4+1)—1—6+158#0
1 2 1

Todlk A-! T SIf¥Y “fledt A |

- 1 4 -1
A'—ad‘]A—]{.’; 4 5]

detA 8|5 _4 -3

4 1 -5
Tizgd 2) M A{z 4 S}WWA'@@W
5 -4 -3

TR A, %02 93 35w i |

|A|=4[3x4-1-D]-1[(-2)#) - 13)]+ (-5 [(-2)(-1)-3(3)]
=52+ 11+35=98=0

TSR A TN @6 Sfe@st EH (Non singular matrix)
G A 93 FZeF 7l 6P WG C zE

31 |- 1‘ -2 3]

-1 4 34/ 3 -1 {13111

1 -5 |4 -5 _|4 1
C= —| ‘ H 11 31 6
|4 -5 4
2 1| |33
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13 1 16
Caam@amwm%@mﬁwmade=C'—[u 31 6]
-7 7 14

Joaig A~ zadﬁzL 11
det A 98

3.10 oo Wiffeee wgtw @RE AN AW

R sifcem ARy WIS A A=w = @AW AL X, = B,
@R A 97 wfeg A, orzte Tt Ton e A-1 e s fede wia stew
Rl A_]n><n An><n an| - A_]nxn BnXl

-1 . -1
G AT'A =1 -1 an]:A nxn anl

nx=n

FSAR ANFACIT A ZCa 37290 WG A 7 [oidre Wies ¢ T (939 B (779)
EF e |
Trizad ¢ foal TiFge ASIET AR FANFI 2AWEG Z0eT ¢
11P, - P, - P, = 31
—P, + 6P, — 2P, = 26
—P, - 2P, + 7P, = 24
foafs ateitaz foaft wiw, P, P,, P, e 3l |
FNFANTIE WIHT TFC 25 T A2 ¢

11 -1 -1[p] [31
-1 6 -2||P,|=|26
1 -2 7P| |24

A = 11(38) + 1(=9) — 1(8) = 401

31 6 0.1122 03163  0.0612

13 1 16] [0.1327 00102 0.1633
=77 14| |-0.0714 00714 0.1429

6 -2/ |-1 -2[ |-1 6

-2 7 -1 71 -1 2 38 9 8§
_| -1 =1 {11 =1 1 =1} _| 9 76 23

(RIS s C |—2 7 |—1 7 ‘—1 —2‘ 8§ 23 65

-1 =1 it -1] i1 -1

6 -2| -1 -2 |-1 6




NSOU « CC-EC-07 63
38 9 8
AdjA=|9 76 23

Lo 1 [3809 81 [T Sy Y
A _{g 76 23]_{ fo1 é}

Y301
401 j

38 9 8 r, 1178+234+192
76 23 y 279 |49°7'( 552 4 P
o 2 = | £ 01II2 e = = *
26 401 =7 =P,
24 248+598+1560

401

oo
£
=
£
o

I

| .
oo
=
=&
F-.
=3

£
=
£
=
o

AR P* =4, P* =7, P* = 6.
Triggel 2 2@ Y = C + lo @A C = Co + bY [o@re miftsa e sspas!

Y 8 C @ 3 9« faefa seat |
=C+1lo LY -C=1
C=Co+by . -bY +C=C,

o A2
el IGH A 97 i =@ 2 JA| = 1(1) + 1(-b) = 1 — b
worea wiew C=|] 1]

a1 1 a_ Ll
aga=li ] A=l
Iyl oo U1, | L I, +C
WWX‘[CJ - X_l_b[b 1}[6] = b[bl +c}
1 1
Y =—(1.+C C¥=——(C_+DbI
l—b(° o) 1—b(° )

3.11 (e e cswmfere Wil wgw

e wSeae PesteE, feffesa st s, (@R SRR Sepre TRreE 9l
T | (@R T SATR ¢, @A xi ZA! ith TS 567, G0 AfHaw ANFACER (series
of equation) |A| = %Zsl WGTaa T, @2 |Ai| 0o @36 AT @ Mifteea Feffas
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3 7S 2T & el WIHTIR xi G F20 BOEA, LA I (937 A1 Ao
0 | (JAd| is the determinant of a special matrix formed from the original coefficient
matrix by replacing the column of coefficient of xi with the column vector of

constants). [HEIR® Tw=TeR WTN REAAGF ARSI @RI A |

Trzg ¢ fseie ARFaersfer A (AP @ FaEE AR x|, x,, 8 X, @& for
oIl SeTed Wi e

2x, +4x, — x5 =15

X; — 3x, + 2x5 = =5

6x, + 5x, + x5 =28

AN AF A Ax = b SNFE 2F FA0ET 27 2

2 4 -1[x,] [15
1 -3 2 |[x,|=|-5
6 5 1 |x5| [28

2 4 -1 X, 15
@AETA= [1 -3 2| X=|x,|b=|-5
6 5 1 X5 28

A A, | A,
X]=_9 XZ:_ XS:_
Al A N

@A A, =@ WiGH A 7 @429 ¥, b I (SIEA N Afege AR |

15 4 -1
wdfie A, =73 T3 2

8 5 1
2 15 -1 2 4 15
sorm Ao =|1 =5 2| g As=[1 -3 =5
W6 28 1T 6 s 28
300 4 <] 4 -
arm 1A12f7 J-1E ety T =2 -9+ 66 = s

A= 15(=13) + 5(9) + 28(5) = -10

A 10 _
|A] =5

|A,| = —15(=11) =5(8) —28(5) = 15



NSOU « CC-EC-07 65

_IA SIS

IA| -5
xy = A, |/|A] @A Ay =15(23)+ 5(~14) +28(~10) = -5

-5 X 2
o Xg=—=1 @R | X2 |73
-5 X- 1

Ao 3R WATHCHC WG (Coefficient and Augmented Matrix) :

(I FZ-ANF G OTS [AbNATeTE 72 2ol 7w @ Wiffa 5191 a1 A7 ©is
25l WGH 03 | AR G ‘A’ oF Wy a3 21 a7 |

TAFATTE 728 WIGT G 72 AN T Fa aifig e @ wits e =
ITF SIS WIGH 767 2 |

@l e 2x + 6y —5=0

6x -2y +8 =0
GURLE x GR y 97 FZol e afve A wiffw 7w ¢

A=[é _62} A = el Sie|
R x € y O T2 IR &< AR A aifre B Wi =

B=[é _61 51] B 2#l @36 wstete Wi |

2

3.12 GFIGAGT IR A-IFGCALE WG
@ ifeeR fediEea s *7 23 OitF 9Fecaiss it I 27| @@=\ —

A:[S 3}QW|A|=5X3—SXB=15—1S=O

53
o @ WIGER oFa [ =7 23 9 ot 9 giecaks il 3= 21|
mA:[g ﬁ] Al=20-16=4#0

GIIGLRAILE MIGIT CFT @02Q |A| = 0 CRg MGEHa wwgezot= 46 AT i 16
W(ES W4 (AR fSae (linear dependence) SIEg SIITE | GTTHE T& FAae RS
ANEAFSIE THN FRAF AN AFE A (@I GFF AN HSI 26 1 |
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€ o GIIGEAILE MG CF@ |A| = 0 2€TF AR A T @RFSIF FHw 9
GFF AT HE] |

3.13 W99 @ (& Fieq

@ @ @3 WG A 7 T A @9 96 AITTT (submatrix) T 4TS
20Z O WG i A @ < T SomifEe 02 AR SoAmie 7= sifve o
ST | fN0Ha Twizdce AR -6 8 1 A |

a4 A
A=lay ay ay

a3) a3 as;

G a,, 9 W2 M, =0 ¢

’
4 T4 Ta
|M1||= A ay Ay | =

as) a3 a33

Ay Ay
a3 as;

—ay _a:lz —a3 a.. a
GPTOICT ‘M,z‘z a, ay, Ay |= a2| 323 Tl a,, T TR
= 2 31 a9
az ay; Az R
M| =221 222 oray BIECES
13 a,, d T |
as3; as; 13

@2 RO |A| = a;; M| + a(-1DM,,| + a;3 M|
(@IIE |C;j| 2= '@ﬁtﬁi’;@%ﬁw e wzwa | @2 oz s 2
|Cij| = (D™ |Mij
widfie T ARG o (are Akt 28, ©IRwE (Cl = (M, (R (—1) T4
(ST R DS T F91 203 O 4% 203 | A i+ j W [ae i 27 o oizie

ICyl= —M| T @R (-1) 747 Rrere wire fWife 2q o9 ©f 449 20|

etz 123 Al L3 11| 2 oreze i e o cerea () e

o0

13 17
A[19 15}

s 76 26 My, | = 17 5 [M,,| = 13
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1317
Tt A=[19— —15] My = 17

_[13 17
S A‘[-w- -15}
FREAP q (PRSI TP ¢

ICoy|= (=D My, |=-1(17) =-17
|Con| = (=1)*" [ M,, |= +1(13) =13

S 2 1 7 A=|§ g | 7w ot e e @ e A

I M, =12 IM,,| = 6
|C|2| = (_1)|+2 |M12| =-12
|C22| = (_1)2+2 |M22| = 0.
2. SHIHTIA ST 8

> | fefg *$ (Determinative property) ¢ A = B, 401 KT, (@ (3t 76 I3
I I ST ©f 76 A | @5 A € B g6 iGH A = B 3@ A 794 T2 W 204 |

21 A" W$ (Refluxive Property) ¢ 209 Wit o e witEE swe =@
AF | wfie A = A A B = B Zeifn|

© | ATSI4 *1 (Symmetric Property) 3 (1« 2<% W53 (Leading matrix) 7% o
WG (log) €7 7 2 ©rA faoiy WifGare auwfoa swiw 2ra | wiefie A = B30, B = A
241

8 | TFZIIGA *% (Transiturity Property) ¢ 22 W53 1% Bom WG s =
@2 Wi 3w gor Wirsm e 23 orere gor WGl sz gawiba w2 |
it A=B,B=Cz%@ C = A TA|

3. IGTHA FIA&Fw (Operations on Matrics) 3 GER T A1 TaFeie e
eres SRR @, [, gdd sifds TepE e o 6 | s T g
foarsy @it AitwE iy S@Es IReEs G s 9= 1 23

3.14 e et e e

s G @19 T A AN O G WG sfem T | qrEea it 5ioa
“{fefd s e atare | widie €% 12 WG A Gag Brg A A 200 24 | @AM
TN GIF0 WHE GF0 ToAMTTa A% W9 WIGIR @feaB @ (corresponding)
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TAMITR 7% @9l 1| 96 T (A @oig 9 mes s =1 gvgeg o
TAME (AF SI9F SAmle [eie 37 |

213 M -4 s
2 53“”""‘[—4 5 6]M B‘[s 2 —2L3

_ 241 1+(9)4 3+5 1.[3 -3 8
SR A+B [—4+5 5+2 6+(—2)}_[1 7 4L3

45 -2 301 4
Szt ) A=|3 -2 -1|,B=|1 2 3
TR 13 2 12 -4
4-3 5.1 —2-47 1 4 -6
o= A-B=|3-1 -2-2 -1-3 |=|2 -4 -4
4-D 322 2-(4) [5 1 6 |,

WG @9 Fafere siffasaere! (Commulative) €33 F=AA (associative) NS
(T 531 27 | q&ey 9io SHiEs q49 SEl @6l I, 93 ol 2ifedfss Saime @il

TP ot A |
3.14.1 ~ffsaSAeret Afe (Commulative Law) :
@2 ifs oepta I A ¢ B ufo wifysi 23, 9@ A + B =B + A 2|
3.14.2 g Aife (Associative law) :
@z e st 7w A, B ¢ C foaft mifes 23, ©@ (A+B)+C = A + (B+C) =

(4 5 7] 021 15 4 2
gt s A=|2 1 3[|:B=|5 3 8/|;:C=[1 5 3
4

5 6 1 4 2 0 32
(4 7 81 [15 4 2 19 11 10
(A+B)+C=|7 4 11|+|]1 5 3|=|8 9 14
6 8 8] [0 3 2| [8 1110

4 5 7] 156 3 19 11 10

qr A+(B+0O)=|2 1 3 |+[6 8 11|=|8 9 14

5 4 6| |1 7 4 6 11 10

L~ (A+B)+C=A+B+0
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3.15 TR @ edw

(PICT CFAIF 2 (I GICE @l 91 206 @7 A ToAMEE @ (Fad 7t @df
T Q@RI | GrF TIHEHD (FoF @0 50 0| I A @06 m x n NHH 27, O ©F
=A@ KA, @A 30 (Fad A %7 A, @3 m x n IR 23| 9idie afd
A= [aij]mxni?lw KA = [Kaij]mxn"iﬁl

2 3 10 15
4 5 20 25

I k @32 g wid (FTH 9R A € B 96 WG 2 O WG (FeE @6t A
fferie fmef atarer 26 ¢

(i) K(A+B) = KA + KB

(i) (K+g)A = KA + gA.

3.16 WiGEE wow

S g 9o WG ed Fate @t Wi «ieq 99| @2 editaa s 24w mifgEE
A 7z T MG T, SHAMIT S @9 F, O (@oe e 209 | GUFea
@3 @l ©Ywg 7] I @0 TR T il SeEba AfFg waa T 2|

iefie A @k %6 2ve G 23 @ AB O3 WERITS (3 qM A T FACTF 71201
(= p) B @3 7fa@ W4 (= p) W 2031 T A @F% m x n WGT =8 ¢ B @& n x p

WG =@ ©@ AB 36 m x p WIGH @1 @@ [Ay,]x[Bs,]=[AB];,, %

mszrﬁ%A:[ ]@WSAz[ ]mmszs.

[Ay;]%[Bys] 7187 203 A1
o FAF o ¢
(i) A WGt 22 AT 7 B G 2424w S |
(i) A TG 22w AR A% B WG @om = |
(i) A e 2w A 7w B Miew vor s o

2 -3
WGTSA{% (SJ\‘BB—B _f ﬂmmﬁcﬁla@u

2 -3 9 -16 -3
AB=|4 5 x[g ‘j ?] =137 12 5
-6 0], 23 | -18 12 0], .
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wigfie M R,, Ry, ..., R, A IGCHR IAECT 22, @O, ..., m O A &7 9%
C,, Cy, ..., C,, FAECT B IGTIA 22w @S € n O ¥E 27, € RiCi = Ri € Ci 97
Afealse SAMmSRT adoRas! @aw ¢ e

RI RICI R-]C2 ...... R]Cn
AB = 1:{2 X[C1 C2 ..... C“] = RZCI chg ...... R2C|1
lim R,.C, R,C, ... R, C,

3.16.1 WifgF wota AMfe (Principles of Matrix Multiplication) :
WNER SR @@ oFaea el Sife (Commulative law) @33 A9 €It
(associative law) 2TATET | SF (FG 56072 @@ (dis tributive law) 2¥E T |
(F) WIGH @ota “AfsaoTAieret dife (Commutive law of Multiplication) : 7
TIGEE @ afEm 57 T o ARRST N Sred A esd a6 O S| A 8
B 7 46 13 20 ©49 AB # BA Z(© 703 | S=1F 79W AB We&ifTe 3¢ 783 € BA
| TR SF (Fa AB € BA b2 Fk@ifite 2ee AB # BA 2|

s <[y 3 0-[2 3]

M1 270 =17 12 13
AB‘[z 4}[6 7]‘[24 25}

10 =1{|1 2|(_|-3 —-4] .
- pa=[ 1L 2]-[2 5] - Apena

I A ¢ B W@ 00 @ @It wiren G 27 ©99 AB = BA 21|

1 2 3 1 00
quA=203 qugBZI:O ] 0

40 5 0 0 1
(1 2 3110 0 12 3

AB=AI=[2 0 3|01 0|=[2 0 3
4 0 5/[00 1 4 0 5

1 00
BA=IA=(0 1 0
0 01

123] 123
2 03(=[20 3
405 (405

e AB = BA ; Joaik IA = Al = A T0% |
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(¥) wreas wgra fife (Associative Law) : I A, B ¢ C @2 foaf® Wity = o=
ST AR TS SEEIE 2 AB(C) = A(BC) @rta AB @3k BC @2 @reted Mifhraa
(L@ SR SO T 27 20 2| A I mxn @R C AWM pxq TS WIGH 27 O
@To 2l 2ftHiel TS 20A B WIS SR1Z nxp TEE 200 204 | G0HGG ABC At 9ifde
@ g WG 26 A, O TE m x q & [fFB |

21
Suizel ¢ A=[21 f] B=[12 g ﬂ c=l5 0
- 2%2 - 23 1 3 39

2 3 1 0 2 -4 9 7
JRLS S I ]
A 11 2x2 -2 31 23 -3 3 -1 253

2 1
wo-[33 2] 4] 7]
13%2
AB(C):[_4 9 ?} F (1)]_'44 1?]
=33 -1)|] 3| (8 -6l,,
Jedik AB(C) = A(BC) #iwifee |

(o) THRTHT QoTa CFTa 52 NS (Distributive Law) : @3 TS Sepintg
A(B+C) = AB + AC

(B+C)A = BA + CA
UG ST @3RN *E 73] 267 IS |

s <[} 2] =} Y] [} ]
EC (B+C)=[12 _2]’{% ﬂ{% :12}
A(B+C)=B iHﬁ :12]2[164 Iﬂ
AB=B ﬂXB _03]=[i51 126}

ey 3 A
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5—6+11 6 -5
11 12 3 1 14 11

wifie A(B + C) = AB + BC 2wifaw |

|

AB+AC =[

@32ed (B + C) A = BA + CA 24 341 78S, SN IS0 SUIRAeld AR

WIGEE @ @ 25

9 1] x_[1 5
SrrEad (5) sz““[4 3] B‘[? 12
e faefa st
Tea s ane 3A + 5B+ x =0
" x =-3A - 5B

_a[9 1] <1 57 [27

“3[4 3]‘5[7 12]“[12

_|27+5  3+425|_ |32

7112435 9460 47
o _[-32 -28
“X—[-47 —69}

:|3E§I\91QIIEBA+SB+XZOCWX&£]?I

3
9

|

5 25
35 60
28

69}

2 0 2
(R) f(x) = x2 — 5x + 4] @ B_lo -1 1] Z0e f(B) @3 Wi fefa |
1 0 0
100] [20 272 o 2
. I=|0 1 0| B*=|0 -1 10 -11
TS0 001 1 00]1 00
4+0+2 0-0+0 4+0+0] [6 0 4
=0-0+1 O+14+0 O0-1+0(=|1 1 -1
2+0+0 0-0+40 2+0+0_ 2 0 2
60 4 2 0 2 100
f(B)zBE—SB+41=[1 1_1}—50—1 1{+4/0 1 0
1 0 0 0 01
6 0 4] [10 0 10] [4 0 0
=1 1 =1|-l0 =5 5|+|0 4 0
70 2|15 00 00 4
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6-10+4 0-0+0 4-10+0 0 0 -6
=|1-0+0 1+5+4 -1-5+0 |=|1 10 -6
2-5+0 0-0+0 2-0+4 -3 0 6

(®) @A @36 @ foq Mg [feq e Fites wow [ewa v e
AT (reTl 20 2

TSRO FACTG TR
= TS A e B s C s D
AL e 3 4 10 20
faom faw 2 3 15 20
wor e 1 5 12 14
A4S T
e (BIFIR) 0.50 0.75 0.50 0.40

WGER A @it foa M sre [y s

15 12 14 0.50

34 10 20 0.50
; Q=
0.40

wmsp—lz 3 15 20| Q=]973

oAk (G & = P x Q

34 10 20 g-gg 15043 +5+8 175
=123 15 20 x| 93 1=(14225+7548  |=|1875
15 12 14 [030] [05043.75+6+5.6] [1585

3.17 afesm spife

@ Wi AfTE T @R TS AT FAED T oifr miGEDa @i
AfFade =7 71 oIt aAfew MGH e = | wefie 93 s qof MGTEa weirea MGH @2 2e
A A = A ZE ol Aferw Wifs <1 21 GURE g = a; T

3. feeifosw s (Skew by numetric Matrix) : @ 35 G Seie AlfE
TAME (row) G ST AHH ToAMTZ G2 e [edre bege 20 @R a4 &FI4s
Tiiwie T[S S X7 28 O @ WG [efoon i <=1 2041 @URE a; = —ay; T
i=j @R a; =0 I4T i =]
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123
Twiggd () W A-{% 12 1] @36 3x3 WhT = o iz dforw ¢ [afenw

e @i o g It |

1 23 1 2 2]
AMgH e A=|2 1 4[; A'=|2 1 2
2 21 3 41

2 45 0 01
A+A'=[4 2 6;A-A'=|0 0 2
56 2 -12 0

1[2 4 5] [0 01
SA=—|4 2 6|+—0 0 2
2156 2| 2/-1-2 0

Twige () (e @ (@Il 350 HTT A & 93 2fen™ ¢ [Fafem mifm cteres
& gt a1 3T |

LI A=%(A+A’)+%(A—A’) =B+C

1 NS DIV | N
B—E(A+A)B—2(A A) 2(A+A) B
oA B 20e1 @36 e Wi |
1 ’ . r_l r_ =_l AN =
C—E(A—A)..C—z(A A) 2(A A)=-C
Toar C e @ [etfor smifga

3.18 wmEife WifgH

a3 MG a7 A9 o4 Fa9 TE o I o mite = ovq @@ witses
it e (Idempotent Matrix) 351 23 | wigfie @6 3of WTH A @3 &0 A.A = A
3(el ©its Aw9ife sifes Ja1 =31

1 -2 1
Wiz 3 A-[l 2 1]%@?@2@@?
-2 4 =2
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, 1 -2 11 -2 1171 -2 1
e A’=AA=[-1 2 —-1|-1 2 -1|=[-1 2 -1]|=A
I 2 4 2|2 4 -2| |2 4-2
widfie ame A WiGET s wweife smifgs |
3. weftalieiea %A (Orthogonal Matrix) : I @I WEIE ©F Fwersfze mits
A’ A @9 FAF TE @4Fe I 9FF WHF = 943 IM @ Fweirse mihy oF
R dre MG o 28 O ©oE Sdraie it o1 31 GG AA’ =
wgql A = Al 39

1 [2 =2
S s T A =3 5|5 3 | P o s i

.1 [2 —2} 1 [2 —2}
g g AA =—— —_—
: 2J5[2 22212 2

=312 2)% 35[0 8)<[o ¢

AR A G Lo T |

3.19 WilgEw o=

L FRAF (AT I A I FANCE @A SUHFF F =11 27| 936 nxn
35 s @ I I WE f(A) BAR 25 =01 77|

Tt f(n) = n 27, O3 A VHER A" A FACE TAMTTIRS T2 (@we (@
e eTe! (linear dependence) FA 7| A (A TGFGCAILEF (Non singular) |

W fla) < A T O A Famel @R Foanea 2@ ¢ MGt adeEs
2|

3 6 2
W«T>|WWA{1 5 4]@3%@@?%%?
4 -8 2
T 3 [A] = -3 [10 = (=32)] -6 (2—16) + 2 (-8 —20) = — 98
QTG |A| # 0 JoAR A 2 36 -Gl WGF @ foafs A «ar foafe
FAME (ARFSIE A1 o f(A) = 3.

5 -9 3
Thizad *| B=|2 12 -4
-3 18 6
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I 8 [B| = 5[72 — (+72)] + 9 [12 — (+12)] + 3[36 — (-36)] = 0

@Y |B| = 0 oA B @36 Gl WiGs, T3 foais A 93 F&19 @RFe
F&w w91 - f(B) = 3.

GRF (A TF @ @ 9o AT A e oFta @S FiEee! e g g A
WIGER AWM TAER (@ IARE 2 x 2 FR0ITH (€T T (sub matrix) @3 OF
faefiars sie <1t AW O ©f ZEA! ¢

|31|=E _13=78¢0 e f(B) = 2.
Teak A Wi 7 @Rt =@w AfF at FW St | 7% Fa0a @1 AW TOId
A 20, B A ~1.5 @d @ T A 2 O T _% ad |

3.20 3945 =ress fqreae

Y SLTETS (FCT DT TLoAMA SIS TALF SAWE AN 92 0, AE
o FA W NGO TeomE A @ THIE (steel) TOfM FACe Il #A,
ETR-SIFES #tel, Rge #s 2o «ai 2ea TSl $esiw@ (intermediate goods)
OIZCE @2 TAWMTHA (NG BIfEnl 2(A (T AE SLAMHIRIG G2 T T4T0! Seoivs B
[ATS Tz IR G2 TIHd & (SISl bifena sl |

G I FLANGTS n FYF TAMATHG M2 93 @A C,, Cs, ...... C,, (SITG
T A0S 20 | widfle, ZA AN AW, T € FWE n WK AT BifEw |

& AF X, Xy, oo, X, R N TRGSE QLI (G TeoAmiTa #Afasiel (gross output) | G4
ofl 20l [ AT x ), Xy, e, X, SRATE FACO T MO GOR SGTS] TAMS &I
JARAR 27 (A AT Al ARFE ©Ire F=24¢f@ia C,., C,.......C, 2= 2ve sifzml
o7 T AN, @A (FIeal qofe A Sfefe e el AFea 711 (No deficit, No
excess capacity solution) |

@ A ay Z0ET | OGS AW A ith SR TeAWE A 2 41
A | OI2CH x; G2 Tesitas [feq ot (i 35927 ¢ o7 (efer awe bifzns @iows

o
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(1) @3 2ATeo AR 2NfeTBTEF T 7" [Fet o 01 (Each row in (1)
specifies the final dispoisition of the corresponding commodity) SN “i° ©F F&IIN

2995 (©37 i I |

X1i
Q@A | FACTT A9 (entrix) T | 22 | 7opifs Remeita @Rt a= fwe

Xni

AN oreat Zel |
X, x, C

x; = 200 = 50 + 30 + 120

X, = 200 = 30 + 20 + 150

UG qf6 WAL (N6 T ZETl 200 G35 | x, GF T 2ve ifewl 120 € x,
@q 1501 TATTE @ WIfeTA (box) ©ITE Srer@d (Faufe Tesimiaa 5aba (inter
industry flow) 2Tl x;; : 50 @FF x; 3 200 GFF x; Ted FTe e JRIta FCE A,
X, 97 30 9T ATAGH T 200 9FF X, SAMCAF, TeAMS AT | AR x, 97 FeI

(3 (33) TP T F x| =200 G 2975 (I | TR GFTSIA x, = 200 9 2975

G2 SEAG AR A 2 TR rtEa (Leontief) 27 2@ eigfeq el |
(Leontief assumption of fixed coefficient technology)! €2 «REPIE @ A
Teomaef] SR (F0a TE J IJIT© T O F7F R THAFTSTHIE AR, TE (@D
Tesmta= ifasiel fAfFIta | (The proportions in which the inputs are combined in any
sector are fixed and unchanged, whatever the level of output is that factor) |

@ Trizzelft ARANHre oredl 20tz ©F 23 50x, AT 200x, TeoAma s | Bgfie
gl 8 29, x, @31 @ #ffNeE Tl @F A @ 92 2 @32 AT | [AE 30x,
ATAGH 2002 200 x, TOAIF &y, ISR 3/20 ZEN x2 T ATATH &7 2 | UGq 2 27
2o fefere ogfe® R Ceoma (& fooet | (Constant returns to scale
production relation of fixed coefficient variety) |

RISEI X = i X;-

RS Xi/X = a5 e (2)
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a; TN GF GFF |y T AW FACS (T AR i OF W 246 AT 9z
204 O #Afae |
Q4 (2) & (1) Q@ I 413

X; = a;X, tapx, + ... +a,x, +C,
Xy = 85X, + ayX, + ... +a,x, +C,
X, = anx, +anx, +...+a x +C .. 3)
ﬂil@@ BAE A A0 304 2
x=Ax+C (4)
4 C
T x=|: c=|:
n nx| Cn nxl
al] a|2 aErmaw aln
ﬂﬁ'{ A — {aij} — :512| 3.22 ..... a2n
ENEE an |

QAT A GFB T-A9¥F (non-negative) IMMGI ANT9 (4) O I @SB n
FRYF SPNEGTO (AMF ANFACE (non homogeneous lines equation) (6T (T n
TR TG G T 2 T [ — A = 0 24|

N9 (4) & @A AW ¢ x—Ax=C = (1-A)x=C

s x=[1-A]'C .. ()

G x T A 27 9@ X > 0 9l (1— A)! C > 0 [[ — A] 92 G &
27 e i |
G Ll AT (P 1S SRETET FACA x > 0 A | 4@ IE G0 (TG @A
X; = apx; +apx, +cl

Xy, = 8,X; taypx, +¢2 L 6)

-1 _
1_|1-a,; -ap 1 l-a;, —-a;, ||x|_|¢ P
[2]_[‘321 I-ay | [2 Rl —ay l-ap |[x, | |6 | ferea
A FCeT Ll [T 8

TOACHCAZ IFAR NCA TAM (litrous) TACATF 203 ToH ARG a, < 1,1 =1, 2
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(9) 72 AT WG S Tl 4forw C,, C, (A (plane) @ il 231 | AW
GF GFF X IR 0 GFF X, (W5 TLAM 27 O A6 TLoAM B0 x| 99 (F04 (1 — ;)
@ X, 97 CFLE —a,,; G @ X, 99 a,, '€ X, 99 (F(G —a,, 2970 AN 9F &FF X,
TS FACS | GF2 ARG X, GF GF GTF (N6 GRAMCAR &) A6 SLAMA 20 X, G —
a,, € x, (1 — a,,) A (A0S P 7 ¢ forf (2t Q & »fean A1 OP @9 wife
@ @GR 0Q @R «fe T3 |

T (G T2 (1, 0) CATF (0, 1) TR O A6 TeoAme PQ (320 a1 P 7 (2
Q fFT® A | PQ 219w bgefisxtss (first quadrant), TN B € A [re (27 04, @)
T 9IS 16 TLAW A% ZW 7Y (FTE OQ (@2, OP @I (4TS (@ ATl 27 (0Q
is steeper than OP) Tiie ¢

|1_322|> 7)) |

| 4 |_I—a1||

@2 *[SfHrE Te 27 BT *S |

G2 *SHa A ZCE! (@FIA (AT IF GFF S A0S (T AT 2S5 @ 2T
Teo{e =TS O FI01 (9] FACE IF G T 2(A |

Twzad (») @oa awe ARA (AF #Yf& 31249 (technical coefficient) XofT eat|
o cFtaa 6 Sesima faefar et |

= (I-ay)l-a;) 2253, zF|

) AW (FGF | @S CFGq | vOR (W@W | T G
290 2970 Eot izt oifenl
AL 20 60 10 70 160
Aol cFa 50 10 80 25 165
oI (FG 40 30 20 50 140
5 ALAE 30 50 20
(6 T 140 150 130
a5 16 1| 0143 04 0.077
A s A=| 30 o S0 —[0.357 0.067 0.615]
40 30 20| 028 02 0.154

0.857 -04
[-A=|-0.357 .933
-0.286 -0.2

-0.077 70
-0.615|C=]|25
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X=[1-A]"'cC

(AT = 5555[0478 0703 0555

1 10.666 0.354 0.318
0.338 0.286 0.657

410.338 0.286 0.657] |50 179.83

AT CHCEA (5 TAM 201.61 43, a0 (FLag 222.57 455 € $OII CFad
179.83 @35 |

Trizge (R) Mo oo (AT 22w, o ¢ o cFad (i Sesive AT Feal,
@A 2fve Ntz 236 2sl @3 T wifew | 7 etew cwte e sifewt 30 @3 I
AT @ TSI IR PO (LA TAFC 156 25 G I i1 O fonfb Fraa (6 Serma
TS TA?

1 0666 0354 03181 |70 201.61
" )_(=—5 0.478 0.703 0.555 | |25 |=|222.57

THoG om
(04 03 0.1
A=02 02 03
02 04 02 T
(140
C=|220
180
g e X = [1— Al
0.6 —-03 -0.1 052 028 0.17
[-A=|-02 08 -03 [1-A]" = L 51022 046020
02 -04 08 21024 030 042
1 0.52 028 0.17[1407 [743.24] [x,
0.22 0.46 0.20 || 220 |=|756.76 |=| x,
70222024 030 042180 | |789.19 X5

a@q Ax =(1-A)"'A

1 [052 028 0.17][ 30 24.55
AX = 022 046 020 |-15|=|-32.88
02221024 030 0.42]||-35 ~54.05
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743247 [24.55 ] [767.79
Xy =X, +Ax=| 756.76 |+| -32.88 | =| 723.88
789.19 | |-54.05| |735.14

3.21 TR

G2 T WG TFe sicet @3 g9 s 2 | @2 wow fafen e Wit
teToe 2ee | MG fFa oo wdfie @t [, add safe St e @RI
2R Foia (ks ATad s Siee bt Aide WifG3 sioe I O AUl
&S ETH S e elEg W [T T 19 | arwa (i Mawbe Remeita i
el (Fag TSI (feasible) TG Teoia [Fmcs 7189 ©f e 2@ |

3.22 oM<e

e
3| e emefera afsoa ww <

(F) W A:E g’ ﬂ 2% O O wANEe WiGH (transpose) & 2032

() A=B 3} 8 B=[12 53} 2 O« SoF Wi @iaree ey |

2 -3 =5
(ﬂ)ﬂfﬁA{l 4 5} 2 OIRCE (rAle A2 = A
1 -3 -4

@) A{_g _ﬂ e B=B ?] 77 ©d AB &3 N S (2
(e) eva e Frvaibee wifte St 2w S ¢

Ix+y+z=1
2x +2z2=0
Sx +y+2z=2

faom-4
2D $#ip 071U 1 10 i 0T ¥ED 2 p b2 LA OYYS 68

25 3
() ﬂﬁ?A{S» 1 2] g6 35f MG 27 o g A1 [T et
12 -1



NSOU « CC-EC-07 &3

(¥) M A{_? H o 3o i =7 orEE e @ A2 -SA + 71=0
(o) Ssa A € B g6 Wie3 (ArF A9 A (AB) = B'A’ T3 [l

5 8 7 b0

- B=|2 0

A[231} -1 1
-1

2 =2
@) A-;Lz ! ﬂﬁmﬁwﬁmﬂam@w

4
7

13

(€) nﬁ2A+B{
11 4 -8

7 16 5 0 13
—g ;}22 R 3IB-A=|7 -2 8| S@AECBI®

2097

faretat-at
SHAPER I b p? BUA g 10

2 -3 -5 -1 4 0

A=|-1 4 5 B=| 1 -3-5

3. M {3 a| ¢ |5 3| T oRE oie
AB=BA =0 @44 O 2 @36 &= {8 w5 wifa |

4. I A:[l 3} 77 wid B WG el st 9ite A2 + 2A — B = 0 29|

2 4
57 9
5. cmn\‘scaA_[g 15 g]@maﬂ%aﬁmeﬁaﬁmmmﬁww

(el TR |

3 1
-1 2

7. 2ve 23fe s IS (A 494% @S ¢ gorl CFtaa (Wb Sesima e st |

03 04 0.1 20
A=[05 02 06(C=|10
0.1 03 0.1 30

6.%ﬁf(x)=x2—5x+7aaiA=[ ]?&wf(A)W?
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3.23 argelfg
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Economic, Mcgraw Hill.

Renshaw G (2010) : Maths for Economists Oxford University Press.

. Hadley, G : (1961) : Linear Algebra, Addison - Wesley Publishing Company

Inc.

Dorfman R.P. Paneaulson and solow (1958) : Linear Programming and
Economic Analysis, New york, Mcgraw Hill Book Company.



a5 4 O 95 vereaa Sarss

oo
4.1 Tl
42 Al
4.3 w2 XA verita [(E worss
4.4 (@ETCSF @A
4.5 S w@Ead T
4.6 wdtfes eran
4.6.1 << veraifR fofes amifee seetTa fesim @
4.7 T T
4.8 aniferes @k ZFEmm
49 fevest e aifie faare wet
4.9.1 9 ¢ SfF SIS
4.9.2 s sqF
4.9.3 faom R o SwaFeTS
4.10 Toz Frewarda FdfTe 5=t
4.11 FHSAR
4.12  emiet
4.13 SZAG
4.1 STa

G2 ST 2T g %A e wiie 13 A Sreifi qAWA 5 SAFS [Tl
AT A A G O AL @ AT ANFSIE Sl A |

4.2 A&

Tetafos (ST T AFNE CFg AFT ILH6TSF QRS LS A Fe 27 | O
2, G2 IPTE (Free (F2 8 e T AFN FAF Gl el witag W
o e |

85
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4.3 w2 [ veqite [ wrorws

4T Z = f(x, y) 930 Bvers (F&w) {8 Srerwiaa Aa@e w9 (general form) |
g fSataley At fTSaiie eI (dependent variables) ZCa Z, «3R Fi&W serif
E X € y | OniEde fIE 99 AW 2z = 4x2 — 16y A Z = ey 3| @3 «Q0e
SR (F1fba 2 famifes wiefie fox orF fAf*® (Three dimensional) @A @ @36
ICF GF G0 beaifEa olfasiel 23|

5@ 2 @ G2 (AR SCAFHA (77T @RI ZCACZ | (TN (7l TTez foafb v,
eI 0 (9 e ffeTe 2z | Gt (il Aoz Toa(b omre, @ 0 (O Fepice]
fifeTe 2RI0R @AM x, y € z G 39 ¥ | x TF [RE ERY (AF x* 97 W el
X T2 GeISRE 20 I x- G W x GF i T 2N 204, 8 arRa y € z @3
W o A |

z J fomgm g
(xu’ yo’ Zu)

S e Rl wta g o 2 s
Ez=0]| B
@ L 7@ 29E (x,, y,, 0) @€ K

R (x,, y,, 0) 2 RefE «@fb sree F———
519 A (plane) T FIW oxy FTeeT, [l

X 8 y ¢ Y W sifoes



NSOU « CC-EC-07 g7

s CFafye g fa y S T y = 01 (@
M 75 2% (x.. 0, z) @R N =
- FAF (x,. 0, 2)) <& Fef x
ywﬁmbzxwaﬁw

e 0 |

7' S CwrafFe g RAa x =1 T+ %477, (T
R = ¢ T e 2 32e (o,
: Yo Z,) € (0, Y. 7,) 9% e

(@ FTCH 519 FACZ ©

y+ 21 oyz AN Tl y, z,
€ YER A oz )
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93

(QX]AX] +(Ax1)2]-x2
= lim

Ax, >0 AX,

— lim (2x, + Ax )x2 = 2%,%,

Ax,—0
AL TS B! AR ST S SR ¢
23 el =l |
.'.y=cx|2

6f(x],x2) B d(cxlz) B
“ee T] = T = 2CX]

of
Eﬁ@mm&;;;wﬁm

4.6 QftafeT AT

Triggd > | MRS sfaqiafefes sifent @ s et ¢

q* = q¥(p. y) = 10y? + 2y*p2 —
qd)" qdp’ qd:r':r" qdpp’ qdp.\' AR qd,vp'

0 4
qu: q = _4y*p= _9p?

=20y +8y’p-2

el
e
-9
Il

ap
o’
dy

d 5(aqd\ 44
€9 ¢ = LA oyt o18
op? I T opl ) TR
62qd _d afaq \

oy =y = c’Tch’ByJ 20+24y p—2
azqd 5( 3.3
Rl J ~loy'p

o*q* 0 (6q

apay =W =y op ) = T1OVP”

3p*(p.y > 0)
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() (A BeAWCA IATF Q = %K3L3, @A Q ZCeT TBeAmTaa #ifaiie @<k K @

L Z0eT TG [EL € W | e € W 2fifFs Sesmesiere! o wa |
LI & T 2AfTF TeAmIEToT MP, @ %34 2@ SesimamieTel MP, TG
Q & K € L 93 AATF IS S<ete T2 el qd|

MPy = S—g =K’ @ MP, = 2—8 =K’

4.6.1 SIS veTdit fefes wiifis wesetaa faotm &= (Second order Partial deriva-
tives with more variables)

& Stenfoe TR @ M y = fix,. X,, ... X,) G0 SCAFF 27 SR %,NW
i=1,2,..,nJECS @RIT x, 97 ACATF (X, ... X,) 97 T TqFe1e @A x, FTOr®
T e T e B o =)

f @7 2TOF n 2 I ARMF SRFER ATATE n Ao 997 SNHF S_G= 20 2

) af]_ *r
ox\ox;) ~ oxox; Y

GG i€ j TSR 1, 2, ..., n 9T W0 (T (@ T {09 2410a At AL n2 faor
9T T T AT |

Tfr @2 ST 39T ST SRFE n x n 9P KT Afeers w1 q9 01 ©f 22e

flri(x) fi(x) flTl(x)
£(x) = 31(x)  fa(x)  £3(x)
f1(x) (%) fm(x)

<7 Ryt <1l 23 faq e wifs Qe £.x = (XpenX,) @1 Boim g s |

Twigas 1 f(x,, X,, X;) = 5,2 + XX, — X,2x;? + X @9 2w wifgs fFefw st
s ¢ foefa e soifs 2 ¢

oy gy o] |10 3% 0
P8 BN B = 3 6xx,=2x A,
ﬂli[)é ](1”12(") m") 0 —4X,X; _2X2+6X3
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4.7 Young T2i9iwy

S T (X, X oons X,) G IS m O S S0 20 S0 | G0 A7 Ot
@ (I 6 @5 2 (T Ol ATOIFRL. G2 TP A, TSI FANCHATF SAeT® 28 O
Il A« 27| (suppose that all the with order partial derivatives of the function f(x,,

X5, .oees X)) are continuous. If any two of theme involve differentiating w.r.t each of the
variables the same number of timex, then they are necessarily equal.

HIF m=m, +m,...m 9% I I AR f(x,, X, ..., X,) IMEFCE m, AT
X, m, MY AL X,, ..., m, T A X, (F e F1 20el | GUHCa g m,, ..., m,
[ Z(O2 2TA | €@ IF m O FEE CFE (mta order) T SRIHA SffbzAOR
G570 FRACZ | OIZCE m = 2 99 (FG

’f o _
axjaxi = axjaxj i=1,2,.n,j=1,2,.n)
34 I Toy SE2 wifditey 33|

4.8 enifSts @9z Emw

filx,.x
(I G{b ISt 2IfSTG (SFACE (w71 A DA(x,, x,) A VF(x,.X,) :{ (. z)}

1“2(>¢;l_,>(2

f f
G (%) = 5 8 alsix) = 5

e it =9 ¢

sz(xhxz) — f:ll(xlsxz) flz(xl,xz)}
f2|(x1,x2) fzz(xisxz)

A G VH(x,.x,) BoRe aom w9 qw |
Twgge 51 f(x.y)=xy' +X’y’ g7 iferrs ¢ @hme witw o s
ALY ¢ TE ST SRFE Saeefe gre ¢

% =y* +3x%y%, % = 4xy® +2x’y
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o*f o°f ot

EICEIN P = 6xy2, ? = 12)1;)/2 +2x° m = 4}’3 + 6X2y
( (3x2 + yz)y2 \
woqq et ¢ Df(x,y) T VE(x.y) =
(2}(2 +4y2)xy
6xy’  2y(3x>+2y))]
R 2RI =CEl ¢ 2 = N Y(X Y)
2y(3x2 + 2y2) 2x(x2 +6y2)

4.9 TRpera(e aifa feare wel

G2 S SNCABAR (S -STGIFE TS LRl Al S | Tl 7T st (e

g—zqﬂc\ewm R T Ax, HTrE Wi SeE 28 o4 % @7 A & 203 (iR

T | @4 (A @2 [Pt sreawee Sieeiie (differential ratio) fZAIa aiife ztq
@A dy TE y GF TFITE 8 dx A X G FIFeE |

4.9.1 9 @ =T w@aFeE (Total and partial differential)

I 93 FIL e [ Srorss @edl a1 i y = f(x), G y 97 STeaFeTe
widfie dy ; x @ TF SRS, dx ; 97 G O] FAFAET A G2 WS o T |

T FIEw S 2 A O SiF T, ©4 o) SeRIE T ofiaee e, s
eraifa el “ifsafee z |

wgfie 7 = f(x, y) 20& 9 S@mweTe

_oxg, oz
dz = axdx+6ydy

=z, dx +z,dy
Twigad () €A TF Z = x6 + 10xy + Sy* OZCE Z 97 7 Iwaene F qq?
AL 8 Zx = 6x° + 10y Zy = 10x + 20y?
FodRk dz = (6x° + 10y)dx + (10x + 20y?)dy.
4.9.2 %« S@Fe (Total Derivatives)
4TS Z = f(x, y) 9K Y = g(x) wfie y € x oA F& 77| x @9 “AfFws 7=
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@2 &z @3 BErS AR 2 | 97 BT @I, AiGF, FOR AINF A IR
HellSIF, 20O A dx € dy 93 (@ (@Il N G (arbetrary), @A TSR ¥ 7
aite, fog e fagtwg feferel «t % u = dx, v = dy,
a=f.b=1f.n="f (=1

TodR d’z = f dx? + 2f dxdy + f dy> 9l q = au® + 2huv + bv? 20T q 95 u @R
v Affeier faaremmel | 7% A0 (72l AMA QAT dx = u @R dy = v, H&AM ZA
AP 2T Gk TR T S seel i 2|

@317 fT5awE a, b @ h 93 T A4 STACHT T, G @A 1€ v @ (A T
e “Fa, G’ 92E q @3 & v Bz 209 «{ita o o5 741 T | ©f [e T 5o
AT qIC9 2 ¢

(F) q ge< WS 2@ 7 q SN2 g e At g > 0 =

(4) q 49 SNifae 2z afw q > 0 27|

(ﬁ)qﬁqﬁﬁmﬁﬁﬁ@waﬁqs()iﬂl

(R) q 2SR WWe =7 am q < 0 2|

I Seifeiefe Aferaas IW (7@ ©=ta q SIfWe 2@ | (If a changes sign when the
variables assurare different valuex, it is said to be indefinite).

G2 (I Tl AeF GAEel, 53w A o[ W Wb AEFE Tow 39 AT #TSA
HZ TEFTE | RAE Sxifavee), fFew a8 R *t$a A F=iFe | 799 q = d2z
e 28 O Mites & (saddle point) Al o 9 (ral T |

4.10% Rresards [das 215

sl (AR (@ q = au? + 2huy + by? @2 FANFAE §M TRME IA@CH @9 €
e =41 W wiRrE 23

2 2
q= au® + 2huv +h?v2 +bv? —h?vz

2 2
= a|:u2 20yt h—vz} + [b —h—vz}
a a

a
2 + ab;hz[vz)

widfie q @9 WS 2@ @FE™E W a > 0 @R ab — h?2 > 0 W ARF q AASE

=au+hv
a
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faff® 203 (@eTig I a < 0 2% ab — h2 > 0 2T | JoAR TSF (F(E2 (ab — h2) (& LAITF
2002 B0F | (0] GG T 2002 B | (361 GG 7T AW ab 4T 2 | W4 a € b
I 992 Hzye W ©E ab NS 2(J |

THfTe WSufe e MaT g w1 e

q = au? + 2huv + bv2

= au? + h(av) + h(vu) + bv2

3 et Terefe e afes e (symmetric matrix) 5169 02, T 25 Fef

FCT a € b O+ ZTe Al off diagonal @ AT h| widie

R NN

wzel WGER Ao

% 3ffe q @3, a, b ¢ h fofer s yoras 7@ @ @ ¢

a h
N b‘ (3 361 2 q 93 S (dis criminant) Al [D|| ©&CH

(F) q 49 WS 201 @eTE T o] > 0@ [ I];>0 =0
n

(4) q S @S 23 (@ea W fa) < 0 A |a E>oa§r|
n

a h
(A |a| 20T AN Cﬂwfﬁﬂ 3[4] W2=4 (first leading principal minor) @3g n b‘
20e Ao (e 4 WEAd |

GJF d2z @ 2AfSTI7W FF0E AeT T ¢
fxx fXyl
fxy fyy

fxx Xy
fxy fyy

fxxfyy — f2xy > 0 O 73T M fxx ¢ fxy 92 BFI& 27|

() d2z 7@ «g e o fxx > 0 @ = fxxfyy —f*xy > 0

(}) d2z T3 Aags @S 7@ fxx < 0 @32 = fxxfyy — f*xy > Oz |
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fxx Xy

G2 SN WA RO Fheitea Fe@Aa [H = by fyy

2R Toimie fefere |

Twizad ¢ Tt fxx = — 4, fxy = 3, fyy = - 8, z = f(x, y) 93 @1 fafve re =,
O d2z @3, dx € dy 9T T NG @F T @ @ @78 BF (definite sign) DTS
A2

@A fyx = fxy

TG ¢ d2z 97 THoF Zeal ¢

fxx fxy| (4 3
fxy fyy_3 -

@A (TN 2 N2l 2 — 4 < 0 @R

ToAR d2z ZCET NS e |

4.11 A<weTg

G2 T AL T4 2061 gdaio: 12 seaififafE swermea owea @dfoata
SR 5207l 2 | GTF (FTeH (@A NG 20 [FOIT 250 a1 27 | o479 #0392
FEw peAfefer SemrEa (Fra T SR [T Fal R wtafes (FEg o
2Tl (TR TCACE | AR o)l TIFAT QIel] (ST FACT € G2 (RO SAFFford
faqie e el i =1 2rE |

4122

S| eea eMafera afsfoa sjdfa-<

(F) ECee (@2 PP A2

(4) W f(x, y) = x + 4y T O f(0, 1) T© 2Q?

(91) =i SRE HICT A 2

(F) o TTa FICF AT 2

(8) TR Toisiim e Al |

3| eee ared ofsfor sim ¢ 7931

(F) @AS @ X2 +y2 =6ZENf(X, y) = (X +Y° —X° —y* +2 &9 G (#rea (@0 |

() I f(x, y) = x%e? T OZTA (x, y) = (1, 0) (¢ A ¢ 7o T s
SR T I |

—4  3|=32-9
3 -8=23>0
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(N IM2=(x+y2 WOE@ € «F A I© FJ?

() Siex wrermssler aifewms ¢ cFmw mits Fd st ¢
(1) f(x, y) = x%eny + 6x2y2 + eXxy
(i) fix, y) = (x + 4y) (e> + )

o| Mo emeferm afefoa s o 7 ¢

(F) GG GFCEHA IR X € Y TR IAFC x € y GFF #Afwiel [erg a1 X
QY T v Y@ Px @ Py (@G Px =25 - 2x + y € Py =20+ x — y|I
IEAGE N6 97 @ 2NfEs =iy fefm F

(4) NHF AR At (o8 ¢ @hrE s e 3@ e (1, -2) fmee oF
e faefa ste e ¢
f(x, y) = 3x%y? + 2x3y?

(o) Mva SCAFTe FAoa A% ¢ Germ I9qT wWiHT sEaeE [dw
4l 2
(i) Z = xy? — ev (i) Z =xv

(9) 9T (OTE] X TR x % R Y AR y GFF (Sl F(H G2 A0HE O 9
TAFF (X, y) =2 Inx +4Iny & IS (OGS ALY T 20 GFF R Tow
wAE 30 9FF (St F0A |
(i) 22w wId Sfefie 9 9 (Sl &= ©iF FCoibl $fY I #Iitae
(i) oo wae Sfefie @ 1T (SR T Ol I Oy JiE it ?

(%6) HA g Feiefe o et afew WifGrem 1ot fefere aem st | (Ex-

press each of the following quadratic forms as a matrix product involving a

symmetric coefficient matrix.) €% @few™ 7zs MG Fefms fofes dmw=
T Frare s faare meief wes [ At ades G

(1) q = 3u? — 4uv + 7v2

(i) q = 6xy — S5y? — 2x2

4.13 aZAG

1. Allen, R.GD. : (1938) Mathematical Analysis for Economists, Macmillan and
Co. Ltd.

2. Hay M ; Lwernous J ; Mckenna C, Rees R. Stengos T : (2001) : Mathematics
for Economics, the MIT Press.

3. Courant, R : (1937) Differential and Integral Calculas, Interscience Publishers,

Inc.
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5.11

epiraat

512 aZAG

5.1 St

G2 I A T4 ZECZ

(F) Woe foas ¢ oF el e R
(?) =i FFfegoer el ¢ fasfa

(%) ST SCAFF T[S @i il
(q) @ICNCATF SCoHwa diell
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5.2 g%iEat

@ (T G0 SRS S AW (FET AR (@A A 5aF(0 @ A8 @36
BT S (AT STAFR0A 499 @ 2Ffe (537 f[fH SRpita 41 27| @3 Al
wAifed [feq SEABaR (7 T @ Zfogore! A | SRE Seoiive SIors MRES
ffeq Fta sTIerer SerRcRa g Stz | ffen ssnzge sgiefm at siifitre
@R FIE beced f[fen N G Toare 27, O QEETS St 2@ Qe
FARTIE SN | G2 SceTnaef cFa Fate Toare 26T GFia Amfose STeval
O3 SR SCEibe [E|

5.3 ¥ela famw at (v2w we

4 TF 2 = f(x, y) @ x = g(t) € y = h(t) | 9ie x, 8 y ; z ¢ G2 FA vevaiferag e
I t @7 T2 6T I | @R g @ h Z0E SRS SAFF | (TG 7 (P t G
SCOrFE ZAA 2 a1 % wghi z = F(t) = f(g(t), h(t)).

e T SRpI,

F'(t) = fi(g(V), h(t)) g'(t) + £(g(t), h(t)) h'(V)

dz _ of dx  of dy
D dr T ox dt dy dt

*Jgfe] oz I g9 2% Al composite function €3 SRGwTGNS {2 |

AT z = f(y) 9R y = g(x) | Tefie FAT 5 y S x @3 Toig fSasie | Joak
z = flg(x)] €2 SCAFI 20T I ST | AR I ST ZE ST AT |
G2 T I SR AG O (b3 Fe] Io7 = |

@FHes RS SCoEFE (FE @i I T AF |

dy _dy du

onffes e s 70 ¢ 3 y = flu) R u = g(x) ORKA ===

(AT

j_;’ T y = f(u) 99 TGP @8 BEN u = g(x) U9 Ok |
TIRgel 5 (5) y = (x2 + 5x)}

@ AP y = U3 G2 ST NI U= X +5x FeiL y; y = u'G2 ST NI
a7 Toig fSa™ieT (@A u K u = X2 + 5x 2 A N x O To4a fTsa A |
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FOAR y ZCEN X T SPFFFT S5 | Tfie x € y @ W04 u G2 SEItg T aFo
TP TS et o w9 Ao, A FWee Horas Mg emfa a1 3 ¢

! Vo
y=u u=x" +5x
T t v
(i) u 93 2fFRSTa Fa (i) x 97 SIS T
X &7 AAfFSa u 99 AAfFS
o dy _dy du
Q¥ ¥JefE TP ¢ T =
ane y=u’ .'.d—y=3u2
du
Wﬁ u:x2+5x .'.j—i=2x+5
eifogi7m 0 2 j—i:j—ﬂj—i =3(x2+5x)2(2x+5)

Trgad () y = (x2 + 1)
HMIAFu=x2+1, . y=us

d—yf’(x) _syt du_ g'(x) =2x

du dx
Ldy _dydu_ 4
dx  du dx =>su (2X)

= 5(x2 +1)4-2x

= 10x(>412 +1)4

5.4. favers QMR SUorwtaa oFia Wy FacE et

s Reveita @R Tt O SHIZACeR AR (ST T |

Trigaet ¢ €31 TS (I GF I ARG B (TG GO T AFS FCI o
TAMTTA AR | G (FLE SRISAFAN SAM SToFRCS £, SAMCIA ENCE p G3%
TAMCE TUCE w € TeAlfte TR wiNeE p A 2 1 2@l | 4R TS Ol e
FEABF TeAVE 20N 2 (w, p). IM p “FEe = oE T [Fea «faf$se 2@
feefa cat |
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G 2 n(w, p) = pf(z(w, p)] —wz(w,p)
@A 70 & A
R = (6 @€ = p, fiz(w, p))
C = @6 8 = w. z (W, p)
e TP
n:a(w, p) = f(z(w, p)) + pf'(z(w, p))z;(w,p) —wz!(w,p)
ERE
n;(w,_ p) = f(z(w, p)) + ZI'J(W, p)[[pf’(z(w,p)) = w:l

% I 2(w,p) >0 o= pf’(z{w,p))—w=0
T A AT TR *S, AP A FACER G |
FJodlk I z(w, p) > 0 T S n;,(w,p) =f(z(w,p)).

w<fie fr Seoiifre wra@ Wi e i, SRte TR A e I 219, A
sifasie Tesiive vt N 23 |

55 =i Ffegoeet

@Ry RS SCAFRa (Fa SR S A Sten- Fal 206, Fe 97
T fofe ata fapeTaRf*ig Sitomias 7)Aol ATt bedia (g S fZfogismole
fafa <1 7|

A 8 7 = 7(x, y) 9% ST, x 43 A Wi Ffogiormel g 3

&= Z;\'(X! Y)L

2x.y)
y eI fofers 2 = z(x, y) @ Wi Fafegiommet 2 € = 7 (x, y)—z(j 3 wiefie

X 0z Y 0z

z = 2(x.y) A z = flx. y) @7 AR FEfogireer g 50 @R 50
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5.5.1 SifEwia =S BfegieFet (Partial Elasticities of demand)

431 T a8 b ¥ &) € (Sl O 20 Y| & S q, 2E a T 6 wAfse
| AT (Sfe| BIEtR G3K p, @ p, 20ET a '€ b W 6T | AR IT (SST GHGpae]
32 el bifewl A AR bifenl SoEFs 2EN a WA (R q, = f(p,, Py, Y) GUHE
s Ffozvrorafls g 23 ¢

. 04,
) 24’% = q 9 AR [ZfeZIeRmel p &3 FACATE | G0 T 2 pifEa e

wre fZfezisi@el (Own price elasticity of demand)| @B #if&siel FH a WA AW
AT Fa T W@ bifenia Ao 27|

Py 0y

@) 4, op,

i< fZfezl?e! (cross price elasticity of demand) | €5t #ifasiel ¥ & 2T a TG
Sifena #fFa$a 906 b @I o ARRea T T |

aq,
3) %%= TR ACATTF q, 9 SRR Efogisies! | @bl AfFmsl @ S

HAfFIS A A A a WA AR AT 29|
Twiggd (») fsfafe vifaw sorssba fAraom <9 ¢
q, = 10Y — 0.05Yp, + 0.02Yp,

(T q, T a WA Gifzw #if7sel, p, 20eT a GC 3T, p, 2CE b A 6 @38
Y e e wiw | afen faem ww ffezvieel, st v fEfozsiee ¢ =im
fefeivmem e fadfa FE |

= p, 99 ACAF q, G TR Ffogowel | @ @ T A

oq, N oq, N
AL 8 ap =—0.05y, o, =0.02y

a

Ma

=10-0.05p, +0.02
ay pa ph

0
Ffea faes v Efezioret ¢ qi'ﬁ

~ ~0.05p,
~10-0.05p, +0.02p,
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@AZY #4 A AT TOAR T #[TT 27 ANGSF w1l =W, @3 Ffozewor =
Yo 2|

5
AAEifEe weTe ool § Lot

3 0.02p,
~10-0.05p, +0.02p,

AT 7 GIGF, JoAR G2 BTl (e 203 Tow KT 27 4egF 7l 27 |

y 0q, _ y(10—0.05p, +0.02p,,) iy
q, Oy  10y—-0.05y, +0.0yp,

-0.28 034

TwizRe ¢ W (A WA Bl @I SRS W D, = Ap m (¥ATA p ZCEN
wf®a e 8 m FCEl ST W¥| e @6 wram  qEy 2ee
-1.27  1.32

D,=Bq m  (@AF q ZE (iR G 67 | €2 12 WA WiNeTe 8 wiefe Ffegisime
fefa Ft @R O BT T=E W= I |

RIEQCREICE O

TG ¢ ey = —0.28 wrfie A AL T & 1% Jfn #1% ©izet ©i7 bifewi 2w 28%

W@ e =-1.27, ¢! = 0.34 Gt €2, = 1.32 @A ¢!, € &7, Z0eT TAGFCH 2L
@ fEoR TCAE ATATH e FfogioTel |

T WA v fRfogiemeiz e 3 Ten wiaE SRee fRfegivel 2l
19 | e aTwa O3 (@ e it wiNste ¢ wimete fEfezsimed AT SaE @ N
AV | Siefie AL w=fo SERINGEC (RIS ATAGT T (essential good) |

5.5.2 n RS verRif AR Seorrred cvta wichie fRiogiveerd vt

"‘If’:r*Z:f(x,,_ Xps veenes xn)=f(x)i§[WzﬂTf&ﬂﬁWiﬁﬁsﬁﬂcﬂﬂwmxi&ﬂﬁ
ATATF z @3 FeZoRFS! (@A S 7 badl Wi &7 A FfoAe A | Tk ¢

i X ‘5f(X) _X; 0z _ Olnz
Y2 = f(x) 0x;  zdx; Olnx;

wiefle ei, AR TR 1% | xi @7 ARIECH T, @A AR 7 X, FF S (f
= 1), z 97 *SFA F© ©l9 ATIGA TW 12 |
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5.6 faves (MR veraifie oFra TS TS

X 8 y 92 5eRIfE Toig fofe 3@ D #ifaoita wicwifie f o K Sae sSere
SCPFS TE M ANE (x, y).€D @9 T 2|

T x € y 12 Seaifei (e G 4eIeF S (factor) T @el 0T, AT
Atk TAWMCE I oA | G SCAHFA SO M@l K, 4oIS, *7 Al e @
CPICA! AT 20O AT |

Twzgd (3) fix, y) = 3x%y — y* G497 ARG W@ [efa s
TG ¢ f(x, y) SO x, y @2 W2 5oz t e afw d a1 wigfie eiom

T AT t e #ifEfEe @ SR f(ix, ty) = 3(tx)(ty) - (ty)’
= £(3x’y -y’) = f(x.)
AR { SCAFRGA TSRO Al € Tl A t = 2 T OF
f(2x,2y) = 2°f(x.) = 8f(x.y)

@l @RI (T x, y 99 W+ fawe Jia 20e1 Sromrcaa N 8 @ Jim A |

Twgad (R) €3 AT f(x,. x,) = X, + x,2 @A 2AFTHA (domain) T
(X, X,) 1 X, > 0 and x, > 0} o0 Serey a1 vz |

AL 8 f(tx,, tx,) = tx;, + X2

ol t(x, +x,7 )t F(x,X,) O K 1 GRATAT S SR (erell 7S 20 A |
@ 9 g K 9 T el i1 2

tx, + t’x” = tK(xl + xz)v(xl,xz) >(0,0)

R TAIT 7<FeT t > 0.

AW ¢ =2 6@ A 3 2x, +4x, =25(x, +x,)V(x,.%,)

IM (x,, X,) = (1, 0) 93 (X, X,) = (0, 1) (F€A 2T ©FCA 2 = 2K G
4 = 2K Z(F T SPTEA | JOAR f (I AATOL TGO 7 |
n A Deraita I8 Sl rEs CFra oo Srew IS A ¢
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431 F £ 20 S GIUBA MRS n FRAF badif+ [ARE b Srofes @A (tx,, tx,.
s 1X) € STLRR t > 0 IR (X, ..y X,) €5, G k ZCEA! G 721 | OI2C £ ; k @K
NGO SIS Z(A M

F(tX s 1%y ) = O F (X X, )V (X X,) €S @3 551 £ > 01

5.7 AR CARF ANCTreITS!

T (FICA SCPFFCFA TAGTOITOR N@l IF TF T4 OIF TAECAS eSOl Jel
| @3 GATHS SR (G AT SLAN T (F(q TeoAMe S (G o7 31
A |
5.7.1 FFECARE ANGO G STATCFT 4 (Properties of linearly homoge-
neous production function)

2 45 3 I 2ve e SCAFF Q = f(K, L) T, OZH WK 91C SeoAeraTe!
(APP ) & LT 5% TAMARIaTS] (APP ); €S-3[e1e Se#{Tee W75 (Capital-labour

ratio) RE% 2T o< T A |
Q=K. L) @3 K, @& L @3 F&« 5eRIME j = 1/L Wa @d 41 Z0a | ok

jQz% I FACARS TGOS (o TeaAme JQ =il «AfzafEe e |

f(% %) = f(% 1) = f(R.])

K LK R
@ACTD 91T T 2y=T k @7 Toiz ST Joank (AT ANGIORS! &S (@RI

@A APP, = Q_QL_%R)

ToF 217w % SIS 7T AT, T TAMAE §7F AT | STodd, AUFd, APP, @

APP,, K @3} L &7 *[7 QK ATSTOIT S#%% 203 (homogeneous of degree zero in
K and L) 3l I K € L (& <32 MAW 2Ifaads 41 T, 9% SAM=a N Soifaafee
AT |
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e ¥ ¢ 2ve @RS ANEE wewE Q = f(K, L) @9 W 8 Yead aAfew
TeoireieTel MPP, @ MPP, (& K &3 SICo %< f23Ita e Fai 784 |

Q = f(iK, L) wifle Q =LD(k) @It Rz%

9¥q Q (3 K € L 7 AATH O[S I A2 ¢ %:%{%)zﬁ

ok _ 0(K|_-K
oL~ oL\L)~ 12

7o MPP = o2 = O 1o(R)]
_02(R) _ 02(R) sk
=L—p =L——2r (#efe fozm)

Mpp, = 92 = 211 (K)]

oK)
oL

=2(k)+L
_ (1) K
=2(k) + L&' (k)= (e fomr)

=2(K) + L'(K) x -

= &(k) - k2'(K)
STo9d MPP, ¢ MPP, (& (@G k 7 S A2 2 91 (901 | Toe] 2%
G2 K 8 L 93 Tl ¢33 A0, K Al L @F S A2 @S a1 (&, 9o 27T s

TeoAve SvifFafE® A | @B 254 FF (@, MPP, € MPP, € K @ L & *[7] SI&ior
wial fofes s |
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PO 45 ¢ SHAAd T2 (Euler’s Theorem)

A f(x, y) SCAHSH K @R e reEs 28 ol xf) (x.y) + vy, (%, y)
= Kf(x,y)

efstiel 3 ISR Soid Aceld fofers ¢

f(tx.ty) =t"f(x,y) v t>0

G4 t 97 fofere Teaor s S[apee F0d A2 ¢

xflr(tx, ty) + yfz’(tx, ty) = KtK"f(x, y)
Wt = 1 FACA W O

xf, (x,y) + yf, (x.y) = Kf(x.y)

i Q = f(K, L) FeaRes e Seiws 29, ©Ia0 2 K%+L§EB 2|

00 , ; 00 :
2t ¢ Ko+ Lo = Ko'(k) + L[ 2(k) - ke(k) |

= K2'(k) + Lo(k) - K®’(k)[k = I%]
=La(k) =0

@AZe @3 T K @R L @9 (@ (@Il D T2 o) O3 A ey 7ol
(identical equality) AT 2im 1 230 |

Twizzel ¢ I f(x, y) = 3x%y — y* & O G2 (FHE SRR SoAw T oy w3
L 8 £(Ax, ) = 3(x)°(hy) — (1y)’

=3 %y - Ay’

= k3[3x2y—y3:|

AR AN IS SCAFRLA FNGroITo il 3.

£ (x,y) =6xy TR £, (x,y) =3x% =3y =xf;'(x,y)+yEy (x.Y)

=6x’y+3x’y -3y’ = 3(3x2y - y3) 3f(x.y)
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f @7 SRS SFaa e Terored M@t K—1 | TS FRFa0ed Tt (@i (o
@ A ¢ D s 76 wireet (@47 92 w2 mre 2 7fe 27 | Ahea¢ba sieftafes it
SEPICE X O3 T y @3 difws “fiaseld 2 (MRs of y for x) 2Ca! *[«) QRS FTGOR
LA |

5.8 @wntelos ST

Aererel (homogeneity) ZCeTl @Fo Fc4fifeles @ | @ T 7o SCAFE
g (Z)=2°+7Z @R g(Z) = Z+1| 92 qio o2 GICACE FAA (monotonic
transformation) 3% 2 FoATa M u = XY, 3 TGO SCFFA CFCq AT 41 2,
OlRGE v(X, y) = X3y + xy @€ w(x, y) = xy + 1 ﬂ?@m@@amﬁw ANST 27 |
% G2 W2 SorFFE @NABE <o |

@TAADF SACAFFA @ ¢
I TS £ R" — R, RITACATT 203 I G2 S0AF, ISR S

I TS 27 | FeTOI 0@ (910, y — f(y) €R, , 92 40T GH{6 G Ao

I (e 7, @R @6 FwEreR wreEs g:R", = R, /@ aw @4t h(x) = flg(x))

A X 9 AL CFCAD T ©IZCE G EITAICABE S0oiF 20d | G2 S ad G0
T, S(PFFR07 TATSGd 43 oI 3 |

(I ST FASNET 43 ©e2 AF I ©F 2ATSIF0 GFCAE FATIR SCoFH oA
o G AT | 68 GFICA FoA@AD 77 o1 o AAiefes ol qem A =1 |

TAgEd 3 (3) (F) z=e" VeV W @A Sorws e

() 2logx+3logy & @TTATT w2

AT 2 &9l T z," = x2y + xy?

AR X € y HIARE A @l ARST FA0A e ;A

7' = ()" (xy) + Ax(1y)”

ToAR z, 20! fanifes AT SToH |
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G z = e (@A 2 = §(z,) ¢' > 0 GFT6 TGO SCAFCIA GFCAC T | 97
ATG SCAFI0 RIS S |

(&) €91 TS Z = x2y3

X 8y (F )\ @4 AR[Toq A0 AR ¢

Z, = (Ax)? . (Ay)} + Ax2%y3 = Az

wgfie Z = x2y’ G ANGOI S, T TGO Nat Z0el 5

947 logz=2logx + 3 logy

s v =log z SCHFER v > 0 ; iR v Z0E] FTIGOR S 7 97 GFCACH ol
Ol v Z0EN @TIABF o |

5.9 wib [T Toieimg

AL T2 & FCITSIC G BT £ : R? — R, RN =03 (g A
A X 8 y GF G, A @ @R ¢
f(x) = f(y) < f(tx) = f(ty)V

o Toloim ¢ R" @ WeEfTe @Il @TRF SerFs { @7 T, f 99 @
OTEa, rfeensfem aniferrs, sERm (At T afefm Som @39 2dl (For a

homothelic function f on Rn, the gradient of the tangent planes to the level sets of
f are constant along rays the rays from the origin).

- 3f(tx) / 3f(tx) B 6f(x) 8f(x)

oxi oxj  oxi 0X]

HE t > 0 a9 Gej |

% g TG 7oy 7|

Twigad ¢ (rdle (@ T H = Q2 28 (@A Q = Aachb T(F; ©f faor Soi#iv Aixe ¢4 |
L ¢ Q = Aavbb I G TeoAWe 2T 27 (ACTY TR 2T (expansion

P, Q, Aca®'b® b
path) @fef% fFmre ﬁ—a:—w=§

b

< " PBP,
weffe AT SR 296 TS ¢ :;ELP = &7 |
b
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Q FTALAM @ A Qa,b)=Q @A (T ATAILATH (U TeoF 7 ©IF

_Qa _ BPa

Q, P,

Q(a, b) G TGO SCoFHF I FNGTOTOF M@ (o0 + P) |
@gq H = Q2 . h'(0)=20>0 T97 Q > 0.

. H(a, b) Zts1l @t e |

-

H=0"= (1‘3&210"0[5)2 =A%a? b

H, _A%202* " ab 6,

Hb_Azoczo‘ZBbm" - Ba__a
H(a, b) € 2(ow + B) FIerermel W@ R[S @Fh ATSTOR S |
Twizad 21 (rdle (@ H = eQ (@AM Q = AaebP (74T H(a, b) @l e
NGO SFF «7a |
ML 2 Q = Q(a, b) ; (o + P) TGOS AT GG AT ST |
H = e Joqik widie H(a, b) @TAAlF witom< |

H, Aca®'bPer __oab
Hy,  Aa%pbPlet ™ Pa

H(?La. lb) _ e[A[aa]“{kb)l‘}

_ eA><x+h _aubﬂ

a+h

[T [y

5.10 #EpeE

el SrgEfore *jeE fTaw e &y swike omfs, S 2wt ¢ Twerey @
@It Srras agfe ¢ e Revelta @Rt ZRE |

+

- k“+BH(a,b)
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5.11 empget

1. Sitea afel etsm sjefsim 2
(a) (52 LA AR SIFeT AN 2
f(x) = (2 + 1y
(b) f(x) = (3x2 — 4x + 5) (F (b2 (A WL SAFe FCA |
(¢) Z = xy SCrF367 (Fres @4 & 232
(d) Z = x2 + y2 & TGOR SCAFF 2 OIA OF W@l FCo 2

E
(e) IM A @A Bifewl 27 q = 13 — 2p, — 3p,? Oz BB Bfozivme % €
1

Eq
E—mﬁ‘ﬁlw?ﬁlﬂ p,=p, = 2

2. W57 emefera s 5

(a) I X @7 vifent (@47 7834 28 Q, = 200 — 5P, + 4P, € Y WAH (Fa T
Q, = 300 + 2P, — 4P,

o= X ¢ Y Rvdte Zfezieoror S FTel 263 @A P, = 20, P, = 202 X
8 Y 93 W TF 52

(b) z=4x"y' @7 CFC@ AT ToA=iwy T AH?
(c) SE Toioliwy SIqeTai (7€ (T T TeAMTS WAl &5 2ATF (constant returns
to scale) ©I2(
(i) 49 MPP,_ = 0, APP, = MPP_
(ii) ¥ MPP_= 0, APP_ = MPP_
(d) f(x, v, w) = x* — Syw? fF sreren serss e 1 20 OE O Tid 9 ¢
(e) Z = &7 JNGTeeR W@ Fefy Fat |

3. Tva el afefoa o<fm 10

(a) 96 THIZATE AT (FANE (T RITAATF SCAFHE ANGTOR 2002 (A ©f Il
7 |

(b) Z = log x + log y S wwerom ? «ft & @rafs?
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(c) (b3 TR T S[FeTw (AT 8
Hy=x+3x+1)
(i) y = -3(x2 -8x + 7)*
(d) STER T2 n BECE (GG PSIA (RRITCI R (T SLoA SR T
SGTSITS! I AN ?

(e) z= ¥ el & et

5.12 azafg

1. Henderson, J.M and Quandt R.E (1980) : Microeconomic Theory : A math-
ematical Approach.

2. Sydsacter and Hammond : The essential Mathematics for Economic Analysis.



aF% 6 O IHee [QHE Sarmiad A9 oag!

gen

6.1 Ty

6.2 B

6.3 T@d WAFCFA (AN

6.3.1 e
64 TIffeF *mmfore Teeer ye
6.5 Ted SAWCFA QA
6.6 TREETFAME SEFECAN ACAF(FT CFLG S@erold AL
6.7 JIHAFEAEG TGH SCAF(FA Swigdd
6.8 Te WAFFT 4N
6.9 Ted SCAFCRA AT
6.10 A wfFBaiRTea
6.10.1 SFFBRRTEHTT =S
6.11 F=Am wFBwiEresd APuia fm
6.11.1 Aiaw AFBARCEN ¢ TFHeE Y TNFe
6.11.2 T34 calalifiz
6.12 fog wfefae faaw
6.12.1 SNy SITCE ATAFE
6.12.2 Syt SFTE Aeliiafes wcet
6.13 «GreHA T2l
6.14 wlalle welTEa
6.15 RS
6.16 emaet
6.17 azsife

119









122 NSOU = CC-EC-07

5@ 2(c) 9T CF(Q ST (@oG FT=sefmrel FFecalta st e 9 | @3 oFea
@f5@2 FEal Al linear 203 | 9114 5@ 2(d) (© we € Tea 4o CFa2 o7 391 I |

UL 96 [ STl Sl S |

() x0 ¢ x! 92 R S0xg SRFS x @7 @ (@A I X & x0 € x! 97 ST 9T
(weighted average) AT 2k Tt A | wgfie x =)k’ +(1=n)x! @M <h <1
a1 20El x0 € x! @7 Tee e (convex combination)

(2) @ fi(x0) € f(x!) €2 4B SCFF A SIS AT (7T AW L 97 G323 A
fefers, @ax @@ omg@ oot T = Af(x")+(1-1)f(x") e vifoe =i 7 otz @2 @
34199, AB SITIE 97 S[fFe C [yre al Ty <10 ifasiel a9 2d |

SRS STAFCFA (FLE [(x) > T 23 R FLIRSII SIS SCAFH CFG £(X) > [
2@ 1 x0 @R x! 9T T @ @A TS x G SR 20 | 4 o0 (a4 (linear)
23 O49 f(x)=f 2@ (foq 2¢) |

Tz ¢ MANS (@ f(x) = x2 G TEH ST |

€@l A [c, d] C I, (1 2637 interval Al #iff91E) @32 O <t < 1.

fIl1 = C +td] = (1 = t)> ¢2 + 2t(1 — t)ed + t3d?

= (1 —t)c2 — t(1 — t)e + 2t(1 — t)ed + t3d?

=(1 =t)c2 —t(1 — t)c (2d — ¢) + t2d? — td? + td?

= (1 —t)ec? - t(1 —t)(c —d)? + td> < (1 — t)c? + td?
s f(x) = x2 ZE TER SIS |

6.4 oifiifes smmfere Temera giae ¢

M f(x) P17 42K TFIFA9 27 (twice differentiable function) ST (6! T&#
¥8 eI «l§ 0aCiet O(domain) &S RS /(x) > 0 2| 21797 12T STFIFAFAI4
SRS f(X) FCIAOITE TG 20D AWM f(x) > 0 T, AEI0: (I @FF 779 BITT (except
possibly at a single point) 9F5 (3T SC2HF @ TEsTOl G ISP Tes | 5 © @
AR TeTel A2 FEISTe IGHN, T 8 G 7T (monotonic increasing,
monotonic decreasing and not monotonic) G« SCPFH(F (F(E TG S LIFell
(% 1 2T |
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M u = (U, ) GRV = (v, V), z = f(x, X,) 99 (FCF A (OITNRLA 96 778 Fhre
(@G (Ordered pair) OIZ(H @2 u € v @9 2Aifeale 2z @d W "j’é@(ﬁﬂ Tl (height
of surface) 203 f(u) = f(u,, w,) 6 f(v) = f(v,. v,) IAECH | AEY H1F F0A 2FS A
431 ZCACF (real value) FOAR uv TALHTS SRIFS FFe1 73 7 G (CITHE0A A | G119
Te @UHME u € v 93 S 51T F6 A @R G0F Qu + (1 — 0)v A e T
A (@A Q B (Fe T 0 @G3R 1 93 05 AFE A 0 < Q < 1 WA MN (qie,
f(u) € f(v) T TSI AT GFLSIF 2 F41 A A Qf(u) + (1 — 0) f(v) = ==t
A (@ATH 0 < Q < 1 TA |1 94 MN (I A1 &% 519 (arc) 01 FCH uv @2 @0
fafen e f wrarmaia I wiefie f{Qu +(1 — 0) v] | Joak Feaififes omafe sxerata
4l AT 2 G0 ST Swe Al Te 21 (I g, I3 (iff) £ 97 (OItRE @
@It 56 e 9 u, @R v @3 (@TE T @R 0 < Q < 1 «F T |

0f(u) +(1-0)f(v) < f[6(u) +(1-0)v]

@ITHT Tl SeE Tl

(4 SRee SCPFEA =9

=12 Of (u) + (1 -0)f(v) = f[0(u) +(1-0)v] (4’ T SACHHFF *9) ........... (s)

Twizael ¢ z = x,2 + x,2 TCoAHHO Ter A [ AGH FA |

T ¢ @ TF u = (), wy) GR YV = (v, V,) z 97 CFCg g6 W8 &)

flu) = f(u,, u) = u? + v’

f(v) = f(v|, vp) = v;? + v,?

@R f[0u+(1-0)v] = f[0u, +(1-0)v,, Ou, +(1-0)v,]
Lx] rEECEl :(2 @@

=[0u, +(1-0)v,]* +[6u, +(1-0)v, ]’
Tes ql SOl AL ST () @ I T a #vics AimiEa (At [eia @3z
e AT ANETT AT ¢

0(1-0)(u? +v3)+0(1-0)(vi +v3)—26(1—-0)(u,v, +u,v,)

=0(1-0)[(u; —v,)* +(u, —v,)*]>0

@AEY 0<0<1 .0 ¢ (1 - 0) TS GISF | @2 (U, Uy) € (v, V,) 76 T3
ﬁﬁﬂmiﬂ u, =v, du,#v, (I Teu3), Wiﬁﬁ?ﬂt@m(expression)
EAIGP 2002 F(A | .. PO > 0 BP 5 fwis T3 2 = x,2 + x,2 GF(6 ST
T ST |
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TRWaCE A (A W e 2IiE ¢

2 2 2 2 _ 2 2

@RS (v, V) # (U, uy) .. @R R T @ NF | .z =x7 +x3 FOF
Te | W[ A d2z gaiee e [ e 9 21 o

. B _ TR

=F ﬂ=4>0

- d2z Ea g S e e |

qFbere QR Tea Sofwed ewizdad (Examples of univariate convex
functions) :

(a) e (b) —log(x) (¢c) x* (h ,, Q@ &ERS); 3>1 A a<]
(d) x2 (h ,, K@), 0<a<l
(e) |x|a ,a>1

(f) x log (x) (7 ,, @ k@FTS) |

6.7 IBATRME Tee ACAFCFA Onigael

(a) ST SC2FS (Affine function) ¢ f(x) =a'x +b @ @A (ach . beh )
ICAFF Oee, TG IO TE 77, ARG IO |
V (for all) L €[0, 1], f(Ax + (1 =R)y)

=a'(x+(1-N)y)+b

=a'x+(1-A)a'y+Ab+(1-21)b

=M(x)+(1-Mf(y)

SR SCATE 06N GIAG SoFF | GFAH TG (IR TG 20O AN |
(b) g f@are SC#fFF (Some quadratic function) : f(x) = x"Qx + C'x + d
— Ter 2@ @@ A Q > 0 2|

— FCIF TR (FETG AW Q > 0 T |

— IO (@A ;M Q < 0 ; IR I T&H (FIETNE M Q < 0 |
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(¢) (T (IT 7 (Any norm) : 91 (2ITET AT GF S { (T FHIRS *Sesfer
Afee 27 |

(a) f(ax)=|a|f(x)Vaeh
(b) f(x+y)<0; Vx,f(x)=0=>x=0
() f(x)=20:;Vx.f(x)=0=>x=0

6.8 Ted AT 95

TG SCAHF (FE N Tgre «wxfafe o a9

() ;M P ST £, g:/7" >/ O &, O  f + g € T 2|

(DI 4" 5h TSGR >0 =T, 9@ Af ¢ TG (A |

(5)) &ToF (AR (linear) Al SRR SIS O 204 |

(Q) W f 8 —f T2 Ten T, O f G0 SFIRe ST 24 |

(%6) W £'8 g T ST 2, ©A h S GTAT h(x) = max {f(x), g(x)} € T&s
24|

A9 (69 @6 AT (R TF | AN FCA (@ WM f(x) € g(x) TOTAT TR0 (TG)

27| M fix) @ g(x) AL SRwH (TG @R (2 AH Uiod (T (I A TOraeg I
wqee (T@e) 20 O f(x) + g(x) FCIF TAwa (FCIF T&e) 20 |

AT 2 1@ TF f(x) @ g(x) TO(AL T |

FoAR 5 0f(u) +(1-0)f(v) < f[0u +(1-0)v]

8 Og(u)+(1-0)g(v) < g[0u+(1-0)v] TSACE @9 FACT AN AMA ¢
O[f(u) + g(w)]+ (1 =0)[f(v) + g(v)] < f[0u + (1 - 0)v]+ g[Ou + (1 - 0)v]
@afb [f(x) + g(x)] 97 TAGH 2ETF *S |

@7 AW f(x) FCIT OO TF OIRE

0f(u) +(1-0)f(v) < f[Ou+(1-0)v] T

Og(u) +(1-6)g(v) <g[6u+(1-0)v]

TRAE G2 oGS TR FE @A AR @ AX) + g(x) FIF RO (A | TEHA
SCAFRA (F(G G2 Aafore AN F41 27 |
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6.9 TEe JCAFCIT ATIS

sifee qaR WFIfore TE SR q2 ATH 7T I A | ROATON @2 SowE
oG T SPHAZCEH SNCAGA I (0@ | (Study of optimization) @I (A <>
TG (T6F T TGRS (FICA T ST G0 (] JjeTosl I A1 1 |

fafeiie Tnizzeefe (ArF IS SerFaa TeTeld Ji SIqeseld A Aihawl
A

Tread (5) 9B FawalsT (Cobb Douglas) B2 y = AK*LP (63! 20s1 (@2t
K>08L>0I e @A oo Ztaam A>0,a>0,b>0dRa+b <1 ; @
IO TReA A A a>0,b>0€a+b<1.

AL ¢ 0o 40O 20d (@ RoeraRig Sors z = f(x, y) 99 ¢Fa, 9 sifdfoza
e S@e (Continuous partial derivatives) 22% € faS™ FCx “iled T, @R @
AT AF0 (A GF0 TF Tes| (6T W& FRESA© FCACR, O (FG

fin 1

21 f22

(F) £ o0 2 > £y, <036, <0, € > ()

" "
f1”1 f2"2
f2| f22

G2 TPTTelE 5% T4 FCIIT SPTTO! 2(d L+ AT IO 06 '€ F(IF T&a 20 |
ﬂ?ﬁfﬁ?ﬁm Y = AK“1P & SAdrF I 20 |

>0

() f & 2T < ff; 20,5, >0 ¢

Yo = o(a—1)AK 1P
Yo = Y{x = apAK* TP
Y], =B(B-1)AK* P

L L
YKK Y[é[
LK LL

—a(a—DAK* P B B-1).

AK* 12

—(ap AK*T, 1P

= aBA’K** L (o - 1)(B - 1) - o]
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= af AZK“ L2 (1 - (a+ )] (1)
IAMA>0,2>0,>0,0+PB<1WOE@H>0:9R0o,B>0¢a+p<I
e H > 0 GRR A Yie€ Y, a3 <03 <0l
(R) TG GFHHT FEA 775 T sifewt STAFE YA 77 ¢
Q, =40 - 2P, + P,
Q,=15+P, - P,
wigfle 2P, + P, = Q, — 40
@R P, -P,=Q,~ 15
(@ IE 7, Q) ¢ Q, (F AM AN 4t P, ¢ P, (F A7 4l T, ©f 2
P,=55-Q, - Q, =AR,
P, =70 - Q, - 2Q, = AR,
@6 = R = P,Q; + P,Q, = (55 - Q; - Q) Q1 + (70 - Q, - 2Q,)Q,
=55Q; + 70Q, - 2Q,Q, - Q* - 2Q)?
JeakA® = =R - C
= 55Q, + 70Q, — 3Q,Q, — 2Q,2 - 3Q,2
(@A C = Q2 + QQ, + Q)Y

on

on

m,=-4<0 =m, =70-3Q,-6Q,

2

M T4 -3
H—ﬂ“1 |~ |3 _6—15>0
SRR A ST FCIA SO |

Trizad () e @ (F) f(x, y, z) = ax? + by? + cz2 (a, b, ¢ > 0)
GG TG STAFE (X) g(X. Y. 2) = X VT (3 b >0) G0 TEH AT |

TN ¢ (F) (@R £ ZEA! AT fOT0E TG SCAHFA (@911 AR £ 20! T |
(A) g(x, y, z) = e @AMT u = ax? + by? + ¢z @ATF u — e 92 FATAD
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(transformation) @ u (&1 Tes | I f(x) TG € F(u) TEs G2 I 27 O v(x) =
F(f(x)) @ Tes 203 | T@eq @2 «liepiid g Oes 204 |

6.10 3 =SBz TE™

Sifore AMEe SfFBaReHtTa 4[el 472 GNes | (@9 5ifzn ©rg SiEbe 27
FOIA (OGO Tl 71 (e TSTHRR N O FAHE G TS 2727
AT AT |

LG 3 SPOABCEH A AR AT 0o (@RI g 2re Gea N0 K@ TS
SLAFFCE A € FF 1 | ARSI G2 AEH € FwFa 6700 @RI @ M

SorFRefe] A Sfitzaed SR Eler 28 O 4" @9 N @ @I [ TSy
A (9 269 (By unconstrained optimisation problem it means that for functions

which one twice continuously differentiable, any point in # " is allowed to be a
possible solution)

6.10.1 SPHZTEHTAT S 3

IHAF SCAFEF 7 = f(x, y) oA el q 7J(fae e cofimea fgeme ssafe
ifge 20 ¢

(i) 22 T (first order) TNFE SaFeTefet G W+ 200 20d | €7 9L Z0E @A
2 37 A AFG &7 (critical point) I 27, (12 [T ST ©FF 2 S0 AATH
ATRS Fl GAR FAE 1| T8 936 e AeTers ARFCA | (but it at its relative
plateau)

(ii) faSis @ 2iors s sIeea1efaid (second order direct partial derivatives)
Y IO 9 (a, b) (O A+ 967 41 27, G2 M T2 4T 20 TW AT SNoATe
TS FITe (AR 8 4G 2(F AW SATe fawow FIe (A=w | 99 9 2 (F 62 Tiafte
TS, (a, b) % (AT SorFalo Sawet 20q T SEma AtAcTE fasfeydt = f
SPFS FEIEF (maximum) A 59 W @R T (T SR T, A6 [re M
AR O A LT 27 |

(iil) T FC Ao R TR GO T T (0O (ST T, T Ol
W, ReFe oiF SEEmEER (cross partial derivatives) @e%e SToRF wIfdd =T |
GqUFCAe Aefe 70 [Mres (el 2d |

o wRelE g emet g=efs @Rt |
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it & 52w, o, $ie 7 At fom s (Titeez o fefa 3t
(i) f(x, y) = 48y — 3x? — 6xy — 2y? + 72x
(ii) z(x, y) = 3x? — 5y2 — 225x + 70y + 23.
TG ¢ (1) f(x, y) = 48y — 3x2 — 6xy — 2y? + 72x
Z,=—6x—6y+72=0 Z,=—6x — 4y + 48 =0
X =0, y = 12 9igfle 535 &% (0, 12)
Zy =6, Z,=—4
Zy (0,12)=-6<0 Z,(0,12)=-4<0
TSI SCATFIOT Zxx € Zyy 3 73 7ol wiad e s@aweie s @32 5eye |
Zy=-6=2, Z, (0.12) =6 =Z, (0, 12)
% 2,(0, 12) . Z,, (0, 12) = — 6x — 4 = 24
&R [Z,, (0, 12)]? = (-6)2 = 36.
24 <36 A Zy, . Z,, < (Z,)
wdie Z,,. Z,, 9% o= @ 7 7, 7, < (Z,,)? 267TS Wi (0, 12) i
(3155 97) wrafe™ 2R (inflection point) |
(i) Z(x, y) = 3x? — 5y? — 225x + 70y = 23

Zx =9x? -225=0 Zy =-10y + 70 = 0
9x2 — 225 10y = 70
Xx=35 =y=7
o (X2 =25)
- A6 e (5, 7) 8 (-5, 7)
7. = 18x Zyy =_10
Zyx 5.7 =18x5=90<0 Z, lis7y=—10<0
Z l57y==-90<0 Zyy|is7=-10<0

Aoidre S SREes T Zxy = Zyx = 0
G (5, 7) =6 e ¢
Z - Zyy =90x 10 =-900

N ZZyy)) <(Zoy)? @R Zxx € Zyy €% (5, 7) T fqre Aa@ Rrad foz

0 a1 | 5feak Z (5, 7) =@l fem 7 (Saddle point)
SR (-5, 7) A6 e
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Zo . 2y, > (Zy) 6 Z,, TOTHR 6l | AR Z(-5, 7) @ W b el fcite
4|

Trizad (R) IW fix, y) = ax?y + bxy + xxy? + ¢ 27 O a, b, ¢ 92 oA a4
@ S Gl AT (2/3, 1/3) TTe ZIAm S/ T (AR @A ©F Ziag
ST W 73 -1/9 ?

f(x, y) = ax?y + bxy + 2xy? + ¢

oiefirs *1$ (first order condition) 2

Ly - Ly, =900

~

%=2axy+by+2y2 =0=>y(Rax+b+2y)=0
s 2ax+b+2y=0 T AWMy = 0 2| we(1)

%=9x2+bx+4xy=0:>x(ax+b+4y)=0

=ax+b+4y=0 I IM x = 0 = | (2)
(i) @ (ii) RIS TG FA 2 T
b 2 b 1
:—525 y:_g:§ a=18€b=-2

1
@R f(x, y) 93 ZINR O[S T 20 5

4 1 21 21 |
fx,y)=1.—.—+(-2).——+2.—.—+C=——
(x.y) 93 ( )3 3 39 9
4 4 4 |
—_—— _-—
27 9 27 9
TodR C_—%

I @A n FRASF 21%% 55@ (n choice variables) (€A AW GR T SCAFS
(objective function) 2 z = f(X,, X,, ....., X,,) IR fadfiae fefes wneire ZaT 2ifes
WGF (Relative optimum) fasfaEfe Ja@ e 2w 51 A |
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AN > & WS FAT 2@ Mema Fefrafefes 3w ¢ 2 = fx), X5 s X)

S R pSInk
2 A5 f,=1f, = .. =f fi=1f=..=f
SRR *1

e Arsla (1)l Hi| >0 vi=1,...n Hij>0v i=1,2 ..n
IR *S

fy iy e fiy
@ae |21t e B | ey wiem
£, Ly e £
£, f
[H,|= £y, [Hy|= [f; f‘i]’ e [H, | =[H

G2 TEABAR (Fd RS S0 AL SRF (@ T2 7 = (X, y) S B
&A1 I e <51l 2062 ¢ X s GO ST %6 [ 5j70 7 205 b A S[ A 21
2@« © 2@ dz = 0 ; dx @ dy 99 (@ (@I TR (arbitrary) NG o) (@A T2
GFATY ¥+ 20 1 |

dz = fxdx + fydy,

B @ wa =S 1 YT *1S ZET 7 GF 5 WA &) d2z < 0 @R z G [ [
G d2z < 0 ;5 dx @ dy 99 @ (FICA! ACHF AC2ATF, @A 9o AL *77 20 |

@4 d2z < 0 I fxx < 0, fyy < 0 ; fxx fyy > f2xy

> 0 3 fxx > 0 fyy > 0 ; fxx fyy > f2xy

Twizaet () @It @ oo aAfsraiforen s Hsia w s 2@ r=R—C 43l

I TAW SCAFS 9 THF S, WA W, TGAF 29 8 AL Al I p,

werlww@wﬂ@tﬂmﬁt@a=B<%w{a+B<laﬂmﬁwﬁmq@&9ﬂw,
S @ et ARSI Jre! T 23 el el |
W e Q=Q(K,L)=L"K" =1“K* (- a=p)

1=R-C=PQ-wWL-1K. = pL*K* —wL - K.
on_om

I ACAHFACIT AL FOAF SRF SN &
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on

E=P0¢L°‘—'1<°‘—w=0 (1)
@K =Pol“K* ' —r=0 2)

(1) ¢ (2) 2t Za aifes K ¢ L [9dfe 73 e s oiF vaw i o[ S S
S TR AT *S 579 26T AT |

Poa(oe—1)L*°K*  Po L% 'K*!
P’ L4 'K*! Po(o— 1)L*K* 2

T Tk
Tk, TRk

[H=

5 WG ACAT *SAF [H | < 08 [H| > 0
1
1
| H, |= Pay(oe— HL* 2K* <0 [ a< EJ
= P22 129 2K 2 2(1-201) > 0 [ o< %)

o qeB 1S 79 20 |
(1) (TP 2 pol*'K* =W

Y
3 K:(EL"“] !
Pa

(2) @ @feBie Fa 2iea A ¢

o1
)"IK
Pol%K% ! -t = Pal® HWU“) } —r=0
Pa

= PYuaYa W(u—l)r‘u L(Za—l)m —r
1
(Pawu—‘R—O‘)'—m

*

S L
K = (Pa ¢ w )ﬁ
o

O R L
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B S Z0Al AR (constraint line) T9TA (¥ ©T761 U SNPfed I@A4! (curve) ©F
A6 TS | Siefie Hiwam 53w S, FiE 5w A o SiEws 203

Miele @IF oafe AT AN APoNre= Twua MW [ (Lagrange
Multiplier Method) :

NG @oF ARST STHAE 2 = f(X, y) AT A Al FAH e fefzr w1 A7
@A x € y G3{6 ATOITE A4 AAFA (equality constrants), g(x, y) = ¢ & 2[99 A |

sTEg (F (o1l _F ¢

L(x,y)=f(x,y) - Alg(x,y) —¢]
G L G0 &7F | L TF X, 8 y @ GF ACATH ST ST I AL TN S2eall
ST ©ICF ¥ A Tl 27 | wiefie

Lx(x,y)=f(X,y) - rg,(x,y) =0 (1)
Ly(x,y)=f(x,y)—2g,(x,y)=0 l2)
L, = 2 = ek y)-e=0

Tofiee foaflb ATeae sia7@ e T x, y @ A T A “Aeq I |

faen F @ *$ (Second Order Condition) :

Qe O™ T Sredl (necessary)ﬁﬂt@%ﬁ@aﬁmﬁ@ﬂmﬁ‘fw
d?z @3 T AT ZFeAE (stationary) RFMTe (22 T (AT 219 x € y W) W= Fefm
T 206z, OF THF | @At d2z @7 W A en«ifaf@® (definite of semi definition) 5%,
Rabe 2@ (FE™E @12 dx @ dy 99 WCa 877 [ dg = gxdx + gydy = 0 @2 T&RF
AL 542 FAA |

o FrrE SRS A TwEa =S

(i) Z 59 T 49 d2z 4919 S«ifaiw® (negative semidefinite), dg = 0 T ATHATF |

(ii) Z S/ Ta T d2z 4 Sndifafd®, dg = 0 9 ATATF |

TS @ TR *S ¢

(i) Z 539 T3 T4 d2z el (8 23 dg = 0 7 ATTF |

(ii) Z S[w TF 4 d2z <9 e 203 dg = 0 7 AT |

JTEN SEABAT CH(G (FIETG ol FCe 2B =S meita @RI 20e |

fx
A4 TS el iafon Swal S E=g

X
5 (1€ 2 R A9 (ATF)
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TR (1) € (2) TR TR (AT

§=7L or §=k
fy

gy
Ti<fie Y T A9 T ©rF L* @ Z* [FeId Al (d OiF «(fa=iof «ihe T A (A |

qee d°z=d(dz) = %(dz) dx + %(dz)dy

= %[fxdx + £ dy]dx + %[fxdx +f,dy]dy

dy
= [fxxdx +(f,, dy + fy?—y} dx + {fwdx +(f, dy + fy% dy
) X ) v

(dy)
= i, dx” + £ dydx + fy% dx +fy dxdy + £, dy” +fy %(dy) +dy.

0 0 )
f | =(dy)dx +—(dy)dy |=f,d(dy)=f,d
Qe }{ax(y)x ay(y)y} yd(dy) =1£,d%y

L dPz= £ dx? +2f dxdy + £, dy® + £, d°y (3)
Qe A g(x, y) = ¢ .~ dg =0 @R d(dg) = 0
= d’g =g dx* +2g, dxdy + g, dy’ +g,d’y =0
G2 FRFA (AT d2y @7 Wi o7 ez T (3) R A0 AR ofgE d2z T
SRR ST L (x, y) € Ly(x, y) (F 7o S SRt qi w1 T SRl
RS Lo = =28
Lyy =ty —hgyy

Ly =fy =g =Ly

v

L d?z=L dx* + L, dxdy + L dydx + L},},dy2
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G2 faSR S 1 AT ST AT TROTT 4= 20 1 Z( O OIS T4 =0
_Q’E/T?IW &P (Bordered Hessian) | €2 fef@ca side #f@fe s Sitanm a1 2ea |

(Il GG AT Al 7 ACHATE G faqre T 8

a3 ffiee foza =% Itst ol TF (sign definiteness)

oau+pPv=0 20T

ou=—fv 8V =_(E]u°
B

2 2
. q=au? —2h%u2 +bg—2u2 = (ap? ~2hap + bo®) =5

q F (AeF) e @ (@EwiE aW ImAE A oM (expression) eI
(eilS<e) 27 |

@A 2hof—ap’—ba’ =|a a h| A1 93 MG FANFS 2w [olFre |
B h b

AR FET T ¢
0 ap

(1) q &I W8 2@ o + Pv = 0 T ATATF (FWG T |0 a h|<0 =W
B h b
0 ap

(2) q s WA 203 o + By = 0 T ATATF (@@ I | a h|{>0 ZF|
B h b

el <& u S e g faare s e [\ b 7 S e
Ffee 92 ST TG T SR | @ 2 e = ¢ A1 71 2eet1 14t FMsaces
REONVACE

G 3 HEfebE AW d2z @ ATE T, 4T u = dx € v = dy 9R TwAF =
L
L, L

X Yy

Xy

| SR g, =o€ B =g T gdx + gdy = 0 (ACF|
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ECEINECIRIE

0 g &g
(i) d2z ; «@Ie S =0 dg = 0 7 7cees 3 [H|=|g, L Ly |<0 =
g)" ¥z Yy

0 g g
(i) d’z ; =etrers i =09 dg = 0 7 ACew 3 [H|=g, L L, |>0 =
g Ly Ly

|H| =t <8rRe 2 e |
Tedd Z = f(x, y) G2 ST SCAHST A AAFACR AATE eive [ZfoRe Wi
9IS bt 203 74l || 4o 209 @ o 209 i [H| el 2 | 5T 214t S s

e, @ [H| @ 3z w1 2wz o x, y @7 w136 A fofers 92e 2z |

Fers AR aifa creg @2 fAdffas fefes sfsbaigmm «[m o fawa =i
e TET; CITHGE STael) SILAF 200 2 = (X0 Xy, ooy X)) € T 09 20 g(x,
X9y ees X)) = C AR L = (X}, X, ooy X)) + A — (X, Xy, ooy X))] R0 STIEANEG STCAFFE |

L) A I ESICERC
2L TR L,=L,=...=L =0 L,=L,=...=L =0
SR *1S

faor @t [H,|>0[H;| <0 |, |,
LIRSS [Hy|>0...-D"[H[>0 .. JH, |y0

Tz (3) fsferfee Seaiel sersl [ el ¢

U=UXy)=x%xy>0;0;3>0)

Tt ST SNARF *S ANCATT (AT FCIQ) x 8 y I ARGIEI T x*, y*
fefa Sl | GUFCE ATEG @A ZEA M = pxx + pyy.

I ¢ wTledlG BMAFF & [ =x%yP +A[M=xPx-yPy]AL>0

%L= L,=ox®"yP-2P =0 (i)
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oL 3-

Pl px*y" —P, =0 ..(ii)
oL

—=L, =M-px-Py=0 ... (i)

(1) (ii), (iii) ZCA AT TR AREF 1S |

ax*yP p y

P
. . - L X = °x
(1) e (i) AT ¢ B B-1 Py a C(-PV

X'y

_(B)[Px
y_(a](l’y}('
@2 y 7 W ACEH @R TR A ¢

xP, + [E].[E]x.Py =M = xPx +(E].xp\, =M
o)\ py o '

:>XPX[1+EJ=M x:i o yz[E] 5% X
o P(arp) T X RO o)\ P, «Q
pM
P, (ot +P)
Tuizad (R) I Tocaifaret S U = u (x, y) = (x+2) (y+]) 2, X TEF 933
e Rs. 4, @ y WA 93F &0 Rs. 6 '8 &7 ¥ Rs. 130 23 O3 x € y 7 (T g
e SorIael A 20 ey weat |
AL 2 U = (x + Dy + 1) 99 ACEG €24 A M = pox+ py = 4x + 6y
=130
S L=x+2)(y+1)+A[130-4x—-6y]

oL
Lx=—=(y+1)=41L=0
X y+)=4r=0 . (1)

P e Y=

oL
Ly=—"==(x+2)—61=0
y=g T& )
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oL

LA=—=130-4x-6y=0 (3
y y 3)
Tolfaew e foat iae Fa0a
x* =16 ¢ y* =11 2q|
o 9x 9y]| Jo 4 6
[H|=[9x Lxx Lxy|=[4 0 1/=48>0
9y Lyx Lyy| [6 1 0

TR x* = 16 GFF € y* = 11 GFF G2 A TATANS! SCAFRR A 57 207

U* = (16 + 2)(11 + 1) = 18 x 12 = 216

TwEad (9) C = 3x + 4y @ AT 2xy = 337.5 G2 A4 ANFACEI ATCHATF S S
w2 |

ALY ¢ C = 3x + 4y 2xy = 337.5
L = 3x + 4y + A[337.5 — 2xy]
1.5
Ix=3 -2y =0 =>?~=7 (1)
2
Ly=4-2x=0 :x:; (2)

CA =337.5 - 2xy = 0

L 2 oy =0.75x
X

(1) € (2) I I 242 ¢

Jlat AP TG 2 337.5 = 2x(0.75x) = 1.5x2
wx2 =225 x*=15 (x> 0)

oA y* = 11.25, 8 y* = 0.133

e Lxx = 0, Lyy = 0, Lxy = Lyx = -2A

gx =2y, gy =2

10 2y 2x
~H=pRy 0 -2y|=160xy<0
2x =2y 0

(FRA X, 5, A > 0)
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e ST TSI WHHRS 2Mafe SPita Sogie a1 I ¢

(I GG ST NSO ATATTF AW 96 APSAZTEHI TP [Cb1 Tl &3
@AM SRFACAN TROe SUal] S Z0eTl fi(x, y) @R ANRG o 20e
g(x, y) > 0, x, y > 0 oizta 7S il 2= ¢

maximize f(X, y) subject to g(x, y) >0 (x,y) >0

@I LD TG STAFE e ¢

F(x, y, &) = f(x, y) + Ag(x, y)

G2 TP 2T FONF ARMIF € AT *[S(F J67 27 I 6191 *16 (Kunn Tucker
conditions) | *r&&fet Z0al ¢

S1(=) %F= fx(x*, y*) + A% gx(x*,y*) <0

Zx—F=fx(x*,y*)+k*gy(x*,y*)so
A x,y>0

oF OF
(o) x&=0 y—=0

oy

oF ‘ot oF

o _ >0 A0
(=) Y g(x*y*) (DAr>0 (41) Y

(o) @7 =Stz Fal wAfasEs Hieor =S|

Twigad (>) RS TS TG I S=2R- (Optimization) FEHIG RKsl
F9 2 o(x, y) = 5x2 — 80x + y2 — 32y Fw Fa @re A4t Zea Teoifre wraE A
X +y < 301 Kunn-Tucker *¥&f (713 @R x @ y @7 S5 Mwef 6@ Feat (optimum
values) |

Min C(x, y) = 5x? — 80x + yZ — 32y

Subject to x +y <30 —x -y > 30

STENG S 8

Z=5x2—-80x +y> - 32y + A [-30 + x +y]

FA-5IIF *Sfe 2E ¢

a—Z=10){—80+7LZO;X@=0;XZO
ox ox
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a—Z=2y—32+7&20;yﬁ=0;y20
oy oy

6—Z=—30+x+y50; kﬁ:o;lzo
on O\

IS x>0€y>0

0z

oz
o =0 5=0 Ao Mol 1 SRprdt I

210x=104A=0 € 2y—-32+1=0

A €@ AF A = 0 SIZCE SFrH AN (trial solution) :

10x —80=0..x=8>0

2y -32=0 ~y=16>0

GRXCyG@ATIX +y <30 F2RIIEI .. x=8,y=16, L = 0 92 TGS
S 20 TN |

6.11.2 tafd< cataifiiR (Linear Programming)

@2 oG [Fea @3l Aka SPoRRIeHTTa AP0 AN F1 A7, [eTe @A
@7 ART Tom SAEEd (AR el Aidw Seemdsfem ACATE  (linear
inequality constraints) A5 Jl A = @ a1 270 ©F (et 717 | [fen wdtafes
Praites (Fea @9 2A0is) o S I |

GFH AR @RSF clelifEe TP, @ (@G 1 rae 5eRit (decision
valuables) 9TZ OI(F AFH 41 27 ¢

Z (3 A Al 7 T 28 @A Z = clxl + 2x2 ... S Sows

Subject to : a;;x, + a;,X, < b,

a, X, +a,X, <b, Tl il
A X + Xy = bm

GRR X, > 0 X, > 0 TSR Al o Srafs Swrzard @=fbraa A= [Fong a7
AL FG AR ©F (Tl 24 |

(>) foras s=ity iy Fcat 2

Maximize Z = 4x, + 7x,
Subject to  12x, + 7x, < 42
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Subject to :
a;X; tapX, oo +a,x, <b,
aX; t ayX, + .. Fa, X, < b,
a1 Xy + 41Xy T AnnXn = bm
x1, ... ,xn >0
Max Z = C' x
subject to : Ax <b
X > 0.
(RIS
G tgedmel 26 ¢ ul, u2, ..., um 93 HERIFE W [T T @A
e . _
Minimize Z* = byu, + byu, + ....... + b u,
subject to : a;u,t ayu, + ... +a,u, > c
a]zu] + a22u2 + ||||||| + a"12u|n Z 02
an + Dty o AU = Cm

u>0vwi=12, .., m
WG SO ¢ Z* = b'u
subject to A'U>2C" U=0

Xps Xgo ceevs X, 8 Uy, Uy, ooy U Z0E TAGCH AR 8 GG S0 |

e celiaifi «q foaf agm Sotolm

(>) ™ (Xps Xos ees X)) 3 AR TN TSI T € (U}, Uy, ooy 1), Tae JE
feferet =21 oiata

bu, + ... + bmum > CXy Tt o +c.x

Tdfie (7e ST SIPMEE WM Wl ARIER S¥e AW Al (26 203 7| (Dual
objective function has a value that is always at least as great as the of the priheal).

(R) LT (X%, ooy X, %) G (U, ..oeey 1, *) ABE € Ta© TG RFE=1; OT2TH

* % — * *
Clxl + o + Cnxn b]ul + oeernn Tt bmum

AT (X, %, <...ey X, *) AR FTETE AN S (u*, ..., 0, *) T4S FE LI |
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() THfAD Botoliw (Duality Theorem) : W AZIE FPPH GF6 PN A e
S (finite optimal solution) ©/E(FA (7® FPTR CHFAS ©f AR | G2 TSACHAS
Srol] SRS Alfedfee Amef w203 | AW AR @i AEs e I
(founded optimum) =1 F OEE (7€ FP[IAE ©f ARFCI 1 |

Twizael 3 2we LPP 9 (7wl faefy |
Minimize Z = 3x, + 2x, + 4x,
Subject to : 3x, + 5x, +4x, > 1

6x, +x, + 3x; > 4

7x; +2x, + 5x; >3

4x, + 7x, = 2xy > 2

Xs X5, X3 >0
TN ¢ @we LPP b Gtee SIita 2 S40e1 209
Minimize Z = C’X subject to AX >b X >0

35

3 Xi 6 1
4 X3 4 7

T uy, u,, uy, u, G SR 2 OF (7O T =0 ¢

Maximize W = b'U

subject to A'U <C, U >0

QLI U =| L2

G PTG 2R Tl 20 8

Maximize W = u, + 4u, + 3u, + 2u,

subject to 3u; + 6u, + 7uy; +4u, <3
Su; +uy, +2uy + 7u, <2
4u, + 3u, + Suy —2u, <4

Up, Uy, Uy, uy >0
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FLOR SN T (GG qHe1 SPTTel > Al < 7 #AfF0S FCIIF ISl (Strict inequality)
> 3l < IAGFCT 9% 7 |

Tt f(x) SNt SO A FCI S SIT0e 2 SR —f(x) T SNl T Al FCI it
T |

@ (I o (T€) o, WYl Tea (Y Taw) 23 T8 Sreoio ey 77 |
TR (@ (FCA FCI TG (IO TGH) SCAFS IO SN S (FTIF 4t Tee)
374 g Treoi6! Afey 77|

M f(x) 90 TRHACART TC2FHF 27 O3 ©f iyl Tqea] @R N4 TG+ 204 |

6.12.2 Y SEAFCeT Aeeifafes A
M 7 = (X}, Xpy wooes X,) G0 G2AE FAINO SREANNN SCAFE 2 ©OIRCE
SKeResTe! [l WK TEETel O AL ¢ e SiE SRatEd W WE@e F a7 |

0 ff £ .. £
If £ By e fy

n

B
£ f

n “nl

fip oo f

nn

wigfle GG |B| (@I f @7 SRFeSlr Tok eaie | Z = fx,, Xy, ooy X,,) S
T 204 AM OIF ARMF *S o7¢ 27 T ZAl

B|<0, [B,]20.... |Bn\{§}0 1fi n Rrare/care = |

SRR f FCIR el Sqedt 203 3t [B] < 0 [B,y| > 0 ...... [B,| < 0 I n Rreme @3
M n (&C 2 GTHE B, B, ...... [B,| A [B| @7 Iy Nz Al 2

0 f £
= f] fn flz
2 1 1

Twiggd ¢ (TS @ fix,, X,,) = XX, A GF T W@I® GG o oo |

e |By | = [B]

i ¢ @ |H,| @ [B,|=[B|

0 f 6| 0 X 2%
=i f, fo|=p2 0 2%
5 6 Hy| 12xx, 2x, 2x



NSOU = CC-EC-07 157

= —x5(2X,X5 — 4X,X3) + 2X X, (X3 2X, ) = 6X,X5 >0 T X, X, > 0

ek f I e oee |

Trigadl () ¢ oile @ 3, @3 BoR SIS y=x /4 x,/ x4 OlEResTOR
*S9[F9 FA |

— 7
H,|=——x{* x§ x§>0 @ 1/, =M <0

I 8 124
i ot I f G Jf gy
I_I:_fl f2 f22 f23 +f2 f2 f21 f23 _fl tZ f2] f22
3 f32 f33 f3 f3;] 3 f?] f33

AR ¥Z 7 3t e w1 AW e |H| <0 =@ A £ e oeee = |

6.13 G TSa? oAV

421 A £ 20 G0 S Tl G0 beralia Tk € «afb f2fesivl i siaifibieag Sag
a3, (@ 7% 20T IAFC x 8 oL | 93 W f(x, a) (F 5 A S 34 T X G AT,
o & 727 @0 wefie max(min)xf(x, o) T 27 OIZCE x 93 @ N f (& FAGF A FH
FIE O o 9T THF ST FE@I @ AT GBI I xF(o) | @2 xF(o) M
f(x, o) (© AT T OIZCE (o)) = f(x*(or), o) 2NET AN A @7 T & ACoHFF
(value function) I £*(r) SRFENCAN 23, OZCH (b2 AR (chain rule) FC

dfd(Ot) f]( () ) (*( ))+f2(x*(01)0t) m@‘iﬁl‘ﬂ?ﬂﬂﬁ ‘?ﬁﬁw

AP, x* (o) 92 BTre fix, 0(.) A9 POl W« 2 (extreme point) OIRCE 204 |

G

da
o, ATTISTH T £*(0r) G2 T ST 7i6 P 2Ifaafoe 2301 22we: @e fix, o)
T4 7o St o ©iR o 72 +ifFfEe 2w v FaEfd YffafSe = | e Toe:
a T AR TCH x*(0) T SCAFFOF To7 +Af7aEw 27 @R Fogamel f(x* (o), o)
ATArFeId »faafSe 27 | Seifafafie e (1) (ArF @l qAToE @ 9ol wetwa f(x* (o),

r GF ARTSTTR 0 o SCAT ARTOT = £ (x * (o0), 1)
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o) F oL ATATE ARME SRFeT FA0512 AT A @R x* GF 0, T T fSameTod
2TAFF AR A1 2067 1 |

«areH GeiwAm o 2ee ¢ I flo) = max f(x, o) @3 AW x*(00) 3 x GF G2 A A
f(x, o0) (F T4 F0F 27, O

or; or;

of* of(x, :
(0‘)—{ (x. 0‘)] J=1 . k AW ST SRCeT Sy QAT |
J J X=x*(ct)

EF vector notation JFI2E FCA x= (x1, ...., xn) 43 a = (al, ...., ak) T IR
JUYE SPBAZCEH AP W 27 max(min)x f(x, a) subject to g ; (x, 1) = 0] = 1,
s M OCH GTCSE T2 ST 2

of* () :[6L(x,a)} .
x=x*(at)

ooL; oa;

6.14 =iellE QNTFT I

GF ATE G T30 907 I TF 8
maximize f(x,. X,) =y subject to g(x,, x,) =k aielfere SITorFs ¢

L =1f(x;, X,)+A[k-g(x;.%,)]
223 5 T ¢ Ly = 1(X;. X,) — Ag(X;. X,) =0

L, =k-g(x,,x,)=0
oAb 20l (ATF “ieT A ¢
o b
g &

QY A TASATAR T A (F A eIt Al F41 T | M 22 350 o
FAFA (AT X, Xy, A G T 67 a1 A7 ©1=0et foafG #1w7 SoPF (explicit choice
function) 2Neq AT A ZAT ¢ x,*(K), x,*(k) € A*(k) 93 97 o fofe 7 Ty
AR 209 ¢ ¢(k) = f(x; *(k),x, *(k)) IS b I<EE O G001 Toioimy

AT P 2
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¢k<k)=§—;:>x*(k)

Tieffe sTieNg @eE 20 ¢ (@ BT A4 A constraint G ANAIREGE viffaStag we
o] SCPPFHE 5 (A1 S0 (R +P=odl) Nt “Afaade =3 o2 i 292 za
TRAIG QAF |

1 ¢Ax pCHper U = U(x,, x,) €2 ToTaife! Soms 27«32 il 73 27
M = p X, + p,X, 9% ATEH T

L =U(x,, x,) + A [M = p;x; — p,x,]

L,=U -Ap, =0 L,=U,-Ap, =0

L, =N = p;X, — P,X, = 0 21 2 0 %], @A U (F 53 A Gl 1 Ze=l
fdfifare SfFbaiRTem =i |

TR LT *1S 20 RS @ fdfas widfie

AL I S I FACT AN AW

x* = xM (p); P M)

X,* = x,M (p), pp M)

¥ =M (P> P2s M)

QT x,* € x,* (3 T 27 Tz i =iz fofes wifent s (Money income held
constant demand curves) Al M@ bifen ST |

I @3 BifEw SerFS g6 Soraifare! S A T OIRCE ¢

U* (p» pp» M) = UXM (p, Py M), x,M (py, Py M)] CF JCET 2T Toffare!
S QI Indirect utility function.

au* ouU ox,M  auU ax,M axM ox,M
= + =U, +U, ——
M 0x, M x, M M ° oM
eiew 39 $fefes ATwael (4t 2 U, = aMp, ¢ U, =aMp,
ou* [ oxM ox,
. =) 1 + 2
oM {Pl oM P> M J (1)
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ou * _)M
oM

(1) @ =fezgiee Fa

oU*_oL _.wm
M M

M Zrat ifE S 2ifes Toielm |

TrizRd ¢ €@ IS f(x, y, o) = ox? — 2x + y2 — 4ay

AT o 20 GF AR | TR0 27 o @7 & [x* (o), y*(o)] 97 i foref
FEA A SCAFIE (x, y) 93 ACATH FORZA (stationary) ST | P¥(ar) = fx*(0),
y*(0r), o] @8 T WP (value function) T 01 @R @B (F(E GaTSEH TG
A A |

AL ¢ f(x, y, o) = ox? — 2x +y — 4oy

AL I9AT ST 2 Px(X, y, 0) = 20X — 2 = 0

fy(x,y, o) =2y — 4o =0

QICEETA TAL SRR ¢

1
A 9061 X = x* (o) = E
y = y*(@) = 2a

TR |l BCAHTFF 267 ¢

f* (o) = a[lj- —2[iJ+(2a)2 —4a2a) = —[lj—mz
o o o

d 1
—f* () =—-8a
™ (o) "

o 105,01 ="~ = 8ot 2 [x(0), y* (o] e

EISEIN if"‘ (o) = i[f(x, y.o)] = % — 80 NTTE? THAP 2N FCA |
do oo o

6.15 w<Hreg

e SEHre Ieres R[S Sreorsiad Terold LIF6l, TIPSR ieHtag Liedl € *e,
iyl ST TS, (FRF (AR T Taes SeEna F9t e |
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6.16 e==E

S| A &AT%F eifefoa ww 2 -
@) z = (x, + X,)? TFFI & T, Taea, IR T, ILHF T0e Al (FIAIMDE
-9 W (0 203 e |
() N4l TEeTO! FICF ACE ?
(o) Tawel TFRT Toolm Rg® A |
(A) y = 2x,2 + x,2 93 ozl W 7 Al (stationary values)
(6) @=TEss Ty Rge Al |
3| ATeF oA alfofor ofofm 5
(F) a, b, ¢ T AT SHT (FI (e =S SAAA FACET AT AT IS SO
2Q?
f(x, y) = ax? + bxy + cy?
(4) Z=—x2+xy — y? + X + Sy @3 pOI% I« @7 I @3 @S (@ OFl A
| S 2
(s) Aol et Z = (X}, X5, X3) = X% = 3X,X, + 3x? + 4x,X; + 6x,% 93 5N Il S
W BT el @3R ARFCE ©OF T T 2
() (X, X,) = X2 X,° AT w4l Swe 2 o e |
(8) f(x, y) = 60x + 34y — 4xy — 6x% — 3y? + 5 «F I W& (critical paints)
faefm e |
©| |Ha ehafeE afea s 10
(F) M THATAINS! ST & u = x06 Y025 @R P = 8, P, = 5 @ e o
M = 680 2 SIZCA 247G ATTH (@A ACATE SoATAINS! STAFCII A T+ e
I GR (T A ST N T AT A 27, (73 Wwefe [ e
(4) GG GFEHA FIFAG 7o TFe 7y @S F07 AW SifEw S 20al Pl =
80 — 5Q, — 2Q,, P, = 50 — Q, — 3Q, €& (T ¥ C = 3Q,2 + Q,Q, + 2Q,2
FAA AT AR v A g3k wwel S s
(o) g e Eribafsfes wmiae Refa st

Maximize R=q, +2q,

subject to :  q, +q, <38
2q, +q, <14
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q]a q2 ZO

(9) Seea i R[eaea we ¢

Maximize 3x, + 4x,
subject to :  x, +x, <10
2x, + 3x, < 18
X, <8
X, <6
X;. Xy > 0
Iy * =0, y,* =4/3, y;* = 1/3 € y,* = 0 &3 (7S TOPR TG 20 SRl
2A12fiF Al primal TR TN Fefm A1 € (7ol To#imy (Quality theorem)
AT A |

(&) MW TR p = 64x — 2x2 + 96y — 4y? — 13 T OIZF X + y = 36 G2 IPOITS[GE

AW F AT AP FAHH x, y @7 [ o7 et |

6.17 &rZeife;

A

Simon and Bluue
Renshaw

Chaing

Tekayana

Intrilligator M D (1971) : Mathematical optimisatiri and Economic Theory,
Preutice Hall, Inc.
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N Gl S CIIF T2 T AF© TN (T G0 LT FH DR, (7 P (22
SFIBIR FRCS AN A | PG (72 FRAT BN VT F@NRF A G SRE
PN (P JRCT 915 PN (1T T |

— T2 I

CIF0eT G5! mission g, GFG! (TN ©RWE G, (G2 ©[AWE CFCOT
SR SN2 | Too SIS JFH SO SN2 Foe7) PR 9% F7 | 42 [T
TR ICET2 SR I G538 2 FACC AN, STRRPIFE JONA 2N FACS A,
ISR D STOr7feT SeE FIeT ST Gferie 0 #A1f |

Any system of education which ignores Indian conditions,
requirements, history and sociology is too unscientific to

commend itselfto any rational support.
— Subhas Chandra Bose
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