ST

I (AR FTSIRbH I WIS (TOlfe e Y& RRmieizs TS Rt S
[T | 20339 @2 Af ST (T3 22 ey T T& Rifmie 2ot s (NAAC) erRis
‘9’ (2T Tl TR G 2038-9 IEl (M & FERiRE) (g NIRF SERIc s gl ikl
F(ACZ | AN, 2038-93 12B-7 S &lfe I6Tx |

T Sigfa i epifére s *rraife (NEP, 2020)-3 o (ifiias stioe=
mfod sAfFaes IOl 200z | el frpieife SeRIS Curriculum and Credit Framework for
Undergraduate Programmes (CCFUP)-9 biF 231 Wed #as(s 20 72F e [
T T T R 9@ T @R, Tewhe @7, WG ke @b, e
TR (@07, ‘il GTZieTs @ 93k o5l Sites (@0 | (T srafer fefers [Kmw
@2 AT Frwidia FI0g TN AT AlS e ARG U M| G2 0 @ 2R
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e foibtas ot TR ARa (ed | REFeer et Afeea [iia e s srwsrel
RIS (AT STl o6 %! elf DIt SIS Sfere (Zies BII%ea A2y 404 | fFrwidia
wferareH ¢ sifferze ol SRt AvEs [kt @SS fFrwifen o7 | SnimE e
G2 oGS T (B AARTEEE ol FCACR | WA 203¢-2v FEFRY (AT FoF T @3
fieafefes svas S T 2@, @2 M ((olfe Jor J& fmer frarg oz Faz|
TG AT TSHRHTRE Fefve Fo 1ifiize awrer ¢ fNomie sephia 7fbe ¢ Kw
2R | R wreitalel 391 2R (oo el dfe 3l 38.f&.5-x wrer REpeifs, o0
Fea e ¢ ffe |
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fRrmEalE oo Si15-Soiae ergfer (g Sl S e, Tfte 7137 reiz sl e
AfSHITTR 05 TS Sfves [rees Frswa M2 S SFIfbre aizel FCafR | Siv 2 A=y
A1S-THAFACIT NI TS 2D ez idT | fiSacaisy @ erdie Rmrefass AR ae
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1.1 Swwpyy
1.2 o®=a
1.3 ) e SRifemate o= 92d a2

1.4 1, £33 @ iz
1.4.1 55T% A Herai
1.4.2 3%

1.4.3 st

1.5 AHFA9 @ Sren

1.6 AT AT &G

1.7 e @3 Mfafes et

1.8 e

1.9 SRe
1.10 amsifg

1.1 STa

&3 GTHT Al FACT Zagladl SCS A

o Ifite 5%, 47T IR SIS FEICe F @RI
® AT @R STSTHR N2

1.2 SB[

DS GO aNfdfes SLNfeT JFg TATE SN FA! 2ACE | STCAFSF T{(H T(F
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1.3 | Facd qdAifelmae o= 929 Fae 2

SIS IR SIE T4y A T/ A e 230 | & 9107 T4 27 WL1fe7 Ol A “language
of economics’ fZANA | SCFT AR IS [ (T~ (A Tl A GLTASE 9150 '€ FILFATHAA
I R AF© AT GoII© 2E AR | Trigel 2AC <=1 AT (@ CHAGIER o1 10 i I 2ihem
o Bifewl 5 =foil g (ofeT | 2 oo AR (oiGteR o ¢ viftwl FiFe sifdfes
AT &1 27 BIfEwl S | SR @2 Al geie Ie0 T (@ “ColtGIted bifznia i
fBfegivme T 2 —0.57 |

wiefie wrEfefer wiehifs oo [fen sdtafes R ool 72 R g sdifskmaid,
w2fCeF TP O Rere At RIS AR (@F T (&, GO ToAZIAT T G O I @ wetizrat
T aNfelfoss Soitmra T awie FEw T T KA AL @ QAT 2 | ([ LA oz efer
wefSifore Iz Tt 2 ©f Zet e soifsfs, s suesaE, S @ AT FIEFEA
(Differential and Integral Calculus), SI8d ANFF @ S@KFa¢ 7959 (Difference and differ-
ential equation) 277 |

AIoTs SICEs etAEH el 2N g Fiwel ey afde 2|
1. 99 (Enumeration)

A wim ILNfoTe @- @I SRR (predictions) Hrad ST At 1 27 | (@I
Bifewl @ (ioNtaa RTERCe oIl T2 2 (@, (e AR A AW (Sl Wente =i
STl T, ORE T I AT | @2 SLifeim aifafes M 72reg wEdlits #itEs @ Fo6!
SAfIICe o1 I 11t 3 (ot Wine #ifFsiel S 0 | 9927 ©Itd (@It @i wisfe fefy
FACS AT (@ 7 AAfSa T 1 sifzsieet o R #faafds zea1

2. FEAFA9 (Simplification)

o PN

fafen weftafes vemifdg oy e T=iFef o ow0g St 8 T SEE F14es o
Gfbered 27 | 75 (372 T=2FHs 1t (HITat ailfeifsss oot Mgt e Tt A7 92 ©f 7202 @R
|

TriEFerF@wel 431 AT 1 (@G G A FINCEIR BIfRwl 206N 1,200 Kg T2 OF Als ¥+ | @2
bifenl [FteTiafe T4 IR 60 @F TR 6 AT 02 10 Kg I IO A0S | 92 FIAEIA
Bifenl @ i Fe® wis I SR Geit 71 e siifdfes AFACe A 1 A ©L4F ©f 20 q
= 1200 — 10p (IATH q 2! FCAINTT 2 T FAAERA Bifzwt @ p 21 [renafs Fee
6 | GOIEE (-G RS A2 2 T 17 | @siwfss [fen semifem e swiFefer fac

I GFCSICH (I SLTASF 972 (economic system) (O 2T 02 9lifafes o A2
berIfa SrRbafera T e Rfafaray Sitaist st wietafes srwet tofd a1 23|
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3. vA7rel @R <5 (Scarcity and Choice)

wefSifere R[S e eite Al Jove e Fring I S 7 601 T (FRIGS, AT 67
o3 FF9 (optimization) T | (IR (G 2RI @0l F00 BiRtaA! (1 O fWie At fefere
JI SATTT T T ©IF 3 A 20 | @ G0 92 P snffes Tes side 51 7ed |

wiefie S 9o, 5P, Frare Tonfva owtg Arey Teiate 2ead T S @ aifds i Sieitaa
A AAES 2T AT |

1.4 5519, 3T 8 ST

1.4.1 &% Q| SeTAi

@-CIC CAMEy, A2t A el 2 AcEs Ao Ao o ekl [fen iffEfore [fe wv gz
I ©ICHE Hoaif Ie 27 | SLRIfSre @ ol Sesiva Topifn seraifat qen |

HERIMAICE aPToae W (ACF IETe 12 ©Itsl ©lol F71 IW— > | ¥eRbF 5l (Qualitative
Variables), 2 | 2/ R6F 51 (Quantitative Variables) | @66 beRIF#(TF SIQK TS
(=fe 5 (Nominal or Categorical), @53 (Ordinal) @38 126 R#@ (Binary) @3 feqeits!
@3 sAfFEeare seRif4ts [tz (Discrete) 5541 @3k 7F® (Continuous) SR @3 w3 ©iTsl
wl9l 41 R |

BERIMRE «=el
|
| |
wofefes slfaeifefes FEw IGCERIGE]
| |
ISICERERIR VS eI
| | |
Efifefes @B LEURITITE

@ 1.4.1 : veIfE fafgeta
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SeRIfITE TS SRPtE FiEe ¢ Féaaie et o ot w1 a% | 57 1.4.1-(8 7o)
ifeifreiel orell o7 |

QOGS B — B «F0R beaif Reifefes 93 q7 ©ima g =@fdts (Category) ©tot 4
T, (T (BT T (G2 HERIMG S0y SR NI, FICe, 01 29517 20 AitR) @ fovst (T 50
73, W2l 200 7AICA) | @36 @olfeies mRiFtE ek wifofofer samife Tet T |

e Q1 A verai— @ @enE SeRIRTS TS (T T AT 7 O AfwleT deraif
JE | (TN GLER 3, [ FICE], AR, EfT A2 (@F ©IF @ICl @ (Order) 2TE =1 |

FADSF ST — OB (09 SR Noay N T 91 A | @9 L1 S FEare @iere! At
wfewsl T wafoies baiih 20 OitF 2Ll M, ANgrEt @3k (oIIF SERRs O3 2o s
31 ZCEl, GIR QAT TRPFIE B9 Sepite SEfre @ Swws 231 1, 2, 3, 4 @8 W4 (score)
8 (a7l FE TS BASTT A4y 2N sifstiel g a1 (@0 A | wrefie e azeem wiat
SPAIR RIS (@il @ w1 2 |

VROEIAMS DT — <2 5o (T Ui (e iRy, y<fel; sfzea Al wifze; ey At e Tenif |

sifaefefes veaifit— @ SeRIfITE A T 2 T T it wAfawieifefes veaif< a@
27 (Quantitative Variable); (T, 23, GG, (FAGE, 20T SOPRL, *(HA S TR
orsfo

fafozs seraift (Discrete variable) — (@ eI (@ta e Fsg Wt g KIS (isolated)
W 229 OIS bz verif 7o 27 (@ G0 2RI Foe e SIty; A 1, 2 GO o) e
e 2P 23, ke 71F |

TS A BRI — (T SN (TN G5 78 Fw 5047 (interval) (- CRT S 2129 (L OIS
F© 1 Sifoed Serif <T@l 23 | @ QAT Sl Al S (It s sl sIeey @- (I 72l
20 A (TN €S (F6 60.557.... Kg, 70.235.... Kg o |

A Do — @ DI e ST 2SI T, G2 T BEA Al A OIS ey (A
HeRI B 2ol 23 @ ©ItE 76 2% FidW el (Independent Variable) |

S fie veaif™ (Dependent Variable) — (I 5aTaIRE i S b1 St =i 2eifFe 27
e (ol Z0eN fTSaiiet baialfl € ST 20eTl 3 SISt FRe A6 FIFA vaai | S, Wi
FTFTO! A SLAVTAGTOIRI A F© B! (3 G FAE OIF 7I<F It 75 1 AT IR SeoAemeTo!
20 S lie DIl | SR (RITel UK Wt s taa weet T vifzw sifasices #ifaass =3,
SIZCA Wi 2o T sedif @3 Sz o 21 fsaie veaif |

1.4.2F3%
@ A 96T 9 e T AT OIS &4 967 7 | G2 AR e 22 717 21 91 | @
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G AN (T AF 4x — 7 = 5 (@A 4 A 72490, x A SRR — A AP
(operator) €3 7 € 5 ZCAN & | OF AYIEZ (T F 01 ey wiitg wefie wi4p 7 @30 49 | S g
g oz Stz a1 [0 (AT &t o 03 (@ “oiiR” o At n” @l &< 19 Fimiif s
20eM 3.14 widie = 3.14

1.4.3 o=

@It it sifrafe @ oo 9 R [sa T R serifHiee 36 203 s |
(T, (I FFACEA TN 26y = mx + ¢ (@A m € ¢ T &K | @3 m € ¢-IF IF GF0
T (AT S GF G5 AR AT | m 8 ¢~ T #Afaf S et Feca2iiba SRziee oAffaes
00 | m S ¢ (3 & T ‘{W (Parameter is a variable treated as constant in a given context) |

1.5 AN € W[Ten

FFAe : 76 A A (@ [IFO (statement) AT 2T FCF = €2 7 HLE AR OIS
FANFRe T | (@ 10x = 100 I6ICo (@RI 10x 43 100 G &7 A0 | ok «@fb @ Aw<el |

TS ¢ QAT (x + 10)2 = x2 + 20x + 100 @fbe @6 w2 | g 7% 9% [Taw @2 @
S TmzAtel x =10 @3 A0 Ty FAFACE el afFe 27 | wefie 10x10=100 203 | x 97 IS
S WAF S ANSACET 10x € 100 @2 w2 AR [0a el A4l I Al T (x+10)2 =
X*20x+100 -9 CFCG x = 1 T 112=121, QAR ="-F BEAMCE 12420x1+100 = 121.-. 121 =
121 =1 9@ x = 10 ZCA (10+10)2= 400, SR BFWCE 10>+20x10+100 = 400 | GOITT -9
(T @O TG e ST 3, (@ - (! TR Sy AN T 275 701 203 | Srodd @it @3
ey | Sdie rev 2iel A AN Al BERS R AGRY (@~ (Il N T 7 | 1 ‘=" @3
forza M 2 41 27, G2 orzd 9 ANFea Ton Avwa A2 TwsT (equivalent to) |

1.6 AT WA ©F

T FRAY], WA, Y& (rational) € SREM (irrational) FRAN G B FRAN sige 0 | Tefie
9 AL SO TeHe Afefe 2iaa e 25 1 AR |

i?i]ﬂ@lﬁ

O TR AR

Wﬂw—‘

A R
QT AT e O S 4l 2o |
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Freifas A € WAe AP (Natural number and Integers) : 32 SRR I60® (9IC8 (T
RG4S 4ol RS (@ 1, 2, 3, 4... TACF Freifas 74 (Natural number) 1 23 | €3
el ARG S G B FANS T@ll & | (Ol 1, -2, -3, ~4... TS &l =
Y DG TR | G LGS @ AT G o7 TG HR2AP GG A TR 915

........ =5, -4, -3, -2, -1, o, 1, 2, 3, 4, S...

L RRIMEACEICR ) J LW e AR J

QT S AITS ZA #7158 FUF2 LIS [l TR T L % | 6 ARSI A0 e
TR LY 1o 1 27, Tefle 4SO B2 FR2 GRS GF S FACH T4 TR oA
|

Sl € Jem AAft (Fraction and Rational Numbers) : T2 g6 9i‘-”f AR (Whole
number) ST (TS 2 (FMCF 29 (denominator) *[«f 23« O« OIS SHH] =71 23 | wieffe m
© n 7 56 7 )40 27 O WY 0 £ 0 ZE G | SIS T m, n GG WG FRA ZW @A

n#0; O OIS IS 267 Yo AT | (T 2olifn el SAlieH | S

157, =184, — &/ =0a1l o ik | 73T SRR 2 o AR 7@ F o AR SN
T | (12 9 oW AL 20 A (LA m 8 n 6 ST A2 |

8 10 27
oAIR, g g Sl =R @ 75 3 Topifr Tl 2)¢f SR € AR 92 A 27|
ISR B AR FRANG(ET ST ARG CE | (F (! 7o ARICE ST (ratio) SN 2P0 11

2 4
AR @ 2=T’4:T al n=% AR SR o TR | ([T 56T 2J¢f TS TS 2|

T4 TR JoAR O B 2o A2 K T Jow AR el < 7 | Wl A7 T A2 € 7]
CAR GG T Jo TR 915w A |

e WA (Irrational Numbers) @ (3 3RCS €3 SATS 2P FA TR I, @A

m € n 2O YAG MY OICF I3[eTr AT (irrational number) & 2| (T
| % I AR CFCG IR 27 2R A el w1

R | @ GRS TR S A w0 277 N 57=1gf€ 20 A (recurring) €

1 _
A2 23 I (non-terminating) (TN 3 =0-3333....=0-3 | 12 3-7 W=l 7 7IJe o0 |

1 - pa
E=0-1666....=0-16 (697 7RIS | G G e AL | S 20 (5ICeT WIS AR
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S 26 203 I, F2I9e Z(J Il (non-repeating and non-terminating decimal in their
values)

@3> TreRe (reTl T 1 —

Twizge 1.6.1 : 2.78 & oW 772

2-78=2-787878.....

awe A e A el Sl ey wib w2y Aforz ol s —

(%) &AnG AT S2AH A 1 A0 Keedl
() w0 [ (Teeoffe @ 2 (non-recurring or recurring?)

gl AT 2.78=M

100 M =2-7878 x 100
=100 M =278-78
=100 M =276 +2-78

@Al 100M = 276 + M (2-78=M)

<!, 100M — M = 276

<!, 99 M = 276

Bl,

SRR 2-787878...=%

wefie 2-787878... RITEN @5 (Twzsifeis wIfsitFa @19 (recurring decimal expansion) €<%
276
qF o G2 ORAITH A Al AR |
oA 2ne R C2ICeT 3E™ ALl
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1.7 & @ar sifdfos e

SCE (T (T A AN TG0 I AT TS 263 A Sl 1K Gol) S NS
(Principles of Logic) 22¢ T 23 | 935 Svizgel (e AT (@ el e AR G0 ofifelfoss
SRR I T 200, R ©ICS T&d Be 200% |

Twigad : 1.7.1 : [oe =it TRy e [T s

gl ;T s <sf et =8 (x+2)° =( 4—2)2

X2+ 4x+4=4-xTER_ x>+ 5x=0

Y, X + 5 =0 JOIR x = -5

G, GBOICT AN T T8 @IE x = —5 | @S 79 el A9 0 (A A | x = -5
TEX +2 =3 GR J4—x =+/9 =3 e (72l (9T TeG weT | Twizad 1.7.1 @ (Il It

e FOT GOACR | G2 TrIzFea ST (@R T (@ 7R BRI A G T @I Tt (% g
A5 Te ofew AT =l |

Tfe ot @lfwt (Proposition) : (-G RIS (statement), Af3F A1 &1 A3 (@ T (& OIS
afserl 3o 271 | o Glaeaial (s 1 @36 Trizgel et T s Afe Tkt et o
SR (@ iR —a3 T 7Y gfe; e I @Ot I9 IAF— T Wfe @1 ey Fom ol
FEAT—o (I 203 $o Ofe 1l alfes | qrwtg To aaHes 2fs =@ sigqz a1 =et @i
TepTe) KPR 1 781 2 =l | (@ I I@T0 Gl 2T “72 G J2& TR — 3 IG<(6F T
51 41 I 1 T T 2R TRAW AR AR A (1Sl A |

Steoi (Implications) : ¥ IF P @R Q Y6 @S (A1 2ifoeal (AT T4w2 P 9] 22
Q 797 | G0 2 1 T AYERIE Gl : P=Q widfe P (@1 Q (& (P implies Q) Al T3
P O34 Q UQl Q (RTEl P @7 Taws| <= @3 BEiorE o bz e 73| @3 SR
m@fﬁm (logical implication) s 0/ 07 | @: a) x > 2 = x®> 4, b) xy =0 =
x =0 or y= 0; ¢) x I 1M TH@ = x @I STerHa 917 |

fog g (%@ P = Q 734 0% w4 TrHifuse w6re #iita wigfle Q = P ' 379y 297! &7 |
wiefie @2 ¥fb Cleri(F g T 6 AW P < Q| OGS A0 fewmre il (logical equiva-
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lence); TS T3 GIR (FIETG T2 Q W12 P (P if and only if Q or P iff Q), ‘<’ @2 oz
iefel o 76 27 | AR TWiEe (b) (O (7l T (T M x = 0 W y = 0 T 94T xy = 0
203, 9die g efoellby Yfesmre sidel Sig widfle x = 0 Ay = 0 = xy = 0, 5% Al
Trzzelasfers @3 IR I =l (I SITSTHg M2 970 71 | SRR x2> 4 A3 x > 2 18 200
;T x I -3 27 0L x2 > 4 (A |

TS 8 T(LB #S (Necessary and sufficient Condition) : 2w P, afse Q & o
I G2 ISOF ST GF ©IF & T4 A | AWM P’ 2ifsesl, Q Afewit (@R Oizte P @I
Q 9T [T *[S | TR (72 TA I P (F 7y 20 27 ! G609 27 2 Q (F (I G609 2
G151 fae® | GTF0T Q7 @ITAT P’ @ SR *1S | wiefie

‘P, ‘Q’-9F (YT *I$ FEIe @RIT 1 P = Q

‘Q’, ‘P’-9F TRHF XS FECS (@R P = Q

@ X~ STOCHE FEAF (AT *S (2 X (F I90FE 200 20 | SHIEF X (F I90q 2677
I *S (BIET x-IF SIROrFE 26T |

Y P < Q T, O F&1l AW P 8 Q I W @ [AB *S |

aifdfes et (Mathematical Proof) : sifre*icg At @W‘?ffwﬂw & 2T ol
(theorem) 2TET AMAfeT TosME P = Q GBI 29 T4l = @A P (el 2fvest 2
AMOTITZ (premises) G Q RITEN WK < 2] 4 JCF A6 TR (conclusion) | T4 P
M0 w2 B TR Q (O (NI T = (61 2 AR &Nl | S FHAE TR 826 1 2 @
‘Q’ Y I GRR (T[T (ACF (R 2T (@ ‘P’ 8 I9) I3 | 'O St e 7ICAF &Nlel (indirect proof) |

TiftF @ 2BATETE ICE : (Deductive and Inductive Reasoning) : TiTF (&, o
1 P 5ot | IR 2R e 5y M N sosf Prag azd 30| @, T
T AR (@ [ n A IS AR e I (AT, S0 S90S 42 IAH FETER
AeT—2 & @I ABRATT I |

1.8 AIH

3 ST WA (0 5ifoTox @y @ AR WS (Rl 20ACR | €3 A o1, 35,
SRR GIFell, SRR 420l @ (AS1al 1T FA ZCACR | AT AR F=IF IS et w1
20z | IS ¢ aNfdfes emid s gial e a1 200z |
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1.9 SepTeTet

1. SRS @ J0AB *TET [ AT 2

2. “ifeora qiF el ; f x 1

1

e R e f(x) = x>+ 2x + 3, IM x> 4 =W

1.10 &rZelfg
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2.3.2 6 Jreeifdres Jgaraf
2.4 FF 3 THR @ ALAFS
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2.4.2 46 63 FIHEEST Qoiwa

2.4.3 799

2.4.4 SCFS
2.5 A

2.6 SR
2.7 ez

2.1 STy

% G AT FAE WA SIS AR
® (36 FEICe F (@RIT @R (16 Areifaces s@afer
® T IR SCAHHA A

2.2 AR

3 AR TFI I SIS TN Sl AIEF AL (B LIl (ST ZRCZ | SO L
T SEDANE 3 G ] BT |

17
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2.3 (910 Og FHCH AN

IR, 2[TIF FOF IR T~ WAL TR H<eT Al AN (Collection or aggregate) (o
I | et GG fafom aeptalied JEfEs ke 361 28 GG | (e, 190 @It @3 @16 T
A A S T B2 | G IS I@TR(F 4l 2 (U6 T (element) Il 77
(member) | 3AE AT T QTS 951 A, B, C, D... 3917 711 F4iFeros (376 o5 31 27
QIR (TLHF RS T2 o IFal {} 7 F S F0e 27 | SoAmaeeR e oF 3l
(AT (,) A 7T 1 2| @ —

() > A0 S (ST A (0, A = {2, 4, 6, 8, 10}
(¥) QE M TNTA M wex fomt F20e1, M = {x |, x JIE A0 = )

(75 ST A BB 4G 21, I —IfeTl “afs @ ARZ 21fs | Tora Tale (F) ¢ (¥)
JAGC OIfeTF 8 ART AF S |

AfEF 6 (Universal Set) : (T-(HITA 203 STEBNLI FweT (702 (Tl (WS (TG SoAG
0 ACF | @ (F0a WS AL 7561 (60T ARE G5 &1 2 | (@l —

A = {x : x &S 7 WLl @32 3x < 15}
B = {x : x 49 7J¢f 3 @R x2 < 25}
C = {x : x 4 ol AN @R Vx < 9}

Q4 U = [x : x 419 2 W17 o6} [ava 3, ozt A, B, C @G U @3 906 @
U @ta Afs @6 |

THATEH (Subset) : M A G063 ToAMAL B (U638 TAWIA 23 ©F A (60 B (1064 ST
Tl 2 |

@ aF, A={1,3,5 7, B={1,2,3,4,56 7 @& C={1,2,3,4,5,6,7 94T A
G163 afel Tome B (106 wwiiel; . x €A = x €B

. A (516 B (T063 ©2I0315, ACB, SR C (15031 2ifels Toim B (106 w1 | 331k C (60
B (63 ToI0316 9@l 271 CCB| € A @ C (63 S0y ey Stz | (@4t B € C G064
TAMITSTA G2 OIF TN G2 [F€ A (75 @ B (1059 SAMIT T 727 A 731 | SR A (66
@I B (P “8F® S0 @38 ACB Geita U2 S AR 4l 23 |

-l @6 P @7 e

i) ¢ < P wielie FIF G5 ¢ (@-CHCA G628 TG
ii) PCP widie (@-(RC (75 (12 (0642 SHATT

iii) n(P) IECS P (BT SoAMIT 7R (RN |




NSOU @ 6CC- EC-04 19

iv) T P 16 Q GT67 Tt widie PCQ 28 @3 51 n(P) < n(¢)
v) T P (6 Q (6T aFe TAEH widic P ¢ Q 28 ©F ¥ n(P) < n(Q)

9% (6 (Complementary Set) : AR G5 U-a3 BTG A (e, A (063 oy rere U

(B ST AR fCR SIS GIBTF A (U6 796 (316 96T 28 | T A Al A° B 2sm <41l
| 9Mfafes O, A= U/A= {x : x €U; xEA}®

@R U= {l1,2,3,4,5 6 9&B=1{2, 4,6

“ B =UB=1{1,23,4,5,6}\ {2, 4,6}

~{1,3, 5}

=U,ivVA A°=0,v) (A=A
Twizas : awe A = {x : 5x > 19} @R B = {x : 3x < 19} @R U = {x : x LGS 5 747,

0 < x <10}, GG A ¢ B-93 Toimiwafer ©ifeial smfere o™ Al @k Ac @ Be o
|

Q- G6 A @3 & i) Ue= ¢, ii) ¢°= U, iii) AUA®

S ¢ ARE @6, U = {x @ x @9F 7 31401; 0 < x < 10}
wiefie, U= {1,2,3,4,5,6,7,8,9, 10}

A={x:5x>19} .. A=1{4,56,78,9, 10}
B=1{x:3x<19} . B={1,2,3,4,5, 6}

oA ={1,2,3}; B = {7, 8,9, 10}

I5F @6 (Power Set) : (@-(FICAI (T A G 75 SHTIGEE A (GTU6F A6 (16 60 23 | A GTU64
BT PG P(A) a1 2el 11 23 |

@ AWM A = {a, b, ¢} 2 TR A-GF < Tl WO
G : P(A) = {0, {a}, {b}, {c}, {a, b}, {b, c}, {c, a}, {a, b, c}}

A GTCGF G 71451 n 20T P(A)-T SAMIT AN 203 2" | 2ve Swizgel{5d (Feq Soiwie A
@23 =38

S 6 (Finite Set) : (I GG SAMITERA ste 0 el w1 qrw =t Ssimis w12 f4f7s
3 TS ACF O FAW (6 767 =1 @ A = {1, 2,3, 4, 5,6}, B= {x : x GeTF AN @38

0 < x < 10} 297ift ST @15, @ATT A @6 60 T2 ¢ B (16 4% Toimia itz |
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A 6 (Infinite Set) : (T GG SAMIT TR olefel I ffiae I T a1 At Tofimiay A2
FS T SICF S (6 T 2 | Q@ © A = {x : X (ST oI MRagt}, 74l A7 @ y = {...
-3,-2,-1,0, 1, 2, 3...} Zojift 21 S5 @76 |

TF @6 A =T GG (Null Set) : (@ GO (@ICA SHMIT AW AN IR Tl ©ICF F @16
3 #e @16 ACET | G O S {} B A TN @ O = {} = {x € N: 1 <x <2} @GR
d={ = {x e N:x N 4 € 23 < x < 29} o]

@& % (Singleton Set) : & TAMARKE GIHCS &l & Gl (6 | @T: {0}, {4}
2ol |

(SBE @ EICHF FLCN, (2 S2ITAG, O, 175 2wyt 2ifew [Kfen syififes foa e snrom
CFa, P (FE ¢ fIQEIHIA (A NG S T NS (Sxba el 23 |

T (O (3598-Sbb0) FIEAL (TG ST FBTad AR 2 e R, ©IF O ANAT
Pl ceafbg JItw #ifFfee | @@= C < A -3 (Sbg Zrel THERH | 99 A \ B-93 (SAba @ITat

SR |
A
:
&)
2.3.1 (T3 A

CTCoa SR 3 efEapTz @I CIiea ALCAIeH, GI6F (21, S (16, 579 (1o 2ol | @2
Sifife) Ty Tl 23 | (o, @96 93a (Idempotent Law), 2RI
foa (Associative Law), fes@ fqasl (Commutative Law), 36s = A B
=T (Distributive Law) 295 |

(CHF ATAG Al (9 (Union of sets) : 93 Il SColfEs (6
e Solwie e ifde GI60F TS Gio A0ET 1 A @ B &3 Fee!
T ‘A B’ 92 26T BIl @i 1 2 3R 218l 7 A A9 B |
1 “A union B” | (16 9194 #%fets A B = {z : x€ A Al x€B},
A B 7 (oag Tvemel: 4R, A= {1, 2,3,4,5), B={2,3,5,6,7 ~.=A B=1{l,2,3,
4,5, 6,7

AUB
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76 (54 (M (Intersection of Two Sets) : A € B b G156 201 ©ItHd AR siwefer @Ioe
A€ B @3 (W 061 4R GF A B % a7l 2 91 =1 |

Tfit A B = {x:XEA IR x€B} YR A B (1% 71 2w (316 I A € B T©H (63
SR | 93 (SHa CRITE:

A B

Twigaet 2.3.2 1 4§, A= (1,2, 3,4}, B={3,4,5 6} . A B= {3, 4}
Q2 T 45 B A @ B @5 21 (T OITA (I AR 90 (713, ©I20eT A @ B (& Koz 316
(Disjoint Set) I&T T | T2l A={1, 5, 7} @& B = {2, 4} ufb fafvesy 5, «@t=%ta, A B =¢

o[%T (15 : A € B g6 (6 2051, (T IS #IF A (© OI(g € B (S (13, Ol (603 A € B3
[ A6, G A-B A A~B BF @7l o T 23 |

wifie A — B ={x : XEA GR x€B} | 97 (SADI @A

A B
7 N
A-B B-A

Twizae 2.3.3 1 4 A= {1,2,3,4,5 @R B ={3,5,6,7}
ZA-B={1,2,48B-A= {67

E\% Ced efers wwd (Symmetric Difference of Two Sets) : A € B Pﬁ% (6 20T, @
IHAE 2V (PTG A Q| (TG B (9 TR, Ot (T0CF A € B @9 ﬁ]%‘;ﬁl B3 AT 8 Ui
AAB (A (@51 B) forza @il 2 <=t 23| 9idfis AAB = (A - B) (B — A)
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TigRel: € A= {1,2,3,4,8 @R B=1{2 4,6, 7 o= AAB={l,3,6,7, 8}

2.3.2 @0 Jreeifdred @
1. oFPeAw® 3Jq (Idempotent Law) :
) A A=A i) A A=A
2. fafesm ¥@a (Commutative Law) :
) A B=B A (i) A B=B A
3. TN 4 (Associative Law) :
) AB C=@QA B) Ci) A B C)=(A B) C
4. 359 99 (Distributive Law) :
) AB C=A B (A O i) A B C)=A B (A O
S. De Morgan -49 9 :
) (A Byr=A° B i) (A Byr=A° B
6. De Morgan -99 9@ (e1d 7@ (De Morgan’s Law of Difference) :
) A-B C)=(A-B) (A-O) ii) A-B C) = (A-B) (A-C)
7. 9<% Ja (Law of Complements) :
) (A=A, @) °=0, i) o= (VA A= WV)A A°=0
8. 9tewr @ (Identity Law):
) A 0=A ({)A U=0U,@i)A U=U(@(vVA U=A

2.4 FIE | TTF @ TATF

TEF @ SCATS TCE LN FAK N9 FNF (GG (Ordered Pair) € FIHGT @ea] T=2{SF
LIl T SIS |

24.1 < (&G

ql 2% a € b (a, b) SFIH 1T, ©ILF FiS (&T A6, 72 (2, 0), (-1, 3) Tojifw, a # b
20 (a, b) # (b, a) % {a, b} = {b, a} | AT Y6 FHiF (&N (a, b) ¥=% (c, d) AV 2 (FIETING
Ira=caRb=d=@ 92 (a, b)=(c,d) =>a=c b=d
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2.4.2 4o GTCHR TG Qorwa

A ¢ B YD (16 263 @R a€ A @ be B (A (a, b) SFIEI 7T F® (HTT FI60F A S B
9T FICHE el A0 | G AXB o 7@t e 41 77, Sdie : AXB= {(a, b) : a€ A, be B}

Twide: A = {1, 2, 3} @R B = {2, 3} T
AXB = {(1, 2), (1, 3), (2, 2), (2, 3), (3, 2), (3, 3)}

@R BXA = {(2, 1), (2,2), (2, 3), 3, 1), 3, 1), 3, 2), (3, 3)}
widie AXB # BXA

T TR <RI

a) AM A#B & [0 (Sl @6 G5 %= =l 27, ©C9 AXB # BXA

b) I A 60T mfS #% @3k B (1069 nfo %% AT, O3 AB 31664 mn 6 7% A3 |
¢) AXB G50 %= (316 20 (FIETG A A S B (@6 %= (316 23 |

243 A9/

9o (16 A @ B €3 (FICAIDE % (76 7l 2061, AXB @7 (@ (I ST (F A (S B €3 9506
FF JEN 2| 0T R 79 e w4 =)

widfe, R = {(%, y); x€ A, yEB ¢ xRy}
Twizae: W 4, A = {1, 2} € B = {2, 3, 4}
s AXB = {(1, 2), (1, 3), (1, 4), (2, 2), (2, 3), (2, 4)}

@TY, AXB B3 w4 6 (TT2g AxB @7 26 wifie 6475 THATE A | 70 A (6 (AT
B (106 (I 647 Rfew a1 799 20@ #Aita |

T IR R = {(1, 2), (1, 4), (2, 3)} 9 @F0 77F | 92 (1, 2) €R AT &= 7R 1R2;
€ (2, 4) €R A0 T4 =W 2/4 9| 24

fo7 forza Tl @< FRF @™ (Representation of a Relation by Arrow Dia-
gram): {37 f50@2 AT A G (AT B GIL6 GFH 59 R-(F A5 FA00 205 AT 76 I3
SR 0K YL AR A '€ B #MSeTts (il 23 | OR171F, A-93 (@ 31 217, B-99 (& 1 507

Twigad : A= {2, 4, 5,6}, B={8, 10, 12, 15, 17} @R A (S B <6 7% 20e1 R @A
(X, Y)ER=X T(eN y &F G0 ToAWE | AFHLCE fod Bl AR oA 54 |
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ML ¢ R = {(2, 8), (2, 10), (2, 12), (4, 8), (4, 12), (5, 10), (5, 15), (5, 12)} 9OeI@ T
(ST (Ordered pair) AT AT (RITe

A B

GF AHI (Fg A TS @R 27 A @7 (Domain and Range of a Relation) :

A I A € B #9899 46 @ @R R, A (AF B (© 4F6 3797 | ©IZCHA R-9F S5’
TS (areef 2w Avef N af5e (160 R-93 91%es (Domain) <3k @8 2l fa aifoe
(6 R-9F 297K (Range) A1 | Sigfie R 19(&d (%@ dl 91%6& = Dom (R) = {x : (x, y) € R}
@3} R €3 @919 = Range(R) = {y : (x, y) € R} #FF4IT (T R IR CFq A1 A-4F G0 T
@32 R AF(EHS & 2057 B @3 @16 ST | (316 B (F R 790HT ©oe%e& (Co-domain) J&T! 27 |

244 ICAFF :

421 A A @ B b O (75 1 IM A € B &7 W&y G5 3w
2 (3, A A-G7 AT W x, B G (S| 1 (A 955
T y-GF A @AM 7B I, O G2 TACE SCAFR
JCE | SLETRT, A GTU6F 10 ST Gl B (06 (FAETG G0
AP AR G GHEE TAP) ARFCS 2, OC&F A @EI6A
GRIfHF AT &l B (TC6 @0 3T RS AT | A FTL6R
X W B (TG (A FWMCMA 05 S S AR f(x)
A7 DS T 2 G FSIH AR £ : A—>B GoIta @12
IR | ¢F (Sbg 0T rIC 267 @2 ora (il [Tvz 23,
24,36, 4—7 @R 5—4, A (63 7T 2, B (31064 13
T 3 € 4 GF A TE ZCACZ A PR ZCCZ | FRGAGAI A2 TG ST =12 | I FRGE AN
A (53 G315 SWCTE &) B (TG (FAETNG G (0 07 A0 | TR T 2 ([ “2TTF SCoh2
G0 THF, O AT TR S 7 |”
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(I I BIfEw! (312 I M Tofd fTSaiiei— 93 IGHIF SCoFRE B AP T
fo140® 203 D = f(P) @2t D @Gl bifani sifastiel @z P @Iten @ waifs @1 19 262 Ok 367 |
CTSIRE (@Il a7 Toraifaret (U) T4 (R I3 (Oltald sIfFsieetd (q) i fda st o
TCAFFRCRT NG ©OiT g 23 - U = f(q)

TwigRel: Wb (I TR0 AT w13 2 I 7S |

%
A l A ’4

AL : ‘2’ RITEN SCPFHF @ ‘b’ SCHHS 7 Y2 AFh | FAA D (F 23 € 26,

LS (G € DA ¢ (AR ATOF B2 G0 79, HOFNR S (Fg A AT @0
THE ROTE 99 (Fg @R 21173 (@RI A (6 (A0F B (06 £ I @ SI0ord 23 O3 (g
f=A @3 B GIU5F (T 7561 GoMIN ac A @ ZRACH 21eT T @ TAmmafT @3 279 | Joar
29 £ C B I £ 96 Sofw 21 @R (Fa £=A € 279 fCB T, O f (T A (S B @ 3ffe
SCoE TN T @GR £ A—B ToI0d a5 21 230 | I £ 0o 20 @R (x, y) € F &, S @ y
& £ 93 IR 21 (image) 97 20 @R y = f(x) TR T | SETeIC 67 T y = f(x) 92 SCAFRD
CFG (RITE x 9T AN G (A6 (@A AN x G Tl £(x) 4 Tl 767 51 A7, I AREAZSF
«F 2 FE| 2T |

Twigae ;£ x — 3xM2 @3 (Fg D={1, 2, 3} T(F 4T 2T T 0
TN : f G AT 1-99 200 A 2 @A

1-3%X124+2 = f(1) = 5

f @ AT 2 G 3T 2 — 3X22H2 = {(2)=14

(TN f(3) = 29

. 93 SR AF R=(5, 14, 17}

f:D—>R
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Tz -9 (TG € A R |

TG 2 /2x +4 ; x 9 IR A G IR FHLLERS T 2x-+4 2 SIS 1 7e(-(05M0®
(non-negative) €3 2x + 4> = x > -2. .. g &9 (%G @A [-2, o0) Q< 2AF fefT FA0© 20
(TS 2 X T4 [2, 00) B AN &Y AF O oy +4 99 TR A1 F 2 x = 2
B0 2x+4 =0 Gy, 20, @y, (& (I GH6 AL Gely S T} x, #ANS AR @A

2xy+4 =y, |

L2 tA=y =S =y -4=x =G - 4)

Y20 x = -2 (-4 =2

TSR (F-CRICAI MRAMN y, = 0, @7 GF x, = —2 IR 2SN IR AMS g (x) =y, | 09T g &
2 A AW @ [0, o)

2.5 A

2 STy weifed Kfew (i S @ AT SREIE NG HOrs e 76 521 @56 wzrgo)el
A | (37 R0 RSITa SITaibeTl 1 200 | (76 O @ OIF 4%, 795 '8 oI5 127 1 ZCACZ |

2.6 SRRl
1. I S, ={a,a,a}, S, ={2,3} WS, S ¢S 8 =2
2. S={1,2, 3,4} 93 O Tl TADID SNR?
3. @30 T9H e AL
R = {(7,3), (3, 3), 4, 7), (3, )} | al6t= & SCorw q=1 I 2
4. SR @ LT *TEF 0y F AL 2
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2.7 ezl

1.

Sydsaeter K, Hammond P, Strom A (2015) : Essential Mathematics for Economic
Analysis, Fourth Edition, Perason.

Chiang, Alpha C. (1967) : Fundamental Methods of Methematical Economics, McGraw
Hill Book Company.

Mehta, B.C., and GM.K, Madnani (1997) : Mathematics for Economists, Sultan Chand
and Sons.

Allen, R.G.D. (1938): Mathematical Analysis for Economists, MacMillan

Sarkhel, J. and A. Bhukta (2000) : An Introduction to Mathematical Techniques for
Economic Analysis, Book Syndicate Private Limited.

Yamane, T. (1968): Mathematics for Economists, Prentice Hall.



GFS 3 1 IATI vaaimE aFNifas Seorws

o=

3.1 Tty
3.2 oRBEEI
3.3 (=Tfa
3.4 SCoFFCRA A w&w
3.5 grAEiEFel MYyl @3 cxifd
3.5.1 4RAIRE AU
3.5.2 ceifet ot @
3.6 Wg Al SR AT
3.6.1 wf<fvgn SCAwIEa G et
3.7 A

3.8 P
3.9 azeife

3.1 Sty
G G 210 FAE YARAR! TS AR
o (=ifbras R
® SRR fAfor 7w

o (IRIES 7N 3R Y FICe FI @RI

3.2 agIE

SIfTe AT @ 6 G Gi7ell @3k siifafes wefqiferes @7 wwmg SwifH | @
aNfeifss SIS Tt STAHF, (Sl SoFHE, T ST, SLATe STATE, eI STAHE
28
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sorifi fafea sieormiaa aiel, oFfs, BTy, 5% A SR [ TCE G 1 27 | @2 IFCE
(TG G0 bR AF® Aoy A0 SCoFwiad G0 AL SCEs T 20 |

3.3 e1fom

FIHEE FZ 2Iaore 1o #7717 717 (74l 2fSTifore T2 27, AR FIZ o7F &1 27 | @2 73
SRS X ST | SRS O 8 y O 1 UHY O 61 28 | U2 UR-GF (RARS e (0) J@
2 | 3 13 (FEITE A 2] Aol 701 23, @3 5@ 3-1 @ ARG €61 (@RI AR | x SI0F &folt
o @ wag y oo 2ot [Rva 9o qa0ed 105t Aie e i |

7
Y R=(-3,+6) ,-------]
i (= 1) ; 4 F---- P=(+3,+4)
faor sl i o9y S -: IR
(Second Quadrant) i (First Quadrant) '. T
....1._.... X"u.:..l...:.. >X
%' L x 1 3.
shuvedel [ sedvede et
(Third Quadrant)  (Fourth Quadrant) Q=(-5,-2) |
=0 Bosnad § (45, -6)
. —)
y’
y'
o : 31 fog : 32

59 3-1-93 STOF BT AwfoCF Ie7 2 Xy A0 (xy plane) | ZINE O YL O&CF GG
A (quadrant) Te& F(AT | €2 O SRFS (@ (@A 7Y P (F (a, b) 92 B AU (TG
(unique pair) 2T &% T2 T (a, b) €2 TG AR RS KFYCF x = a I3 Ty 77T
8y = b G2 FJSfF AR (IR T2 SZ —REII (TItal 27 |

5@ 3-2 (& (7 AW @ M (3, 4) G2 FOEF (ST 2WE AF O O 7 e [ P 9=
TN T X = 3 '€ y = 4 @2 T4 G0 (AR T9IF | SOV P @7 SR 20 y T € G
VR € 4 OIS X SICFD 8ATE (3, 4) (F P 9T BT I 2 | SFeISId Q OF S_E y SR
5 @3 J-TF GIR X TCHA 2 GFF W06 | TOGF Q GF FINIF @Al (=5, —2) (I G0 5o
ATTIF SRR GO TAORFRS AT Aamore FTbiad AP 2P T 78 |

TR f SCAFHT ((TRDT @I 72F OFT {x, f(x)} 97 55 [efed o @A x; £ 93
(IC2CE (domain) ST SRZI (4 |
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Twigaet 3.3.1 @ f(x) = x2 — 4x + 3, €3 SCAWHT x-4F Wl 0T eve @ite |
Table-1 : f(x)-99 9 :

X 0 1 2 3 4

f(x) 3 0 1 0 3

(X, y) 01 BEaler BT @12bg oFw 01 |

4 5 2 3 4 5
2T
-3 7
47T
5@ 3.3 : fx) = x*— 4x + 3 @7 FAg 5@ 3.4 : g(x) = 2x — 1-93 1afoa

f(x) = x2— 4x + 3 93 @4Ha 1 @ @ ZEl | 92 @EPLHEDCE J67 27 SIEg€ (Parabola))

Twigaet 3.3.2 1 g(x) = 2x — 1-97 +RfbT wFe Feat (e g geEs fofers |

I ¢ x @7 WA —1, 0, 1, 2 e g(x) @7 Sef 263 g(-1) = 2(-1) -1 = 3;

g0)=2x0=1=—1,g)=2x1 - 1=1,g2)=2x2 — 1 = 3. 9I(d x <7 [feq A=
e fafea g(x) TR 203, W (<1, -3); (0, —1), (1, 1) € (2, 3) BFS (x, y) SC&T A
23 ©izce A (w14fbal 20 w@eradl | @t 53 3.4 (8 (Tl 2|

3.4 ST AANE 9 ¢

3a(a) y=f(x) 251 43 Ai=el [ 1 @b vy To702 @, x @R y TS | 78 @17 T
aFTolb = IFeIta 3o 23 | G2 T=(F7 2Fhe SIgaifl i «@taa SorFs sA1e3 A7 | =) 24
IR0 47 AH SrE FAR |

1. &3F SIS (Constant Function) : (3 ST 9Y G363 S ST (33 S 61
(A §F S | SRIZATEA, y = f(x) = 10 T G0 £ S | @3 9 27, x-97 W A3
@F Al @, y FWE 10-93 I | ARSI, y = y, A y=a, T G0 FI AT | ZAF
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eifsifen TTete STl G SRS AREACHE ACS! (0O 204 | G TFT (2UIF 20 a, Ay,
(b9 3.5)

Yo

0

v

59 3.5

ALFTSITA TACO (9T, @F S qe2MAHB SCoFCFa AaEed @A 7o : y =
a,ta,x+ta,X>t...+a X" (AT n 261 G5 2o | G n-«F e S S q2enfaies Siees
ffen gsten (ot A |

M n =02, O y = a, (FIF SCAFH)

TMn=1%, O2Ay = a,+ax (¢afis SR, linear function)

M n =232, oAy = a,tax+ax’ (Ta9i® SICor%<F, Quadratic function)

M n =3, SZAy = a,tax+ax’+ax (fqare wito %, Cubic function) T |

2. taf% qt FFECAAF SACAFSF (Linear Function):

CARF SToER e TN’ & y = a+a x| G AN a, 261 THT (@K GR a, T
(G 2eTel A BIeT | a,>0 G<§ a,>0 403 I 3.6 71 fora Feerea2ifG o | o9, a,< 0 20
@G T =01 3.7 7 Brd >0 @R a <0 L0 S| GB] A G |

(a>0a,<0)

y = ajtax

59 3.6 X X @ 3.7 X
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3. fR9ie SIt2FF< (Quadratic Function) : (T SIC5H(F FH« baAIMF QTS THO [ 8, ©F
R9Ie SICoe Ie7l 27 |
Tuizgel 1 1) ax® + 2hxy + by? + 2gx + 2fy + ¢ =0
2) y=ax* +bx +c¢
3) y=3x2+4x + 5 2o
Tfere AT 7 @A, 91T T @20, 2T ¢ 57T Teoima @21 T AT G€re e
B3

4. IR SC2FF (Polynomial Function) :

Tt x @ y 5EAIRE 2R FTFCF Il 1 AT @S @y = ax"+ax"'+..+a (A
a,(# 0); a, a,..., a_ TR AW TR WL FF R n GG LA 4], O y (F Tl
(A X 9T G0 T IZPMRHT SICAFF | 92T 203 #I=777 20 R |

THIRRTEA, y = x—1 € y = X2+ x + | T4 xER TG x-4F GF9© @ 79[ J2omIHE
SCAFS |

SR, f(x) = ax?+ bx2+ cx + d @UTH a, b, ¢, d @TEN &KF 8 a # 0 (F I 27 [GO©
SO | 3 40K SR eferd (714f6d a, b, ¢, d-7 RS T 7w =31 | weaifere
T @A ¢(Q) = aQ+bQ*+cQ+ d(a>0, b<0, ¢c>0, d>0 & 3ac>b?) G2 Qe S
w2 | @3 fog @it (5@ 3.8) WA, f(x) = = + 4x—x — 6 93 SCAFHHA (g Ba 27 3.9
TR-GF T |

y y=c(Q)

M

5@ 3.8
5. qre{dfI8 =2 <% (Power Functions) :

AW AL SCAFFFCS f(x) = Ax (x > 0,r GR A (T~ &7 ZNT a1 51 919 O ©IeF
& SToHE I6 27 | SIS SF Jiad AT oy (@ et 92 71 T8 TR SARRS 755
TS *(f& SCFFS A2 T T | @ y =2.73K025 1075 (1.02)! (TR y (R N6 Sl i,
K @ SFe € L @It &9 |
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y
15}\
10
3 il s X
2 k/ﬁ 3\
y =1(x)
59 3.9

e oaufrrs fix) = xF @ ERbawft @t 26, r @3 [Kifen AR Seiw fofe e 169 3.13
(ATF QRN TR 1 GF 49T 53 ARRIE 26T A A% (w14fbata waw Frea 216 a7 |

y=x
y y A Y y=x3 y=x
n N y:X y2
y = x* (O <r< 1) y = X' (r >1) y = x' (I‘_—l) 1 y=x v3
1 1
1 X 1 X 1 X 1 X >
59 3.10 59 3.11 59 3.12 59 3.13

6. o< %< (Exponential function) : 47 f : RSR G0 WS @A fi(x) = a2
XER 8 x 40 GGF A 4T, OIRCE f SCFIF Ie1 T IB oS | T4 a = 1, 94
F XxER @3 T f(x) = 1 O A xER 97 & f(x) = 1 S f 9F £7F SCAFS | 7249 a>1
nF PG T R STHRA T @36 qtef 12! A1 TR S (strictly monotonically
increasing function) 8 O @& T (0, o) T G SHME J& SEAH (unbounded open
interval) | T2 0 < a < 1 O S5 SCHFFO R STHA (set) T217 @6 qe2iie Sl At el
WA (strictly monotonically decreasing function) '€ O 2914 241 (0, o<), T a = ¢ IIe
26 3 97 NS! G0 R SRfem A2l ©4 f(x) = e, x€ R B3 AR G0 [0 o |
QTG 2 > 1, JOAR * 6 SCHAFHD (0, o) STHRR ST IS BCANL] S '€ O 297
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@i | SLIfers, Sietafes Jia, Semca Iia, Fxgha SIfRE 2ol 2IRTeR CFa 2 @
ST A2 T 2 |

GIF W f(x) = a* @ g(x) = x* G2 42 LA SACHFF (LA T T O A6 (g IpF
x ARAEC 27 € a #7F AF 9% GG IHI SCoFF 0 | SR ReRTH e o3 7T A
9 x ARSI 27 o Gib *If& ST 73 |

G SR oa Uy amife e .
f{t) A )
g f(t) = Aa'
(a>1)
A | A
f(t) = Aa'
W])
0 >t 0 g
59 3.14 : f(t) = Aa(a>1) -7 =74fa 59 3.15 : f(t) = Aa'(0<a<l) -7 (=79

7. SaNfamSE SCeFFF (logarithmic function) :

f(0, o<)—>R SICFFH f(x) = log x, x>0 (a 46 LNF AT FL)-G2 F=F 7= Iffe 20
I AN ST Tl 2 | LGS B AL a (F S9NV W4 (base) 791 23 | a>1 2o
(0, o<) STFHITH log,x GFID IARASIC ST S @8 0<a<] 23 (0, o< ) LA log x GH(H
ARSI SRCAR] ST & | I a = e, ©4 log x ST W ol Sioss
(natural logarithmic function) 7&7 23 AIF 2T (domain) (0, o<) € &AF R T4 a=0; 0= log, x
SCPFROCP AR Ff?ﬁﬁﬁﬁ‘if 5% (common logarithmic function) I&7 2 | ok RE*Tea
Trad Al A0 log x IS S log x (2 (ARICAI |

g(x)

L g(x) =lx

0 1 X
1

@ 3.16
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e FreiRe s Seereee ba e i | Juiteion 2R, TRl e 27 2o
AR Ty FreifSs TN SIS g(x) = l~x I9Z0 2|

3.5 AT @R &fd

3.5.1 9ARIRE MRAIR :

eraifats 77 17 SRFS FRAPTEI AT FRAW 79 2felb 7= @wiar s it
RIPCETEE e FRAPTRCE Qb Sgers Al QRIS Az (sequence of numbers) &1 27 | G0
(IAAIRE S FAW (finite) A S (infinite) T2 SAFIT 20O AT |

Twizad : 3, 8, 13, 18, 23—afb 5 #[twa SN S I (@ FCA A’HE ACK 5 (Mol FACEA
SISl 2~ T |

Twizad : 2, 6, 18, 54, 162....-af6 @3 SN Sq@w, I @-(@al AveE 3 07 ad s
78! o> e A |

G ST AMBETCT v, u,, .., U ... A IOC 91 & | u, Wl n-OF ARG SPFCE
A«iFe 2 (general term) I | GF0 S {u} A<u> oz @l (o7l 23 | u weffe e
A Gl ARFCH n GF FCE 1, 2, 3... P SIg@iog ae, fas, gor omafer ey Fat 231

TwizAd (Zr1y=1, 2, 4, 8...:{(-1)"(n>~1)}=0, 3, -8, 15,....

3.5.2 (eifd q W : (FCA T Al @ial Skt [rmial B 7@ gE T OitE
<@ &AM {u,} G0 S 7, O utu, gt O] Y (F 950 @ 6l 203 | @G @
S @ SN Y2 SFIERE B0 A | u,,u,,u,... (F IAECH Fbh 2L, @oRl, o, 7 ICeT |

Twrggel @ AN @ 1) [4243+...410; 2) 14y, ty ty, Y,
AN @i 1) 13423433+ 2) I+y,ty ...

CRRICAT SIS (ifef A n AR (FI9FACE n-03] SR (1971 031 93 22003 S, @il fofers

1 28 | AR Tu, S i RO 0O SRR ioEe 7 Sy = U Uy X Uy = D
i=1

3.6 F®S A AT ACoFH

(a, b) IRMTS f(x) FIHTT THCG T TS (I [T 7 FiA 1 A O @ WRfETS
f(x) SCAFHOCE SRz S 767 27 | wefie Sifoze STorwd ((725d Sata CFg (715 =t
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0 @3 Bt *bT o1& Fa1 IR (@-(FCN [T x=a (¢ f(x) FIHE bz 77 203 I
lim+ f(x) = lim f(x) =f(a) =7

X—>a x=a

AR x=a (O f(x) SIFHSF Q0= 67 23 IM f(a) FSRAT© 27 @] EX|
wefie lim £60 = lim £(x)= () sy 2

5@ 3.17 : f(x) = x*+3 @ 3.18 : f(x) = x| 5@ 3.19 f(x) =x

5@ 3.17 @ f(x) = x*+3 SCFFF0, 5@ 3.18 (9 f(x) = |x| 4R 3.19 = Br@ f(x) = x SCHFH0
(-2, 2) FafETe SRy |

wi<fie SfQitey s MEiiReed Jeelie T Iu—

GG T& TS x=a YL f(x) S0 b2 203 AW 3>0 @3 [y 7y AT @A
[f(x)—f(a)|<€, T4 |x—a| < §, (T (FTA €>0-7 T, 2 |

Twigde: 3.6.1: 2% A @ y =|x| WCoFHG TG <R |

y =|x| S w12foa B 3.20-¢9 s =tz | =Iw @I x| = x 7249 x>0 x| €9 —x T
x<0

75T (ATF Tl T (T (—oc, oc) AAMATS |x| FE@3 g | oAk x=0 e 7 szl
519 12 oA |

92 x=0 e im £(x) = lim (—x) =0
lim f(x) = limx=0
x—>0" x—>0"

£(0) = 0
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y=—Xx y=f(x)
y=Ix|
0 > X
9 3.20

enic. lim £(x) = lim £(x) = £(0)

[ e an

wiefie x=0 ffbre S stz |

fa

widffe y=|x| SCAwFH Faz wfiveg |
Twigae : 3.6.2 : (rAe (T f(x) = 2x SR G0 AT DA |

y = f(x)
A y = 2(x)
6+6
6§ e
66| L
< / . \ —> X

3-8 3+5
g 3.21

431 F x=3 G0 Y T SCAFF WA f(3) = 6 Qe &AM SLoFI0 @2 [t wiffozey 2 i,
T 2T € >0 T© (RITBIR @F = (T ©F Ty 5>0 g e, 209 I1t7 473 (RITHI, (161 sAheal
T, T T (35, 3+) VU x (TG AHS N Gel) AAE SCAFIA (6-€, 6+€ ) 7 Ifefe
(TG SRE 904 | Siefie x=3 47 6] pasle Siorsaal Twei £3) 99 SRl skge
A3 13 €=0.01 8 8= 0.002 431 2, OI2CET x€ (3-0.002, 3+0.002) T2F 7:fee f(x) a7 Teesfet
f(3) €3 € AT WK S FAA | wefie f(x)€ (£(3-0.002, 3+.002)) @RI f(x)€ (6-0.004,
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6+0.004) 92 3G T TAZ f(3) = 6 €7 (ATF € = 0.001 THCLH Ty & & Wi A 471 27
8<0.005 wztet @b 7y 77 | e ALKTSITR 96! I67 AT (T x=a G2 LT (@-CHCA! NG (T
f(x); f(a) 9 € TACY WY ATZI FAF T O<E€ /2 2T | XE (a—€/2, a+€ /2)- 4T &) f(x)e (2a €,
2a+€) A | f(x) = 2x O3 SCAFHH xER «F 2T [Tyre wififozd |

Twigad 3.6.3 : G SoE £ : R—R e 21 @i @

X~ —a
f(x)=—F—— T4 x#a
(=22
3
a
=— J4q x=a
4

qECE R @9 8947 f O3 Sifditemel a5 < |

MY : 4fF xER 992 x#a | ©ILCE 36 Frealifdfes sramws G a ot

R-49 A9 x A9 S <oz |

15 15

x° —a
15 15
x° —a
limf(x)=lim—————=1im—2=2&_[--x—a=0
G2, )Hg) xoa x12 — a2 x>a X12_a12[ ]
X—a
152" . x"-a" B
T o =na" 1, ?I?IHHW‘T‘I%{‘QQUT
12a D & F: |

5
ZZa3 % f(a)= %a3 - lim f(x) # t(a)

Jodi n = a RMre f Sz 77 | Sro9d, R 4 97 f wIfifbzs =3 |

3.6.1 Sifafoes SComFCEa (fers €SP
(i) 93 g SCoPFSF TWIZ SR S |
(ii) 932 2IfTea skewrre 12l wifdftes SComrcEa (@iaiwe A1 [rioreet Sifdfves SCoRFs 23 |
(iii) @32 =IfzPT Tkeere w3t SIffves SRR wowe G0 SIffbe S |

(iv) @2 “ifa ke 12 SIfivee Ssrwiaa Sioee @l Stz SIrsrws 20 v S
SR AR (I S0 ¥ 7 23 |
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(v) G0 SCAFS (I 7 € AT AT (close-end) Svzd 2051 (I ANRT SCoF 204

g @ SCo=F @I & 2TV (open end) SR0ZH 2o G AT 2098 AILF A e (O
A |

3.7 A=A

3 G AGT (AT SR (FTL5F I 8 T #1% (S WA ZCACZ | T € Sefaral G
w3 fzs o 49+ @ (ARTe Stehe 2z |

3.8 SRRt

1. 5% SCAFS G SN SCAFCF 0L ALy e |
2. 907 Srorwafe] F 4A0ag SIows 2
a) y = 2x’-30x*+126x+59 b) y= x*+6x+15
3. f(x) = x*-3x—4-97 (7T oIFw T |
4. qRRIEF! @ ifeq TTay 2Nef T |
5. f(x) = |x+1| & wffoza SCores 2 2150 S0 LI |

3.9 azsife

1. K. Sydsaeter and P. Hammond: (2002) : Mathematics for Economic Analysis, Pearson
Educational Asia : Delhi.

2. Allen, R.GD. (1938) : Mathematical Analysis for Economists, MacMillan.

3. Chiang, Alpha C. (1967): Fundamental Methods of Mathematical Economics, McGraw
Hill Book Company.

4. Mehta, B.C. and GM.K. Madnani (1997) : Mathematics for Economists, Sultan Chand
and Sons.



GFF 4 O O3 SR [ME Srorwres sgaee A ST

o=

4.1 STl

4.2 e

4.3 @@ @RS

4.4 ~(Fa WS @ TIF T@Fe A TEAS
4.5 TS 29 € oiF wtafes wieo
4.6 AN

4.7 SEPAE
4.8 ozl

4.1 STy

3 GTF A FACT AR A FACS A

® (FIT! AT IS

® (Il FCAF(FHA FAFEIAS [T

4.2 a9

wfifea 3 wge)f Raw @Il @I A T we TEe 710w AR S 77| @@ HAfstTa
2% 3l I R S SCAFROT (@ A Al GRS TREE S SItHe 61 2 STETH |

4.3 (I @A Tfe

AT 2Mitow @b wwgel (Fia @Ite 57 KA @we FI0a 05 05 Tt ARCeR
ARRST ZACE (0 (7l 1 SR oI i 91 215 7% a1t Tonifir | @ee y = f{(x) @ e
T y @ x GF LY IF 575 ! T O G2 WA (15 viet 3 SRS Wiat @ i
T 4l (77 |y = ax+b ¥ eifee wEecaia ¢Fc@ ‘a’- W Tie A S @R b’
ST (U R 27 | AW “a’- e LoI8Re G2 08! 27 0izte (@ I - (240 wie e g

40




S.tan0 = lim tan0 = lim

Q—-P
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(steep)WWﬁT@@%fiﬂé]ﬁi ‘a’ﬁW@@WNW@WmﬁﬂMW
G AGS] TS QRN (T (I (@A (@ (el (e [Ree (@ i el 21w o ol 11w,
@Tforad @ @l fGfne [keyre wifee {52 Glees f-«3 93 [Rqre sreds 761 23| 9
(a) FEAICA 2/ 1 2 | 94K £/(a) ITE y = f(x) STCATCRA (a, f(a)) KT Sifes x5 7S |

h Q(x+8x, y+8y)

X

oy dy

o¥ell 8icF, AR I y=f(x) Sf<foze 1 WS ST G OH @R P(x, y) € Q(x+Ox,
y+y) @2 @ B0l IRl 136 [ | 471 TF QP FEALIE fHS FACH ©f x TCHA LI
4 1% 0 (I Tesig w0 | wdfie ZXRP =01 P € Q AT x I T2 PM 8 QN 7% 9%+
34 @I | S P (A0F QN @ BT PS 1% S (RACE! | ©1ZCT PS = MN = ON — OM =
x +0x — x = 0x ¥ 0Q = QN — SN= y+ 0y —y =0y LSPQ = 0 = ZLXRP;

5 Q5 _dy
PS o&x

. tan

It AB I@@4I ToF Tt @ Q—P =@, e P @ Q 33 FFIfR 230 O3 PQ &l PT ™i*{(F4
ACE A7 20 | GITHCE Ox—0, G 0— 23 @TH ¢ =LXTP

d
TR AB IGEAE P(x, y) [YTe (4 viet (=Ica d—z
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4.4 ~TFF A0 @ O TIF6 4! SGAS

431 AF xy CFE (plane) G0 G o7 P @30 77 | €2 (F4F THF W97 @0 779 Q
0 @b FeTa™ MGeT PQ I& 41 26

T,
y t I K Q=(a+h,
¥ " f(ath))
’ Qf
B P (ath)
P I P=(a,{(a)) ~f(h)
= S
0 X 0 X 2
Fig. : 4.2 Fig. 4.3 Fig. 4.4

9 PQ AIAHLNE A0 F6F (secart) €3 IS AW, P (3 39 @02 97 Q [Tt P @3 fuess
R0 o 209 ACF ©Ge PT B (@ AwifErs (limiting) F6F 2131 E ©ICE 161 27 (P-<3
ANATF) G2 F6F (AT P e (a7 2fes TARE 4.2-4.4 (8 LG SR |

P @ BT [a, f(a)] | 93 f @3 725aa Toig SRfFe P @7 (968! Q @ x SICHT BT
431 AP a+h (@A h @A G0 F7 721 8 h # 0 Wefie Q 9 x T T a 77 € a @
fe5ae! T Q # P @2y Q f &7 (w14fbra =tz oAk ©F y SCHa T fa+h) S99 P @

Q 7 BIAIF IAFT P=(a,f(a)) € Q=(a+h, fla+h)). PQ 617 Bl Z(1l

aifdfte @2 ST a7 o Slorwet A STeaFeT ©laiwel I 23| (Newton quotient or

0
differential quotient) | I h=0 TJ ©(A m SPR®® Z(J ¢ M= 0 Z(q | % T49 Q i P

g 69! 2@ AF (Q tends to P), f (+1Afg 9199 ©4 Q G x FIF a+h, a-a i w2
209 ATF @ h, 0-7 Tt At 0-3 IR 20 AT (h tends to zero) | G2 AT PQ F6, P Fre
o1 Aifdere 27 | wiefie h T2 ¥+ 200 AT (12 SRET (1) @ m @7 AR @ICEA! P {3 BieT |
b CRINEGIIES
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f(a) I f (=14bad a TYC® ©&, (Derivative)
f(x) @TTE ~Fa AT @I (a, f(a)) 7T ACATE y—f(a)=f'(a)(x—a)

TR : 4.4.1 1 719 2 SRR f(x) = x* €8 WA ACATE f/(a) e e | {1 (%),f’(O)
e ' (-1) 97 Al fefy wai |

A : f(x) = x* @9 @F9 f(ath) = (a + h)>= a>+ 2ah + h?

\ flath) —f(a) = (&> + 2ah + h?) — a>= 2ah + b’

TSR AT f # 0-F T

()= tim SO TI@ b= 2a

h—0 h h—0

df00h) - f(a) _ 2ah+ by h2at by 21;@1} -1y
dx h N h? - h - jl 2

AT a =0 f(0) =2 X 0=0
9T a = —1 4 £I(-1) = 2 X (-1)= -2

aifeted IR (F(@ SRFER (F(d (derivative) (T w873 B (differential notation)

d
izl < 24l i (Lebnitz) ofte | i Ssmeafs y = f(x) 207 OR0e i £(x) 204 d—i

A

d
e y = x? @9 (¥ d_i =2x

s st oy 2 @4 f’(x):%

= lim—wzlim—w,@? 22y ife CATH BIHeTS el 27 |
Ax—0 AX h—0 h
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[ SI&=ACE TM x = x + he ] 27 L (@ g =g ACF)

AR (T (AT X = ¢ + h, JOAR x—>¢ T h—0, | ™F02 x = ¢ [T (x) 93 I £(c)
G sl et £(c) = £/(x) |

=C

f SCAFIE | SR ¢ [TYeo SRPe=c1a) (differentiable of veriable) J&1 263 AW £/(c)
G TN SEG AF GIR x RAYCS £ S ST o2 AN x- 9 AT f SAFHA
SR AfE @ 2 |

B ;1) xe 1 20eT 93 RYTS o £ : [ SR GF SIS0 AN S NFCO 2A0F i e
YFCS AT | GTTY SRFfeTS T2 (derived function) £ @ #ifF9a 7712 [ 97 T919Z (subset)
|

i) I SIS (@Il 79 x @ £(x) GF ST +oc Al —oc ZCO 2/ | (GG, x RYCS £ SCAF(FT
TEIFAS AN 42 2 |

i) &Rl @I FARel afenE b CARICA
o9, @it Slarwe dy+dx A 9l F1 63 =1, aF 210! 23 [y fox 2@t <y @7 B fo x|
N er@geeter (left hand derivative) €< ©IF 1&g w1 (Right hand derivative) :

«@l T, : [a, b] >R SCHFFO [a, b] G2 % € AMG TSACH FAAS | 431 TF, c€ [a, b]
_fe+h) = f(o)
h

I lim

h—0

«F AN SfFg ACF O I9 M, ¢ [TYCe £ ACAFF AN @ISt

TEA( @] 2 FIE MAE LE7(c) @it 5fzre w41 2711 e L'(c) = lim-

h—0

f(c+h)—f(c)
—h |

_ N . f(c+h)-1f(c)
x=c RS { ST Tl STFIFG SINFg B AW hhr(g %

G AN SEg
ICF @3 (M Rf’(c) =il fofere w1 a7

ToIR Rf’(c) =lim+ M

h—0

TOT x = ¢ AT £ SCAHF SRFACI9T 201 T LE7(c) @ Rf’(c) TOE2 7N Sy A
@G3R SR S A 2 | SR M ¢ e £ 0o SR 23 Ot Lf7(c) = Rf’(c) = f'(c),
[a, b] SR A KCe S@awere (Derivative at the end point of the interval [a, b])
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¢ =a (A ¢ RYCS f SRFATC9] 207 I Rf(c) € AN ey AT G ORe siEt o
f(c) = Lf(c)|

[a, b] SR (FIS 7Y ¢ (S TS [a, b]—R SRETCAA0 27 I £7(c) @7 75 wIfeeg
TF GR CTTHCE

el =feTMa<b<c
=Rf'(c) I c = a
=Lf'(c) I c=b
g (Differential) :

f(x) T f(x) 4T STBIFAG 27 @R x 9T Jfan Ax T, OCF f(x) G Wb df(x) A 27 df(x)
= f(x) Ax...(1) @ F={(FF MTH | W £(x) = x I £(x) = 1 GR GCHCG (1) TR TN (AT
73 dx=Ax | GG, T x G FIA ST O x a7 TGFe WL dx GF W Ax G A G
Jl wfer 23| yoak I y= f(x) T O (1) TR AN (AT 43, dy = f'(x) dx | wefie @6
TR ST Wil S AT SIS @ T 5oTIf*a SBCaa SeTFCaa FAN |

Twizas 4.4.2 : TGIFACT 2N O SPAH (RIS (T FAFE STBIFES %[+ |
2 2 2
lim 8~ 2axh _ah” shybhecop ax” b=l xeR, 9ol & | wizteT, ¢

P l‘ll\llll"i
limf(chh)—f(c)
h—0 h
. _c—c¢C
=}11_T>%T ['.'f(x)zc,xeR]

=0 .. f(xth)=c, xtheR

THIZAS 4.4.3 : S[TITCEE AL QMo AR (€ (@ (ax>+bx+c) SCAFION TGS 1
(S, @[t a, b 8 ¢ *[ AN &< |

S ¢ 4 f(x) = ax?+bxtc; xE R SR SIS AN A6 AR AR (3,

- f(x +h) - f(x) TR CICSS h)? + b(x +h) + ¢} — (ax> + bx +c¢)

h—0 h h—0 h
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. h(2ax+ah+b)
= lim————— = lim (2ax+ah+b)[~h— 0;.. h# 0]

h—0 h h—0

=lim2ax+limah+limb=2ax+ax0+b=2ax+b
h—0 h—0 h—0

EICEIN f"(x)z%(ax2 +bx+c)=2ax+b

THZAS 4.4.4 : f(x) = |x|; XER T TSIFGE AL Aifed AR A8 (@ x=0 [Fqre f
ST ISP [90 o |

A @ARY, f(x) = [x|; x€R FJoAR

flx) = —x x<0
=0 x=0
= X x>0

ca fim FOFD)=FO) _ . £(h)-0

h—0 h h—0 h

= lim E[-.-h—>0*, .-.h¢0]
h

h—0"

= lim (1)=1 ~Rf(0)=1

h—>0"

@2, Lf'(0) # R £(0), TR, x = 0 TYC® f SREFAFCA9T 73 |
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4.5 ISR T @ OF NATOF ©ieo
Tifere «2 AT 97 =T a (AT a+h G TFAICE £ 97 9C A7 29|

A (T @3 S2AADE f-97 fNEoI ©loret | h—0 @3 A [Tei2 a [RYre £ @7 o= sfiea
7| gefie ‘a’ e f @3 S «if7esa 29 @ (a) |

Gt (Ha Sgeifes 2@ 9 Fale wwgeld [Raw | @-@ i TSR ogeifss 2=
fefta C%0a £'(a)/f(a) 7@ 927 1 =7 |

2 TR (A G0 ol (@Fiea 6w 7w g w3y e |
C(x) = x 933 ¥ 2efod 3

R(x) = x 45 QLR [Razerd S

n(x) = R(x) — C(x) = x 4% &< (ACF 2 FAced 2Af7ie |

Q@ (%9 C'(x) @ x @3 2if'F T3, R'(x) @I 2ifes =w 8 n'(x) @ 2Afes e |
wefifefamar aiiTz ST @RS AT GRENTE IR FCA | (T

f(deft) - fla) C(x +h) - C(x)
SR e

AfET T ¢ AT JEF W&y TF AfD 1 | G TG (16 I TS F0a @1 FO
Teoel (I OF B9 | oK ¢ = ¢(x) RITE G T SCoFF |

o(x)

91G A (Average cost) =—— @3 %S I (Marginal cost)
X

o~ e d c 1
It AC (@41 (AC=Average Cost) fTRIfo33 =1 wize a (;) <0 %ot < (MC=AC)<0
A MC < AC Fdie MC @l AC @417 6 S_E I T4 AC ZF (91T OIS | GSI[E T4
AC @4l TSR 27 949 MC @ AC (@ BTk SR 07 | TU (@417 9% #eff, AC (72l
MC GRITF (¥ I | 99 G50 (g (2l 1% | 9Lifere sifzne Ffegivme! siqmotag cwta

SR IR oTF 1 AR |
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bifen @b Fepeaiffefes SIS (Multi-Variate Function) | T G0 N0&0 (ATF ©Y T
VIS 5o 1 AT O bifent Sl 2w 1 17 g=f(p) A p RITET BT VN € q RICE
wifeniz sifawie | sifve Rfoziveel T0e @RIT | TR VT 2o ARRST= 705, 5K bifEnid
sAfEIce 2fes 2 |

BRI (LT Ap € Aq GITEN W (7<) ¢ i sifsices
RS | @4 Ap M 472 F7 27 wdie

. Aq p_ pdq
ep:};%A—p-E:Ed—p@@SW@WWWWWW,WWWW

dq
dp <0 @38 ARSI vifaria wwee fFfogivmel Aele<s 27 |

TSI BIePT=vl 23 oA

4.6 AFI™

B G (I ZCE DIt I 0T G Ol wsrga 1 fF | (@It Sioieead @ fWie e

e M5 Bl AfNre @92 G el g—zaammwwwwwﬁmewﬁ%

IR (FS FCCE | T TG <R O AIod Spiae [feq Sioriaa orede 16 siwfoe wiebe
AR

4.7 SEpE

1. SEIFACES ARG (ANE (T IR AIBIReTEr ¥[eT] |

2. IBIFACEE AT WMo AT (3x° + 4)-9F SBIFoG folofF o] |
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GFF 5 0 9F HeRIRE SgIeee Al S@Fer—II

ow

5.1 Tray

5.2 o[

5.3 SIGIAFECGA AT fwasiafen

5.4 G, @9 € SIFET T

5.5 faem ¢ Swhed MAE SEAFeTe € OiF et
5.6 A

5.7 SEpleTt
5.8 azelfe;

5.1 STy

3 GTF A FACT AR A! FCS A

® U3 I SrOIfEF SCAFHEA ([@9l, & € ST (F(G SR

o For ¢ Twhed WG S[ele e € ©iwa 2Atel

5.2 &ran

Ao (FCa @ T=AA Jiaw A JAe Jiaw 29, SN g Jiad A0 A0 GRaEr
T 28 Tohift g 2Taee 20 |y = fix) SCFFET G2 x el 2Afasaq 705 y @3
ARSS 7% 1 T O3 A2 SNCAG! 1 T TSI TN |

5.3 SBAFCSE A WAL

I (a, b) T& LA @I % x-9 u : (a, b)—>R 8 v : (a, b)—R I%F w36a FAW
SBIFECE NFY AF O

@) @A ¢ G0 FF

50
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d du  dv
iy —(utv)=—+—
(i) dx (u V) dx dx
4 )=y B
(i) dx dx dx
Jdu_ dv
@iv) %(Ejzu, T (a, b) TS 71 7 x 9 & v # 0 27|
X\V \'

o e

Trizad 5.3.1 : 4@ AT u=x®, v = log x 6 w = ¢* O [WHERS (F(q TGS el A |

d d d
) (W) i) - (utv) i) ——(u,w)
v o
) &(W) Voo
d (UW)= d (XSCX) 7 d d X d X X o mm
dx dx i) &(5w)=d—x(56)=5d—x(e)=5e [(v) 7 fo ]
ii) % (utv)= % (x3 + logex)
=S (x) - (10g,”) (i) ¢ Frepca]
dx T dx ¢ AR ’
=3x’+—
X
iif)

d d
— 3 d—(ex) +e d—X(x3) [(iif) =R frepAICa]

X

=x’eX +e*3x% = e"(x3 +3x2)
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d/ . d
:;;3&(1%;e )+ log, &(ﬁ) [T (i) SrepAtca]

1
=x’~+log,* 3x*
X

=x*+3x’log,*

d (u) d (x3J_exi{(X3)X3i(ex)

Ve \v) T ax e

dy

Trigad : 5.3.2 1y = log x 2T, (AACA a (I (HICAN Lo FLA, i

Gq Jq 9 (I ?

Tl - y= log x = (log x) (loge) [ logm = logpm log p m, n, p>0]

[-- loge G &)

f @6 & JCAFF f(x) = A T, OIFE /(x) = 0 "Lfe f(x) = A>f'(x) = 0
feTs vi

I y=f(x) @ FICN =T @9l T WS OIZ0E BT (IS S 27 | ol
y=A+f(x) >y =f(x)

[CRERGTE

y = f(x) (& IW (&FCA @ ACF (Multiplicative constant) SR (10 AMFS 23 |
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Tdie y = A fix) =y’ = Af'(x)

[CERRGHE

e @ (Power Rule) : f(x) = x* — f/(x) = ax*!
[ a GG 2l weICsl (arbitrary) &)

5.4 (9, B @ SATCETH AIFeT

G AF 8 g, A (FAF olF AT IR A GRS Yo oS, ©iztel F(x) = f(x) + g(x)
@3 g B[ RS F oS (F 6 g7 ([@ioeet Jo7 28 wigfie £ = £+ g | IR G(x) = f(x) —
g(x) 92 319 Bl S G SFFIF Io 27 £8 G-7 7 ¢ ©f @11 28 G = f — g SPAA |

M x Lo 8 g S 2 OH F=f+g @ G=f-g 8 x YL S (9] 20 |
oA, fx)=f(x)+g(x) = F(x) = f'(x) + g'(x)...(Q)
G(x) = f(x)-g(x) = G'x)=f'(x) —g'(x)...(ii)

ferafeiters e
e (2 T 2 s L e
< [1(x)+2(x)] % f(x) —%g@)

o (i) @ F @3 SR e ¢

F(X + h) - F(x) [f(X + h) + g(x + h)] - [f(x) + g(x)]

h h

Y h—0 O (%7 Y2 S JNGE /(x) @ g'(x) 97 MF T 20@ 2ACF | ok

Tvizzel f2Ta 3=t i 1 n(x) T S Serw<, R(x) @ C(x) TG S @ 7 SCoFF 27
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iatet n(x) = R(x)-C(x) Roae 7'(x) = R'(x)-C'(x) €38 7'(x) i 2S5 o7 W+ 23 T4 R'(x)
= C/(x) = 3 2IfEF o7, Afes a7 27|

(PRI (NPT ST Ol SR (51eT 27 | =i
d d d
—|f,(X)+..+f (X)|=— f, (x)+..+—T (x
dx[l( ) L, (%)] ™ (%) ™ (%)
Twizas 5.4.1: n QS ™¥T (FI 929 (n—th degree polynomial) ST faefd Fca

d _
A &(anx“ +a, X" 42X Fax+a)

x—1

=na,x*" +(n-1)a, x"+..+a,
I CFG AT B9 @IS 8 g qib WP 27, OiRte F(x) = f(x) g(x) & 8 g7 o

oS (Product) I 23 | @ F=f-g 70| IM f(x)=x @ g(x)=x2 T, O (f-g)x = x> Qi
f'(x)=1 8 g'(x)=2x @ (f.g)'x=3x> Teie (f- g)x G T f'(x) - g'(x)=2x &< AT F ZC N |

I £ g TORE x RYLS SRR 27 WA F= f.g 8 x RS SR 201 |

F(x) = f(x)-g(x) > F'(x) = f'(x) - g(x) + f(x) - g'(x)

o o fa

[0S D=2 AT

43 TS £ 8 g VT SRFetaiaial a9 o SioreT:

f(x+h)—f(x)
h
G F g o547 oo @il

GEH ..(1) T4 h—0 =T 927 f(x) @ g'(x) @ AWTe 27|

F(x + h}z —F(x) _ f(x+h)g(x ;h) —f0JE) 2 et 2) st ) g(x+h) i

TS 9% ATT (191 A @SN AR | A1

F(x+h)~F(x) _ f(x+h)g(x+h) - f(x)-gx+h) + f(x)-glx + h) - f()e(x) o
h




NSOU @ 6CC- EC-04 55

Tt h—0 2T T4F PO IFAEC fTOoAI1T laiwet £(x) @ ¢'(x) @ AN 23| wiegfie h0 &y
x+h)—g(x
o)< S )

~g(x) 0+ g(x) = g(x) TA, T h—0 T | Tigfie G©IF (3) @3 [NSHAR 15T F, T h—0
@ f(x) + g(x) + f(x) * g'(x) @ ANTE 1|

Twizae: 5.4.2: W h(x) = (x*x) + (5x*+x?) T O h'(x) Fo (2

A © h(x) = fi(x) * g(x) @A f(x) = x*—x @R g(x) = 5SxHx? @ f(x) = 3x>-1 G
g'(x) = 20x*+2x, o4

h(x) = (%) - gx) + f(x) - )
= (3x*1) « (5x*+x?) + (x*x) * (20x*+2x)
wiefie h'(x) = 35x° — 20x* —3x>

SlorreT: €21 S £8 g @A x [RMre S 9o Seersss, @R f(x)=f(x)| g(x)
431 AF g(x) # 0 ATO F, x RMC® A@l© 27 | F (F € g-7 Coie] & 2GR qCF (&1 T
f(x)
F=fg |F/(x) 9 9@ el 19 S 441 20 F(x), SRaaaaiay <2 F(x) = o) 100 = F(o

- g(x) | FoAR R RPN f'(x) = F/(x) » g(x) + F(x) * g'(x)

"x)— @ co'(x
- F'(X) _ f’(X) - F(X) . g'(X) _ f ( ) |:g(X):| g ( )
| ) £

9 8 TS g(x) ea wel I 1

f
wiefie Tt f'@ g, x T SR 27 93R g(x) # 0 2 oizet F = 2 famre SCE]

a8 F(x)= fx) —F'(x)= f(x)- g(’[‘g)(;;](zx) g'(x)

g(x)
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3
Twigad : 5.4.3 : F(X)=% 20e F(x) € F(b) &g Wi¥ ¥© 27

M f(x) = 3x-5, g(x) = x-2, ... f'(x) =3, g'(x) =1
PO x#£2 GF G

X = 6 T F/(6) = L -

(6-2° 16

5.5 feerw ¢ Twed Mad SQAFES € O ATl

43l TF, DCR @R @36 SC2FF f: DR, @2 D @7 «F% Toievz D @7 87 S-G9
widfie f(x) 99 SfFg ARFCI T49 xED | G2 SCHFF 7 (F x€D IF T y=f(x) I AL T
orEgFerer (first order derivative) o1l 23 |

d
4RO (@8 B x€ D, OF G S5 £ SR 2 O ?[f'(X)] =@ £ @3 ()

2 {7 9 AL PO SR G ABCF x RMCe y=f(x) 97 ol FCaF Sr@z<w1er (second

o , d?
order derivative) &7 2| x€D, U9 &« y=f(x) 49 @ol¥ T S@g<werer 7(x) 4l d—Z <
X

d4
dX

[f’(x)] Tl fofere T =1 x [RTe y=f(x) @3 &Sy TR swsaaces ofvy 2@ af

lim f'(’”hg‘f'(x) a0 S N W S _—

h—>0"

I 23 |

ot
T AE N oIfeg A |

TwizAe 4.5.5 1 y = x(x+1) (x+2) Z(A O 3?7
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A - @ACRY y = x(x+1) (x+2)
d d d d
d—i’:(x+1)(x+2)&(x)+x(x+2)&(x+l)+x(x+1)&(x+2)

= (X+1D(x+2) + x(x+2) +x(x+1)

d2y_ d (dy)
N ©dx® dx\dx

:di;({(x+l)(x+2)} +%{x(x+2)}+di;({x(x+l)}

= (4 2) (o 1)+ (- 2) (3 2)- ()40 (x5 2) (x5 1))+ 3+
= (x42) + (x+1) + (x + 2) + xHx+1) + x

= 6x+6 = 6(x+1)

Twizad 5.5.2 : (x+4)y = x e (x+1) @ 3% @3 W fefm 39

A - #we (x+4) y = X

— (x+4)£{(x)—x£{(x+4)

y_x+4 Cdx (x—i—4)2

_x+4-x 4

(x+4)2 (x+4)2

dZY_i 4 _4i !
dx*>  dx (x+4)2 o dx (x+4)2

' 1 8
(x+4)  (x+4)

d’y 8 8 8
e X= L5 =- 3T
dx (1+4) 5 125
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Twigde 5.5.3 : A y=AK®, K-7 936 Cofw 23 (K>0), @IS A € o 20eT &<, (TR0
y’ T 3?7

y = AK*— y’=A o K*!
vy’ = A o (0—1)K*?

Twed wqFe ™ (Higher Order Differentiation)

y” = f/(x) @3 SREECE FET T PO FONF SR TR (F7L T y” = £7/(x) G2 S |
GOITR 59 FONF TIFANE (@120 ZA y@ = fdx, @R n GO TIFHANE (@1 ZF y™ = fiox |

THigad 5.5.4 : f(x) = 3x 46532 (x # 0) 9T 59 TN 2=(F T ST el FA |
M ¢ f(x) = 3x2+18x>-2x

f7(x) = 6x° + 36x — 2

£7(x) = —18x* + 36

f9(x) = 72x3
Twizad 5.5.5 : f(X)=3X% & 5od T AT SR A |

T fr(x) = 11x)

f"(x) = %x%

2 40 24
9
880 -1
f(4) _2%V 3
(=77

g e @ £7(0) = £7(0)= £7(0), T8 f(0)-7 OIfFY (2 | oAk f 7Kg PO TN 7T
TSRSG5 ‘0’ (@ @7 ol TN ST GEY (12 |

YT A TR SR ST BIe] Q3R O e 07 0 (72 BICeTd bote] | (el Afig
£(0) > 0 2T O SHHL FI9e ATCe AF(E (monotonically increasing) @R f'(x) < 0 W
P X G Gl T O(F SR @e[9TS FACO AR (monotonically decreasing) |
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Qe gl 2 (RITAl, x @7 SARTSCR A0 A0 f(x) G 27T 2iFfs fdfiae a1 | wiefie
T f(x) THYA! 2T ©IRC ol fF ATz GREI QA (increasing at an increasing rate) =1l 7 TR
NPT 20 (increasing at a decreasing rate) €2 (4 ORI TN SIS WG S |

(I (@A I (curvature) Wl 2 ©F B9 Al (x) €9 2RISR 239 Megew | 77 @3
BITeT 20 23 419 27 Al £7(x) > 0 94 411 27 IS Tes (convex) | @3 Tes (@A
(T £(x) S A AT TR 2T | S 07 £7(x) < 0 22 020 I S0 A AT GG
T | G RO AGCIRE 03 SqweT (41 | T Il 0 At AT 9 2F 0 £7(x) = 0
23 @ T4 el 27 | fsfafie Brg Ten ¢ ses @2l (Tl 2 |

y =1(x)
y = f(x) A -
A y =109 i
0 >x > X
5@ 5.5.1 5@ 5.5.2

@36 B y = f(x) SFFIH £/(x) 8 £7(x) €3 M7 Toi7 187 I3 oS fefizel sifacafare
20|

zf x=a (TP I AT IFCRLR 2
(IH) (As x increases through a, (the tangent to the curve)
the curve at x=a
f'(a) > 0 } TR @R ACT } @6 wfea SR [ekice @@
f’(a) > 0 T (turns anti-clockwise)

f'(a) > 0 } TR } @A @

f’(a) = 0 A (FA
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F(a) > 0 T } o PR o e
f"(a) < 0 } SRR

Fla) < 0 } e } o S5 Roffte 33
’(a) > 0 T

f'(a) < 0 } Aoy } @ifs canca Al |

’(a) = 0 AT

f'(a) > 0 } fmifoyal } BICERAE SIS (R a3 (3
f”(a) < 0 ST

THiEAL 5.5.6 : y = 5x2+6 SO 90! foelT ST |
T : f(x) = 10x, 7(x) = 10 > 0

oA IFCAID Tt 2J |

Twigael 5.5.7 : (A G0 HIfEAl SCoF (R p = aq®(a, b > 0) G 2T SNE 90 (e

BIGS R

dR
I : R = pq = aq®! Iredq MR:aza(b+1)x6>0 JUq q > 0
@Z$ MR > 0 &R MR (@21 BRI |

d’R
dq2

Q4 =ab(b+1)qb*1>0 (a,b,q>0)

oAk MR (41 T&e |

5.6 i

3 GF(F TRFECE IS AT [Feita wdifen semifEig St s [diad a1 T ore

SIfAafre 2rE | ARG, THed SRR N (Tl AR hed e 9l ©F Iaeld
239 @ +If7a9e T O TFoIF AFf @ SAfFTTET TS «IFell (M Ol i I ZAC Hrag M |




NSOU @ 6CC- EC-04 61

5.7 SrpAETet

2
1. W f(x) = 2+5x T4 —§<xs0

2
=2 — 5x T 0<x<§ EX|

OIR(E SEIFEEE A e N [ S @ x = 0 KMo (x) 97 ey AR bl |
2.y = (4x>-3) (2x°%) @F SIS ST Toaes Tyl 2o |

3. (I IS (G [re1d S0 @Il - R=100Q — Q2 AT3(9 9iF 21 =iy fasfa sea
€ TeoAIve AT A A AT S 2ARTST @I |
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5. Zameeruddin, Qazi and V.K. Khanna (1983) : Mathematics in Commerce and Econom-
ics, Vikas Publishing House Pvt. Ltd.

6. Sarkhel, J. and A. Bhukta (2000) : An Introduction to Mathematical Techniques for
Economic Analysis, Book Syndicate Private Ltd.

7. Chiang, Alpha C. (1967) : Fundamental Methods of Mathematical Economics, McGraw-
Hill Book Company.

8. Henry, S.GB. (1969) : Elementary Mathematical Economics, Routledge and Kegan
Paul.

9. Takayama, A. (1974): Mathematical Economics, Dryden Preess.

10. Yamane, T. (1968) : Mathematics for Economists, Prentice Hall.
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oo

6.1 STy

6.2 B

6.3 fog cifers wcet

6.4 TUIE I el FMdards e sfitaa seaem

6.5 AT @ Ftw Wi fFefae

6.6 FITA ACAH TR FIA FH ST

6.7 TGE @ IFTH AL2FF G IS MCAF [
6.7.1 TGH @R TROH SCIFF(FA SHITeF il

6.8 I @ FIHFANR T @ATAIGT *1Siafer

6.9 =A™

6.10 STt
6.11 &zl

6.1 TTw]

3 GTF A FACT AR A FACS A

® (JITA! SCATCHA pUl® [ fdface Srameias gl
® (A ST I 6 Fe Tl eface safo
® I LW € B FfTwa Al

o T € TWH S(AFHSF G I MR K9 |

6.2 TN

sifee qark WLSIfoT CFa veI (I Rt AT Q1 e Wi 2z 03 ot fedizel 51 wrerg

ezrgelel | alfdiren Kfon smfor Srpce, Sidtafes seritelm of ST 79 @ 2o AITH

SaIerg! el s (s e weltafes @ sififess sretsme 7% ol 2t | @ [feq Seomtaa
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AR A IR (I FFE (e (78 Seolive aige T, 1w 010 203 A ¥t @3y [ w0
T FCE (I (SIS TN 9 AT 203 | sl perifRiasfers «2 53 St (oTiaraa =S g @2
G SN 1 ZCACZ |

G SGITE A N FEI0S fF (IR O 7=0(0F siifetfess @3k fogorz 2ot a1 2rate @2 baw e
wefie (I A A WA, O S0 5T (Extreme Point) A =l 7w ©f 1 5
IR T O Ty ST @32 0T =S 15t 1 2007 | @2 53w o Biefw a1 i (Local
and Global Extreme Point) sifd® N9 @32 (51 Freita Fefzel w1 Q03 ©F (Rt 2302 |

6.3 oz ifers 1

M f(x) @3 7R D 2 ©izE

Ce D A {7 2@ £ @3 &) < f(x) < f(c), 7T xe D @3 & ...(1)

de D W&y 7 2@ f @3 & & f(x) > f(d), 76 xeD 99 & ...(2)

(1) @ f(c) T A T € (2) @ f(d) ZCeN 707 M | 7 ¢ [/YCo £ @7 4, D 93 F9i7
faafer SComF 9T 27 (strictly larger), O ¢ (F & 2(d O AT &% (strict maximum
point) | SJHAOICT d RS IO T &% (strict minimum point) I f(x)>f(d) 2. FT x€ D,
x£d @3 T | G@foTF GFF F(F I6N 2 AW [ Al 2% &5 A 5% A (optional points and
values or extreme points and values) |

M D 71T £ (Il S 27 ORGE D 2P —f (3 7eE© 31 AR oIl (@ (—f) (x)
= —f(x) | AT (@ f(x) < f(c) I 7T x€D GF ey, M G (@FIoTG —f(x) > f(c) 27 T
x€D 9T T | STIR ¢, D AR £ SCHFCE A w0 I @R (FREG ¢, D 2Ifomg —f &
N 02| g 6.1 @ G2 SR AR T 2eT—

AN

C

N A

-y Vv g 6.1

y A
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f S fo*bel &9 (stationary point) X, 23 qw f '(XO) = 0 | SIRfe ©ItF, (&I
AR ETRIHET i x SCHT T4 TS 27 04 (72 792 27 fopwat [y |

y
y A y .
N A :
I T
| [
1 [
| o
| [
| T— 1
I F 1 [
I A | I
I I I
: : L\ X
I | I he o 1
P i R
> ! : > L ; RN
a d b X a X, X, Xzb X
5@ : 6.2 @ : 6.3 foa@ : 6.4

59 6.2-9 (s1afbaia o fFmoet 7, ¢ 8 d @A ¢ [t A @ d [ =i [y fao
|

5@ 6.3-93 (TUfaa @Fal fvet 7 (2 | fFe @Tfbala aigsial b (o 7w [ ¢ d (o
SRR 77 2031 d RYTS S0t SRaT1a) 78 S b Kre s7ets 0 77|

5 6.4-4 STAFFO x,, x,, x, [T foeat &g a2l == | S Collglx e 2ol ‘a’
(© 1y 77, g Serwaba 7 [ siem o a1 F199 79 x b 97 e AEe 2@ oo
LR W ‘o’ S AT | T8 @Y x, K9ee weorst oF Mool aferay [mpafe
S AL [ 200 (il AT ©IF 0 Fe & A AL (99 | (IR X, @ SICATHG Zlell
FRTE W 203 | 758 x, SRR @9 @3 e {7 T 7R A 1 2w T @IinE 77 |

¥ x, (F 3@ & S WM {7 (inflection point) |

6.4 TOIT A gl dfarem aem 2R/t e

2 2T SRR ozd TofF fofie B3 A @ s Wi i <51 20 | 4211 T 1 STAicet
f(x) SRFFFCAN G f(x) 9T (FIETNG G o5 K7 B2 x=c (© | M 751 xE [ 97 Gy £7(x)
> 0327, A9 x < ¢ 77, @R f(x) < 0 2 77T xE G T« GNF@IF IO x>¢ T 02 f(x),
¢ 9T I AT ATCO AF(E 8 ¢ GF TFAITH FACO AP |
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y 3]\
N
y = 1(x)
|
|
Ly =f)
I |
- T4 B
| - |
0 C 0 d
g : 6.5 B9 : 6.6

widffe f(x) < f(c) 2@ A x < ¢ @ G 8 f(c) > f(x) TE A7FA x > ¢ &3 Gy | I x=c
20A [ SIS @7 % & 1 @b 57 6.5 @ (it 26l | @2ei d [ee £ @7 5T =
amffo zre1t fod 6.6 @ |

6.5 A € FEWH W et

TG SNTAGIT B! B ZCCR (F, @5 [FYTS f(x) S A A (BN FH) T
i 28 (@It @2 g @3 66 3161 SCTA OeTeiE f(x) €7 ST G (F5) 2T | S0
BT 535 T (local extreme values) FHCS (FRNT {3 BT I @ FII FF TIPS GF
AL 67 | G ORI CF0a STl 41 T (T, G2 TS €@ O ST AP [T T
(finite) G AFS (continuous) AN | T € A% 77ifFe @2ife P3el (smooth) SRS (17, CRIN

G (@A (PG SrFAR 9 2T o @R (@R (@i [fvzars & = |
H

fx) 1 f(x)

v

g : 6.7
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G G0 7 G0 A AF (T, (O SR Bl A A3 (& SCAFCRA
TP 28 (greatest) T 20 ©F (T FoTe! (72 | wiefie FaEea FF5%7 Sy e @3
GHRIR SICHTFRCR G0 e A5 20 2ITF 5% 7! (Sital Reyre @2 57 =nae @f# 2re 2iita
(5@ 6.7) 115@ 6.7 @ (4l T8z (¥, E 6 witsiwwiaa @66 2w aifie e faoi sacere H [t
AT AT G0 FIA sifew e o w6

SRR, (I SR T A W (T ST T o1 Mol 0] S22 Ol O (773 |
«fS (a1 €% Ty fNFoaS! SIepiey T ST TR Gl Fa N2 ot S0 | (@5 5a
6.7 @ F ¢ J Tox T2 SICoaibg Bl @1y e foioist a1 2030z | 94t G i Sommata
Jifve e 79 |

oAl GG oS F : D—R @ Wi 7SS 917 91 Global maximum (A& &1, Global
Minimum) 23 @36 RWCe ce D, I D @3 W& 76e1 x @7 &) f(x) < f(c) [f(x) = f(c)] =T

6.6 BT FCEH GAR T IS T TR

IS A fofers N A @32 ZAE AT P o Fce #ifF |

(a) 9T MG SR 76T AL B> 8 FA Ty e foa1 Wi | 7 £(x) @ ey A O
@3 S SAheT T T4 £/(x) = 0 T |

(b) (i) T4 x G T T I (A0 ACF GR x=a Z0eT {'(a) = 0 T G £(x) G ST 4IGF
(AT A 20 20T, O f(x) AR f(a) WA A Ao &1 27 |

(ii) T x G NG Fiz I (0O AMF 9% x=a 20 £'(a) = 0 T G% {'(x) G N GelTge
(ATF LIS 20 20T, O f(x) S f(a) N AT W &7 27 |

(i) ToIfaE SRR (AfFTS 799 /(x) 97 BF @I 2AfFaS 71 277 94 f(a) AFCF A
ST AT S & A | 9L x=a RWCS £(x) SCoHFEF A0 7 (saddle point) e =31

QT 75 *1S Trar 1 W

Tolta SEfe (a) T (It 5 W (extreme value) Fdi@te arme *$ (necessary
condition) fNT™ S | S (b) Wefiz<s 02 *1$ (sufficient condition) T S 27 ARG
FE i, (FIR) FRY @3 Sy e Nt S Sy F0e 2N |

faoln S@aFeTtEd 2tael : (Application of Second Order Derivative) :
f'(x) @3 I Al ZICR NGl TOR SIFTHE Al £7(x) 9 AR 2o T2 23 |

d[f’ :
QAT f”(X):%:d;i[%}:% «ft y = f(x) @99 WWWW

few g a1 g Al o 0 |
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f(x) f(x)

<

a a

a f (X)x

R 4
(ol "]

0
g : 6.8 9 : 6.9 59 : 6.10

T x=a @3 £”(a) > 0 27, OF O 9L @ITEN x 9 S a-3 W4 e 749 @t I (209 A0F
(T f(x) GF FERE FNCF ARG G5, G T4 y=1f(x) (@A €27 a T 7l 77 e ey
w2 2eF AR 03 €3 (@R R[ifon fJmpre wifis =Rt wfs @ 3w 7w

SIS, TM x = a @R {”(a) < 0 2T, O ©F 9L (T x GF N a-F T4 AT T2 Tt
I #I1%, T f(x) 9 FHGPI 2 2IFS 905 | W £7(a) @7 oMo Wi o w0a v wo
f(x) @2 ST x = a 97 S 2If73E® 27| @b x = a T y=f(x) @A TG0 SRS o
I |

Q2 £”(a) > 0 297K 9L RITA x GF TN T2 a-7 745 0T I (TS ACF 2 f(x) ST
i FRE 2N AR 27 @R y=f(x) @2 x=a (¢ NHa WS (AT Tt (Convex from
below) 23 (b@ 6.8—b@ 6.10)

y y 4 Y 1
]
(x) |
1 I
I I ]
I | I
| I ]
1 1 . |
| L L
:Ia ;a : a
(0] X (0] X 0 X
f'@)>0, f”(@)<0 f'(@=0,f"(@)<0 f'@)>0, f”(a)<0
g : 6.11 5@ : 6.12 59 : 6.13

SRR T f(a)<0 2, O3 O W @I x @F N T2 a-7 W4 e @i I (oite AT o2
£7(x) STCAFHT S TR 91fore #If7afEe 23| @2t x=a RYTe y = f(x) @A Ts cAF
e 23 (6@ 6.11—bF 6.13)
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6.7 TEe 8 TFGE ICATE G 1 MCEH (97

@I 9B SCPFS f(x), x = a (S ©GH (4, 7 [a, f(a)] I TS (FICA SILECH, SCAFROA
TRIE eI, FTAata =i TE SRFI I | 7IT8 S ST (@ x=a (© B STTa1e
{9 206, @ RYCO Aot Teet 204 | ORI x=a 7Te 7 faSh sraamsier 4egs 28 o2
a e St sRes 203 | wigfie £7(a) > 0 T f(x); x=a e Tes @ ”(a)<0 20T f(x);

x=a o o |

y
Y BT < 0
BiFl >0 TR x=a e
@ 6.14 : ST x=a (O ; ~ TG WAL
ol . X 0 i X 4 6.17
a y a
y
f'(a) <0
596.15 “x=a T© Te— , (@) > 0
'. f (a0 f7(a)>0 |
,! (a) (a) i »
0 " > X ; = X 5@ 6.18
\\
f'la) <0
fba6.16 i X=a ﬁm
1 . :. f”(a) < 0
L L NS 56.19
0 a X 0 = > X

f (@0 £”(a)>0
5@ 6.14—T 6.19
T £7(a) > 0 6 WS SARPIT 76T x G oy O O SIS TG (strictly Concave)
SR 7 7(x) < 0 T G0 7S ARG 766t x 99 Ty O O IO OesT 2 (strictly
Concave) (5@ 6.14—@ 6.19)
GO AR AT 2l 93 (F—

T (Al G TN SCHFCRE NS A A SNoAe AL Wi el 01 27 o2
uis R e L 2T |

1. 22l AR SR [ A0St TN FCd foxbet A= e 311 22| @3 9 31 Wafers
G AT A G IO A1 | O3 x G Nl w2 A 91 Sl 7w ©f [5iEs s ol
301 el #I |
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2. fovet b Sk Sresrelrers oerepiita fonlt Praie (el 23 | 2fr fo=bet <1 b=l 9 a
©

i) f7(a) < 0; SCAFFO a (T TAGH TR WA A T
i) f”(a) > 0; SCFH0 a (T TG IR WAATS AT

e ~

iii) f”(a) = 0 ; IO PTAISR2 (inconclusive)

G A7 SR FLOTOIT ST | T&e T, OIZCH O TGN GG I % A @h(5
g TR 7 A qF TG AR a1 A A A @ =)

e e 7 : 1 amcer 9 (inflection point) IO (12 RWCF @RI (XLIT STAHHFL O
SRS (Z A A 6 T G ST Ol 0] ARTE I 28 T (AT o9e | S0
T Sl | UGG AL SIS ©Fd @rg ACF | “a’ M I mead [ 23 oizeet foat
*S (S

1. f’(a) = 0 4l SPIRES

2. x=a (© IFo AT
3. x=a (© @Al ~fars wfows T |

wefie G0 T3 ST SCAFS £ 93 (a, b) AW T ¢’ 4o A5 weea 77 203 I
fsfefae 12 s@gR @ie i Afey 231

a) f’(x) 2 0 IMa<x<c 8 f(x) <0 I c<x<b
R
b) f’x) < 0T a<x<ce f’(x) =20 I c<x<Db

TR x=c (© I e 203 M ¢ (0 £7(x) BT+ 77 | ¢irwta cerfoafba Seamees kg
T (¢, f(c)), (57 6.20) 1

62 T £ G0 SO A7 1 SIS v ol Srea<rers Sty @<k 1-99 foed ¢ «3f6 7 |
a) ¢ G I ME [ 263 W £7(c) = 0 =
b) M £7(c) =0 @R ”; ¢ (© O BF 7S 2, O ¢ TF IF WM [ |
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y=f(x)

x) >0 [ f"(x) <0

v

5@ 6.20 : P C2ITeT I v 7 (@12fbaq T2 € SUormRivg I avel [ x = ¢

TR GG SN (relative) GITTCE 51 ST 20903 20 (@5 2 A Al FF, St F5
e 7 2@ 1 3 £7(a) = 0 =@ e st PrarsiEe =7, SRt oF Akew 71F6 e
(critical value) Al £”(x) = 0 (T x €3 @ ¥ AL OO AW AT THOH ¥+ I6[© SBAFTG
(first non-zero value of a higher order derivative) RTSIC @31 (0dd order) T O SC2FHFLI
<t et g et | i Tl 2t Toved *RTeTe SIgweTs (ST GHRE 23 Ol SIATHG (1R
SIS HZIPANT SN2 G e AL |

6.7.1 TEF R TGE SAFCFA Syifaifed

@I G ST T (Ter) 23 I I @TbiEd o @ @Il 7io [y caia:efa
AL, IECAAITH 375 [ (Tolta) S22 I A FAS TR (A5) S I 1 |
y y
N f”(x)

f// (X)

\!N

B9 6.21 : f wCoAfFs T 59 6.22 : f =T Tea
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Toitare k@ 4t B9 6.21-6.22 @ Iffe T4 2R 1 A [a, b] TSACH x G0 {9 @A
a<b | A (=T A

y=1(x)

(a, f(a)
(b, T (b))

|
:x=(1—k)a+kb |
|
I

—— e —
175]

(---
I = = =

(1ha+ab b > x
9 6.23

a X

) (IXK_)%+7\,b
b- a=a+Mb @)(ﬁsgxeo 1]-5 &0 |
@AM b >a, e 0< A <TWORE a<a+ Aba)<b

(1—x)a+xb=(1

AT W xE[a, b]iﬂélﬁ\K:r ORE O0< AL S

_ba—az—xa+a2+xb—ab_
b-a

GUFE A RITE x (ACF a-F UHY I a (ACF b O TH0ES A |

X—a

b-a

SA=

5@ 6.23-9 s @ SN 957 T LT 257 1 (a, f(c)) € (b, f(b)) -F FATINPIR A AN
CRICeT:
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I (x,, y,) 8 (X, y,) KR AN (=l Bl @ TR

Y-y :u(x—xl)
X, =X

IAF x =(1-A) a+ Ab O y = s

BISEIN s—f(a)z% [(l—k)a+kb—a]

=[f(b) - f(a)]

widfie s = (1-A) fla)+Af(b)| @2« T A; [0, 1] AN &y 71 Ny 24z I, O=CA
(1-A)a + Ab € [a, b] ANF ey FRHH T &2 FA | TSR (a, f(a)) @ (b, f(b) ATAFIK
TN @ £ G @Tbaw Moo A @THEa Tolg SREe Fh0T 0 @I s < f(1-Aa +
Ab) 7= A€ [0, 1]-9 &7 |

wiefie £ 3 Sest 27 [ ST @G a, bel € Ae (0, 1) O f(1-A) atAb) = (1-)) f(a)
+ M(b) A1 TSR TSI, BICoIF THS! S T 2(F | M f ST 2(F OIZCe —f T&s Z(4 |
f T& 2(J [ TSN 75T a, b € [ @R Ae (0, 1) I

f((1-A) a+Ab) < (1-A) f(a) + Af(b) Wi AR THS!, BILoT Tw©! ST @ 203 |
fafay Twizad (Miscellaneous Examples)
1. 1 T G0 BIfEd WCoF P = 100 — 2Q | G2 I & g 2

S P = 100 — 2Q ;

2

d’p
Sifenl SCAFFT AT BT @R WZO TR B WCAFE GO WS QA A

oz | (5@ 6.24) |
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p =100 - 2Q

59 6.24

a
2. vifewt =l ¢ p=(m]—c (@A a, b, ¢ T 4N &5 | Bifzwt (F2107 Iamet

(curvature) faefar Fcat

Pz( 2 ]—c
Q+b

dP_ a
&P __ 2 50 (a,80b>0ofa+b)’

(‘ra>0 9R2T>0)

wifie SRR FET |

P

H

<0

=~

0 9 6.25 Q

AR S GAE 2T 2T Aoz | Selfe SifEwitaiG Jwfmg s Test 203 1 (5 6.25) |

. 1
3. 431 T, T @6 A (TC) Bt @ican TC = 300Q — 10Q° +§Q3 | I oA BT
AC @ MC &y 73 @ ey st
Tl

TC =300Q —10Q* + %Q3

_TC _ 300Q - 10Q* +y,Q’
Q Q

AC :300—10Q+%Q2
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B dAC d’*AC
AC @ WS 263 G —~ =0 gk —— >0 37
dQ dQ
.-.dA—C=—10+3Q=0 = gQ=10
dQ 3 3

=2Q0=30 =Q-=15

d’AC 2 . y
Q =§>o | T1effe Q T 15 94 TG AC 3R 23|

AC-T e Q = 15 I 5 AC -7 S el Aed |
P SICE AC=300—10Q+%Q2 =300—10><15+%><15><15

=300 + 75 — 150 = 225

MC=ﬂ=300—2OQ+Q2
dQ

MC T4 T 20 oL ?—Qcﬂ UER iTMZCW 2|
.-.?—ch—zouQ:o

=Q=10

d*MC

0’ =2>0 wigfie Q =10 @ =0 MC 7 20 |

MC-3 729 Q = 10 IACE FwF MC-F T #hewt TS |
FERE MC=300 — 20Q+Q = 300 — 20x10 + 10x10 = 300+100-200=200
4. @35 I G %2 wICw (P) By ReF 07 (@A P = Rs 2 | TN (T 253 S0 (@al

2
TC=1000+%(%) | IO AR (1) ST e A1 9% (T CRATBCR A A 23

o fao S|
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Y : © = TR — TC; TR = PQ = 2Q

2
n:TR_TCZZQ_[mOO+1(2) }
2\50

oo 1on0_ L(QY
=2Q-1000 2(50)

2

y dm d'm
(T T B AT ACKD 2 FTRI £=0 a«@wﬂ?ﬂ
dn Q
—=2-==0 = Q=100
G 0 50 Q
2
d'm __i 0

T G2 T 50

o Q = 100 2T FICH ARl AT 2(A |

5. famferie Sormrafer (1) wzrgs)s At 716 W (Critical Value) 470 32 (2) Sormaaim
wrge)ef S ACFFSHTI e 5w O=E! W12l FE e [ e s |

A)y=-x-8"by=05-x" oy=-2x-b)

a)y = —(x - 8)!

dy 3
'=—=—4(x-8
Y dx (X )

d
d—i=0a$nmx¢1aﬂiﬁﬂm @A |

y =—-4(x-8)P =0

=x-8=0 = x = § QA AIH N |

2
jTZ:yu :_12()(—8)2 5 y” (8):0

. A9IS (At Pra® (e AT 7 (The test is inconclusive) |
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y/// — 724(X o 8) :> y///(8) — 724(878) — 0
. AR e SrareEE |

yW=-24 = y*(8) =24 <0

<. STATS SIqed G x = 8 3 @l K i 27|

b)y=(5-x

Dy =35-x?(1)=-35-x)?=

5 = x @A sl M|

)y =6(5-x%x)=7y" (5)=6(5-5) =0 .. Tow IEIwTEG A9 FrarEEE |
Y/ =—6=2y"(5)=-6<0

wefie y 436 i WmeR [Rqre /g a0z x=5-9 T 53w K5 77|
c) y = 2(x—6)°

Dy =-12(x6)0°=0 = x=6 KI5 7|

2) vy’ = — 60(x-6)*

y"(6) = — 60 X 0* = 0 ... *RwIG FrareE |

y” = 240 (x-6) = y” (6) = 0 .. s FrawREe

y@ = —720 (x=6)* = y*(6) = 0 .. A9 PrasRE-|

YO = _1440(x-6) = y° (6) = 0 .. A= FrarsREa|

yO = 1440 = y5(6) = 1440 < 0

ooy ICE SIRSE 3R R A S+ SCE |

6.8 74if¥% ¢ FEHFATR T ATATAT *SEfe

SRR 5T (7l TI0BR (T, y = f(x) Do A Rvee w4, B fimpre sty @k C o
2e7 1% W 79 (Point of inflexion) (T LoD FHRE 73, WA Ffwe 77 | fivg foad

d _ .
e d—i=0 G2 @53 2o (e SCoFe FES A AT W 26T ALY T 9l ARG
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77

S | O] G =S~ T | T 1 I T (AT (97T GG AN A TSl O *[Ee 7fzel

2

e o ~ d ~
263 VHHI | IR Sy TSR et b 2, d_Z <0 IR FRTTHFACR Gy Sl TR
X

/ 4>
LG —d§>0|ﬂiﬁw.ﬁwmwwcﬂm: yH
X

2
W _o, 9Y

TR Tl S T
X dx

y = 1(x)
5 X

p d d?
AR & X6 2o ¢ =0, 3 >0

dx dx

2 3
Y _o, Wy
dx dx

OIRE (7l ATHE, T @ T e et 27 fepovet

$96.26
y = 1(x)

(stationary) fa7, g fewbet i si<ifas a1 sdfas famyg
e 20O A, (&l (I A6 W [TYe 20 2 |
@ ST f(x)-97 T5e1 re W fooe T
(Stationary Value) <& 23|

TRIZAY 6.8.1 : AN AR 7N @ TG e
el 4 |

59 6.27
) y = f(x)

T W FE, y = X3 — 3x% — 9x + 27 0

d e A
.'.d—i=3x2—6x—9 G, y (F A& QTS
dy
209 (9MTET &=0 200 (A |
L3 -6x—-9=0o0r,x*-2x-3=0or (xt]) (x3)=0

d’y
sox=-1, 3 @dq @267{—6

d’ 4
x= -1 20, d—§=—12<0 TR x = —1 20T y HAEE 20 |
X

THET y = (<17 - 3(-1) -9(-1) + 27 =27 +9 -3 — 1 = 32

A 4

59 6.28 X
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2

ORI, x = 3 e, §—Z=6x—6=6x3—6=12>0
X

X =3 TA y W 2A|

y-aF R W = 33— 3(3)2— 9(3) = 27 — 27 — 27 + 27=0
Twizad 6.8.2 1y = 8x° — 15x* + 10x? G S(AH(HT A4S @ HINH W (77 F4 |
Ted : 4fd, y = fl(x) = 8x°— 15x*+ 10x2
%zf’(x)z40x4—60x3+2OX

(4 At T y (TS (a0 £7(x) = 0 20O A |

wieffe 40x* — 60x3 + 20x = 0 A 20x(2x*— 3x2+ 1) = 0
TR W x = 04, 2x°— 3x2+ 1 =0

A2 -2x2+ X2+ x—-x+1=0

al, 2x? (x—1) — x(x-1) -1(x-1) = 0

al, (x-1) (2x>=x—1) = 01 O 27 x=1 Al
2x—-x—-1=04d,2x>-2x +x-1=0

A, 2x(x — 1) +1 (x=1)=0

1
qA, x - D2x+1)=0 . x=14 )

X~ {3 FNE N SCAFROF AN DL AT W AFCS AN |

@«

Q, £7(0) = 20 > 0 FIR x = 0 RYCS y-9 G FAF T 23 A | 70 y = £(0)
= 01 IR (1) = 160 — 180 + 20 = 0, TR, ¥ T W@l (W78 37 7y @ Axfz 71
SN £77(x)-49 S (TR0 209 | G2ITe, £7(x) = 480x — 360x

Q4 £7(1) = 480 — 360= 120 # 0, JoAR x = 1 [T y F7ifts At FTH ICAGE 771 @
T @ I wee {1 (1) = 8(1)°— 15(1)* + 10(1)* = 8-15+10=3

Fodlk & e [Tvd B=E 24 (1, 3) |
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1
SIGIER XZ_E 20T,

=-20-45+20=-45<0

AR, X = — % (e y T8 T |

ifas

1 15 5 40-15-4 21

4 16 2 16 16
T4 (ATF TAze (Example from Economics)

SifRawae 295 ¢ TSR TR =red Tnizad wiEl o) aferaifiel ¢ «wwhal et
SRR I9E! (AT e A | Yo AfEE FH00 24T G0N *1S 267, MR=MC | G2 *[$ A @
B Ton {Ts o7l 2rate | e T Ao s =1 29, MC (@419 5 > MR (@23
DIl | % =S 7[79l TR0 (<1 B Kre | Jeai, A Ky @ w1l v 7w | [ B e

ﬁ'%&@%%;ﬁo{%% FRR Ton T =62 AT 2o, Oiz B &Y 28 YA R 7 |

©F Wl @ O AU (Mathematical Problems & Solutions)

1\/[R M MR i
MC MC MC
MC
A K
B
MR
B
> ( > q
(4 eifraiforel) (qrf5ai <rer) \
(1) T S0 26T

(i) L -€3 (T ST q T35, (312 W ([F F9 | q-<4F I8 e F9°2
(ii) Fif#F AP-7 W= fefy =
(iii) (a8 @ 729 AP Ff4<F, 949 AP = MP
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3

Teq - (i) q=40L+3L2—L7

d - e 16 7,
.-.d—E=40+6L:L2|&Wq@5WWWZW& '%w’d_gzo

AL, 40 + 6L — L2= 0
A, L2 — 6L — 40 = 0 al, (L+4) (L-10) = 0, . L= — 4, 10.

2

e 7z d
q & FKIfET T o TR =18, dT(zl< 0

2 2
GRI[CR .'.d—q—6—2L | T L=—4,d_(21=_14<0
d dL

2

2
797 L=10, L9- 14<0
dL

TR, TA4F L = 10 O q FI(E8F | q 41 FAEE e 2o

3
=40x10+3x10° —% = 7OO—$=$=367(AM.)

(ii) MP=£=4O+6L—L2
dL

. dMP
g2 MP F&if4s 0@ ote d—L=0 or, 6-2L=0 - 1=3

d*MP P
4T~ =—2>0 3eak L=3 2=l MP 5K 207 |

FifEF MP =40 + 6 X 3 —3 = 55

L P
(iii) AP=%=40+3L—? Q4, AP (F &S 200 (10 d%l) 0 @3

BIGh!

uEp| | Gt
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TeaR, T L =94, a1 AP s | q 4 /
367
L2
MRS AP=40+3L—?
q=f(L)
2 34 2 4 !
|
I
I
|
I ST
0 3 92 07
7 L=94, MP=40+4L-L’ APA 59 6.31
MP
=40+6x%—%40+% 49
46.75 L
= 46+75 \
AP
rell Ao, T4 o AP (RS 0 3 o2 10\>L
927 3 p
L70n"" =46 = 4653 e 74 AP-MP M
4 4 59 6.32

6.9 i

9B T (PG G SCATS f(x) (@ [RYCe A A FE=T 27, 4o Mgl ¢ Tow wae
SEIFAE HHPANE O gt siafs fRemeita i 1 Za0R | G0F0E £7(x) = 0 Z0e f(x) €3
fopebaT ST 2SR A=l 1< 1 20ACZ | G2 90 f(x) SRR 56T AL € H T A (@
f'(x) = 0 27, © w*fe zrtg | M f(a) = 0 @R ”(a) = 0 TW OIZCA f(a) TTF x=a [YCO
AR A W WS 209, @R () = 0 @R f7(a) > 0 20, fa) WS x=a [re
SRR T S e 203, G161 (Rl 23 | (I ST Ig7o1d 43+ TG =l SIwe,
G O (I TF e 7 =g ol @R [ simfe e sitensa s 2oz |

6.10 SRR

1. fasfefe Srorsaafe x=4-9 I o FHGEAN 2 2
a) y = 3x>-14x+5 b) y = (5x>-8)?
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2. f(x) = —7x2+ 126x-23 S2FFF0 SNoire bl eize e |

3. (e (@ I SCAFET (0 F1F e [ (12 5 fqare S[eorwiaa 119 meeR [
iz |

4. Im NG I ST C = 4q°+10 € (T REze oW R = —2q+6q 23 OFGE (&
TeoAmTeTa wAfstiTe! et 0 203 2

5. (I @0 Teofe SCoHFS @I q = 3L+ 18LA+L (el (@ I weed [re 2iifes

TeofimereTel (MP) AC 23 | (A (T 9% SeAMIeTe! (AP) T4 AW 27 (L €9 (T W)
(AT MP = AP 24|

6. y = 2x3+4x2+9x—15 SCAHFT x=3 9 IFol J 2(J?

6.11 arg7fe
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7.2
7.3
7.4
7.5
7.6

7.7
7.8
7.9

7.10
7.11
7.12
7.13

STy

EARIED]

LeRIECREEICREICEAS (G s
GicE e

qiHF SIS T

weftafes et

7.6.1 < oAt fefes wife saaeitas fasim @
2T Tl

anferss a3z =
feverafaf® At faare wet
7.9.1 o @ wRfE ST
7.9.2 5o SR

7.9.3 ToSlw wra o SwaEes
EREATIE]

2peet

gt

7.1 ST

G2 ST ALY 57 AW 5e1iea wiefie 73 Al SreifeF AW A SR [P
A A AR GR OGNl 8 AT NPT Sl 0T |

7.2 AFE

wetfes [feT Trma AFI Fa A% I2oeTa [ARS Sos “Afdefre 33| o
AP, IR IO (FreH (@l € U o aFH FA 4IFeN TR i v
o S|

83



84 NSOU @ 6CC- EC-04

7.3 w2 FAA veit {8 worws

@ ARF Z = f(x, y) 931 f&perss (i) [ Sorwiaa ke Fel (general form) |
GrCe Aty At S et beiaif* (dependent variables) Z(Al Z, @R HH vevaife
A x € y| TriEde fBNE I AW Z = 4x2 — 16y A Z = ey 39| @3 40
SRR (eT2ifba 203 famifas wiefie foa w7 %18 (Three dimensional) (TR @F <36
T GF G0 G Ao 27|

5@ 7.2 @ @3 40T SCHHHT (726G @RNTH AR | G (7= TIeez foafs o,
JETR 0 (S FTCHICe NfoTe 200 | (XA X, y '8 7 GF S ¥+ | x SFF R e (0P
X 9 TG (51T x @iz 4RI 203 O x99 A0 x @ S @sis el 20, e
UG y @ z GF S *+ AL |

z J fa g
(x,Y,2)

S ceas fpafer ey oy e z omra
B z=0I -

@ L @ ZE (x, v, 0) @R K

R (x, ., 0) 92 Rafer g6 s1ree f5q 7.1a
5199 S (plane) T TN oxy TG, A x

8 y @ el f sifde|
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s (FafFe g g y SCwa My = 0| @5
M % BIE (x,, 0, z) 9k N 7@

ZAIE (x,, 0, z,) 92 qufer x @
y SICH AN 0zx IH0eT 7B FCH

R A |

7 S Cwatge ey g x G W 2=y, (@
R W7 ¢ T &K@ gz I (o,

: Yo 2,) @ (0, y,, 2,) 92 fayafer

(T TS 95 FACZ ©f

y =&l oyz e A y, 2,
CRGIREEIEIRCISE))

og 7.1b
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7.4 (eTCee (99

z=1f(x, y) 3 {qufqs (=@ @ (=140a @RI 2031 OI0F xy OCeT TS Sefghis
wafeT (plane) T FHTE (12 SHSTACE xy Ol&T 2T T, I (#1467 @R ©eg
(A T4 xy OCeT 2lffee 2o, (T2 SiReafeT (Fres (@l ToF! I | M (R FTTeso
(intersecting plane) Z = C 2, Oi2(a (@i¥Ib f @31 G C THOR (310@e (F41 1% T
7 el 2@ f(x, y) = C.
b7 Hasler RO (es @4l @RI 20 |
z

N
I
¢

y

X flx,y)=c

@ 7.2¢z=1fx,y) 4R OF (x, y) 9T 40 @0 (F4] |
Twizad @ 7.4.1 3 z x*  y> @3 (FCoH (@It o1& A Oxy € Oxy O |
Y ¢ foreld Eres @4 2 CRGT @l &9 | @b @3l Jred
ATFAY 2T Oxy OCe JF Y™ T ¥ 932 A 20 | €1 =
T4l 2CEN |15 (TP T I 217 GF J€ GG (I | OIRCe GG *1F (cone)
% 203 e AR 2@ TERmes | 3ol 2 & oF [{fen fGffe site fefers (@i
Z=0,9, 16,25 (83 FCAR @TATA TAGF) O 999 KOS F(F W oxy O ATFH
A 2 SR GIF (TP (MRCE, *FF M) G2 Soie [ebiaf g2 (sufy I Jred
I A A € WS ATFAG SfeT oxy el @F 96 € 2 | (SNl AW y a7 g
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fafr® M fefere wet gaiaa ot N oxz @ 2tFet 1 =3 ©izte 5a (7.3¢) @9 FFE
YRl T | (@ y = 0 2 AOB o1l 23 A AN Z = x2 + 0 Qufer wifzge 203 |

@ (7.32) ¢ z = x2 + y>-937 qifegs o=, NW@W}/GW
z e SR |

X +y =25 (iso —z @lsl T

z =125) 5 5

A z =x +4 (iso -z
X +vy =16 (iso -y ¢ E o Ty = 2)
el 99 z = 16)

X +y =09 (iso -y z=x + 0 (iso —z
w79 Z = 9) ol 7 y = 0)
D14
J X

O
y

59 (73b) sz = x> + y2 @3
Z=4¢Z7Z =9 91 Oxy ot
e Z Rel |
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z=x>+4
(y=2)

z=x2+0

— (=0

D

O

T?W‘J(T?)c)Sz=x2+y2u‘1§0xzw@lmyﬁ@"‘fl
Trigad 7.4.2 ¢ (MAIE @ (x, y) 7 A7 [Rqefer [ xy = 5 @8 *$5j7e I Ol

6xy 1°
a(x, y) ST (FILSeT (@4 201 @A g Xy #

1
ALY ¢ xy =5 5 g (© A ¢

wiefie A (x, y) @R Xy = 5, g(X, y) 9 T &< | AR (X, y) 4 (@ &t {7y
QA xy = 5 @ %S 57 F(F O g @7 THOW (FCOF @LUF GO TRZ FH |

4. T S € OIS tafes AT ¢

4. SHF SRFCER YEel 2
T4 y (6 GHOAG bl x @ Toig (187 F07, wfie y = f(x) S 27 I
AP x  RTT O y S2FFRFT S5e 20 (T 2 x AR Te y 7S 21

, T4 x OF 2IfFRE 37 7w 2w Wi Ax 0, Ty = f(x,, X,) T O X, S X, @

9is Sedif SIeml Ot [T SIRIF (74l TR y [Feita x, € x, T AT G ARTO e
& 27 S 20| @9 T (F <9 @Y, ©f AT FA AW AN FHAFEACS Je 2
y = f(x,, X,) S X, G ACATF ALK S |

e GTF GO A T = 2 l TylaT (T2 £, @A
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= lim
Xl 0 Xl
f x,,%, y
@Beld y fx,X, ¥, X, 99 ACATE ALK S 201 TQT—XZ Bl
2

Al (@R £, @A
—o g3
SRS ST & P ZCEAT, GUHG (F96 GFANEF x, Al X, I AT T y
G ARG ol A1 2007, IMES y ; X, € X, GO TAFE fTSaIe |

7.5. St satee fSEw

@ @Ay = f(x,, X,), 128 T boRIMHRE SCorwag b 22w 50 SK#S S[wet
CF |

(F) ST O[T, @A , x, 99 i ©CeTe w1 Aol F1 | SRpeeas R
@ S fefta 7 x, & 27 q0e 73|
() SMRE ST (@ , X, 97 M OCER (surface) IS 29 I | SRS
ST @ S e 0T x, (F @99 A ¥ Aee 2@ |
4. Toram e ST SR AIFelE P 2
b da (& (I AT (@ x, (F [ AR WG 9o W (A0 ave [ e el

4 B9 7.4 ¢ R?(® MTERITE IRHT S&Ha
y
.y
e = —— ;X @ S |
1

X g 7.4a

faf X4, S
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fers |

oA, @ G0 T v JRE Srersraa, 2 semifie wAfiastag Teer

TSl S6Ae A |
IR MM n FRAF G 2zel F1 27 e S A y = f(x,, X, ...y X, ) 2, O

TE y 9T X, 9T ACATE SARMS ST |
Ao TR MY [Fod e SRaed W {6y 0 23 @ @RI 2o |

TR 7.5.0 ;Y XX’ B SOARR (R0 @ S Tl <A
FTLE ¢ (1) T T@APACT SR SRR 2 IS ST FACET 2

f x,,x,

fx,  x,,x, —fx,X,

= lim
X, x, 0 X,

2
X Xy X =X,X

= lim
X, 0 Xl

2 2 2

=  lim
X1 0 Xl

2
2x; X X; X,

= lim
Xl 0 Xl

— lim 2x X Xy —
X 0 1 122 = 2X,X,
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91

225 IS Bo! S St i SEPee 2
[ESEEIS G

f x,,%, dex,’

= 2X,X,

el 1T (0T x, = a 93 EAF

7.6 SLtfeF T

Twigzd 7.6.1 ; ANfeiie sfFqrtefes siftnr @Al a9y s ¢

q* = qi(p, y) = 10y? + 2y*p=2 — 3p* (p, y > 0)

qdy’ qdp’ qdyy’ qdpp’ qdpy AR qdyp'

T xm) .
X1ox qu ‘i) _4y*p _9p?
d qd 3
4@ 20y 8yp-2
2 d d
q d q 44
— — 12 —18
D2 pp P yp P
2 d d
q d q 2
— —— 20 24y°p-2
¥ dyy vy yp
2 d d
q d q 3 3
— -16
Dy Apy D yp

_16y3pf3
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THEAS 7.6.2 : (I TAWC SCoFF Q %K3L3, T Q 2CeTl Tesivta fastiel

@R K @ L 2CeTl JLAECT ol 8 2 | oI 8 ©E 2l G SeoAmeierel ey e |
TR ¢ A 2NGF TesmaEierels MP, € WiiE 2@ Seofveers] MP,
FAGFE Q F K € L &3 ACATT IR*F Sapete FACe12 #ihedl I |

MP, —I% KL @

7.6.1 S beraifa fofes wie w@eeita faey &w (Second order Partial deriva-
tives with more variables)

AT WA 2R @ Wy = f(x,, X,, ..., X,) GF0 SCFF 27 OZCHA |, A

i=1,2,..n3e00 @RI X, 98 ATATF f(x,, ..., X,) 99 SRHE ST @ X, AT©
AR T A veAHECE T A =)
f G99 AT n AA I IR ST ACATTE n Tolw 9 S ST gl ¢

GG 18 j TSR 1, 2, ..., n 93 W (@ (@A N 0O #A1t7 A1 7000 n2 fasi
9 T ST AT |
M @3 faer 36 SNLfiF S=eT1E n x n I8 [T Hfeere w41 AT 9 ©f 308

&3 T o7 2 99 &Fre miiGs @2ies O3 ol Sa e |

Twizad 7.6.3 : f(x,, X,, X;) = 5% + X,X;? — X,’X;? + x;3 @7 TZome wigH e
FCAN
s ¢ el e wmifts 206 2

fix fox fx
fx £x f,x fx

fix fox f,x
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7.7 Young 27w

S TS (X, Xy, ooy X,) G T m G ST ST 2] Sfiibze | G0 AW Oieas
@ (AT 6 G 2 (A SIS ATSIFE GhE TP 0, AT AICHATT ST 22 O
I 79 27 | (suppose that all the order partial derivatives of the function f(x,, x,, ....., X,)

are continuous. If any two of them involve differentiating w.r.t each of the variables the same
number of times, then they are necessarily equal.

NIAF m=m, +m, ... m dRIF FAF f(X,, X,, ..., X,) TAEE m; TS
X, m, FYF A X, ..., m, I A X, (F SAGeT 1 206 | G0 g m,, ..., m, %)
2093 AT | 431 IF m O TE CFCG (mta order) SIRFF SR S *$sjgel
RCR | ORI m = 2 U9 9

i=1,2,..n,j=1,2, .n)

[ I Ty ST StRs o |

Xi )(7}.%@1]1%@% qd2 e

X. X Xixe
By, X5 ]Zsz X,X)

(I @ T ST (ST (&7 T DA(x, x,)

f X1, %,

£, x4,%,

&) 8
e s E@ 2] 3
G e 25 4 7|

Swme 7.8.1 : fxy xy' X’y g7 anferm® e e wifs ety s
AL ¢ TS AR T Sweresfer aee ¢

f 4 2.2
< 7 XY
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°f 2 °f 3 2
MISEIN 2 6xy”, Xy 4y”  6Xx°y

3X2 y2 y2

2x% 4y? xy

G} BRI Tl ¢

7.9 fapera(a3 e faure @l

9B SR SCEAGAR #[F-STSAFAS TCE (0N AP S | e 50 Sl

meAfe RIS RS I @RI 99 Ax, *00F M S 2 o] GF A e

(12 S | 92 (7T @2 RFeICa SrgaeTer Sigire (differential ratio) 231103 26ife 2ta
QAT dy B(F y 9 ST € dx 20 X O I |

7.9.1 "f’f @ % S@aFas (Total and partial differential)

T G I veraif [ Srerss (en m wdie y = f(x), GITFtY y 43 STSaaeT1S
widffe dy ; x @3 T A7, dx ; 9F G FO0! AT 2@ @R WA o |

T FET s 2 A ©iF Sl 2@, w1 Al seifEE ww AfRRes we, Meas
bedIf* o] siffew 77|

wigfie Z = f(x, y) 2eT oo SrgaseTe

dz

z,dx z,dy
Twizad 7.9.1 : €A AT Z = x6 + 10xy + Sy* OR(E Z GF 2Iof IFIFeTs F 22
AL 8 Zx = 6x° + 10y Zy = 10x + 20y3
MO dz = (6x° + 10y)dx + (10x + 20y?)dy.
7.9.2 9« @@=t (Total Derivatives)
AT Z = f(x, y) GR Y = g(x) I y 8 x O AT 7 | x G AfGS Fapfa
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(T Z (F A I, (O3 ATAFOINT g SCFCIT VNS Z T 2w IO (L | LR

5ol SRS (B AT R AATALT, U2 AORE AW FF @ GEREi e
X g y f z
f
dz dy

RN R SR i) & & Lg
Tz 7.9.2 1 z = f(x, y) = 6x3 + Ty @3 sf w@wa o7 A1, @A

y = g(x) = 4x> + 3x + 8.

. dz dy
T 8 dx  x PYdx

7.9.3 faSin TR 7)o wgaa=1E (Second Order total differentials)

ST S A ACS Ol (51T Z = f(x, y) 9F CF0q dz = Z,dx + Z, dy IS S
fd, + f,d, e 2w =l A7 | @3 dz om0 fx ¢ fy 97 T2, @I fx e fy
TOE x @ y @7 TAF fTSaiet | widie dz, Z @3 SO x 8 y @7 ToF fTrsa et |

e dx dy _ op.dx dy
" fx fy™ dx y x™  fy™ dy

fxx®™  fxy® dx  fxy®™  fyy® dy
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fXdez nydydx fyxdxdy fyydy2

fxx 2fyx &Y fyydyz fxy fyx

G dz 3 RS MR o4 | @I BF @I, AN, FCIT 4NGF A FCI
IS, 200 AT dx 8 dy @F (@ (FIC AT & (arbetrary), @LCT TOCH2 *ef
agace, fog MR fuoae feferel «3t o v = dx, v = dy,
a=f,b=f, n=1f (=f).

Mok d’z = f dx? + 2f dxdy + £, dy? 9T q = au? + 2huv + bv? 2Tl q @ u IR v
Aifefes arsmot | 57F FaCeT A AT QAT dx = u @R dy = v, SeIf ZAT 2
AR R SR TR SRS SRPeafe] 27 Al 20z |

G TH27S a, b € h 97 T2 A SCHAICH 6, IR (@G u 8 v @ (@Al T
fI0e 21903, (712 s3I q @7 F [ffe Bz 209 «iita ©f 917 71 15 | ©f o F219 &=
R IS N ACRCTAS I

(F) q @SR TS 203 It q SRR @9es @ q > 0 2|
(A) q gS e 2@ 7@ q > 0 =

(a) q e SHifafre 2@ I q < 0 23|

(9) q dengs @M 28 7 q < 0 =3

I peraifefe faforaas e (73 ©=re q @@ 263 | (If q changes sign when the
variables assured different values, it is said to be indefinite).

G2 GG AN fSel, 5aw 1 w1 Wi =6 RS froim 9T AT Wre
AT TS | S SiifaiTeel, @Sk a9 AT 26T A THRFO | 949 q = d¥z
wIfeff® 27 o icwet 9 (saddle point) At & & it 2w |

7.10 oz Mwgsaraa [efas 219w

SISl (e (@ q = au? + 2huv + byv? @2 FANFACO M TEMCE IAGC (@9 €
Reel 41 AW eIz 2R

2 2
q au’ 2huv %Vz sz—h—V2
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2 2
a u’ &uv h—V2 b —h—V2
a a

gefie q ¥ e WS 27 (@G T a > 0 @R ab — h? > 0 2| IR[E q ASE
fAfi® 203 (<@ T a < 0 @32 ab — h? > 0 27 | AR TS (@3 (ab — h?) (F 4T
203 I | (76! GG S 2092 2(J | (751 IFHg H8F TM ab 4GS 27| ST a 8 b
I @32 TgeE 27 ©E2 ab (T 2|

THifaTe *Safer fdiRea M 2w F1 7€ |
q = au? + 2huv + bv?2
= au? + h(av) + h(vu) + bv2

@3 R 2aiefer « 3 e wiffa (symmetric matrix) 919w 0=, TF YR e
Q[FCT a 8 b TN T[T A off diagonal @ I h | TLfie

aag %Vz ab—h? > a hu
n b 2 a UlVth

szl ifgeeE el (& F67 2 q €3 [TFo1F (discriminant) 3T |D| | 12 &

Fffe q @7, a, b ¢ h fefes HeE go@e I@ A @ ¢

(F) q qs WS 203 (e I [a] > 0 @ =7

(%) q el WS 203 @<emig 3 ja] < 0 At =7

(RAICA |a] BCET 2 (ORI 347 2= (first leading principal minor) @3¢

el @S (TR J1 WEH |
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AT d2z @ o7 FACeT NS A ¢

(F) d2z =@ ggF WS I fxx > 0 @

(¥) d2z 203 Aeie [we 7 fxx < 0 @) 23|
T2 T M fxx € fxy G2 Hoqe |
2 S BENbe @PRIE Fmotsa R@piE @A fyx = fxy
TR TR fefers |

Twigae 7.10.1 3 3 fxx = — 4, fxy = 3, fyy =— 8, z = f(x, y) 49 (i1 WH® SR8
23, OIRCE d2z @F, dx € dy @3 A2 T @F A1 (& &Il WS ©F (definite sign) TS
A ?

AN ¢ d2z 93 TFlF 20 ¢

fxx fxy‘ 4 3‘

ftxy fyy] |3 —§
4 3| 32-9
(@A (TR F2 TRAT 2T — 4 <0 @GR |5 o 51

ToAlk d2z 2Ce A s |
7.11 FFEReAE

G2 S B I 2! 2ddies 12 GeRREE S (wa @iibaty
PR Rl TR | T (0SS AR ST H2E POl 2] T 27 | 77! =03 18
FE veRiffefed S (Fa WM S/ [ 741 @R Sdtafos oFg oF
AT (I ZCACZ | AR 5jof STgaeterd K176l (e ZCACR € @3 G SCorwaafer
faaie o Reveia Ay =1 20T |

7.12 PRt
51 Tea emiefera afefba Adum-2

(F) CeT0ee (A FICF ACET 2
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() W f(x, y) = x + 4y 29T {(0, 1) F© 22
(91) SN ST I ACET 2
(F) oI SRFH FIF e 2

(6) TR ToAsiimy [ige A |

3| Npe arF afea e ¢ =911

(F) mdle @x2+y? =620 f(x, y) = G G (FTCSS (0 |

() W flx, y) = x¥e? W O (x, y) = (1, 0) (T 24T ¢ Toly TR RHF
wReafer el wear

(M IM2=x+y2 WOR € G A F© 2 ?

(@) TeR SerwRaleR anifes ¢ @hrw Wity Fefw w ¢
(1) f(x,y)=x%ny + 6x2y? + eXxy
1) fix, y) = (x +4y) (e> +e)

o| qea emulE afela W 20 794 ¢

(F) GG GFEHA FFAN X 8 Y T TANFE x € y @3¢ Afqwiel K a1 X

VX' ¥ =x* -y’ 2 @ Y WF W TG Px € Py @I Px = 25 — 2x +y € Py =20 + x — y|

IFRITE % =7 ¢ efifes =iy ey |

() T SCoFFSE NS (o370 @ e s e st ¢ (1, —2) [Kimre s
A e T
f(x, y) = 3x?y* + 2x%?

(o) o3 wrorFFefa AFa AUy ¢ G INT kT wweaefs oy
Al 8
(1) Z = xy? — ex (i) Z=xv

(9) GFE (SIS X UEE x I3 IR Y WA y 4% (@] FCH IR U0 OIF 9fd
TS (X, y) =2 Inx +4Iny @& IF (SIS 2T WRF 20 GFF =R 7o
ei9d 30 @< (ol R |
(i) 2 TIH Sfofie «F GF (Sl G O Feoib! $fe I Mt
(i) SR TAH wfolie @ GFF (S &) O Fo0! $id Jia AT ?

(6) eva fadre woele Ot were afesm iR ot fefere g |

(Express each of the following quadratic forms as a matrix product involving a
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symmetric coefficient matrix.) @3 Afo 712el WiGER A fofes R
Mg Frare 0 fadie wolafer wes Ge ar weres Sie)

(1) q =3u? —4uv + 7v2

(i) q = 6xy — 5y? — 2x2

7.13 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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OPT|
8.1 By
82  ewE

8.3 Twe WAHF (A
8.3.1 wige
84 Igififess ~mfsre Teemem wmell
8.5 Nea wrorwrEa wiAe
8.6 IpeaAME SREENCNIN AAF(FA (FLA TGO AL
8.7 EpeaANE Ted wowlEa Snigad
8.8 K womwraa o
89 Tee SAwHA AT
8.10 FFEremiR
8.11 emiget
8.12 aZelfy
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8.1 Tty

G2 ST AT AR G, 2P0 IR O AE® T (AR SRR
O Gl A |

8.2 &A=

a3 2me S @FHT (unit) ARG (RN FHCS 217 M (Optimum)
IR @RI @3 = Wi Feite e 591 ae [feq saeme s fefere @
RIQIEEIRISY

8.3 Ted WAFFa (IMNTS

Tee T2 (convex function) TIME (@RI ST Test S QRONTR 771
[T = |

8.3.1 #<ER ¢
22T @ 3 GFL AT s 2d M @F (Ot (Domain) @30
Ted O 27 IR G2 (TITNBCTE T X, y T G R AP G Gl

7 |

wigfie 3t (AT SCPFFFT T2 x, y b [ (9l 27, O G @ @Al T

faTe[Z (convex combination) f &3 W (T a1 (ZIF T (&1, ©F (@A ©IT2 f(x) @ f(y)

T @2 Tae Ff SrorF (@@ 203 A | Sififes wed, (x, f(x)) @ (x, f(y)) @3 If&
@4l f @7 (@FADTaT Toltd SR SE F907 | f5d 7 8.1 @ @B (WA 2Cal |

fixlh) ToifdfRe fomw e 8 @k |
Tt SPTIbZ Ffoe1 27 (strict enequality) 2
T widfie 2 01T f(x)

(! B2 ) FITeIE T 2d (strictly convex) |
@ @ifog g 8.1 @ WA A it Baw
Tes @4

59 8.1 *
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GFeel[ f I Tes 27 ©F —f 2 O9eH |
e Bra (Pa 8.2) B == Sorwad (@ba (T 267 |

fox) g [
fx

flx!)

(8.2a) (82b)
fix) fx)

1

x! X
(820 (8.2 d)

5@ 8.2a (o =FFaR @2 (¥ T €2 @Ivaba Tow x0 @ x! @ @yl [k (e
23, 3R O S S0 3o (corresponding function values) TG f(x0) € fix!)
(& P FRECILT NG IS A 27, O2E G2 Yo WA & S[ES S0
&SRB 71“‘191/?1_69{ T& AR A T-9F T (chord to the function) S FCA |
arRg (@4Ifbaf ses Sts oS3t | 53 8.2b 7 ¢FCa 03 U1 oA 20 @)

@ @fbals Tea 2|




104 NSOU @ 6CC- EC-04

foa 8.2¢ «F g SoFFLA (FLfba Fsjefmest ez e e A | @2 cwea
@f5@2 FETCl A linear 20 | IR 5@ 8.2d (© w19ws1 € T 9fb (a2 7% 41 I |

G Yo R el s Sk |
() x0 ¢ x! @3 @ T SRMES x @7 @ @ T & x0 8 x! 97 TIE T
(weighted average) f2oIa a1 a1 T | wefie R

20a | Z0a x0 ¢ x! @7 Tee A= (convex combination) |

(2) 3 fi(x0) € f(x!) G2 73 I2FF M SIS NG (ST T A GF 932 A
fefers, @k @2 wmye afere e vfoe a1 AR | ©I=CE @B
(P FAKE, AB it T O[S C [RYee Al OFr S0 ARe $h0e 207 |

SREH STATET (@ f(x)>T W R IVFONI SRAGH SCATCHT  (Fa
21 X0 R x! GF WY @ (@A [TCe x @7 SRY 206 | T4 SCAFRO
af4= (linear) 23 ©2 213 (b9 8.2¢) |

Twizgd 8.3.1 3 (Male (T f(x) = x% G0 TEH SCAFF |
&l F [c, d] C L, (I ¢ interval Jl #iff9@) @3 O <t < 1.
fI(1 — t)C +td] = (1 — t)? ¢2 + 2t(1 — t)ed + t3d?

= (1 — t)c? — t(1 — t)c% + 2t(1 — t)ed + t2d?

= (1 —t)c? — t(1 — t)e (2d — ¢) + t3d? — td? + td?

= (1 —t)c? — t(1 — t)(c — d)? + td> < (1 — t)c? + td?
s f(x) = x2 20N Tee ST |

8.4 wifiifes vmfore Teerord wqe ¢

M f(x) #1797 Y2 STGIFACI9] 22 (twice differentiable function) ©C3 (161 Tes
2(F M ©F (FC@F (domain) AT RMTe 7(x) > 0 2| 7R Y2 SGIFC]
SCATE f(x) FCIRSIE T&a 203 I f(x) > 0 2, Aeq®2 (FICA @55 % =TT (except
possibly at a single point) G3(G CART SCHF @ TeeTO H<eal S Oee | g 8.3 @3
AR TEETS! 3R TS T, T 8 GFCI (monotonic increasing, monotonic
decreasing and not monotonic) G SCPF(FA (F(q O SFH(FI e [T FI

20|
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105
f(x)
f(x) = x? f x 2x
0) X
0 x2
(a) (b) (©)
@ 8.3 (i) fx x%,x R IR OF 2 42 SIFe
f(x) f(x) f(x)
f x 2x
\I/
I
f x—90 f o f x
(FFTACT I monotonic GFCIACT P (mono tonic o “fFST Fa2
uicreasing) decreasing) (not monotonic)

5@ 8.3 (ii) FCITOIT TG SCHATF(HA AGEY 10 |

5@ 8.3 (i) @ FCITSITI TG SCFFD f(x) = x2 O AT/ 2 SR oG AZCANTA
TR ZCACR | TSt SRee1fs Fvjefamvst «eigss | M f(x) = x4 27 O=a £7(x) = 12x2 203,
O GURCE {7(x) GRS TA W x = 0 | CRG IO T€H STAFEI (G
GG &l 2 f(x) > 0 (FIETNG 78IS GF0 [ ot (£7(x) > 0 except at one point) |

5@ 8.3 (ii) FCITONA T€H WCAFSF (MR ZACE (T SIS
JENN, I € G 7T |
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M f(x) G2 SCAFI RIF SRS 2 (twice differentiable) L3 ©f S-wsT 2(7

T fix) < 0 20 @7 (Faq 2AfSb [Rva oo @R £ FITSIR SIee 203 W fix) < 0 2

G (G (FIETNG T8I0 G0 [ e AB6 [T |

Twizad 8.4.1 3 f(x):—(%jXS +3x% —5x+10 @I x > 0

T@ Sorsioa foa a0 Sl ¢ wigfon i |
AL 2 f'(x) = —x2 + 6x — 5 R {(x) = -2x + 6 (Y x < 3 T {(x) > 0 4R
X > 3 T 7(x) < 0, J&AR [0, 3] €2 “AfPIA (interval) STAFFT FITSI TE €%

[3, + o0) G AT FCITOI SR | Nvd ARABTS x = 0, 1, ..., 8 G T ey
SCAFI0F W € O AT 2425 FoR SRTeta W 2Ave 20Tl |

f(x)

10.00
7.67
9.33

13.00
16.67
18.33
16.00
7.67
—8.67
fx)=-x-5x-1)

00 N9 AN N AW~ O X

-5.00

-5.00
—-12.00

-21.00

F(x)

0.00
3.00
4.00
3.00
0.00

(x)
6.00
4.00
2.00
0.00
-2.00
—4.00
—6.00
-8.00

—-10.00

FHA (@ x @F (@ OO £(x) = 0 EIRITT SCAFH0 AT W | FIAE € @R 63

s flat AR |

Qe e s e (%)
=-x-5x-1 fx) =023
Xx=18x=530TIgR x < 3 3+
oy o 4eIeF 20q @R (@I
Tes @ @R x > 3 A (x) < 0
2@ ¢ @0 S 2d |

Twigad 8.4.2 @ AFrW A
fasfeiie womrean x = 3 e
Tae & oee ?

207

10

fx)

f x

1

3x2-5x 10
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&)y = 2x3 +4x2 +9x — 15
) y = (5x% — 8)?
AL 2 (F) y'(x) = —6x2 + 8x + 9
y'(x) = 12x + 8
y'(3) = —12 x 3 + 8 = — 28 < 0 T |
() y'(x) = 2(5x* - 8) (10x)
= 20x(5x2% - 8)
= 100x3 — 160x
y(x) = 300x2 — 160
y"(3) = 300 x 9 — 160 = 2540 > 0 TeT|

8.5 Ted rHFCFa YiFel

favers 2 ST 2z = f(x,, X,) 99 (@ 6 AW @, @ wwes (Tes) 7
(@ETIE T, (@ @Al ¥t [ 7 M @32 N, Sicomsaod Oie (surface) (63 A, ©CF
MN @3 2ei# (line segment) T & OEd ST Al b (T9TA) SRP FA¢ | T
S FCIFSIT TweT (T€e) 27 O AeikHf (line segment) S12ffie MN F=9jsf@ita
TE WIS QI RGO 05 (TATH) SRE8H FAE (&9ea M ¢ N 2ol (59 8.5) |
57 4.5 @ (1 AW (@ FEORSIA FG0eT SICAEHHT S0 o7 M @7 N @2 13 e ot
@ Big 7R T 1 2002 | QA7 Hi9ifG S1-aF ORiF SRS | @it welfs sl srgengie

A T TR Ted SPFFER Z = fRN X, \O0F et 23 I =ngfes (Bowl) |

Z A 2
| |
I |
| |
opromme- .
-~ | ES
Lo__t ___.
0 M N
ofw) + (1- O)f(v)
f(u) f(v)
ou + (I- B)v X
u A\
(uy, uy) vV V)

9 8.5
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MU= (u, u,) RV = (v, V,), 2 = f(x,, X,) G CFCE A (OICHRA Yo I3 @hie
(S (Ordered pair) ST @2 u € v @7 2IfeTBF 2z @ T A sjere Twe! (height
of surface) 2C3 f(u) = f(u;, u,) € f(v) = f(v,, v,) IAEC | @XY b o AF© Tl
R 2T (real value) AR uy THIHTS SAF© 756 [KY2 z G (TITAB(A ARFCI | G
T& (@UHAGCE u 8 v 9T SIS 9 & AT G GC& Qu + (1 — 0)v 2AIT 2= T
T @A Q 6 CFTT T A 0 R 1 9 Ty AFCE A 0 < Q < 1 FAF MN (&2,
f(u) € f(v) T SE (T I dF 1 A A Qf(u) + (1 — 0) f(v) = erl
T @A 0 < Q < 1 TR | @27 MN (I 711 1<% 5191 (arc) 07 6 uv @3 @aiIoa
fifen mre £ Sesrmatg siw wigfie flQu +(1 — 0) v] | oaR Aeeifafes 1w STt
7l T ¢ G0 TS Sqwe I $ee] J(A (FIETG 0Lz, T4 (iff) f 97 (SR @
I 76 S 9 v, @R v @7 (@R & @R 0 < Q < | 9 & |

Of(u) +(1 - O)f(v) < fl6(u) + (1-0)v]

GRINGERCEAO)] BRI

(@6 SRs SCAFCEFA *19)

w2 (@S TeeT SorFFT #9) ... (s)

T 8.5.1 8 z = x,2 + x,? SR T I ORee A Al |

AL ¢ A AT u = (u, uy) GR vV = (v, V,) z & g gt ffTe )

fu) = f(u), ) = u;? +u,?
fv) = f(v), v)) = vi2 + v,?

R

N ——
X, @3 T X, @3 W

T@e ql OIS AL SEAFC (S) @ IR O #Mcs i (At [eater «g
AT FACET AT AN ¢

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

=0(1-0)[(u, —v,)* +(u, —v,)*1>0

([2Y @ (1 - 0) TSR T | ({2 (u;, uy) € (v, v,) 70 [S
o Ate =3 u, =v, dlu,# v, (T TeRR), BICEIN JHAF A 2M(F (expression)
I 2008 T(A | .. FIFSI > 0 Pl o feil T3 2 = x 2 + x,? 96 TN
TeeT ST |
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8.6 [ROeTH S SRFEFCN SCFCFT CF(G S@eTod AT

(I SR ST f(x) SIwe] 207 AM GG 2ve [ u G 94 (@ (Il
™ v @7 & f(v) < fu) + Fu)(v — u) TE GR Ted [ W f(v) > f(u) + f(u)
(v—u) 2

o@ 8.6 @ @Ibal wFe 2T & IF A 20e1 98 @IbiEd ToifiiEge @3t 9|
A @ Twol Ziem f(u) 932 A 77 397E @Ibtas THm AB RS SRge S0z | &l
TRF x GF M u (ACF I o117 | O (@Libat 1 S SRes 27, ©IFta @I 2N
wigfen wo @G AB & (AF @F AR
GaTelE, ACe C 7Y, AF el f(v), v B
@ S AT | GqUFg AC @3 (@Lik=ifoa fis,
AB @3 "7 9ol I 20| M @2fha
IO ORee ol T O AC @3 Bieifs zmrel
g0l SRR 2O AT @< FROI AB
“o[{(F A @F 209 A | W EICE, AC

, 7 e AB 3 Ffoq 05 I 27 | €2 V2 SRS
HEAGIRBa RO Y R ————— X qamrre e e A

u V. %386

DC _ f(v)—f(u)
AD v—u
SR q SRwe] oS T FC |

f(v)
f(u)

AC (IFURTHF TIeT < AB @UF BieT = f'(u)

wiefie T (AT SCATE T2AIF A5G SR 2 IR
OF ST S[FE IO AF, @R d2z W@I© 2| G2 TS See M d2z G
Yo oyt WS (semi definite) = | T T& STo0 SO S0 27 ©IR0e d2z A9
Yares TS (negative definite) 207 | SO T (F0q d2z 49 WS @k TGied
GG I e S 20|

TrRAd GF SR WS SPAICH Teero] A A |

AL ¢ AT u = (U, Wy) SRV = (v, v,) 40 91

ok TGe G SO FKER| SETHCA AN 2 .

Tl




110 NSOU @ 6CC- EC-04

) S ] S S A s s L o B R

V12 ALY u12 V% 2v,u, u% (v 111)2 (v, u2)2

@TY 2 RCRNFET AT LIS | FCIR
Tae | WAE I d2z gaes WS et favie 391 =1 o

R

- d2z 74T e WS ¢ T

aFoeE A8 Ted SrwiFd owizdacd (Examples of univariate convex
functions) :

(a) e (b) —log(x) (c) x* (& I&WR); a
(d) =2 ( M@Fe), 0 <a< 1

(e)
(f) x log (x) ( 9 FGIT®) |

8.7 JDOIEAME T@el SAT(FA Swigdel

(a) SHIHES SC2FF (Affine function) 2 f(x) = aTx + b (T Al (
TS Tee, (G FIIF T 77, WIF SO |

SR SC2FF 206N GG SCAFS T GFAH TGel @R SA0e] 20O AN |
(b) fog fagie T2 F= (Some quadratic function) : f(x) = xTQx + C™x + d
— TGH 3@ (g I Q > 0 T |

— FOF Taw (TG I Q > 0 =)

— SRS (TG AM Q < 0 ; AR FIF TG (<TG W Q < 0 |
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() (T (FTN T (Any norm) : % (TEA G GF SCAFSF { (T [HARS
*Safer Mfte =71

(a)
(b)
(©)

8.8 T@el SCAFRA 4

TEE SIS (R N Oge ANl wrE w4 A7 |

() W (HCA AP Tee 27, O f + g @ Tes 2|

() m TeeT 27 @38 77, O@ Af 8 Tee (|

(o) 2TeF (@RS (linear) A SHIFIR SCHF € 204 |

(9) I ¢ —f Ters Tas 23, O { GF6 SRS HCoFF 20 |

L T S 27, O h SIS GG h(x) = max {f(x), g(x)} @ T&a

AR

22 {67 A0 2 (AT A | 2 I (@ W fix) 8 g(x) TSI Twe (Tea)
27| M f(x) € g(x) TOAT SR (TEH) IR (72 AT Y6 (T (@A A TOCHT FCIF
e (T€s) 2 OIRle f(x) + g(x) IO Twe (FCIK T&al) (A |

230 2 €& TF f(x) € g(x) TS T |
MoK ;
Q CICR A1) 1 IS TS 5 e K3 B [

af5 [f(x) + g(x)] 99 T RET ¥ |
G M f(x) FCO SO T SR

2]

TR G2 GG SPRe FCT (Al AR @ f(x) + g(x) FCOR SO 20| Tea
SR (G G2 AROCO 2ol T 2T |
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8.9 T@el T CEFA ATl

siffre @3k TLTIOTE Tee SCoHFFT q2 AT 7% 41 A | REATeg @2 oo
A& T SPGB T (0 | (Study of optimization) N (A G0 &
ETOR TolF GRS (A T&eT ST AF0F (@] JjeTos] Ao A I |

fferfae Srizgeafe (ArF ILHaFRHT TCFHFT TesTold Al SRGTo 2wl “iew
S|

Twizad 8.9.1 3 @b FITaET (Cobb Douglas) SICo< (e 2
@A K>08L>01 e @ b S_es @AM A>0,a>0,b>0¢Ra+b
<] GRIVISROA A TMa>0,b>08a+b<l.

ML ¢ T A0S A (T RS SCoHF 2z = f(x, y) 99 CHCE, I (0=
& S5 (Continuous partial derivatives) 212 € @S T3l sivedl T[, €R @
AR GO (2 G0 TS TEe (P16 N FRS\IRO BCACR, OF (T4

(F) £ OO 2T = £y, <0; ), <0, €

(}) fTee 2@ < ] 20,6, >0 @

3 SPTelE BT T FCIT SPTI] 2(F O IAGC FCIT S0 € FIF T@e| 3( |
G2 GAPIE v = AKO[P & 2R T 20|

Yoo =Yk =apAK* P!
YiL =B(B-DAK L

" "
YKK KL

K KL| = o(o, — 1)AK* 2P -1.
Yro yr (a—1) B B-1

AK“1P?

H=

—(ap AK*! , 8- )2
= afA’K** P2 [(a-D(B-1) - af]
(1)
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IWMA>0,27>0,B>0, 0 +PB<IWSEH>0; @R o, f>0¢ea+p<I
20 H > 0 (712 A0 C TE<0J<0]
Trizaet 8.9.2 ¢ GG GICHLA FIRAE! 0 Tgre bifewl ST A 27 ¢
Q, = 40 — 2P, + P,
Q,=15+P, —P,
wigfe 2P, + P, = Q, — 40
@R P, - P,=Q, 15
(@uE 77w, Q) ¢ Q, ¢ IWM ~PRIFGIK «ta P, € P, (F AT A I, ©f T
P, =55-Q, - Q, =AR,
P, =70 - Q, - 2Q, = AR,
@G oW R = P,Q, + P,Q, = (55 - Q, - Q,) Q1 + (70 — Q, — 2Q,)Q,
=55Q; +70Q, - 2Q,Q, — Q> - 2Q;?
TR e =1 =R - C
= 55Q, + 70Q, — 3Q,Q, — 2Q,2 — 3Q,2

%@&}2: :@ @&%@6 Q) +QQ, + QY
0QpM2 ™~ T2 |77 —

n,; =—4<0

T, =—6<0 @R & H M 2 Fa0eT
22

JOAR AT SCoFF FCIA S0 |
Twizaet 8.9.3 ¢ e (T (F) f(x, y, z) = ax® + by? + ¢z (a, b, ¢ > 0)
G TG TOFFT (X) g(X, ¥, 2) = X T (g b ¢ > 0) G0 TG ST |

T 2 (F) @R f 2CeN 7Pl [oq0s el SLoFFia ([@9Fet ok f 2l
T |
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(A) gx, y, z) = ¥ @ACT u = ax? + by? + cz2 €T u — e¥ 93 FATAD
(transformation) @ u ZCaN T&s | TM f(x) TG @ F(u) T@& IR I8 T O v(x) =
F(f(x)) © &€ 207 | TeeTol b3 (Pt g Tea 207 |

8.10 wwea

TN SHRHTe ILeF [RE ST TGO L7, SCEBIBISH(aE L7l @ ¥,
Y SR SCAFF, (@RS (iR Tepfn [ers Sana 9 2@ |

8.11 Srepettetat

S| eR eres aefelba w9 2 -
(@) z = (x, + X,)* TAFIH & Teat, Sq0et, TR T&e, FCIF Bqwet Al (FC5E
-G M (PG 76T e |
() el TesTe! IS A6 ?
(o) Tawel TFRE oo e Al |
(R) y = 2x,2 + x,2 97 ol W+ 6% SR (stationary values)
(8) gaTEET TSy Kg© A |
3| Teva ewsE afea s 5
() a, b, ¢ T INCTT TAT (I (Fle ¥ SCA FACE AT ST FCITSICT S0
2(q?
f(x, y) = ax? + bxy + cy?
(d) Z=—x>+xy — y> + X + 5y @7 FOE I {967 I 43R @€ @ Ol A
RIRRIDEH
(o) oW ¢ Z = (X, Xy, X3) = X2 — 3%,%, + 3x2 + 4x,x,; + 6x,2 G 5 A O
T o [ G922 AFCE O A T 2
(D) f(x;, X,) = x,2 x,° TCAFHO 6 @il orwet 2 Ko weal |
() f(x,y) = 60x + 34y — 4xy — 6x2 — 3y + 5 €7 FI0 [{AM&feT (critical paints) e
AT
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8.12 argelfg

1. Simon and Bluue
Renshaw

Chaing

Tekayana

A

Intrilligator M D (1971) : Mathematical optimisatiri and Economic Theory, Preutice
Hall, Inc.



qF% 9 0 q2pers [QRHE Suorwted A9 w<agl-11

QP
9.1 Tty
9.2  BIEN

9.3 wHwiRTEHTTR *1$

94 ANEm SFBwRTe AEpE e et
9.5 HAm SFHwECeH ¢ SPeE Ml T
9.6 RS cananfir

9.7 fag wfefae foam

9.8 SlYl TAEE (AT

9.9 Y SEFCEE Jerliides AT

9.10 @TTSeTA Tttty

9.11 =ialg QdTEd A

9.12 AR

9.13  enie

9.14 ar3oife

9.1 STl

G2 S AT TR 59, 2P aR O AE® T (Aeam Srdim
“SITE S A |

9.2 AT

«3T eve WA GFEF (unit) ARTIET CATRITAT THCS 99 T (Optimum)
TR @RI @3 s Wi Feite e a1 T [fey saeme s fefere @
T 20302 |

116
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9.3 A ATHIZCEH

SefSifore g SIfFSaRremtag aRedl 438 (e | @« bifenl sty =eibse 23
Tl (Ore Ol GFTel 7l TMAe TWTHRT MK ©F TR 2RV TR
22V FAC9 AL |

A ¢ SPHABEH Al BN 2@ 0o @RIT [y ave EIoa S Aele
SIS D @ TR F41 | ANBTCIT @2 7 € FITwFel o0 (@RI @ T
SR A ffzrelia Sy 2 e R” @« sttay (1 (<pite {2 iy sl

(% 23 (By unconstrained optimisation problem it means that for functions which

one twice continuously differentiable, any point in R" s allowed to be a possible

solution)

9.3.1 BB =S 3

JLHAT TCAFF Z = f(x, y) Wl FEfwer At 7:1ifE W (AfRid Fvave sSef
Afre 20e

(i) 22 T (first order) SIRMF SREe1lT @Ftg Wy 2o A | @7 L ZCA
@It eve & ACF 7F6 79 (critical point) I& 2, (13 RMTO SICHFL ©IF 4

T MACE AGCIE Al @R FACKE A | 5% G oAt AeTghice A1 (but it at
its relative plateau)

(i) faor Twg eors Sikf#F sRFaaferd (second order direct partial derivatives)
U I 9 (a, b) (¢ W 97 41 27, G2 A ST AANSF 2(J AW SCAFSO
RS D BT (AR @ (G 203 M SAos FFes Bt (e | @3 o1g z0e0 @
9% oS SETefi, (a, b) [ (AF Sorwst seet 2 4 Sgfoa ACes afeyd
27 I S0 SIfEF (maximum) A R W @R Tee 20 TR 207, NI [Yre
A SCAFHG oW A AT 27 |

(iii) TSl FCIF 2o SifRE ST WelzFa T FF6 Lo (e 77, 02
O Wi, 9IS SRMF SRPeTatTa (cross partial derivatives) @o[FeT SIol SIfEF 2T |
GUFCES NSeT A6 KoL ([e 2 |

qeea gRefer N Remea =€l @RI AE |

5@ 9.1
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5@ 9.1a (© SCPFHT FCIF SO, X GR y G ACATF | (A (FAETNNG 03

7z z =0
X

P

X

(a) (b)

B e W0 FICE 7 I AL 549 Ao (Global maxima) SR 5@ 9.1b FCo Tws
ST S R T (FIENG G2 S [ 02 | oK ACHE TRF6 [ ARS
SR W Qo FA03 | 7@ S Skes (TeR) T x € y «F ANATE, @i e
AP, OIZCA T& A6 9 BT 5I (S[) T 0 T3 |
@I g 9.2 7% F! AT |
59 (9.2)

5@ 9.2a (© W20 x, T (direction) SR @ x, FE O ez sz | foa

f(x,, x,) f(x,, x,)
A A
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f(x,, x,) f(x,, x,)

H

9.2b (9 x, '8 x, TSAM(T B2 b4 | F5F 9.2¢ (@ W x, I O € X, I
B[ 8 x, IR b = 5@ 9.2d (© x, I BN 6 x, I O (A FBoAe
ﬁw (stationary valuesof f(x, x,)| @3 9.2¢ 8 9.2d foare SCAFHG (BT ﬁ%
AlCACE “fe 777 A1 saddle point &7 23|

AR B A alifefoss IS

1. fx, fy =0

2. fxx, fyy <0

3. fxx, fyy > (f,))° <l fxx.fyy — (fxy)* > 0

SR W T4 z = f(x, y) =@ ©F afifafes =S ¢

1. fx, fy =0

2. fxx, fyy > 0

3. fxx.fyy > (P9) 91 fxx.fyy — (£ )* > 0

z = f(x, y) A6 7Y T4 ©ier 79 Al wier K9 203 (inflection point) €K afifelfes S

1. fxx, fyy @33 oz

2. fxx.fyy < (fxy)2 Al fxx.fyy — (fxy)2 < 0 @3 S0 (& KMo AR (the
function is at a saddle point) ©IF ¥ ¢

1. fxx @ fyy =R [ oz

2. fxx.fyy < (fxy)* @l fxx.fyy — (fxy)* < 0

Twizaet 9.3.1 ¢ 67 SCPFFFACIT (A (i) O (I FFD Tl SCoHa FA
2T AT ¢ATT=CR (optimized) T 391 (ii) (18 FF6 WA (critical values) ST
i 5 baw, o, St 7 At fom [mpee (fitzez ©f e |
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(1) f(x, y) = 48y — 3x? — 6xy — 2y* + 72x
(i) z(x, y) = 3x* — 5y* — 225x + 70y + 23.
AN ¢ (1) f(x, y) = 48y — 3x* — 6xy — 2y* + 72x
Z =-6x—-6y+72=0 Z,=—6x—4y+48=0
x =0,y = 12 sifie W35 &% (0, 12)
Z =-6, Z =4
Z.(0,12)=-6<0 Z (0,12)=-4<0
AOANR SCAFROI Zxx @ Zyy d3 V2 @SR GO SRHF SR Aq @358 Hheye |
z,=-6=27 z,(0,12)=-6 =7 (0, 12)
% Z (0,12).Z (0,12) =—6x—4 =24
&R [Z (0, 12)] = (-6)* = 36.
24<36Z .2 <(Z)
wdie 7 , 7 <2 % 3@ 2e1e Z 7 < (Z ) 2es weems (0, 12)
(B ﬁﬁ) ©IGK™ 2T (inflection point) |

(ii) Z(x, y) = 3x? — 5y* — 225x + 70y = 23
Zx = 9x2 — 225 = 0 Zy =10y + 70 = 0
ox? — 225 10y = 70
Xx=35 =y=7
so(x2=2)5)
A [l (5, 7) € (-5, 7)
Z. = 18x z, =10
Zy |57y =18x5=90<0 Zyy |s=-10<0
Zlis7,=-90<0 Zyy li-s7y=—10<0

7dTe oM ST S Zxy = Zyx = 0

QL (5, 7) A6 e ¢
Z Loy =90%=10=-900

c(Z 7 Z.)
(ZyxZyy) < (Zyy) G ZxX € Zyy €3 (5, 7) 736 e =R [ead bz
Q0 3031 93k Z (5, 7) zea fem 5 (Saddle point) |
ORI (-5, 7) A6 [KYro
Z. .7 =900
Z, .2,>(Z )eZ TOEE AU TR Z(=5, 7) € SIS st sfief et S|
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NSOU ® 6CC-EC-04
Twizad 9.3.2 ¢ I fix, y) = ax?y + bxy + xxy*> + ¢ 27 O a, b, ¢ ¥3 foql

R (P AL G SO (2/3, 1/3) RTe B S/ S (ARG (@It o)
B AT M 27 ~1/9 ?

f(x, y) = ax’y + bxy + 2xy> + ¢

2l19fsiF *$ (first order condition) 2
of =2axy +by +2y* =0 = y(2ax +b +2y)=10

oo 2ax+b+2y=0 @Ay = 0 2
§=9x2+bx+4xy=0:>x(ax+b+4y):0

Jx
=ax+b+dy=0 yaafix 2 021 0 .. @)

(i) @ (ii) “M>iS ST FC oAeq T
b 2 b 1
X=——=— y:——:—

3a 3 6 3 a=1eb=-2

1

@ f(x, y) @7 ZT O T 2w 9
1

41 21 21
)=l (DS 2D o O
4 4 4 1
27 9 27 9
1
qeak 9

va=1 b=-2 ¢=
9 FEA 4 TGS W |
qM G n MRAF 21%% 5% (n choice variables) (ST I GIR SCw*] SIS

(objective function) 2 z = f(x, X, ....., X ) O s fefes wisire gam aifes
eE (Relative optimum) f=f@e @ e /e S0 |
ARA 1 3 ©=e = eifes eag NeoRfeles «[m ¢ z = f(x,, X, ..., X)
x1E/ P /&
Y2 A0 f=1f=..=f f=f=..=f
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SISIEIERIC
e qrafa (1) Hi|>0 Yi=1, ..,n Hi|>0VY i=1,2, .., n
ISR
fip [ fip e fin
?1 ?2 ------ 2n
o | e I [t
el e ek £, fo] g | bkl
=1 L= le f22 R - L= [H]

3 SCEAGAIT CFCa RTITSICR S A1 SRAF (T T4 2 = f(x, y) ST A
IS T o T 2002 ¢ O AN T SRRTF A6 Al 57el A 20T 5 Al S A
A 20 Ol 2CeT dz = 0 ; dx 8 dy 99 (@ (FIC WS (arbitrary) NCAT Gy (AT
TORE G ¥ ZCF I |

dz = fx& + fyd.
ST FCIF *S Al AT 1S el z G HIN W &Y d2z < 0 @R z 97 SR A
Gy 0’z < 0 5 dx € dy 9T (X (SFICAT A HACATT, @A 9o AL *[+) 207 1|
@y dz < 0 3M fxx < 0, fyy < 0 ; fxx fyy > fixy
> 0 W fxx > 0 fyy > 0 ; fxx fyy > fixy
Twrizact 9.3.3 ¢ (I GT 7j¢f SRS FIet Jw S e T=R-C
A AT TLAM SCAFF T TN PR, T W, NG 2 € AL WS I
oc:B<l
p, W S 1l & AT TAM SCFHOCO 2 g B <lgrmg & sz
TAMT, W 8 AT AT 12w S 207 ez e |
s s Q= QR L)=LKP =L*K* (. o=p)
T=R-C=PQ-wlL-rK. = PLYK%* —wL — K.

In _on _
A B 2T g S *SieEnes 0L oK
o _ Pol*'K* —w =0
S — (1)
I K —p=0
oK @)

(1)@ (2) (2t B 2ifes K ¢ L [a8fe 207 g S oiF 52w 91 S/ Sisig &
oI TR AT *1S 570 2G| ST |
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<[ | Poafo—1)L*?K®  PolL*K*
T Tgg| |[Pefl™1K* oo — 1 LK

53 WCR AR * IS [H,| < 0°€ [H] > 0

'H, |=Pofo.—1)L*?K* <0 OKE)

= P22 KA 21— 200) = 0 ( o< %)

Sl AT W16 279l 2|
(1) s ¢ Pal” ' K* =W

Y,
K= e |
Po,

(2) @ @foZIoT BT AN A 2
-1

Pol K ! —r=PaL“[(WL1‘“T ] _r=0
P

N PYU,OCYaW(a—l);’uL(zm—U;’a =1
1
(Paw* 'R )i-2¢

*

S L
1

K = (POL %! wfa)lfm
0.

(K7 = (paw e |2 (pope-tre Fos

*

Q=(L

o
B a’p? |2
Wr
TSR YA AR SAMCE p, W, 1 93 ﬁf{i@ BeICRS (exogeneous variables)
SO [RAT 2 T A |

L* € K* 2o WS @ Yo sAfse i et A 30 |
A ‘.{@?l 2lifes W= At wf*6wizte™« (Constrained optimization) :
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T (FICAl SCFFE HI Al O[S AT (ARITO (9T AW (FUF 9T SR_F® x
BACERE (T (T N2 SRICH ABY AN T 229 F1 27, WS 1S ACATE w4
@I SIS SFaEtes  ofafer W 2w | T8 S owaz, [Reme: wLtafos
AP CHCG @F [ GHIEF SN Al A x 5T (@ (@I W, 5I A 1w 209 fwwgel
FL A A 7 | TN BB @hE @6 |

9.4WWWWWWW

TS f(x, x,) WACF = fe R’ "o 0o Sest Siioime @< <14l 20Tl
(constraint) g(x, x,) = 0 XA g€ R’ i f (& I 5A T (TS T SIZCE Tl
AR B2 (x,, x,) (2 91 T 2, Al g(x,, X,) = 0 @& A AT T 7 | foa
9.3a (9 T*] oS f (& foals ‘jw?*[ (Three dimensions) €38 9.3b t@ f @q
Y (associated) (ST0osT (4T (level curve) o=« <1 2CACR |

THifaTe fafbre (reital zrte [Foa Ikl @R Sifafee i f <3 (i S fce
A G @Al (x1, x2) (@S (6 @RAT T At AN @it e | 9.3b BF At
GRIT T (@ £* ZCET AEH @T0ea @A T G GF AT A G 99 T (TS 5 T 2
2¢ FCACZ @A FAEF (%, X,) ZEA (X, *, x,*) AV (x,*, x,*) 77 Sy Srowea, il
SRECeR fefere A N amiq T 1 (x,*, x,*) RCe I SCoF @ Tl o
AFoR oS 27| @9 T @2 fog SR G Seeifafen smfere et
O TR ToAlT ST 91 204 |

@Xs@l,xz)amtwwnwi X
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¥=1(xy,%,) = {(x4,x,)-§=0
2P weows Toieiwy (Implicit function theorem) SFPAICH F(x,, x,) = f(x,,
X,)-y=0
r dﬁ or d_Xz _ﬁ ar dXz - _ fl':Xth)

ey 4% o dz Hxx)

daz; y=0

dxz‘z g21(x1, %)

G @3 BleT BCEl dx, ‘ 2 (X1, %)

@ R G2 12 ST ~#i*(F 2007 GTRI GUIR BIsT 00 | @8 =9 (x, %, x,*) B0

R %) _ 2104, %)

h B %) g (%, %)

g il (@ @3 93 FMF (@ x ¥, x,* G2 W w@ A e [ =
al; ©i2 TSR ATl AT g(x,*, x,%) = 0 (F (7€ 2| GOl x,*, x,* @ f G7 T
fefa <=1 =301

wifie 2= f(x,, X,) G ST (G SN S PHAZCEHI S TR S BN ZCGHTC
e B SIRe %o I 41 A |

for@ A2 53w A ZCa 5ol e FOITe (peak point) F€ Hiwa 53w M=
2CeTl ACINF (constraint line) T2H (@ T=6l U SIFfod Il (curve) OFF A
0w | e R G [, FI-T 5 A S K 207 Al

iale aoF Agfe SPATE AN SPouereE A AW [ (Lagrange
Multiplier Method) :

_ 4 ; fi
S S AR 2 7 (0 ) e T e
QA AN (equality . TN\ .

constrants), g(X, y) = ¢

BN Wi
& 770 I | .
el (F (T 2 ¢ /chc]jsti?flt)
L(x,y) =1f(x,y)—AMg(x,y)—c]
Gt A 40 475 | L 0
& X, 8y 8 &F ACATS 59 9.4

SRET ST FE AU
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TR G SR St %A T a1 27 | oigfie

Lx(x,y)=f,(x, y)-2g,(x,y)=0 (1)

Lyxy) =fxy) -rgxy=0 2)
L

L, —ﬁ—g(x,y)—c =0

TAREE fonlb AT A5/ AT FAC X, y € A T A AN IR |

e @ w6 (Second Order Condition) :

@itae @Sl FONa Tl (necessary) @ (AT W16 W67 F7 @OW TR o)l
SEET d’z @7 TR A (AT (stationary) RFTe (212s @ (A0 2l x @ y )
i e a1 2007, ©F TR | @A d2z @3 [fn et S (definite or semidefinite)
oz, fafbe 2@ e (12 dx @ dy 9T MF T#F A dg = gxdx + gydy = 0 @3
TR QI 279 A

Sy o S A T =S ¢

(i) Z 539 A T4 d’z ST SfA@® (negative semidefinite), dg = 0 7 ACATF |

(ii) Z SR Z(F T4 d2z 49 ifan®, dg = 0 F ACATH |

oS wra TAB WS ¢

(i) Z 5% 203 T4 d?z s S 203 dg = 0 7 ANCATH |

(ii) Z SR T3 T4 d’z 4SS 203 dg = 0 T FCATH |

TE SCENGAR (LG (FTNG S TR AT 60 KMt (@RI 2 |

k_&

oA SIS sl Aafon st <SP Y &Y (1@ 2 e (Arw)

IRE (1) @ (2) | ANFF (2AF

{—X =\ or Iy _ A

Ty gy

w1l i W 99 37 W L* 8 Z* Feita el (A< e «ifsliof #ihe 7 A (0 |

d%z =d(dz) = i(dz) dx + i(dz)dy
a2 X Jy

3 0
- g[fxdm + £, dyJdx + a—y[gdx + £ dyldy
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ady ad
=| fouttt + (g dy +fy— | dx + fwdx+(%d}r+fya—}r dy

(dy)
= £, " + £, dy e+ ﬁ,r% e+ fiy, cheely + £, dy” +ﬁr%[dj,rj+d:,r_

2 3 ) o
. fy[g(d?)@+g(dy)dy]—fyd(dy)—de y

Lo 2 2 2
o dz=fdx* + 2, dxdy + £, dy” +£,d7y

et AMFAT g(x, y) = ¢ .~ dg =0 &R d(dg) =0
= dzg = gmdxz +2gdxdy + g, dyz + gydzy =0

93 TN (ATF dPy @F W ez e 7@ (3) R ANFAC PR ©iRteT d’z =9
SIEE X0ET L (x, y) 8 L(x, y) (& 0T ORMe St T w0 T9 oizte
204 ¢ L. =f,—Ag
Ly, =1, —Agy

Lyy =Gy ~Agy =Ly

o d’z=L,dx" +1,dxdy +L dydx +L  dy’

3 T3S T 2l AT S AfReFa ATy T4 2 T4 2(J O OICF 67
2(J TGS @RI (Bordered Hessian) | @3 faeffacsa 519 who f0S SNCeTna 4
2l |

@Al 930 AR Al T ACATE @I faare AN 8

@7 Affee fora = wital (w4l TS (sign definiteness)

ou+Pv=0 =0T

_ (o)
V= l ILL
ou=—Pv ¢ \_B/
© q=an =20 %0 4% ? = (o2 —2hoB+bo)
Soq=au Eu B—zu =(cf* —2hop + OL)B—2

q G (Aeg) e 203 (Faemlig aM A A 7AW (expression) GSF (3
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eF) 2|
0 o p
2hop-op’—bo’=lo. a h
G| bbb (A | @2 2Wfb IEAES 2Ind oo |
AR Tl T 3
0 o B
a a h|<0
R 1 =
(1) q #9< WS 209 ou + Pv = 0 9 AT @aemg 1w P 0 YL &
0 o P
a a h/>0
R 1 T
(2) q A9 WS 203 o + Py = 0 T ACATHF @Ferg 3w P 0 Pl =@
[a hl

TR @3 (@ SRR Rl o Bure Rk fwew O g S«

FCF 92 SAFICET IGIF T SN2 | (@A 25 I *[775 '@ A A 2ea1l i ANwacers
REONACH

A @ AFetE I dz @ #FE W, T u = dx @ v = dy &R T 7@

Lxx ny
L, L
yx yyIng=ocGB=gy§(f<gxdx+gydy=OCW|
O & A ¢
I\ M
A|=lg, L, Ly|<0
L. L
(i) dz ; s=s WS 203 dg = 0 AT 3 & v Ty o7 |
0 g gy
[H|=|g, Ly Ly|>0
L. L
(i) d’z ; s ffd® 23 dg = 0 7 T T & Ty Ty |

‘H‘mmgﬁmﬁwm
TOdd Z = f(x, y) 92 SUH* SRR A AR ACACE 2ive Fefemier e

IS 5N 20 T4 ‘ﬁ‘ LI 209 8@ OR[N 2(F I ‘ﬁ‘ AIgE T2 | T A ST ANE

eRFealer, (@ufer 11 @ IR T 200 ©f X, y GF IS A [Sfers J2re Tz |
e R[S Al oFg @2 fdfins fofes SfSaizme «9ma o= e et
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(NG BOET; (TCHRCE ST SCATHE T 2 = f(X,, X,y ooy X_) € 0 AT 2 (X,
Xy ey X ) = C @R L = (X, X,y ey X)) + A0 — &(X,, Xy ooneey X, )] 20N NG STCATF |

*1% A T ERICERC
AL T L=L=..=L=0 L=L=..=L=0
SR *1S

o i [F|>0[Hy| <0 1NEA

N — >0 D[]0 . JH,[y0

Twizad 9.4.1 ¢ (NS SATAN SCAFFL [N I 8

U=U®Xy =x% (xy>0;0;B>0)

AT ST SR = HATATE (22 TR) x € y GF ABPRER T x*,
y* f@efg 01 | @rFCg ATES @A ZE M = pxx + pyy.
L=x"y" +AM=xPx—yPy]A>0

AT ¢ EG ACAFE 8

L =ox®lyP B, =0
Jx (i)
3—L= L, =Bx*y"" -2P, =0
y ....(ii)
%:leM—pxx—Pyyz()
..... (iif)
(1) (ii), (iii) ZCN 2AT FCIF SR*F *S |
ox"yP By B
X B -1 Y N o
()o@ cms XY g b

_(BYEx
~elsf
G2 y G T ACSH (FAF FANFAC AT

xP, + Bfex x.Py=M:>xPx+(E]pr=M
o J{ py L)
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Blon oM E)P_
:>XPX(1+E)_M o0 PX((X+B) GR x 99 9 ’ (OL (PYJX ¢

M

"7P (a+B)

AT ¢

Twizad 9.4.2 ¢ IM TS SCHFF U = u (x, y) = (x+2) (y+1) 27, x T&@F
9% I Rs. 4, @ y WA 43S 6T Rs. 6 '€ JFGT O Rs. 130 T O@ x 8 y T (&
ST & SHATAIST AT 203 feefay e |

g s U=(x+ 1)y +1) Lﬂ?‘iW@WW‘TMZpr+pyy=4x+6y
=130

S L=(x+2)Xy+ 1D+ A130—4x - 6v]

Lx=§—L—(y+1)=4x=o

x 1)

Ly=a—L=(x+2)—67\,=O
dy

L?Lza—L=130—4x—6y=0
a T 3)
Tl FRel foalb AT FCa
x* =16 ¢ y* = 11 ZA|
TSI T ACAT *1S A
o 9x 9y | |0 4 6
[H|=|9x Lxx Lxy|=|4 0 1|=48>0
9y Lyx Lyy| |6 1 0

TR x* = 16 GFF € y* = 11 G5 2 WA TACIMNS] SCoTCPT [lel b 2(J

U* = (16 + 2)(11 + 1) = 18 x 12 = 216

Twigad 9.4.3 3 C = 3x + 4y @8 WIS 2xy = 337.5 93 A AN ACATT
SN W (7S |

Y ¢ C = 3x + 4y 2xy = 337.5

L = 3x + 4y + A[337.5 — 2xy]

:)7\.21;5

Lx=3-2Ay =0 y (D)
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:>?»=g
Ly=4-2x=0 D (2)

CA=3375-2xy =0
1.5

=y=0.75x

e

7

(1) @ (2) AT T AT 5 7
4l ANFACET T ¢ 337.5 = 2x(0.75x) = 1.5x2
sLx2=225 x¥=15(x>0)

ToaR y* = 11.25, 8 y* = 0.133

9{E Lxx = 0, Lyy = 0, Lxy = Lyx = —2A

gx =2y, gy = 2x

0 2y X
~[H=Ry 0 -2y|=16kxy<0
2x -2y O

(F=94 x, y, A > 0)

H
mﬁa‘ ‘aﬂaﬁ%aﬂmﬁfﬁﬁ@ﬁmﬁ

L x*¥ =158 y* = [1.25 92 T C SRS N 278 C* =3 x 15 + 4 x 11.25
= Rs. 90 20q1|

9.5 FIA S*oae e @ eI iyt AM%a9 (Constrained optimization with
in equality constraint)

TR @3 AR SHRFel (ACF A7 T AT | 4@ AT G0 BRSSP
@ SP1Y 4l 20T maximise f(x, y) subject to g(x, y) < b. wieffe f(x, y) (& 59 Nt
TlH® 00 2@ g (X, y) < b @& ACATF | B 9.5 (AT @2 L @R AT |

5@ 9.5 ¢ Vf ¢ Vg p @3 535 Wtwa M (VF & Vg point in the same direction
at the maximizer P)

TolRF BF g(x, y) = b @7 ice wi=eeT g(x, y) < b. f €3 Sl SCAHHT
eTeee G f1, £, £ 2ot Bbiere sl 2re @It A @Tres @2l £ 90 (@90
P s o T2 | @29 P Y I GG AN (boundary) SIItE (R4 g(X, y)
= b ; ©I2 W2 JF J&1 2 42 Aae! (Binding constraint), P s | THA (T
VI(P) o2 (b o Fat= @A £ 5 p iee =ital we Jfa iitsz | IR Ve(p) g(x,
y) > b EBHE oM Ttz 1 @@ p [79; g(x, y) < b GG f & 539 04, ok f @7
2T (gradient), FNE (AGCF (constraint set) T F4Ca =1t | o It SIS SIZCA
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g(x, y) < b @3 FNEICeR f (F SR AT (@ | J9qR VE(p) ; g(x, y) > b=1f @
frtee fao sata 1 wiefie V(p) € Vg(p) Toxz @ I fost wata | sizee 3 Vi)
Vg(p) 9 It @9F (Multiple) 23, @R A OF B9F 27 (multiplier) OI2Ca I I
Vi(p) = AVg(p) Tt AVE(p) — AVg(p) = 0 GTFd A > 0 (S|

G T TiEg sioe 1 T © 2 ¢ L(x, v, A) = f(x,y) — Alg(x, y) — b]

oL _of ,og L_Jf ,0e
0x O0x OX @ dy dy dy

oL
qqrg OA fefa waig ICel RO w4 @G (@, €41 qF 54 £, g(x, y) < b @@

b
fﬁmmﬁag(x y) = ax y)<b 53 9.6 fud

B S 20 AR mﬁ?{m\vm qm-gg(,\ol Gk (,ﬂﬁg(x y) = b 7 ToF ST r
fRTe, ¢ g 9 (ET0oe O #=r7 "3 200, [F€ Ve Vg & r 77 s [eide

i el sace, A ReReg? 2| @Ry q 7Mee, gx. v) < b : W?aﬁ*ﬂmﬁ "
i(Q) ~—(@ 0

TS Al constraint ZCA! 42 G219 (non binding) weffe OX UEN d
| @ICT q 20! BN ngl QI sTiaE ST 20T L(x, y, A) = f(x, y) — A[g
oL

A s

(x,y) - b]. @ X & 9 Tz Wz ST <61 2 T A = 0 21 A = 0 &
ANFIACE bl @ feFaiiet 9 1 (not binding) |

AR FfE ANFOR CFF g(x, y) — b =0 @R A > 0 @GR T4 SAaae! 47
T A = 0 (T ORI 3 U2 PO @ (Il G0 e 203 oits @l &7
G775 iAol =7 (complementary slackness condition) €2 72 S wefie =
gx, y)—b=03A A =0 Mg (x, y) — b] = 0 AT &1 A}

e BB ooareeia FEfafie #afs Srpita Sarglem a1 aF ¢

@FICN G SpT STREered ACATE I @6 SAFPBRRCEH TPTIE [ao 1
T (T SRFANCAN SRS Sl ST ZCell f(x, y) G=R ARG SCoFF Z0al
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g(x, y) > 0, x, y > 0 ©I=eet M Mol 2= ¢

maximize f(x, y) subject to g(x, y) >0 (x,y) >0

R T STlelE SCFE 20T ¢

F(x, y, 4) = f(x, y) + Ag(x, y)

G2 P 22 TR SRF € LT 2SS @1 27 o 6IFid *16 (Kunn Tucker
conditions) | *$&feT ZCa ¢

5@ 9.6 ¢ (@ SR A F4iE 77

oF_ fx(x*, y*) + L * gx(x*, y*) €0
S1(F) K

aF & &= ] &% ]

ngX(x SV FAF gy(x*, y*) <0
@A) x,y>0

Xa—Fz a—F=0

AT .

X gxry)20 L
21 () Ih () A>0 (o) oA

(o) @7 *Safeid genl wAfdoEe Miferem =S |
Twigae 9.5.1 ¢ WHRIRS A4E RO I SRZR (Optimization) FEWT K61
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I 2 c(x, y) = 5x% — 80x + y? — 32y &N IA @re A Al Sesifre @
A x + y < 301 Kunn-Tucker *[9%f1 (14 @R x @ y @7 5 Sefer o sca
(optimum values) |

Min C(x, y) = 5x* — 80x + y* — 32y

Subject to x +y <30 —-x -y > 30

STIENG SCoHF 8

Z =5x>—80x +y>— 32y + A [-30 + x + y]
TG *oufeT Zre 2
a—ZZIOK—SO-F}vEO;K%:O;XEO
X 9X
a—Z:2y—32+l20;ya—Z:0;y20
dy dy
a—Z:—30+x+yS0; ka—Z:O;kEO
oA A

AT x>0<€y>0

. aZ_O %ZO

TOx g W sifeEe RifReTel W SEpEe

S10x-10+A=0 ¢ 2y—32+A=0

AT «& AT A = 0 OIZCE 2K TN (trial solution) :

10x —80=0..x=8>0

2y-32=0 - y=16>0

GRXCYy@IATX +y <30 @RI .. x =8, y=16, L = 0 92 AT
e 203 AV |

9.6 (afAF caliafiik (Linear Programming)

G2 oy el o3 Aekm SAFaEresitad SPpiE ke a0 7, [ows
@ G0 FRE Sl SRS (AT SPTTel Mg SICorwaaferd ACATF (linear
inequality constraints) (%5 A FEH S faefa a1 270 ©F (e 7w | [y widtafes
Praices (wa @7 A T A |

GG YR RS AR AP, @A (e 7o Pra® semi (decision
variables) (R OICF AF* T 27 8

Z (& A At TN T T @A Z = clx] + e2x2 ...... STl SIois
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Subject to : a, x, +a._x, <b,
a,x, +a,x, <b, SRTre| qEl
alel + am2X2 S bm
@R X, > 0 x, > 0 SN K1 Noa Srafe Suigacd (@TRibead ARy [Feita
G AL AT IR O] (I 26 |
(3) Pora AT FLE SR 8
Maximize Z =4x, +7x,
Subject to 12x, + 7x, < 42
5x, +4x, <20
2x, +3x,>6
X, 20x,>0
forg awe foafs @ T Srorme 22w pgicdl il 2@l | ABCDE 26al
3t @A NS TSIy W (feasible region) | €3 SHECER W@%{ 3l ¢ A3, 0)

: B (7/2, 0) ; C (), D(0, 5) € E(0, 2) ¥ Rmafer 7 Sramly SIco (s Pl 27 O

7 1472

Trwsly SR NNl 79 8 Z, =12, Z, = 14, © 65 ,Z,=35¢€Z =14
AR Z, D(0, 5) Rvre sHifes 2007 @) Z @3 53 S Z0a 35 |
Trizad 9.6.1 2 <3 6 A ¢ B U6 73y A€ A | FNOH Yo SAMACHG SR
(@A A € B G112 2@© 27 e sifmud sepica 2fe 9o ¢

22T FIFoE faor FrFela
A T 10 20
B @3y 25 25

T A TF 300 GFF @R B TR 500 GFCH TG AR | 6 W R
9G2S 7 10,000 @ 8000 5iFl | @2 SIORGA 7 U SRETHC WG Yo F© Q6!
BIFTICA! AT (312 PTG Gl caaifii olote Sgest STl < |

AN ¢ 47 AF x, @ x, A OF QGRS T CFG T9 WG] WE6H 9o
BTl 207 (12 W 9901 | Joqik A By (o 23 10x1 + 20x2 ¢ B T3y 2% T
25x, + 25x,| (ARG WGF 201 A WA (09 300 935 ¢ B WA (FE 500 GFF;

. 10x, + 20x, > 300
25x, + 25x, > 500
X, X, >0
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G X, € x, 961 AW 9o WO P& I IR @6 TA 10000 x, + 8000 x,

R O 203 ¢
min 10000 x, + 8000 x,

12X1 + 7X2 =42
5x, + 4x2 =20

Subject to 10x, + 20x, > 300
25x, + 25x, > 500
X, X, >0

(RPN AN > 42T 8 x,, X, > 0 SR ASG AN ST S = T&e 7]
g e |

B 7 &l 77 10x, + x, = 300 '8 25x, '€ 25x, = 500 &7 2N LI |

Q4 A RMCe I 2 8000 x 20 = 160000 il

B R™T® 353 ¢ 10000 x 10 + 8000 x 10 = 180,000 Bt
C R™MC® I ¢ 10000 x 30 = 300000 G |

AR TCefr AN 2 FFR 2 TF 20 UG GEACAT TS P 276 = 160,000
Bl 27|

afes (eialifiz-9@ teee! (Duality in Linear Programming) :

B @ SN Wi FRFE AT (ARF (AMNfR-a T 2ifenls s@w @ 5am
A AFE @RE (2lellfSR-a e T A | & TP (Primal) 2206 7071 @
A FANBAE (@9 (Dual) T I&1 27 |

n MRS GEIHE (FCG TS WICE LT 24T 8

Maximise Z = Cx, + Cx, + ... + Cx

Subject to :

n
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TG 10w S ¢

Max Z = C’ x
304
Q
A @1%\
20 25x + 25x, = 500
B (10, 10
ol ( )
10x, + 20x, = 300
I 1 1 : 30’ O
10 20 30 (30, 0) e 0.8
subject to : Ax <Db
X >0.
RN
GF (@emel T ¢ ul, u2, ..., um 93 HERING Ao [l T @A
Minimize Z* = blu1 + bzu2 + o + bmum
subject to : a, u+a,u, + ... +a u >c
a,u + a,,u, + o + a U c,
alu1+a2u2+ ........ +a u >c
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RS (eaifik @7 foal elum Tasw ¢
(>) M (X, Xpy wooey X)) 3 AR AT TSR AN @ (U, U, .y 0, (&9}
AT 2R o OIF(e

bu + .. +bu >cx + ... +ex
wigfie 7w S SICPFRHE S 7 2B SI@e i A (25 2(J | (Dual

objective function has a value that is always at least as great as that of the primal).

(R) G@IR (X, *, ..oy X *) G (U, ¥, ......, u_*) 2B 8 (70 TETR Referaer; wize

A (X, ¥, ......, X *) LRI TR NG € (u,*, ....., u_*) T&S TP AN |

(©) THIfM ooty (Duality Theorem) : 3 2 PR @ ST Adres
I (finite optimal solution) $IZCsT (7® WPTE (FCAE ©f ARFCI | G2 TSACH(IL
Tol) BTG Aifafee Maeft i 2ia | 7 AR @I Jeks AEes [w
(founded optimum) =1 2(F OIZ(E (7@ FPTS ©f AT 1 |

Twizad 9.6.2 2 24we LPP ¥ (awoel N6y aal |
Minimize Z = 3xl + 2x2 + 4x3

Subject to : 3x, + 5x, +4x, > 1

6x, +x, +3x, > 4

7x, T 2x, +5x, >3

4x, + Tx, = 2x, > 2

X Xy X, >0
A 8 2we LPP & iGeare e 2 wee 207 ¢
Minimize Z = C’X subject to AX >b X >0

1. [0, (613
|2 x=|x, | 4= ] 3
4 X3 472

M v, u,, u, u, G ORI & O (79 AP =T ¢
Maximize W = b'U

R[]
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subject to AU<C,U>0

U=

Qe Load
G AP 2 a1 20 ¢
Maximize W = u, + 4u, + 3u, + 2u,
subject to 3u, +6u, +7u, +4u, <3
Su;tu, +2u, +7u, <2
4u, + 3u, + Su, - 2u, <4

u, u,u,u >0

9.7 fog wfsfae fam

@ AF f SPFFFT AP (domain) A 436 Tea1 G6; u @2 v 4o e
(TS ZET | G &1 AF uy WARK @ S @RIB@ MN bist 932 Fa0e @siwreita
Fre N 7, M {9 S0 SHei I@ 014 | G2 S Sl Swe] (Sl Tes)
203 M MN BIt7 ©9iF M € N rete Aae 7% M 7Y SIeoil Swelx 1@ A1 1+ (N
% ST S (=5 A N T | SCATHC FCIA SN e (St TweT) 207 I
MN BItoiE T2 M € N I8t 7361 7 FCIFeE M 7 Sorl Sifa 8o (FTIFIT
N &% sicsi1 Twor (25) 27|

g ora a=en® =% =1 20 |

5@ 9.9a (& (4l ABZ uv 2 (FARH SCPFFF 2IE GTeid MN BIToF 3
A0 A0 N R M &9 s Swerw (25 | widis M ¢ N @3 0 BT 8o ofEs
73 7Y M Sierst wifes Tp | wigfie Sorsais o Sl Swel | 91k 53 9.9b (9
M'N’ BICoi T SRfEe 7300 72 N STl 35 T | G2 S[Cowaio 203 Sl e |
5@ 9.9c (¢ M” N” «3(6 SR[ghie (@2l 9tz @A M”N” @ S[%e A0 K92 e
T | G2 St Sl See 8 SO Sl Soet % |

9.8 Yl T ACAFFH
(I SCAFS f SO0 20, (e AW u &R v, S AR 9o @
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@Ie e RMrsies, (Ted G FREIRS) ACHTF @R 0 < 0 < 1 9 CF(q 3

f(v) > f(u) > f[0u + (1- B)v] > f(u)

a3k w1l Twat gra A L(V) 2 T 2 £{0u+ ({1 =62 1(V) o i e et =
FCIT N TG (L FHT1 SNl > Al < @ ARRCS FCI P! (Strict inequality)
> ql < IAFCH G20 27 |

I f(x) S SO A FCIF T4 SRS T OIRCET —f(x) 2T W4l €A Al FCI
Y TEe |

@ @A SR (TedT) SCAFF, SN Sqoe (Sl Tee) 203 % Troiol Ay
TSR @ CPIC FCO Swe (FCI TEeT) GG FCI SN Sqwe] (FCI Sl
Ted) 73 5% Sreoiot AAfey w7 |

I f(x) G0 FIEAERT SCAFS 2 O ©f Sl S R Nl e 2(J |

9.9 SNyt AT Aefdfes A
Mz = f(x,, Xp ey X) GO PRI FANS SRPAACANN SCATE 2 IR
SigreRresTe! Al SN Teerel WK el ¢ faSi SkfE SRt s fAdime w9 )

z 4

M” NII

=

< s eas -
g\ T -

D
bl

(4

b
O

(b)
9 9.9

~
(@]
~
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0 f £ ... £
|B|= :fl fn f12 """ fln
£ £, £, o f

widffe GUFCE [B| (I f G SRPASerd Goi e e | Z = f(x,, X,, ...y X))
il S[es F(F M OIF SRMF *S sfFe 27 T ZCaAl

B|<0, [B,[20.... \Bn{i}o

I n [ (@e 23|
SR f FCOR SN SReeT 203 AW (B < 0 [B,| > 0 ... B | < 0 3t n Rreme @3k
I n (G & GCFE B |, B ...... B | 2Tl [B] @ 32 W2 A ¢

0 f f
0 f |
B=[0 | By|=l £ £|...[B,|=[B]
fl fl] fZ fEl fEE ’

Trizad 9.9.1 ¢ (A8 (@ f(x,, x,,) = x,x,> A 49 T <@l GG ol o |

ML ¢ QLT 8 al B:|=[B
o f | [0 x% 2X,X4
=1 £, f,= X% 0 2x,
f, &, L, 12xx, 2x, 2%
=—X%{2X1X%—4XIX%]+ZXIXE{X%ZXE}= 6:);1):; >0 gumx x> 0
1? 2
AR f FIF N ST |
3 Y /A
Trizad 9.9.2 3 (e (@ N+ @ Tofg i Y =X %27 X ggreesten
*E5[F9 A |
- 7 5 5 3
0 l=——x%* x% x%>0 = =
AL ¢ ! 14471 72 7T g Hy =H <O
f; fip fig i i s i iy fip
H=-fj|fy £y i+ &) Ly -f)f ) £
fy f3p fag f3 f3; fi f; f51 fy3
_f1£ de X; X_%
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QI W2 2 AW I P AR OIRCE [Fi]<0 23 | AR f o] e 83 |

9.10 @tew?t oA

A F £ 2 G0 oS T G0 S Toig @ ot [Zfemist At An=ifitiEa
Toig 87 903, @ g6 Z0el TAF x @ o G I f(x, a) (F HIN A S FA T x
G ANATE, o & B9 @Y I max(min)xf(x, o) F4! 2T O x @F @ N f
ifa Q1 T FF ©f o 9T Tl TS I | 4@ AF IR A ZCE x*(on) | 93 x*F (o) T
f(x, 00) (O A & OIRCT P*(cr) = f(x*(ct), o) *NEH A ACE <@l ZF el TS
(value function) I f(r) SRFFCIN 2, O (524 WA (chain rule) el

df’i‘(m) _ fI}(Xw(ﬂ-},ﬁ]M‘i‘ E’[X*[ﬁ-},m}
dot der 2 2d | @2 3 x AR
AR, x*(00) 92 RMC® f(x, o) 93 pOIE A 2] (extreme point) SIZCET 2 |
At

do  @g ARTSE T JoT WA AAfE =1 (x* (o), )

o ARTECTR T £¥(0r) G2 3 S o FECe #1700 27 | 21esre: @2y f(x, o)
oy TS 5 o ©iF o T4 S =3 w2 £+ T A =311 =i fTeiTes
a T SARTETTT T x*(0r) SR ST o AR 20 @R wermamel fix* (o), o) €
AT +if7afSe 27 | Toifafafie e (1) (AtF ol v @ ool Tareet f(x* (o),
o) CF o T AT ST SFeTe FACe12 2N AT @R x* GF o T T fTsaerod
[T 2SR «Jl 20 Al |

Gereeel Sosivy T 20aTl ¢ I flo) = max f(x, o) €} W x*(0) ; x 99 (IR W
Tq f(x, o) & FNEE F0F 2, OIRCEA

*
of (cx):[af(x,oa)] "
R=x* oL

E)IJ- E)rj

T oS SRR e AT |
@99 vector notation [IRIG /(I x= (x1, ..., xn) ER a = (al, ...., ak) =T IR
RINIENE SfFoBre™W e I 28 max(min)x f(x, a) subject to g ; (x, 1) =0j = 1,
ey T OTRCET QORGSR ¢
I (o) :[BL(X’“)] i=1,...k
IO, I )

1
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9.11 =TIaNG ATF A
GG TGS BT TP 99 T AT ¢
maximize f(x,, X,) = y subject to g(x,, x,) = k FEfGRI SICo ¢
L =1(x,, X,)+A[k—g(x,x,)]

ste o e ¢ L1 = (% X)) —Ag(xy, x,) =0
L, =6,(Xy, X5) = Agy (X}, X, ) =0

L, =k—g(x,%,)=0

foqfs A9 (AT e A ¢
aohi_b
g £

QU AN ST T A (F Wi REmeita iyt 1 A3 | M 2pew 39017 foaf
A (ATF X,, X,, & G T 77 1 I wizeet foai Azw Som (explicit choice
function) e AT A = 5 x,*(k), x,*(k) € A*(k) 98 99 e fefe S Toaey
o zra ¢ P =100 7 (0% % () g e ez sttt @etemet Boten
AT FeT ¢

— aL — %
by == =1*(k)

w1 TG SAE el ¢ (T G AU A constraint T 2HAINGIE “AfFSCAg e
Tl SR 5 (Al SR CFGE «JTow) Wea AAfiass 23 (712 e 2193 zea
STREATE W= |

Ty Sols M U = U(x,, x,) 98 SHCRIMS] SIeomee 28 3] 4l el<eael 221
M = px, + p,x, 98 JCEH AT,

L=Ux,x)+A[M-px, —px]

L =U —-Ap, =0 L=U -Ap,=0

L,=N-px, —px, = 0 AT 2N AT O, (@A U (F 53 W Teief 41
el foifere wfFoaigeema eyl |

UG AT *S 20 IOFE @RI Fffms wiefie

Y2 A NS NG FCeT A& A

x*=xM/p,p, M)
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X% =xM(p, pp M)
A =2 (p, ppy M)
AT X, * € x * (P el =Y g wifefs s fofes wifant Ss < (Money income
held constant demand curves) J ST*(aTT Hifzwl SICoH |
I @3 Hifenl TS 7o SoTRIfarS! SICoFRE IAC 2 OIReT ¢
U* (p, pp M) = Ulx™ (p), p,, M), X,™ (D}, P,, M)] (F SCET I Siaifarel
o< I Indirect utility function.
” M M M
dU* _ dU dg, N dlJ di, _1, dx, U, X,
abl  dx; dM dx, dM o ot

Il

U, :prl “ U, :prz

2N I MSfefes ANFq (AP 2

oM | Prom P2 oM

e’ S g M= P FPaX

oM 8X1+ ox, - %4_ ax_2
M PioMm TP oM Prom P2 om
oU* _,u

(1) @ efegsm s OM
Ju* _dL M

GreE?l Totsy Spricy ¢ OM OM

MM 2CEl S e 2@ Seoisiimg |

Twigad 9.11.1 ¢ €1 I f(x, y, o) = ox> — 2x + y2 — 4ay

@A o 2T @6 STIRGE | 2reah 728 o @ T [x*(0n), y*(or)] @F i foefa
I A SCAFIP (X, y) 9T ACATF oI (stationary) SRR | (o) = fx*(ov),
y*(0), 0] €2 T SIS (value function) 6T 01 @R @2 (g @ ree?l TAAWH
AFH AT |

NG ¢ f(x, y, o) = ox® — 2x + y — 4ay

2L FAAT S ¢ £x(x, y, o) = 20x — 2 =0
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fY(Xa Y, (X‘) = 2y —40=0
1

AL FACT x = x¥ (o) = A

y = y*(a) = 20
TOAR I ICHATF 267 ¢

1 £ 1 1
f*('ﬁi}':@i(—] —2( ]+(2@:]2—4c¢(20:]=—(—]—4c-:2

o o

oL

d |
@f* (o) = E—Soc
i[f(x, v,00)] =x> — 4o = iz — 8«
o L [xH0), yH()] R
A po (o = Lo, v, 0= — 80
e do dot ot GICETH Tollw eisllel A |
9.12 FFFReAR

e SEPRITGCS T2 [ ST Seeeld LIFell, SICBINBe™Ii 76 @ *[S,
Yl SRFA SCAFF, (FRF (AN Toriv g e F9 2wz |

9.13 et
S| Aea epeferm elfefea w1w 10
() AW TAIIAS o &0 u = x*6 y*> @R P =8, P =5 7 e o
M = 680 2 SIZCE 2We AEH (FLAIF ACATH oINS SCAH AW e
9 A @R @ O BT T Gy SCAFF A 2, (18 Wasfer [ 62
(R) GFG GFHHA FIRAR 40 TAFS T3y o€ I AR HIfenl SCoF 20 Pl
=80-5Q,-2Q,, P,=50 - Q, —3Q, ¢k (G 7 C =3Q2 + Q,Q, + 2Q~
IR A AR Tysfe oifqme g3 wmafe Refw s
(©) 5z Tenita ereibafefes ke e |

Maximize R =q, + 2q,
subjectto : g, +q,<8
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2q, +q,< 14
q]) qzzo

(8) fatsz S fRcasat w4t ¢

Maximize 3x, +4x,
subject to :  x, +x, <10
2x, +3x, < 18
X, <8
X, <6
X, X, >0
Ay * =0, y,*=4/3,y*=1/3¢y* =097 (F TP FALT 27 ©=CeT
2AefF A primal FETF TN (67 Fcat @ (oot ToAsw (Quality theorem)
AST A |

(@) M S p = 64x — 2x% + 96y — 4y? — 13 TF OCA x + y = 36 €3 Spoifefes

oAV FE ACATT AP A B! X, y 7 A o7 AT |

9.14 argeifes

1.

A

Simon and Bluue
Renshaw

Chaing

Tekayana

Intrilligator M D (1971) : Mathematical optimisatiri and Economic Theory,
Preutice Hall, Inc.
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GFF 10 1 TG @ 9l wftafos el

gz
10.1 STy
10.2 o
10.3 ST
10.3.171
10.3.2 fR7fre wawe At SR RO e
10.3.3 SNFEANT 4 7F
10.3.4 SR et
10.3.5 f53S at afogiem smafere A
10.3.6 wixifefes sFem
10.3.7 <iFF SARTHT AR FAF
10.4 72 s
10.4.17%
10.4.2 CaorFTeTa Aszwcst GfFe siwtera sicet
10.4.3 ISR (T G2
10.4.4 ffwe st wtrE
104.5 IFCALiehE T crawEm oAl
10.4.6 FESE A SHRATS FANF
10.4.7 =RPHITeR faw

148
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10.1 Srwe

G2 G AT T RRIA TS AR

® IFEC Oleoy @ e

® SRR LTE

P
® IS AT LA |

10.2 ererEe

TG (o110 A FAE T A0 | WLl ST NG A FoAT (A o
SRS a1 2 TSR NG | ANFe Grferreica smief [ ¢ sidifen wg
wwesd | wdNifen [Kfen aifes amapmez @ aifes wiw, @4fes T3 Tt e @b @
@ (5 =, G A Tl el 1 2 AT S |

10.3 FsiFefa

10.3.1 W

X DU GG M€ SNCoFS f(x) 9 T AW x BT ST G6 SCoF F(x) ANTeitd s
T T (@, X G ACATF F(x) 99 SIS f(x) 49 7 I F(x) €9 Tk f(x)dx @0 A0,
ST F(x) (F (x) 97 ANTATF f(x) 97 46 Sfw® AT (indefinite integral) q&T 2 @]
SIF [f(x)dx=F(x) XSIF Q11 a3 1 27 GCH(E, F(x) [T F7 21@f s T (integra-
tion) €3 f(x) (F ST (integrand) I T | AN A FAF T “ [* A AANFEACAR
5% @R dx SRF AR @RI 27 (T, AR 5o Z0eT x; [f(x)dx 2O fix)dx @3
FARFA— TSI T 23|

10.3.2 Rede Saae™ A ST RIACT AT

T SNGIF o1 S FFGr alfTose @b A3 Ted MR —“(FNe e (in-
terval) [a, b] -(© GID SCHFHF f AT (A €2 SACHFHHI AP [ x OF Ge) 5 €3 NGI@A
G ICAFE -7 WEY AT @A F/(x) = fix) 22 GR T G5 Seos F @ ey
(T oI F & oo 232

siftecel G2 Paite Toiaie 2R (@ [a, b] €2 ANl € TS { SCAFS AHS T €3
S T T x G G AT GF0 SCHFS £ o€l A 9 @A F/(x)=f(x) 27 | 5% 3
f SCAFIH [, b] THIET A AN TS 27, O EIUFHCG [a, b] TOVIF 7561 [ x €3 &)
F S((oMF(39 ey AR @A F/(x)=f(x) 2|
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T4 [a, b] TR ol G0 TS F @9 WFg AFCE 04 WAl £ SoFF (A0F F
oS T A9 siafores STt (9o safs o el e #iifd | saacg @3
RIS 2o (ATFE AT 2Iafod @9 27 | [a, b] TG TRAS (TS TCAFF f 47 Ty
I 9T G SACAFS F-97 g AE @ [a, b] ST 37661 7Y x-a7 &) F/(x)=f(x)
27, ©@ F (3 [a, b] SIS f @7 WiWe F0Fe A1 [Koife S@a5e1 (anti derivative) I&1 Z&
G @4 = F(x) = [f(x)dx, x€[a, b]1 W&le, F(x) = [dF(x) | O1&0& (4l (56 @ £ SICo
(ACF F SCos ff(3e s1afoz @Il e (@2l £ S @Iel Ty | <[° @2 bz
23S IAD S S (ATF TR IR T ©0gd 2AN2UF 9T (@91 (Summation)
@RITS S SR Aaze 2R | TR @2 Bz 23:7fe S smrcaa Tiifre st (elongated
form) | R#S® SR AN FIeea el 2ot sace fog Snizaet (el @ita

Twizad 10.3.1 : (@2Y

QT f(x) = x™ 13 (n=1) (F AN G- @ x*!, (n=1) @7 WS FNeT F61l 27 |
Twizad 10.3.2 : @29 %(ex):ex GEN
BICEIN
QAT ST G G (x£0) SIS AN F(x) = log, [x|
10.3.3 JNTEAAT ¥ 575

Ao @ eifS s[tdTe STeTbT oot Siefie [a, b] SICE f STAREF S(WMS TN A
O wifEely 203 a1, O @t (vl TE (T [a, b] T { S felwe AN F 206
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€% TSN (x) = fi(x) TE R @ (FINS AFI 4 7F ¢ IF Gl

=1(x) ; X € [a, b]

[T, ¢ 9T (@ (PS8 AT AEE G f(x) 99 WS TN 2@ F(x)+e | TR, £
AR T G WS AN 2SI ©CF O SR TS 7] A, TSI (Fes
SR T SIS AR S ACF, O3 ©f Fe2 S@er’ (unique) 7 |

ICEE LR ]

. j3x2dx =x>+c

(ii)
Tedd Al SCAFETT TWNTS AN (T 4 <[5 ¢ AR, Ol AN ¥ 95 J61) 37 |
oiztE (rdl (o (3 ¢ I x e @3 wIfafi® 4 = (arbitrary constant) 2, ©Td

20+

A
AN FEPANE  [f(x) dx = F(x) + ¢

qUFCE [f(x) dx GF ALRE TG [F(x) + ¢] @ G0 Sfws AT @R x @
S 4 T ¢ (F AN 4 [ 6] 27 |

@29 AR @R (9T (T I F(X) SAFICSE X AT ACATF S[FeTe]
T2 2, I (9 @30 WS ST et T, [ [f(x) dx = F(x) + ¢ 0 f(x) S
X 3 ATATF TN I 206 F(x)+¢ T SR AN #Areq) 781 (s 4 <5 ¢ @3
ffew = 903 | @&, [fix) dx F x @ ACATF f(x) 47 SAWWS FAFeT 6T 2 | S0 (Al
a6 *e7 AfFrefFre M ¢ g @ [ T sen T, $E@ TR AR @ WS
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i 2ihel A |

Tfie s (@ ¢ I x e o s ¥ << @3z
[f(x) dx = F(x) + ¢

e
= f(x) + @36 SIS ¥ <

TOAR A2(EE @RI A (@, RN
I8 209 A |

f(x) @ O(x) SCAFF Yo a3« 27 @
¢ g3 wfWE 4 = |

o RS,
or, f(x) + ¢, = O(x) + ¢, [c, @ c, AW & =]

or, f(x) - 0(x) =c,—c,=¢
(@A ¢ = ¢, ¢, TN IS 4 =F)

2 O3 FEPAH,

@3 7iod T ARSI Tl

©IRCE, f(x) — O(x) = ¢ 203 @A

G2 T (A @R W @, G0 o T [Afeq S d9ife 2re Y, e
@ @I w6 SPEE Reaarws 7wz o Sfns 4 <5 29|

10.3.4 st fesafe
ees fEs K 4 503 it 209 [Kdx = Kx+c
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oS <17 @3 ST (w1el 203 dx I 1dx 2o w9 wiefie [dx = xtc
wor T *IfE STowE x0 @ TN, @A n = -1 e 203 «fe e

ol T x'a @3 I 2@

@I x > 0 92 *Sf STl T 20ACT OF I (TN (A ARLFL SN & |
Y A AN 2 0L

[x'dx=In[x|+c;x#0

A TN PR oS G AN 20

T T FeiiE pIR A AN @Il

Qs s I (@I SRS €9 W o6 91 27 O ©IF A 204, (3 AR
e wfde & 9 | T

[Kf(x) dx = K[f(x) dx

oo s g O S S (@9 Al SISEE T, Oitd TP (5
J S@F 27|

e [[f(x) + g(x)] dx = [f(x) dx + [g(x)dx

T T I SCATCRT QA NG AN, (1R SCATC TR 4TS 20 |
wiefie, [ fix) dx = —[f(x) dx

@2 feRmeferd 2t 21 fog Sniggel (el Zee |

Twizad 10.3.3 ¢ [3 dx = 3x + c [ 1]
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Trizad 10.3.4 [feram 3]
Twigae 10.3.5 :

[frs 7 @ faaw 3]

QA ¢, '8 ¢ (Tl TS & <6 g% Sc, = ¢, (AR ¢ @ Wes & =, Foaik A
ST U T RIS P (PTG AL FANCAE L (I A |

Twigaet 10.3.6 ¢ [(3x° —x + 1) dx
= 3[x}dx — [x dx + [dx [f¥=@% 7, 8, 9]

[feraw 2, 3]

Twig@e 10.3.7 : [3x ! dx = f3x! dx [ 7]
=3 In [x| + ¢ [ 4]

Twizad 10.3.8 : [feras 1]
Twizad 10.3.9 : [ 1]
= -3e +c
10.3.5 »If33$ 3t afegom smafere AuTe™

A T AT [f(x) dx o T 203, @A £(x) STSIL A S TP 278 7 | 21776
sGfed AR SeTd ARMTS T AN SN( T “AfHere a1 T |

T 1A, [f(x) dx = 1

IR AT,

Q4 x = (O(Z) A
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<,

&P, 1= [f{ (Z2)} ¢'(2) dZ

al, [fxdx = [f{ (2)} ¢'(Z) dZ

SCATFCF] FLAFH TGS ANPA GaR ST AT

(i) [flax+b) dx @3 F=iFeT 2fegs afeam Fefy a1 97, ArFca 5eaa afogiom w9
Wax+b=27

Twizad 10.3.10 : el A [(ax+b)’ dx
LAF ax +b =272 .. adx =dZ

(i) [[f(x)" f'(x) dx] @& e #AfFaes afgzry Mo s a%; qoFcg 77 afogigm 75w,
f(x)=Z 41 =7 |

f(x) = Z &0, f'(x) dx = dZ =¥ |

s P f(x) dx = [20dZ [ f(x) = Z € f(x)dx = dz]

[@<e n # 1]

R [[fx)]" f'(x) dx = log |Z| + K [T n = —1] =log|f(x)|+K
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ERIN [@4 n # —1]

UER [@99 n = —1]

Twizge 10.3.11 : TN IR

AT 2+ x* =72 = 3x3dx = dZ

[ 82+ x}=17]

SfFS Aafore TN [y Swigel
Tzl 10.3.12 : AN [

(1) (i)

(iii) (iv)

(1)
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AfeZIAw 1 I3

I A3

(i)

SEIIRIES

Afsgiv =

(iii)
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(iv)
SRS

Afsgiol 3

IR B

10.3.6 sixifefes e

ALY ARG ANTEACH (F(G Yo SCHFP Gl SIPII SHATZS AR @ &6 ro Ol FNFeTo
S T a1 23| gaTFe UGl SRR Tasiere Wi iz ovie eere et a9z 23|
M u @R v Y SIS 27 O,

2] 2L IS X [ SR TS dx — A SCPFF X[ O SCoFFS
Twigae 10.3.13 : [x%* dx

RRIRIC]

= x%* — [2xe*dx
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= x%* — 2 [xe* — e*]+c
= x%* — 2xe* + 2e* + ¢
=e*(x*-2x+2)+c

Bl olmfe u aF FE v aF TN AT T, uv (AGF v O F9F u T AT
= el 3 wiefie [vdx = uv — [udv.

Twigae 10.3.14

SIS BCET (@ GURE AR A S (@I R sislers Wi e |t e @
IR TR Sl “Mafe SRRt O@ STRTILE [vdu S AR A% el 2Iaiore
e ({9 AR OB 2

WA FF v = x, T dv = dx @3

T FR

RI[AC) B3

Tuigae 10.3.15 : [xe* dx
I GUHCG S B v=x G€ u=e* W@ dv = dx G du = edx | JoAR
[xe* dx = [vdu = uv = [u dv

=e' - x — [erdx
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=e"*x—¢e"+tc=ce(x-1)+c

AT T AT 2R [l DB T o) TF FoFCeTe STl Wl (6T I TRTS
2@ @ 76! Integrand A BCA AN (3ol |

10.3.7 SRH< AR ARICL AT

T 27 THeF FONF 2 9% OIF T 6T T 2W Oxi AYFere: S sl ace!
T 2 | Zve AR 20 Sl 2 [RTanal S i ik [ifen “iafs sicetva
A0 20 |

2T AT T4 20F WA 4R GF S [T TeAmS AT 58 (@Al Serimia2 oagfe
27 7, @2 “afe NiEe Svizacd (i 2o |

W‘T 10.3.16 :
i
GF AT (F(E 27 THCF GGG [ IO TSAMTE A FA00 27 | (@9,

X+ x2-6x =x(x>+x-06)

= x(x-2) (x+3)

A B
ToF oFFCF x(x-2) (x+3) BRI @ FH A3

X*+x—1 = A(x-2)(0+3) + Bx (x+3) + C-x (x-2) ...(1)
(1) 7R ST 2TFE x = 0, 2, -3 I Al
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o “afe

I SIS WO (A WO S JZE | I, O F1A0F 2 @ ©l5) F(A I AOCFH
BAF AS S Fued I NG Aa(ors TG 3l 23 |

Twizad 10.3.17 :

T

SRS
T4 TCF AW @R GFAS [T Teord AT 93 e e Ffaagfe A |

Twizad 10.3.18 :

S S F,

Toq S (x—1)? (x+2) e @d a3 #AiR
x = A(x—1) (x+2) +B(x+2) + C(x—1)%...(1)
(1) =R SIS AT x = 1, -2 I AR



162 NSOU @ 6CC-EC-04

SR 1 7R ST x2 @3 729l AT I AR

v “afe
4 20 AW ¢ faqre [T Tesivss AF 5 (FICAl SeoAm(a2 s[age 23 = |

Twigad 10.3.19 :

SN T

ToF FFF (x—1)(x2+4) e @ T 113
x=AX+4)+Bx+C)(x-1)..(1)

(1) TR TS x2 ER X G 729 ANF© (A A3

A+B=0..2) C-B=1..03)

(1) TR =TS x = | IACE 21

- (2) € (3) (A A @ 2|
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A 2GS

T 79 AEF 4R e fawie {8 Sl 2t ©de farsre faae s i
FATT I AN ] 27 | (T —

Twizad 10.3.20 :

A4
=2x=AX+1)P+Bx+C)x+1)x*+1)+(Dx+E)(x+1)..(1)
SAE+2X+ D) +Bx+0) (xX*+x2+x+ 1)+ (Dx*+Dx + Ex + E) x

(A+B)x*+(B+C)x*+ 2A+B+C+D) x>+ (B+C+D +E) x+ (A+C +E)...(1)

TAEE (1) R SCeWm x = —1 AT ST W TRAF x4, x5, x5 x 99 76
T T

A+B=0 ..

B+C=0 )

2A+B+C+D=0 ...(4)

B+C+D+E =2 )

(2) | € P AR (3) 9 A, sfeT T; (5) @
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PNAD=1€(5)aB=y,C=y,D=1<TE = | slexl a1

10.4 7S s

10.4.1 3}

sififes PR w@sfe @it A 1 e Fao Foaf sk et 41 27, @R @5
a3 @fan S ok AW @, @A AR AR I T W GIR G A
S 2t ST @iz F7 (AT Frwod T TEJ 2, OF G2 SO («ffd (@ierecea NS
fAfiS ST qeT 2 | SVRRerTERA N 41 AF, y=x2 FBS SCoTFF, X OF @R x = 1 8 x =
4 T wfbre wifxe @I @Rl ST CFeaa cwawe W Fa0e 2a 1 (fba 1) artg 1 < x <4
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9 10.1

@R x = 1, 1-3, 1-6 29717 gz =il 10 6 56w ©itsl ot 33 ates [mee @ibefe
o 4 20E ANE cranan 100 skt o 207 @R O we Aeikw (w1016
AW GO @R P @ T @ | 9geid 1 < x <4 [ERE x = 1, 1403, 1-06...
opif pemiz @it 100 3w ©itel Siel St @3 AteF [ee @Iz omw T2 203 As
Faws 1007 =l [iow 23 ¥R Ok 0 CFaelid 1000 2iva a3t i S g
T I 7 | B0z RWIaa oI5 [RpTed A2 ALRIF Jfa T TS (Fawe odFHS
(lfeld SMARAT We T F7 (ATF SN FUo 27 | UG G2 B @I @Ioreeaa Ses
% STeeT qe1 27 |

10.4.2 COIECEa Aewcet [we Iistee 7w
A 1 T, a < x < b AN RS f(x) GF0 FHS, IF NG @ T3 SCorF | 92

a,a+h, a+2h,., {a+ (n—1)h}, a+nh TYal gt a < x < b KBS 2ToH h TR
n MRS TARBIA (sub-interval) @ €& 41 2&1 a + nh = b A nh = b — a 2T | O,

Q] FLCHCA y = x2
ya
T (T4 T SRS WS A
T T @R ©iF I THAN (up-

ner or <unerior limit)

- limit) <=1 =1 oA

N

0 1

10.4.3 FNFCE (Nfed

M a < x < b [@Wn q G S 2 @A,
a < x < b RSIEF 9@ f(x) = ¢'(x) O,

20|

3 ICET AN (F ST |

10.4.4 TfA8 TSR TR
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1. I (WS ST AN 276 S 27 ©iEE O b Affae 3|

LRI
2. ¥fr 7R e T @ [T M9 92 27 O FFCET A %+ 20 |

wefie

3. f9fe AieeTcs ©in Tl Sisialem @ise 2ot aom w9 =)

4. 9f5 T A (TR ¢ %) w72 WS e (@ores 1 S99 @I (312 3 S0
(Atarret Al S 7S T |

wefie

5. A (I SCoFRCE & 75 M @ FF O WS ANe ([e T ORe ©f 24 (R
¥ =75 e (7R Ssrwaa Wi T |

Twizad 10.4.1 :

Tuiggd 10.4.2 :

= 3Infu| =3In [x*+1]
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= 3In [3*+1]- 3 In| 0%+1
=3In10-31In1

= 3In 10 = 6:9078

SR u-F AWM u =02+ 1 =1 @R
u=3+1=10

U-GF ATATF e FCH 2112

= 3ln 10-3In 1
= 3In 10 = 6-9078

Twigact 10.4.3 : W4 fefy w1

& TS f(x) = 5x, f(x) = 5, g'(x)=e**?
g(x) = [ex?dx = e

s [Sxex?dx = 5xe¥?— [e¥?5 dx

= 5xe*? -5 [er? dx

= S5xe*"? — 52

[ ST AT S FCH|

= (15¢° — 5¢°) — (5¢* — 5¢%)

= 10e® = 10x148-4 = 1484

10.4.5 IFcadiciem swdel crawtaa sAfas

72 A O @ IEIAE TS (Fgwe flfne AN Mew el 91 87| @t @
THIZACER M (RGN T |
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Tnizad 10.4.4 1y, =7 — x Gy, = 4x — x* % U8 WCFHCA x = 1 (AP x = 4 G A
waTa ey st

AN

QAT A @ITE SCAFIEET SFF6] o |

g : 10.2

= 4-5

10.4.6 THS[IR A TH4C AN

g g TG A& (FG x WCF AN GIF ACCS AF | G- (G O IO
A SGiore T e a1 2781 @ [ T @ s TN @ Set SN iz @l

23 ORI AT, (oI GEH ‘oc” (ICAI AT 2P T ©OCHA, X G
el F(x) @ 2fSiom 32t it 91 | 58 it Sisid 7ead Aife wst 2o g 41 il |

T GE
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Twizad 10.4.5 :
YA
| :
| |
| I
I
| |
| |
| |
| I
| I
@29 b —doo : , Y, TR G
cricl e e < ! : @ e
T Jsg T ﬁ‘ﬁ(.) ; ! sqze ool
ATF 27 | ; y > X
10.4.7 sgfoitee aw

T f(x) = g(x) / h(x) 99 x—a @ AWTS T [efq w41 @@ 9 710 (1) 77 8 27 ==
it Awfe o @R e eioe (indeterminate form) T (2) T4« 719 @ TF AN AF

Anfre zm @ e oo =15 o aEGiteR e Wi Fef w4 231 e @

Twigae 10.4.6 : i el =
AT IO x—4 34, ©9 x — 4; 16 — x>0 2J |

(=101 JLax ARRIC)
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10.5 ssFresg f(x)
A
ICEAD (ATF oA S_eTe | [a,
b] BN FRES (FlNE AT [
[a, b] SSAET 7T I x €9 © w3
AT 6T T | ANFCR [Afoq of oy

AFAC (N7 ToA=v A 3%
b] SEACE IM SC2FF f : [a, b]
G @F0 SCFF Fooiledl 1ita
';If(x)d)(:F(b)—F(a)—F(a) »

5w @ THANI @R [a, b] S
wqifon owa Al Tw o

f(x)

“AY 9 97

\\ 4

10.6 Sr@le

R

1. efSZIoM 2fafore S T

2. e AN AT ore G AL e |

3. 3 AT 57 MC = 25 + 30Q — 9Q? ¢ 57 I 55 77 Oe 51¢ 7 foisf Tz |

4. 937 SfS7S A (convergence) I B ?

5. 3 9T SCoFF 2 P = (Q + 3)2 O P, = 81 @7 TR e el e |
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