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acufl \11u1u~';~ n11.W ua~.w~~iu 

Sets, Real Numbers, Graphs, and Functions 

lUJf~ 
1
"
1 sets 

L11liflVi'UL~a-3L'lff1L~fldtflfl1ftfl~LflatJY)fl\nl\4-3 thll "L'lffl" JouLtJ\4~1fiLfLLYI~ 
thll 'Ill~ mn '1117anqlnla-3i -111a-1 L'li~ L'lfmJa-31l'm1r~~'lllqj-3YitaLjaLLf1-3 ~,unotl-3nq11 
'1Ja,,\lmir~~'lllqj-'YhaLSaRLLf1-' '1117a L'lfmJ'El-'fl~l'Ylr~L~«'IIIi'Jmmm '111111Dll-3mnfl~1Ylo 
~EiijL~m3J1m~-1'NJfl ft1'111i'tJL~1'Jl'1LLflft~llft ~'lffl~f1~11ll-1Lft11a flilL'lfmJa-341\41\";-3 

L ~a'\. ~«::m flL11;J::Liontm'lff1Lfl(J Lf~m; 1 hliuti1Vi11~ 'lllqj L'Ji~ A, B, C,... LLft::i -1!1a-3 

'1117afi1Lml~th::nauri~~~Ltl\4L'lffl;J::L7md1«3Jlfn (element) ~a-3L'lff1Ju LLft::lin 

L1I0\4LLYI~~1(J~fl1!t1 hli~fi1Yi11~L~fl L'Ji~ a, b, c,... LtJ\4#1'\4 lf1 X LtJ\4ft11'riimJa-3L'lrf1 

A L11;J::L;'I(J\4LLY1~~1(J X e A ~-3£hWl1 X Ltl\4ft11"1fmJa-3L'lftl A ~1a X agL\4 A lf1 

X 11JLU~ft1111imJa-3L'lff1 A L11;J:::L11tJ~LLYI~fl1(J X f A 4-3r:hu11 X 1JJLfJ\4ft11"J!fl 

'lla-3L'lff1 A '1117a x 13Jar~L~ A lY1L'lffl A £i«ll11ifl~1~1~;l1nfl flaft11111tltl£lfllfl1L'lft1 
'U 

A i:i«3J11imtJ~~1~1~LrhLfl 1~mdtdL11;J::f1~1Tl1L'lff1 A Ltl~L'lff1411i'fl (finite set) I.Lft:: 

ti1L'lffl A ii41~1~«3J11in 11141ilfl flai:i3J1fl;J\4 11.1«13J17tltlanllf·hii«111fmii~41~1~Lrh Lfl 

\~n·nltdL11;J::f1~11'l1L'lff1 A LfJ~L'llfla\l'~~ (intinite set) 

'l~m1L11r~~L~auan'lll7aa~tJ1rJ11L'lff1J~ i t.h::naulf1rJft111irna::11u1-3 

1fL;jrJ~t~ 2 LLti'U fla 

.. 
~1111 

1. a.Yu,..uuuuvnut~ 1id;J::tia-3LL;JflLL;J-1«3JlirnY)fltl1L~L'lffl11i:ia::111l'H 
Lflr~ L;lr~~«111iJ flLL~ft::ti1 Hmr~ '\. ~1" L~utlnm LLft:: i:iLfl,a-3'111111rJ~ft111fltf~1::wi1-1«111irn 
LLfl1~tf1 L'fi'-4 

A "" { ~lULLfl-3, ~1(Jfi1, ~1~11 } 

B { 1, 2, 3, 4, 5, 6, 7, 8, 9, ,1 0 } 

'l~mdl~L'lffl~~ii«ll'riinLtlw;h~1~111n 
1~ L'Ji~ L~L'lffl B L1181;JL;'I(J~L'IIIlllflLil~ 

B = { 1. 2, ... , 1 o } 
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ii'1LIJ1fl~\4LiJ\4Lr11 flil\l'\4~ L ·n 1lJR1ll11 tl;) ~ Liiti\4LL;) nLL;) ..1tUJ1'!11'!1lfl1 tlf L1141L iJ\4 

;,~lfil..1~~Rll1fn1JHfY1 t-fl \4) 1\4 ~L"Ji1 1;, L'li\4 N LiJ\4LIJ1fl,il..141\41\4LfiJJ1J111 L11L41rJ\4 

LL 1.J 1.J LL;) nLL;) ..1 tlf If ..1d 

N • { 1, 2, 3, ... } 

2. a.Uu,uuuu11u1uanlla.tt RJJ1fT1'1lEl..1LIJ1fl1.J1..1LIJ1flufnl!tN::L~D£l'"K'" L'li'" .. 
LiJ\4Lft,~L ~llD\4Tr\4 ~1D LiJW41\41\4LfiJJ1J1 m ~llEl\4K\4 L\4n1 dtttL111::L1irJ\41.J11U1rJf! m-
RJJ~~1tlnlJLnmm£1..1RJJ1fn'l'"LIJ1fl~\4 L'li\4 

A . • ( x 4., x LiJ\4~1\41\4LfiJJu1mlEJvn11 11 } 

L\4~d;J::L,vn x 11fl1LL1h L'!tLL'Yl\4RJJ1fn'lfl 1 ,El.,LIJ1fl A ~1DtlnLiiv\411 
A • { x I x LiJ\4~1\41\4LIIJJu1n\l'£lvn11 11 \ 

Lfl1El..1~ll1rJ I L'!tLL'Yl\4~111 ''-il' ii'1L~ N LL'Yl\4L'llfl,£1..1"1\41\4Lfili1.J111 

lf..1~\4L11tl1;)L41rJ\4LIJ1fl A L~lJ tlflf..1d 

A • { x I x e N LL~:: x ..c. 1 1 } 

LIJ1~..11lJURll1fnLftrJ ;"J::L,t11111LIJ1fl11..1 (empty set) LLft::iJ::L4Ill\4LL'Yl\4fY1rJ ¢ 

~..1~1\411 "~ (phi)" ~1DLL'Yl\41f1V { } L'Ji\4 { X \ x e · N LLft:: 2x + 1 • 0 } t:: 

L ~\411LIJ1 fldLiJ\4LIJ1fl11..1 tt\4., D tlJURJJ'lfn L Vi11:: tlJu41\41\4LIIJJ~R tltlflftl..1K1.J Rll111,. 

2x+1•0 

chwfu~\l'.,fmftJJd •:: 'l'!titytufT1'1lm 

R LLYI\4L'D'fl,El..1~1\41\4;); ..1 

Q LLYI\4LIJ1~il..1~1\41\Uinv:: 

LL YI\4LIJ1fl"ll£1..1~1\41\4Lfi ll 

N LL 'Yl\4LIJ1fl,tl..1" 1\41\4LIIJJ1.J1 n~1D" 1\41\411'1,.W1fi 

\lv111 1.1.1 : L11;'1::1lft1111LIJ1fl A LiJ\4ft1.JLIJ1fl (subset) ,El..1LIJ1fl B ~1m41V\411 A ~ B 

~flm~ilRlllfn'!nfi,El..1 A LiJ\4Rlli'BT1'1JEl..1 8' LLft::ir1 A LiJ\4ft1JLIJ1~il..1 B lflll~URlllfn 
1.J1..19Y1,il..1 B tllEJ~L\4 A L1n::nft1111 A LiJ\4i1.JLIJ1flL\\tn:: (proper subset) ,El., B / 

LL~::iJ~L1Iti\4LL'Yl\41f1tl A c B 

i1'1 N LiJ\4LIJ1fl,il..141\41\4LIIJJ1J111 

LL~~ M LiJ\4LIJ1fl,El..1~1\41\4LIIlltJ1nci ..1\l'£lrJ11~1 11 

fl'..1~\4 M c N LVi~1~RJJ1f11'!1lfi1,El..1 M LiJ\4RJJ1fT1'1JEl..1 N LLft:ih•lllfnuHfl1,£1..1 

N tlJEJ~L \4 M L'li\4 13, 27 LiJ\4ti\4 

;nn\lrJ1JJ;J::L~\411LIJ1fl'YlnLIJ1flLiJ\41f1.JLIJ1fl,il..1fi1L£l..1 tt\4~El A ~ A L~£1 A LiJ\4 I , 
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L'lffllfl j LLfl A ;)~ 1a.h{hufu L'lffiL~ Yi1::'ll£1~1 L£1..1 lhWf'I.J L'lffl11..1,f" \l'nfl mflfl1ftfli 

lt\'fl1l~..1ri\d1L'lffi11..1LtJ"RtJL'lffi'IJ£1..1fl1l j L'lffl 

UV11J 1.1.2 : L'lffl A ;,~LrhriuL'lffl B ~tt£JL~£J A ~ s LL~~ s \;; A «1L'lffl A Lrhriu 

L'lffl B L11;)~L;jti"LL'Yl"t\'1t1 A • 8 

;)1flit!J1~;J~L~"11 A • B ~fim~£lft111'fl1lf1nti1'1J£1..1 A Ltl"ft111ffl'IJ£1..1L'lffl 8 LL~~ 
I I 

ft111'fl1lf111ti1'1J£J..1 B Ltl"ftlllflfl'IJ£1..1 A ""~f) A LL~~ B ;J~.,.£1..1iift111flm 'VIilD"fi"\l'"L£1..1 

UV11J 1.1.3 : «1 A LL~~ B Ltl"L'lffllfl j gL\W" (union) '!Jil..1L'lffl A LL~~ B f..1;,::L'iitl" 

LL'Yl"t\'1!.1 A u B ~m'lffi'!Jil-lft111f11~£JgL" A 'VI~£1 B 'VI;£1~..1 A LL~:: B J"li£1 

A u B - \ X I X E A ""'£) X E B } .. ' 'l~ '110VH 1.1.1 

A • { 1' 3, 5, 7' 9, 11 ~ 13, 15 } 

B • \ 2, 4, 5, 8, 13 } 

c • { 3, 7' 11 } 

;,::lt\' AUB - { 1' 2, 3, 4, 5, 7' 8, 9, 11' 13, 15 } 

AUC .. { 1 ' 3, 5, 7' 9, 11' 1 3, 15 } .. A 

AUA .. { 1' 3, 5, 7' 9, 11' 1 3, 15 } • A 

loa~'"" tl1 c Ltl"iUL'lffl'lJ£1..1 A LLI1 A u c - A 

Uti11J 1.1.4 : tl1 A LL~:: B Ltl"L'lffiLfl j il"LfiDiL'lffli'" (intersection) '!J£1..1 A LL~:: B 

f-l;J::L;jti"LL'Yl"~1tl A n B f'l£JL'lffi'!J£1..1ft111f~,\J£l~L" A LL~:: B ,r".,£1 

A n B • { x I x e A LL~:: x e B } 

'1 .. 10VH 1.1.2 ;,1nti'1ml1..1 1.1.1 ;,::1~ 

An B = { 5, 13} 

B n C • ¢ L 'Vfl1:: B LL~:: C ta.Jiift111fn'i111fi"L~tl 

A n C .. { 3, 7, 11 } ... c 
A , n A '"' { 1, 3, 5, 7, 9, 11, 1 3, 1 5 } = A 

oluiH&nfl «1 c Ltl"i'I.JL'lffi'!J£1..1 A LLI1 A n c = c 

\Jt111J 1.1.5 : ir1 u Am'Dfliii.,L.,,ti,t\'.,ri;,,-,m, LL~:: A Ltl"iuL'lJmJ£1-l u fl£J11v.ih11"n 

(complement) 'IJ£1..1 A -i.,;,::L;iti"LL'Yl"t'11tl A' fim'lffl'll£1..1ft11111~..1£J~"l" U LLfi11ln~"l" 
A ,i"fi£1 

A' = { X I X E u LL~:: X f A } 

lflt~tlnfiL'lilin~:: x e u l1'l"J1"~L1i1h'l"mnt~ta.lti1l~Liiflfl1111R'I.Jft" .;..,,f" 
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\11D1iL~b14 A' \\uit«tr~d 

A' • { X ' X f A\ 

fi1odH 1.1.s 114' 
u • { 1' 2, ..... 10 \ 

A • { 1, 2, 5, 7, 8, 9 ) 

B • { 1, 2, 3, 4, 5, 6, 7, 8 } 

tl-nf" .A' • •. { ~· 4, s. 10 \ 

Ul':: B' • { 9, 10 } 

fl18dH 1.1.4 \\\' N ~DL'IImJD~·114114L"li\J111 Ul':: . · .. 

A • { -X ' X L!J144114114L"llfl } 
. ~ 

.r~,f" A' • ( X I X L!J144114114L"ll" } 

la~anfl •1nft1od,~ 1.1.3 i::,.u11 (A'l' • A. 

\lo1JJ l.t.e : tY1 A ua:: s ~DLtJJtlltl i Nath:ua~ A ua:: 8 ~n::L~tJ14LLYI14«1u A-8 
~DL'IImlD~ftll'lfnf~DU," A utitJJov,\4 B ~14~0 , . 

A-B • { x I x e A LLft:: x t B } 

i1edH 1.1.5 \\\' 

. A • { 1, 2, 3, 4, 5, 6, 7, 8 } 

B • { 2, 4, 6, 8 } 

tl~,f\4 A-8 • \ 1, 3, 5, 7 } 
. ' 

Nl'fi1..nJD~ U Ul':: A ~DtlDli,_.ILU14mD~. A \l'14L6~ 'VI~611fh1'l1 

A' • U-A 
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• 

~· u UtJUHn"~ 1.1 

1. l\-\' A=. { 1 ,2,3,4,5,6 } ;J-l~nH"U.1'h1i£lfl11llfltlLtltt~tt"';a~n 
1. 1 2 € A 1.2 { 2 } ,e A 
1.3 ·2 f A 

1.5 ¢ c A ' ., ' 

1. 7 A "' { 3,5, 1 ,2,6,4} 

1.8 A = { n e I I . n Utltlflil 7 } 

1.9 A - { n I n \taord1 1},, '·: :.·· .. _ 
1.1o{x I x e I u.a:; ~-~.5~- ~ • 0 l c: A. 

1. t 1 { X t X e I LLS:: X' • ,5, tr~ .A . 

·'·• 

t, ,: 

2. L~ U = { 1 ,2, •.•• , 10 } u~:: A • { ~.,2,3,~,5,} , B ~ { 1 ,2,3, 7 .8J, ~ 7 { 2,4,5':~ 1<1-~n} 
2.1 A n B 2.2 A u 8 2.3 8 n C 

~· :· ·• · 'i.4 . A iJ C 2.5 A' : . . . 2.6. 'A-C. '·,_ 

2.7 (AuB)' 2.8 A'tlB' . " ",f 
2.9 (AnB) · 
I. 

2.10 A'uB' 

3. l \-\' A .. { 1 ,2,3,5,8,9 } ;)-lLL~TlLL'H1UJlfmllHL'1Jflfl£l LtJtt 

3.1 { x I x Lthu~"ll~ } 

3.2 { x I x Lthu~~ } . · . · 
3.3 { X I X ll1n1111 4 } 

I ; 

' ; .• f..i t f: , •.• \ !·· 

; ' ~·' ._ 

.. . 
r ofi;~ r·r t:J·~! ti 

l--5 



0 ~ 

') ::1J1Hl1 U 1lHI'H 
1.2 f I N b system o Rea um ers 

L\iu\1;)1fll"l!'1LLf1~fl~~ LtJo\.l,l"J!'~ .JLriD1oUu\ITltJ L'D'fflleJ\1~1'\.l.1'U.;)i.JLtJoU.~1UL ~ru "'.Jlfu 
\J .. 

L71~.:~m-,nmL~:::flm~mrio1ntJflm~1Jumu.:~~1u1u;)i.:~L~miem 1um7'tv;f11ittn11L~o1nu 
\J , 

L'l!fl"!Jtl\1~1U1U;)i .:~lfu. L"i1iji~itm111~~~1[Jl~ cil111tJ1\IL~1liJl;);):; L~1JGi1.4Gi1DL'D'fl"llu\l 
~1U1UL~1ltJ1fl ~7u ~1U;1Un-7111"1!'1Gi N = \ 1 ,2,3,... } LL~1~\IL y;f11i4m1l"!Ju\1~1U1U;)i-l 

1u,-thJu-:~~1u1un-111l"l!''iGi LLf!L u~dL11;):::L~1JGiu~1Df111 't y; L'D'ffllu.J~1u1u;Ji ii .J;J:::LL'Ylu 
\1 • I ' 

Gi1u R LiJUL'D'fl"llu-l~1J1'Jjf1L~ ,.n~L11;):::1~UU11111~111iif1LU R fJtlt~:::11 LL~:::rh~u~f111 
7

0 I. A 4 I Utt "" m:::'Y11 (operation) ~u.:~um.J 'If.:I;J:::L1Uf111 nwu1n + LL~:::m1~m L'D'fl R LL£'1::: 

1111 m:::'Yi1~.:1~ u .:~d;J:::Gi u.J~ u~f1~u.JntJf1 m~ 1lllii9iu ttld , 
' 

1. thwi'U't'Jf11 X, y E R ~~tJ111"l.leJ\I X LL~::: y cn.J;J:::L;j[JULL'Y1U~1U X+ y v::: 

ij~~tt'V-lYiL~u.:~~rt.:~~~tt'V-lwLfhlfu (unique) LL~::: x + y e R (flW.~llu-GitJ~mo'tGim,
tnn) 

2. ~1Wft!'t'Jf11 X, y E R ;):::1~ X+ y = y + X (f1tu.ii1lllii"llu\lf111~ttU~ 
mv 'tGim1u1 n) 

3. ~ 1~f11't'Jfl 1 X, y, Z E 

nTn)., ~~mu 'tGi m1 tJ1 n) 
' 4. ;J:::~u.:~ij~llliin o e R 

o 11Luflttfl'IHU~1Wi'Uf1111J1fl) 

R ;J:::1~ x + (y + z) "" (x + y) + z (f1W.~11Uffllu-l 

' 
.. 0 't"' 'D'\I'Yl1 ~ X + 0 = X 

. 
5. ~1~fU't'Jf11 X .. E R ;J:::Giu.:~ii~llliifl -X E R cn.:~.Yn'tv; X + (-x) = 0 (;J::: 

Liun -x 11~UL1u1~~1~ftJf111tJ11n.lu.J x) 

6. ~1~ft!'t'Jf11 X, y E R ~~~lli"lleJ.J X LL~::: y ~.J;):;L;j&JULL'Y1U~1U ·X·Y ~7u 
xy ;J:::iiL~U.:I~rt.:~~~ttwnLYhlfu LL~::: xy E R (f1W.~1llliiU~ll1tJLGim,-~m) 

7. ~1WlU't'Jf11 x, y e R ;J:::1~ xy = yx (f1W.~1lllii"llB-lf111t'ftttJ~ll1tJLGim1 

a. ~1Wlt!'t'Jf11 x, y, z e R v:::1~ x(yz) = (xy)z (flW.~1lllii"llu-lf111,)~~~· 

mtJ 'tGim1~ m) 

9. ;J:::Giu-lij~1J1'Jjf1 1 E R 1~u~ 1 :/ 0 LL~:::fhLy; 1x = X ~1~ft!'t'Jf11X E R 

(;J:::Lion 1 11Lunttn!;mH1~funTl~m) 

10. ~1~ft!'t'Jf11 x e R ;J:;Git~.:~ii~llliin x- 1 e R ~.:1'Yi1'tv; xx· 1 = 1 (v:::Liun 
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x· 1 11DUL1e:rhniTwftJm7~m'!l~-3 x) 

11. R1Wltl'Yjfl j x, y, z e. R ;)~l~ x(y + z) = xy + xz (flmtnltJ~"ll~-31l17 
f11~;)1[J) 

L'llflL~ i nf111Jt.h~n~tJiltJ1l11tJ11lLL~~fl11flnri-3H~~fl«~-3iltJflmtnJUli~-3 11 ,r~ 
~ , 

fHfiud ';!~ L7vn11 ~~~ (field) ~-3lfUL'llfl"li~-3~1U1U;)7 -3 R t.h~fl~tJTltJ1l17tJ11HL~~ 
m7flm ~-3Ltlum,-m~n1uuL'llfl R Ltlu~~~ 

" 
..fo~lflfl ;)1flflmH1.1tJ~"llf1"~1U1U';l7"~" 11 f~f1-3uud ;)~L~u11f~ 1-5 Ltluf1m-

• 1 I , 

H1.1mhnv1ffum,.u1n ilTwfuf~ 6-1o Ltlumu.H1.1llihnv1ffum1flm ~1ufeJ 11 Ltlu , ~ 

fl mR11Uii L~V1'fitJ1l11fl mm~~fl11tJ11le.IR1Jflu ;)~L ~"..d1L1"1ih;l V'l1~1l11"tJ11lLL~~fl11"fl m , " " 
L rhlfu ~1\4 fl11"~tJ LL~~fl11~ 1'1 L 11;)~\ltJ11.1 L U1thJ~ -31117 tJ11l LLI'l::fl11fl mfl111~1~tJ ttu 

" " 
flfl a - b = a + (-b) LL~:: a . b = ~ .. a - b-1 

b 

flmH1.1tJ1i"ll~-l R Bn 4 feJ~eJ'lud"lf1tll""'L,.1N11.117n,rf1~1~tJ~1.11onnlu R 111 
1 ... . I 

fl rnH1.1~~-31l~11'U';l:; L7vn11 ff;);)YHJ\\"U~-31l17ff1~1~tl (ordered axiom) en -ll~LLrl , 
12. ij~1U1U';l7 -3tJ1-3~1U1ULUU~1U1UtJ11l 

13. ~1 a E R f~fl111.1~-3 3 ,r~~e:llud;J~LUU;J7.JL~[J-3f11"00flf17m~~"L'Yhlfu fl~ 
i'l o A f'l o 

a= o, a LuU;)1U1UtJ11l ~7~ -a LuU;)1U1UtJ11l 

14. e.lt'ltJ11l'!lfl-3~1U1UtJ1 fl~tl-3~1U1ULiJU~1U1U.tl1fl 

i 5. e.!~fl rn"ll~-3~1U1Utl1f1Hfl-3~1U1ULUU~1'U.1UtJ1 n 
u 

~~~Lfl j ~N~f1fl~f1-lritJ~mH111J~~ 12-15 ;J:;L1vn11 ~~1Lf1f11~~~ (ordered 

field) ,;--3lfu R LiJUeJ~iLfltli~~~ 

U[Jl1J 1.2.1 : d1 a E R L71;)::fl~11'l1 a LUU~1U1U.~tJ (negative) ~1 -a LUU~1U.1U 

tl11l 

Utl11J 1.2.2 : lfl a, b E R L1'1;)~f1~1111 a 1l'~vn11 b ~-3;J::LiivuLWJ'\.Ui1v a < b 

n1 b - a LUU~1U'lUtJ1fl 

i1mh~ 1.2.1 ;):::L~U11 3 < 7 LV'l'l1:::11 7-3 = 4 LtJ-U.~1U1UtJ1fl LL~::: -8 < -2 

LW71d-i (-2) - (-8) = 6 ~-3LUU.~1U1'U.tJ11l 
' 

Utll1J 1.2.3 : th a, b E R L1"1;):::fl~1111 a 1J1flf111 b sn-3;):::L;l[JULLYIU~1tl a > b n1 

a-b LUU~IU1UtJ11l 
., ' , I I !'I 
~l1(1(JH 1.2.2 ;):::L~\411 7 > 3 LW71:::11 7-3 = 4 LuU.~1U1U.tJ11l LL~:; -2 > -8 

LV'l71::11 (-2) - (-s) = 6 Ltlu~1u1utJ1n 

't1)11UU1f! ;nn\l£.111.1 1 .2.2 LL~:; 1 .,2.J ;J:::L~Wll a < b fi~mij~ b > a 
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ih.nlJ 1.2.4 : th a, b e 

a .$. b lh a < b ~1a 

.Y1o a 2:. b il1 a > b 

R L1H::fl~1T"l1 a U£ltlfl11~imvhfiu b ~·3'v::L;jti\ULYIU~1U 
I 

I I I A I -.. A .a1 

a • b LL~::;J::mn111 a lJ1fln11 Wl£1 LYI1fl1J b 'JJ.:J;J:::L"lltiULL~~ 

~ia a= b 

;Jlflf) UHUJUliv.iaa;J;JYl;J'l1L~tl1rl1J~1U.1U.;J1.:J,t .:1 15 elltl L11~1ll11&l;J::;~~;n\ nq~a· 
i11.:~ i ilattJdt.; 

'Yitl'l!IQ 1.2.1 : il1 a e R LL~h a > 0 fiflm~a a LlJU~1U1U1J1fl 
wmn1 ~lll.liiL ~ a LiJw;hu.1U1J1fl ;J::Yl1J11 

tl , 

a - o = a + (-o) = a + o = a · 

,l-ufia a - o LiJu;hu1wtnn, .r.:~,fu,~nliUrmJ 1.2.3 L7~a~tJ,4!11 ·a > o 

lwrn.:~mruriu ~ll~iitVt' a > o ;J::;~a.:~~~;J'l111 a LiJu,)1u1uu1n 

~, a > o LL~~.:d1 a - o LiJu.,)1U.1U.U1fl LLii a .- Q 9 . a il.:~tfu a 

~1\4.1U1J1fl 

'Yiq~a 1.2.2 : tv.- a, b, c E R ill a < b bL~:: b < c Lt.t\'1 'a < c 

W/liJJ1 a < b Vtlll£1.~.:1 b - a LiJu,)1u1UU1fl LL~:: , 
b < .c Vtll1ti~.:J c - b LiJU,)1U1~1J1fl 

;)1flflnL~l.IU@i"iJCJ.:Ji1U1U;J1.:J-ll'a 14 ;J::;tt) . 
(c - b) + (b - a) .. c - a Lth.t~1U1U1J1fl 

I 
... .. 

U.U.fltl a < c 

'Yiq~Q 1.2.3 : tVt' a, b, c E R il1 a < b LL~::; c dJUi1U1U1J1flLLt\'1 ac < be 

Wcfilu Lda.:J;J1f1 a' < b tr.:~tfu. b - a LiJui1u1uU1n 
tl 

;Jlflf) nL~llllii'!it~, 1.4 ;J::tti (b - a)c .. be - ac LUU~1U1UU1fl 
I 

1l'ufia ac < be 
•(" .: _·,1.-

- .l .. ..~. k.:: •• ~-If 
;)1flf1nL~li1Jfl"iitl.:J'V1U1U;J7.:J'Yifl~11LL~1UU ;J::L~U11 . 1 E .R • fl1ll~&lUUJ1JtroB ,g 

LL~::;J1flflnL~lJUf!ftl 1 L,.1YI,.1U1111-1~1J1fl"ii£l.:J41U1U1;.:J 2 ft£l.:J41U1ULUU41U1U;);.a , ~4,f\4 , . 

1 + 1 ~.:J;J::LLYIU~1tl 2 LiJU41U1U;);.:J LL~::\un1U£l.:JLtltJ1if\4 3 • 2 + 1 • , 1 + 1 · ~ h 

4 • 3 + 1 • 1 + 1 + 1 + 1 "l&i"l tl.:Jtfu L'JJtl"ll!l.:J'f1U1UL~li1J1fl N • { 1, 2, 3, ...... } Ltll-4 

ft1JL'JJml£l.:J R n1U£l.:JLtl~ifl.t L'JJtnl£l.:J41U1UL~aA.:~;~::LLYI\41f1u . I th::nau~1tl~1U1\4L~li1J1fl 
41\41\.tL~ll&iU LLfl::~l-46 ~LtJUft1JL'i1tl"ll!l.:J R ~,jl.tifU hu1~;)7.:J~L1lrJ\4£lg"ll-41U ·} 1t~~fl a, 

b LtJ\441\41\.tL~ll · LL&i:: b r/ 0 ;J::;L1rJm1'41\41UfTlfJ::. 1::L~~114.1U1\4~~U~LfJu41l-41Uii'nq; 

~.:JttLYl,.1::~1ll1,.&lL~tiUL~Bg"ll-41U ~ l~ L1i~ 2 • f' ~ia 73 ;. + Ltll.tli'l-4 L'IJtl"ll£l.:JhU1U 

tlflrJ::;J::LL Yl\.4~10 Q ff.:~i:J'f1\41U;); .:Jilflll1flfilJJ"l,J41\41\4tlflrJ:: L,Jl.ty'f, :L,.~f1ll1,.&l~~~,1~« 
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..;, v.2 tlld1~~1~1~fi'rm~ ufiL·n~~tllw~~Ul~~d ~1~1~;,i-3~1li1"1i~1~1~tinu~ 
~1~1\UltlflEJ~ 9i-3,_f~~1~1~~7 -3ff1ll17llLLU.Jvan1ti~-3~ 

1. ~1~1'\.Hflll (integer) tl7~nau~1EJ 

lttutJ 11~ L 1 13J'n Lt\itJ~L"ll' fl"l.. fl -3~ 1~ 1~L~ llfi'-3d 

I .. I ..... -21' -1, 0, 1, 2, •.. 

.. I 

;,~L7£Jm1 

2. ~1~1~tinu~ (rational number) tl,-~nauti1EJ~1U'JU~LU~Lfi'!;«TI.l.. (fraction) 

L'JJ~ ; , -
1
3° Lil~ti~ 1JHfi~-3L71fl1;JLLflU~1~1~~Ltll.Ut'l'!;«1u4f1fJ~1U1U'Ylt'IU£Jll t"liu ~~~ 

3 .J !"I ,.. J! A 1 61 
• 3.65 , -0.3 = - Tii "ll'-3L1JWYifi\WllLL1J1J~~1J ~1fl "3 = 0.333... , - ffi = -0.549540540 ••• 

~ .JL{J~ flt'IUEJll1llf';J1JLL1J1Jtd 1 

number) 3, ~1U1UElti'nu~ (irrational 

Lm1~1ll«uJnn~~Liiuulu~tlLfi'!;H1~1~ 

.. e Ltlutru 

L"li~ 1.414 ... =/2, 3.14159 ... =11' ~7a 2.71828 ... 

" 
L ~lL~L 1"1.11fl dtfl L 71ff 1ll17llLL fl'Ut~1U1~;J7 -3LLfl~~~ 1U1Ufi1EJ;Jfl1JULHUfl1 -3 LtfUfl1 .Jit 

' ~~L;un11LHU~1u1u;~i-3 (real line) 1um7LL'YlU~1~1u;t1-3~1EJ~fl1J\mt~fl1,nfu L11L~ll4fu 
~1tln11 L~fln;Jflfffl-3;Jfl1JULHU917 -3L ~LLflU~1U1U 0 LL~~ 1flu 1 ~;tfl~LL flU 0 €)[ifl1~1tl"l..fl-3 ' , ' " .. 
;tflflLLflU 1 ~-37U 1.2.1 , " 

~--------------------·-~--------~L 1 3/2 X ·2 ·I 0 

1~u~;,1n o ii-3 1 ;t~L7un11 ~~-3-..n.bu t11 x ttlu~1u1u;~i.Ju1n L71;J~LL'YlU~1tJ;Jfl , 
~a~m-3'!11111£l-3 o u~~~,.,;,,n~t'l o Ltlu,-~u~ x ~u1u t11 x Ltlw41u1u;,i.,~u L11;t~LLflU 
~1EJ;Jt'lfimifl1-1Ji1tl"l..v.J o LL~~~u;nn o ttlu7~EJ~ -x ~u1u ;,~L~ui1~1U1U;ti-3LLfi~~~1U1U , " 
i.I::LL flU 1ti~1EJ;)flL YiEJ.J~~-3;)flL rhlfu 1 U 'Yl1-3n~1J flu ;Jfl~~-3;)fl;J~ LL flU~ 1U1U;Ji -31~L ~EJ.J~1U1U , , , , 

~1U1U;ti .J~1Jflif1J;Jf11JULHU917 -3LL1J1J~~.Jfltl~~-3 (one " , 
to one correspondence) 

L71;t~V.1J11 'CY1 a < b LL«1 ;Jfl~LL fl" a ;t~ flUfl1~1rnlfl-3'olfl~LL fl" b Lffllfl L"'i'U. , " ; 

-1 < ;!.. ti.J1tl 1.2.1 ~1 a < X LL~~ X < b L7H~Lt\irJ"11lJLU'U.tl1~ Wf1Ltltl1nufla a < X < b 
I 2 II . I 

\tufltl X tlV1::WlH a LL~~ b \tULfl-3 LWYl1Ufl-3LtltJ1ffU tll a < X LL~:: X < b L11;J::LiitJ'U. " - -I . ' 
.:e - • A I . I A 

a ~ X .$. b "il'.JL11;)~L7Un a < X < b ~1fl a .$. X .$ b 11flfflln1'~fltlL'U.fl.J L'lffl 

"l..£J-3~1'U.1"U.;J7 .J~ffflflfi~£J-3ri1Jafflln11tlVLd£J.J;J::L1un11 'li1-3 (interval) LL~::;~::L1un a, b 

11~fltl~1tl (end point) 
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I 

" UfJllJ 1.2.5 : tf1 a ~~~:: b ~iJi4~1\41'\.1.';11-1il~ a < b ,h~1u R ';l:;r:m1u·n1l~"ttJwd~~81tJd 
IJ IJ 

{a, b) = { X I a < X < b } 
a h 

[a, b) { X I a ..$ X .$ b } I> 

" h 
(a. b) { X I a < X .$ b } 

~ b 

[a, b) = { X I a s X <1 b } 
a b 

(a.:):)) = { X I x > a} a 

[a. oo) = { X I X~ a } a 

(-oo. b) = { X I X < b } 
h 

(- 00, b) = { X I X_$ b } 
b 

(- 00, 00 ) = R 

'li1~~1ah13J~~tl~1tl'YJ11~m::b7rm1i"lh~btl~ (open interval) 1 ~~1~bLn'li1~~attld 
(a,. b), (a, oo), (- oo, b) ft1U'li1~~~13J~~tJmrr;J::b7t~n11"lh ~tJ~ (closed interval) ~ ~t4lm1 
'li1~~El1tJd [a, b), [a, oo), (-co, b) ft1U'li1~ (-oo. :):)) ';l:;L~tm11'li1~LU~Yl~8'li1~tl~fi14f 
L Yfn::1a.lil~i1U~1tl H1WltJ'li1~~Btl1 u~tJ (a, b). [a, b) ';1:; L7£m11'li1 ~fl~ ~LtJ~ (half-open 

I \1 tl t 

interval) 'li1~~~Yl3J~nn~113J1~L~1~~Yl3J~ mJ~m:m141LiJu 2 tJ~::L1l'YlLYlqj i fit~ 'li1~fiij 
"llBtJL"llil (bounded int~rval) ~~14fL~n"'l'1~flB1tJd (a. b), [a. b). (a, b). [a, b) "11'1."~11 
tJ~::L1l'Y1Yl~"fitl"li1\J~taJil"llauL"llil (unbounded interval) ~~1~LLn'li1"~attJd (a, oo). [a, oo), 

(-oo, b), (-oo, b), (-oo, oo) 
f! I I Q.t ( 1 I ... t 

l11Jluttt~ :coY\18 +oo El1U11tJ1118UUil (positive infinity) LL~:: -oo El1UTl tltJElUUil (neg-

ative infinity) ~~ + oo LLtl::: - co 1aJ1'li~1U1'\.1.';11" · bUUbfi£J"it1JqJ~n"llnl~LL'YlU~13J1n j rn~ 
u1n LLR:::~13J1n i 'Yl1"tlwrhlfu 

LUflT1b;jtl\41171't'1Yl1ElL~HU111WIJ8~L8JI'iltfi4 if1L'll'ilYl~8'Ji1 ,'llfU~13J-;)~ a 4f1£J b~1';1:; L"Jl 
• t ' 

1"n~3J-titJ j ~-;)~a L~~tf1L'll'ilYlia'li1,JutaJ·n3J;J~ a L~H::1i1,ntl3JLU1.J~;Ji1 a . ' ' 
. I ~ 

i10UH 1.2.3 ~8JI'il"li8~~1U1U';li~Yl78-;)~tJUU~\t~1'\.1.1U;J1,'1 ~\ILL~ 1 ~~ 2 ~13.1\'i" 1 LL~::: • 
2 4f1tJ fla 

[ 1' 2] = { X I 1 ..$ X ..$ . 2 } 

[ 1' 2) = { X I 1 ~ X < 2 l 
2 
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... 
tnHJ11l'iUU 

i1mh-3 1.2.4 "il.J'Yil"ilfl"lJt~.Jmnml"i -x -3 < 2x + 9 vd'mJ~.JLL~91.J111'Vith::nmJ 
1irh iilYIU91L~ -x - 3 < 2x + 9 

btll 3 1nn~.J~t~.J"1Tl.J "il::1.1 

-x < 2x + 12 
~ 

Ltll -2x mn-n.J~t~.J"!Jl\1 "il::'l.i 

-3x < 12 
... 

1 Q.t ru VI <u 
ttll --'- fiUVYI\I~tl\l"lJl\l"il!: b91 

3 \J 

x > -4 ( uuutJ n~91 1.2 "!Jt~ a) 
... ... 

<;.... Q.; Jl:l6d 

(j) \I'U U 11 n"lJ tl \It!~ lJ nl"iUfl tl 

s = { X I X > -4 } ' 

·4 

i1mh-3 1.2.5 "il.JYil"iln"lJPJ.Jtl~l.Jm"iliimiit~.J 4 < 3x - 2 < 10 'V'limJ~.JLL~".Jmvn . .h::nt~u 
1bh illnt~~l.lm"i~ri1YIU(j)LlX 4 < 3x- 2 < 10 

btll 2 11111"~€1" "il:::1.1 6 < 3x < 12 

btll L flnL"~€191 "il!:1~ 2 < x < 4 
3 \J 

... ' u 
,.....,. "" I ~ 4:114 

(j) \IU U"i1 fl"lJtl\18 ~ l.Jn17il elL Utl\I'Ufl tl 

S={xl2<x<4} 

41----------.-----------------~----------+ 2 4 

' ' 
UUllJ 1.2.1 : ih x Ltlu~1mu"il1.J LL~:: x ~ o "ilnYi~t~\l"lJu.J x fiu ~1u1wif.Jvnii1~.J~u.J 

u~1Lrhnu x LL~!:"i111YI~n"lJe:J.J, x (principal square root of x) ~\l"il::Lii£JULL'YIU~1.£J JX tiu 

~ l'U1U1n 11~ \1Lrle:J£J1lfi'l~\l~ tl\ILL~1 L Yllfi'U X 

{6.1 ' ~ dl 
~1f.lfJH 1.2.6 "i11l'YI~e:J\1"1Je:J\I 4 fle:J -2 LL~!: 2 

ulii"i111YI~n"lJt~" 4 fif.l y'4 = 2 

l1lJ1Uil1~ : "i11l~H~\I"lJB\1~1U1U"il1 .JL(j) j "il::ii~.Jfl11J1fiLL~::fil~1J 
"il:::ih W£J\1~1U1'\.U~£J1YiLUUfll1J111 

l111mh~ 1.2.7 "il.JVIlfll"lJtl\1 x ~.J'ti1L~ Vx2 + 5x + 6 LUU~1U1U"il7.J 
?;rl 7 LttB.J"il111 x 2 + 5x + 6 = (x + 3) (x + 2) 

"'.JJu ...f x2 + 5x + 6 "il::LUU~1U1Uv1.Jnliim~t~ (x + 3) (x + 2) ~ o 

LLiii (x + 3) (x + 2) ~ o v::Luu1tJ1~2 mrubril-d'u~1tJ 
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<I .i 
X+ 2 ~ 0 · fl'HU'YI 1 X+ 3 > 0 LU~: 

"' X~ -3 m~:: X~ -2 VI,B 
I 

tlft3Jn17 X.?_ -3 LLt'l:; X .?., -2 ;J:; L tlu;J1-:~vffm.niufifla LlJ£1 
' 

... "" X :2:, -2 U'U.flel X E [ -2, 00) 

~~-------.--------------------------~ 2 

"' ... flHU'YI 2 x+3sO LLt'l:: X+ 2 S 0 

"' 'V\1£) X S -3 LLt'l:: X.$. -2 

mnJm'l X S -3 LLt'l:: X S -2 ;;J::: LUu;;J; .:~'Vifm.niuLlla 
I 

X.$. -3 ... "' UUflel X E (- CXl' -3) 

41----------~-------------------------·3 

' 

... I 

;): il11 X E 

I . ... -(·2,.CJ>) 'V\''H) X E (-ex>, ·3) \4\4fl£) 

X E {·2, CXl) U (-CXJ, -3) 

·3 2 

ii£JllJ 1.2.8 : t~1 x Ltlu~1't.nu;;J1.:~ fhtf3Jld1m"lla.:~ x (absolute value of x) -!.:~;J::L1jtl\4 
u 'YlU4i'"HJ I x I = x ~1 x ~ o LLt'l::: \ x \ = -x ~1 x < o 

'1::: L V\ul1flli1JU1 nt"lJB-3 X tZU;;J:::LtJ\44f1'U8fi L ~'Yl711J'l1~1\41\4;); -3 X ad'V\H;J1fi;)flti1L\tfl \) v , 

o L'Yll1~UULiU~1UlU'l1-l LL;i;;J::t3Juan11~1U1\4~\4LU\41J1fi'VI1£lt-~'U 
.., ' I 911fl£Jl,;J 1.2.8 16 = 6 'I 0 I= 0 LLS::: 1·5 I = -(-5) = 5 

LUYi1'U.B.:IL~tl1fl\4 \ b - a I v:::,LiJ"Ufi1~L~Ly;\411 a LLS::: b a~'V\1-3rl\4LYh\fl LLflv::taJ 

uun'l~Y11l'Ul1 a mlm.:l'li1mJB.:I b 'VI1a b advn-3"8'1mJa.:~ a · \) v 

"' ' ~n D£Jl~ 1. 2.9 I 1 - 3 I = 4 , \ 3 - 6 I = 3 

'UlJ1tJilHil : L11BHUU13Jfhi3J'U7m"lla.:l X L\4'5thl8-371n~ft8-3"11£l-3 x2 '~ , v v 
I X I. vQ 

~ .:!'Yh'l Vt'L 11 tna~11 nYiR vlifl11lf;J; .:~;Ia ttJdt41 
v 

l'l(l'l:J~ 1.2.4 : flli3Jld1m'!JB.:I~flfJMB-311\41\4;)1-lft£l-3~1\41\4 LYhfllJNflfJMB.:Ifhfll\j'Hl\ 
" I 

"lJB.:1~1'U.1\4~i .:ILL;it-~:::~1\41\4\4\4 \t"Ufltl 

.. f( 

WRiJU 
IJ 

1 xy 1 =V (xy)2 •Vx2 y2 

i1tlOH 1 •. 2.10 ~1 X .. 4, y ;.. -3 

I xy 1 • l x· I I Y I 

- J;i..Q • I X I ' y I 
;J::t~ 

I xy I = \ 4 (·3} 1 • I ·12 I - 12 
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fxfjyj = j4fj·sl = (4)(s). 12 

.;,~u I xy I = I xI I Y I 
~1nilmlJ"llt:h'lfhtfll1J1~ L11R1ll11ti~::Yh~~ilm1ll~;"f1DhJtt 1~r.~1aJmnun 

1. 

2. 

I xl <a 

I xJ5 a 

nfiDL~£) 
nflm~£l 

' 

-a < x < a 

·a s x 5 a 
C' I A 41 

3. 1 xl > a · flfl£lLll£l x > a ~1£1 x < -a 

4. 1 xl ~ a ilflm~t:l x ~ a ~7£1 x 5 -a 

lHll:IQ 1.2.6 : lt1 x LL~:: y LUU~1tnu~; -3L~ j .;,tfu I x + y 15 I xI +I y I 
'YlqlY~dL;r.~m'l £lRllf111R1llL~~r.lll (triangle inequality) 

' ~ wguu LUtl-3~111 X LL~:: y LUU~itnu~;-3 .;-3UU 

·I xl 5 x 51 xI 

LL~:: ·IYI 5 y 51 Yl 
' .. .. 

U1·nt~Rllm7'ilmilt~-3Yi'-3H£l-3U ~:: 1il 

. (I X I + I Yl ) 5 X + y 5 I X I +I y I 
~1n'Ylq1Ylj 1.2.5 "liD 2 ,::til 

I X+ Yl51 X I+ I Yl 
i1mh~ 1.2.11 ~-'~111mJe:J-3t:lftllf111 l3x · 9j < 6 

ii1h ;nnr1q1Ylj 1.2.5 "lia 2 ;J::L~ 

·6 < 3x · 9 < 6 

3 < 3x < 15 

1 < X < 5 

fl1DVH 1.2.12 ;J-3~111mJtl-3t!Rllf1Tlj \+. 1~<2 
1ln1 b71;J::tit~"~,fi1"JJ£l-' x ~ -3Ra~fl~a-3nuaHlJm1fiDLdD,fit~ttJd 

·2 < ~ < 2 
X· 2 

Lm (x · 2) 2 flW.fl~e:Jfl ;J::L~ 
!I_ 

·2(x · 2) 2 < (x + 1) (x · 2) < 2(x · 2) 2 

~ -3LLU-3t:leJflL~LUURtl-3117 m ttufia 

mW~ 1 ;J::fie:J-3~1fl1 X ~-3fttlflfl~tl-3rllJeJRllf117 
-2(x · 2)2 < (x + 1) (x · 2) 

'VIifl 2(x · 2) 2 + (x + 1) (x · 2) > o 
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(x - 2) (2x - 4 + x + 1) > o 
3(x - 2) (x - 1) > o 

bbrlEltHJm,d1f'l!.l L"Jl1fiYiTI.Hl-l b~!.l1 TiUl't.l.@i1B~1-' 1.2. 7 
~' l; ~A 
f'l-''t.l.'t.1.11n"llB-'BtHJnl'l\l.flB A = (- oo. 1) u (2. oo) 

mwn 2 ;,:;IJ1EJ-'~1fl1 x ~ -'~Bflfl~B-'fiUBtUJnl, 
(x + 1) (x - 2) < 2(x - 2) 2 

~iEJ (x + 1) (x - 2) - 2(x - 2) 2 < o 

(x - 2) (x + 1 - 2x + 4} < o 
-(x - 2) (x - 5) < o 

(x - 2) (x - 5) > o 
k ~ ~A 
''-''t.l.'t.l.,1n"llB-'B~3Jn1,\l.flB B = {- oo, 2) u (5, oo) 

;nnmtll~ 1 bbfl:; 2 ·;)::1~,1n"llB-'B~3Jm, I!~~ dl <2 11£1 

S An B = (-oo, 1) u (5,ool) 

"' I 
l'l1Dtll~ 1.2.13 ;).,~,,1n"llD-'~3JnT7 12x + 1j = 3 . 

j6rh ;nn j2x + 1! = 3 ~"m;,';l:;bu't.l.m rn'lflmrn~rt_,.;B,ud 
~... fl.,l A 

nHU'Vl 1 2x + 1 = 3 \1.\l.f~El X 1 
fl .. <i I 

mwl'l 2 -(2x + 1) = 3 ,X't.l.flD x -2 .. 
~-'U't.1.71n"IJB-'~3Jm, !2x + 1 t = 3 fiB 

A 

X ~,B X -2 

i1nrh~ 1.2.14 ';l-'~171n"llB-'~3Jm, l2x - 1 I = l4x + 3j 

}6-;11 ';11n j2x - 11 = 14x + 31 ~13JTlt1Lb!.lnBDn1~bU\I.~B-'n'l rnflB 
.... ~ ,:., .. 

mtu'Vl 1 2x - 1 4x + 3 "'\l.flB x -2 
.,...; 

nHU'Vl 2 
... .. 

- (4x + 3) "'\l.fl B X 2x - 1 

l2x - 1 I = I 4x + 31 liB 

X = -2 ~iD X = -L 
3 

X = -2 , -L nt.i 
3 

-L 
3 
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tJ u U1J1J fl\1~ 1.2 

1. ~-1L~tJU1171~"1JtJ.Jb'll'fl9ie:J 1tJ~UUL iu~1,U'lU~; -1 

1.1 { X I 1S, X S 5 } 1.2 { X I ·4 < X .$ -1} 
1.3 { X I X > 4} 1.4 { X I X < -1. } - 2 

1.5 (-5, 3) 1.6 [2, 8) 

1.7 (-co, 4) 1.8 (-2, 5] 

2. ;}\!~1 

2.1 (2, 6) u [5, 7) 2.2 (3, 7) n [2, 5) 

2.3 (5, :x>) u (3, oo) 2.4 (-5, oo) n (3, oo) 

3. ;}\l~lfll"llfl.J x ~\l;J!:Yil1~~1U"JU9ie:JttJdL{JU~1U"JU~7\l 
3.1 ,.J5x + 10 3.2 48x- 5 3.3 ~x2 - 16 

3.4 ..J9x2 - 25 3.5 Vx2 - 2x + 1 3.6 ¥x2 - 5x + 4 

4. ;J.J~l·nmt~.Jmnmr~Cilt~tudv-ri'mJYr.JL~vum,~tl~::nt~u 
4.1 X + 3 > 5 4.2 L- 2x 

3 
< L 
- 2 

4.3 Mx - 1.) > :i.x + 5 4.4 2x + 2 < 5 - 5x 
2 3 3 

4.5 -7 < 4 - X .$ -2 4.6 2 < 5 - 3x < 11 

4. 7 13 ~ 2x - 3 ~ 5 4.8 I x + 41 < 7 

4.9 I 2x - sl < 3 4.1 o j3x - 41 52 

4.11 I 2x - s1 > 3 4.12 16 - 2x 1 ~ 7 

4.13 I X + 41 sl 2x - 61 4.14 13 + 2x I < I 4 - X I 
4.15 j3x I > I 6 - 3x I 4.16 19 - 2x I ~ I 4x I 

5. ;J.Jmfll"lle:J\l x ~.Jt'ie:Jiilfl~t~.Jriwn.Jm~9lt~1ud 
5.1 I 4x + 11 = 1 5.2 I 3x - 8 1 = 4 

5.3 1 5 - 2x 1 = 11 

5.5 I 5x - 3 I = l3x + 5 I 
5. 7 I 7X I :::: 4 - X 

5.9 x2 + 5x + 3 = o 

5.4 I 4 + 3xl 

5.6 I x - 2l = I 3 - 2x I 
5.8 2x + 3 = I 4x + sl 
5.1 o 4x2 - 4x + 1 = o 

5.11 2x2 - 6x + 1 = o 5.12 -3y2 - 3y + 2 = o 

6. ff1 a '-. b ;J\l~~;JUll a + c '-. b + c LL~:: a- c '-. b - c L~e:l c ~e:l~1U"JU;J;.J11il j 
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"T. th a < b 
A t I 

c < d ;J~VH.-;!U11 a + c < b + d 
\J 

a. 'CY1 a < b ~~~::: c 

~. 'CY1 a > b LL~:: b > c 1~~~;}'1111 a > c , 
k ... ,, f'l. .. .II ., 

10. "1 a > b ;}~Vf~;JU11 a + c > b + c LL~:: a- c < b- c LJJ£l c fl£l•1U1U;J'H il 1 
11:if1 a> b LL~:: c > d ;J,1l;~;J'I111 a+c > b+d 

12. tf1 a > b LL~:: c LtlWt1U1U1.J1n ;}.1vt~;Jid1 ac > be 

1 3. if1 a > b LL~:: c LtlU.1U1U~1J 1~vt~;Ju11 ac ( be 
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'l~1J1J~n~17llf1 u-ni f1'll'VJ 
1.3 

Rectangular Coordinate System and Graphs 

. ' 
.. A -' e,. I o Got 

U;J::~;Jl'Hl41Ln£J"JnULml~~i~U (ordered pair) 

(plane) L~"ll~~1ii'U'I·Ul1£J~\1~1U1'1H~·HHh1~1U1U~-lLii£JuB~LU~U (x, y) 

LUn11'~fN,-::UU~ff91~ 1flUWl::U1Utfu L1H:: L~:IJ!i1U.4f1£Jf11"H~Bf1LiU~1U1U';l~ \1~ 
Bij1ULLU1UBU ~\J;J:;ti£Jmiu~1'1.41U~-lf1~11~llLLflU. x ~lmium-lL1X~\I~ lflffULLflU x ~ 
;)91 o UU.LLflU. X L1'1;J::L1£JnLLflU.f-l~lfldl1LLflU. y L1X;J~~Llf1U. y .;'9lffULLflU. X Lb'YlU;)~ 0 , , , 

.. I I 
..:;1 .... ,;I I o .:::.. 4 .,.,.. I ,;I I d 

U\ULnU. y LL~:;;J::L1'£Jf1;)9Jfl~'\.t1H~f11LU.~ 'Jl'-l;J::LL'YlU.m£J 0 ;)~fil-l j UU.LLflU. y 'YlEl[JL~UB , , , \1 

LLTlU x ;J:::LL'YlU.~1'1.41UlJ1fl LL~:-:~~~1\I,j UU.bLflU y ~B~L'IlbbflU. x 1l::LL'YlU~1U.1U.~1J ~~\1 
~1-i1uuuLmu y hl~ 1LUu;J::ii1EJ\IL 'Yi1nu~rt"·wt.i1uuu.LLnu. x LL~1~r.Jun~LL~1~nilu:IJfh~u" 1 'IX 

LYhnu. 1':::U.1U~\Ifll~U.~ 1~£JLLflU x LL~::LLflU y ";J:::L1£Jfl'l1 1:::u.11J -xy LLflU. x m~::LLflU y 

;J:::LLU\11':::U1UElBflLUU 4 ~1U. LL~~:::~1U.L1£Jfll111<1J1llf1 (quadrant) L1£.J J~1~Uif\I~U 1.3.1 

t y 

II 
I 

10 
~ X 

III IV 

nJ 1.3.1 .. 

L1'1';J:::LL'YlU.L~"ll~~lifU (x. y) 4f1r.J~~ P UU1':::U1U -xy 1"r.J~~~ p d1l:::B~,_.;1\J;J1fl 
LLflU y 1um\l"ll11 X ~t.bu n1 X > 0 ~1ElB~vll\1111flLLflU. y 1um\l'ltlr.J I X I '1-'JU":HJ th 

x < o LL~:::~" p ;J:::B~vll\1111flLLflU. x 11Jm\14f1U.UU. ~· ~U1fJ tll y > o ~1mJ~vll\1111fl 

LLnu x tu'Yl1\14l,,..~,.., 1 Y 1 wu1rJ ti'i Y < o ~"~t.J 1.3.2 

y 
3 .. - ...... Ptx. yl 
2 t 

(-2, 1) 

" X 
-3 -2 -1 0 1 3 

-2 (2. ·2) 

-3 

nJ 1.3.2 .. 
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L'l1;'1~L,FJ1l (x. y) 11 1mmHiLUmJu~~fl P ;'I~L,tJTl x 11 LLtl1J'Bft'lf1 (abscissa) LLa:: 
.. I ,{• 

;'I~L'lFJn y 11 ll£l1flLUfl (ordinate) 

;,~ L ""11LmJfhh~u LLflfl~fl;,~ LL Ylu.'i'1tJ~fltJU'l~u1u11i'L v;tJ~;'IflL~tJ1 L vh~" L\4Y1Hnfu 'U 'U , . , 

n\4 1lfl1.J\4'l~\411.J~~~;}fl;}~LLY1\4Lfl"llflth~U1ffLi'1D~ 1 fi Ln1J\4 . ~'1.4flll LMflS1titJftJfifiu l , \J u u u 

;}fl1.JU'l~U1WL1.J1.J~d~flElv.d~ (one to one correspondence) n1'l\LY1\4LMfla1ti'uti1tJtfl1.J" 
, ' u ' , 

'l~\411.J;'I~L;tJn11 m'lfl~~fl (plotting a point) ~1e:J f11'lL~rJtmnvht'um~ 

i1VVH 1.3.1 ;'1.1fl~~fl (-8, -6), (-4, 5), (9, -7) l.Lfl:: (8, 5) 1.JU'l~\411.J 

y 

(·4, 5) 
(8. 5) 

0 X 

(·8, ·6) 
(9. ·7) 

ltl t.:i.3 

fiEl1UL'l1;'1~~;,1'ltu.1ft~Jn1'l~091'1LLU'l~;llfi11&Jm~1.Jfl1 2 91'1 L"l/'1.4 ft11f11'l y • . x2 • 2 

L'l1;'1~L,tl11~11f11'ld11ft11f11'lL\4 R2 D1fl1'1Jll~ x LLfl~ y ftElfl~~tl~ri1.Jft1Jn1'l y • x2 - 2 L'l1 

;,::n~nl1 (x. y) LU\4fllflll1.J'llll~ft11f11'ld ;'111lft11f11H~L~Wl1L~tlLLY1\4fl1 x li'1v 3 ;,~111 
. y .. 1 ti~tfu (3, 7) Ltlufhfle:JU'lltl-lftllm'ld ~1LLY1Ufh x lf1v 4 ;,~1ti y .. 14· ;,~L~u 
11L~ElLLY1Ufh x ~d~fiw::14ffi1 y 'VId~fi1Lft11ll ti~tf" y .. x2 - 2 0.,1fllltJLU\4~1\41U 
tll~, nflti ~ 1 '".,,,, ~fi e:J1u~ 

X 0 

/., I : I : /,: 1--~~ I ·: I -: l :~ y = x2 - 2 -2 

y 
(2, 2) 

----~-t-=-..-+-----x lU~1ifd;,::L~FJfl~1n'lWhlil-1ti1JT11"S y = x2 
- 2 'Yjfl j 

~.,;;Dyu"n'w~itt::Rflflfl~D~nuallm'l y _=_x2 .~ 2 

l,j 1.8.4 
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Ut1111 1.3.1 : n'l1Mltl-lftllm11u Rf flm'l!fl"lltl-l~fl (x. y) 1u R2 -!.,iitflm:l'HiL~fl x LL~:: 
y Rtlflflt\'tJ-lrllJRllnTnfu j 

UHfl~-lL11L;vnmwl1u R2 1mt~1.,-., (curve) 

i1D~H 1.3.2 ~-lL;ivun11~"lltl-lHlln1'l y2. ?<. 1 - o 

in1i1 ;nn«llnTl y2 • x . 1 = o ~::1~ 

y ==! vx-:;:-1 

~ -lAllJ11 llLLVntltJ n 1~dJURtl-lftlJ1111fltl 
y = ;x-:;.-r 
y = .{X"TT 

(1.3.1) 

( 1.3.2) 

(1.3.3) 

lfl tltJ-lih Ufl"IJEI-l~fl~ R ElflflicWllJ ftlln11 ( 1 .3. 1) '1:;~EJ-lREiflfl'tttl-lrllJ Rlln11 ( 1.3.2) 

VI;Elftllfl11 ( 1.3.3) f111l-l'lil-l~HdLiJuf111HLLtlfl-lfh1Jl-lfll"IJtl-l X LL~;:: y ~Rtlflflt\'tJ-lrllJ 
Rllm1.r-ln~11 

X 0 2 3 4 5 

y • ±~X + 1 0 +1 

,J'oiH&nfl fll"Utl-l X ~::\l'tltJn11 ·1 1aJ1~ L 'r4'l1:::1::fi11 ~ y llJLiJU~ 1~1\4~; -l LL~::L~El X 

LU~fi11fl i ~111 nn11 -1 ~:: 1 ~fi1 y Rtl-3fl1LR.lltl ~.,,fu~::1~m,~.l'-l1U 1.3.5 

' y 

y• +.J;71 

Jtl 1.3.5 

i1mh~ 1.3.3 '1-lL;ivum1~"1JEl-lA1Jm1 y = {x + 1 LL~:: y = -...p;:-:;:1 
iln1 '1::L~U11Rllfl11~-lfftl-l~tt11111L'ti1~1VrlUnfitJRllm11u.r1tlrlN 1.3.2 i~Ltl-3 mwl 

"' u ... .. .. 
"lltl-lftlJnwn~« El-l~fl tJ 
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y y 

y • ..r;-:; -------
)( 

nJ 1.3.6 .. 

i1mh~ 1.3.4 1il-niim.mnv·hm~tn.m1':1 y = 1 x + 3\ 

ifin'1 1illnfl mtn.nr~~il~fhill\J1 m;)tt~ 
X + 3 tl1 X + 3 > 0 

.. 
'WHl. X > -3 

... 
'V\1tl 

y 

y -(X + 3) tll X + 3 < 0 'V11£l X < -3 

X -4 ·3 ·2 0 ~ 3' 

y 0 2 3 4 5 6 

' 
~:; 1~ 11''! wJ ~,11tl 1.3.7 

y 
u 

a11 a.u 

4 

7 

i1mh~ 1.3.5 82.1m1 y .. 3 'lu R2 nt'lfl~lln11~~$ln,1vhh::nlltJI1U,tl'1fl,fl~ii y 'VI~tl 
tlfliiiLU91LYhrltJ 3 ft1\4 x 'VI;ElLL,tltJ'iCMn\f.JlUYh\tl~'~~ li~UMWflltl-1lUJn1, 
y == 3 fltiLtfUtlHfl.uU1\4rltJL\11\4 X tiQL 'VIittlLL11\4 X LLft::\l\1-111flLLflU X LfJU 

I 
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1:::v:::m.J 3 v.1.nrr hn11uti.JL~£J1rl\4tHJn11" x = -3 ~:::iimwhh:::nt~ur;1'1v 

~~.Jii x ~it~ LLP.Ju-B{{Ilf1 Lvhilu -3 N1'1.4 y ~~t~mrl~L\4flLU'L4Lrhhl11'lr;) 
r;)'.Jtt'L41l~ilMJPJ.JfUJn1"l X = -3 ~.JLU\4Li'1.4fl1J.J"1J\41\4rll,HL1l\4 y tl~'YI1-l'll'1rJ 

I II I 

"l..tl.JLL1l\4 y LL~:::~1.J1l1nb~1l\4 y Lu\47.:::fJ::: 3 ~\41£J 

Ulllll 1.3.2 : L7l~:::n~111H~ p LL~:::;,~ o fflJlJ1!i11rl\4L~mfivunu~~ M tl1';1~ M Ltlu , , , , 
' ' d I II t~..-dl.c:i CU'U 

~"n.Jnfi1.J7:::~11.J p LL~::: Q LL~:;;,:::n~1111~~ P LL~::: Q ~lJlJlm1l\4LlJEHYl£J1Jf1UL~Uiil1 J L 

~1Liu•r) .J L uti.Jfl~ .JLL~:::9f.Ju1nr1u L"um .J PQ 

y 

(·3, 2) 
(3, 2) 

(-3, -2) 
(3, -2) 

';111l~U ~~ (3, 2) LL~::; (-3, -2) ~lJlJlm 

nuLrimfirJtJifti~~n1LU~ ~~ (3, 2) LL~::: 
(3, -2) fflJlJl!i11nuLrimfi£JUrlULL1lU X 

~~ (3, 2) LL~::: (-3, 2) NlJlJl!i11rlULrifl 

Lfi£JUflULL1lU y 

vln@11mh.JLVt~ld~~tJ'lr;)1, (x. y) 
"'-' AI Q cu 

LL~::; (-X, -y) ~lJlJlm1lULlJflL'YltJU1lU 

v~rhLUCI1 , 

oUllllJ 1.3.3 : L1"lv:::nAwl1ml'Yhlt~.JcnmT'l"L~ i iimllJ~lJlJlfl'H~mfivunu~~ M tilfhwtu 

;,~ p Lfl i uum1~iiv~ s uum1vJtfu~.Jt11l~;,~ p LL~:::';l~ s ~lJlJ1mil'1.4LL~:::';l::;n~l1ll 
, , , 1 

rrn~tfu i RlJlJlf11"LrimYivuiluLiufl1".J L lflti1wfu~~1~ j U\41171vJii~~ Q U\4mlvJ~.Jrh 
L'\X~~ P LL~::; Q RlJlJlfl1:rl\4 

~l1lU£J11MJl.Jr;)uLLff~,r)1tll~~ (~. y) e:J~U\4117lvJ~ -3fflJlJl!i11Lrim firJU rlU~~fl1LU~LL~1 
~~ (-x, -y) ;,:::~e:J.Jt~~uurrnvJr;1'1v \l'ufit~~~ (x, y) LLt'l::: (-x. -y) v:::fftl~fl~e:J.JrlU~lJ1l11" 

1Jt1.Jm1w,f,.. ~.Jtf'L4m1W"im-:~RlJ1ll7~ii~1utJ·niJu x LL~::: y v:::RlJlJlfl1"Lrlm Yi£Juilu~~i11LUfl 
n~mrlm71LLYl'Ufh X ~1fJ -x LL~:::LLYl\4~1 y clhv -y LURlJf111"tf\4LL~1Lllli11~fflJ1lTHU~fJ\4LU 
ti 1wfu 1111~~ RlJlJ1f11" Lri tJtti£Ju ilu Liufl7 .Jn'WvTl ru.1 L\4 t11ut:1.J L~V1 ilu r;)'.JttuL 1n::: tr;)Yl ~,_ ~ 
fit~1ud 

"' lUl\1!) 1.3.1 : 

.-; . , (1.) n71~iifl11lJRlJlJllil1L~mfirJUrlU,~ri1LUflnftmrimLYl\4~1 x @)1£J -x LL~:::LL'Yl\4~1 
y r;)1v -y 1tu•lJm1"1le:J.J1l11l'lttuLLtr1 tllt111 ~RlJ1l17LU~£JuLLU~.J 
, ! _. (2)1 f.'l1vJiifl~llJR~lJJ~1~rl~LYivunuLLnu x fi~mrlmL'Ylu~1 y r;1'1v -y 1utn.J1l11""lJe:J.J 
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n71v-l,f\4LLfl1~1irh L ~tUJ n17,f\4b tJ§rJ\4LLU fl-3 

(3) f171y.lSjmunnaJ1117L~tJLYltJlJnuun\4 y nfim~DLLY1\4fll X ii1V -x L\4IUJn17"1J£hl 

n71y.j,f\4LLfl1 1a.h·h L ~R11n17,f\4LU §v\4LLU fl-l 

i16V1-3 1.3.6 ll-lLiiV\41171y.l"1JEl-lff11fl17 xy = 1 LLfl:: y "' x2 Vii'D11~-3~1l17'm1n17 
ff 11111917"11 tl-3 f17 ,y.l4f1 v 

y y 

X 

ltJ 1.3.9 

llinff11f117 xy =, 1 li'lLL'Yl\4 x 4l1v -x m~:: y 4i1v -y. ,::14i (-x) (-y) = 1 

'VIitl xy = 1 LLfffl-l11H11f11711JLtJ~rJ\4LLU~-l ~-l,f\4n7Wfll6-lff11fl17 xy = 1 

~-lff3J111917L~tlLYlrJlJTllJilflfiiL\tfl ';11ntUJfl17 y = x2 tflLLYI\4 X 4i1rJ -X 
' l I 

ll::14f y = (-x) 2 'VIitl y = x2 ll::L~\411H11fl1711htJ~rJ\4LLU~-l 

~-l,f\4f171y.l"1Jtl-lff11fl17 y = x2 ~UJ111fl'H~tlLYltJlJrllJLLfl\4 y 

L\4~1.ruf1a1tJL71~::~1l17m11~'V117::v::m-l7::wi1-l,fl{(tJ-lllfl li'1 A LL'fl:: s dJ\4';lfl 
' ' , , , 

HD-lllflL" j L\47::\41lJ ~1\4"1ltl-lLium-l~ihflL~3J!Jiu~ A. LL~dlllflU~1EJ~ B ll::Lii£J~LLYI\44i1EJ , , , 
AB LLt:~::ll::LL'Yl\4"1l\41fl'VIiDm13J£J11"1lc:J-l ~1\4"1ltl-lLiufl7-ld4hv 1 AB 1 

k, 4 A A A 

"1 A fltl~fl (x1, y) LLfl:: B fltl~fl (x2, y) 7:::EJ::'Y11-lll1fl A ~-l B fltl 

I AB I = 1 x2 - xd 
~..1~fl B (6, 3) fit~ L'!i\47::V:::YI1-lll1fl~fl A ( -2, 3) 

I AB t = ls-(-2)1 = 16+21 
ff-l7tJ 1 .3.1 o 

\1 

8 
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~ y 

i 

,A( 2, 3) El(~. 3) 

0 

111 13 10 .. 

tll C ~8~91 (x. y1) LL~:; D ~El~91 
.. .. 

(x, y
2

) I:::[J:::'Yil.J;nn c tl.J D flu 

I Y2. YJI leo I 
L'J5Ui:;[J:;'Yll.J~111~91 C (3, ·1) ~.J~'il D (3, 4) fi eJ I CD I I 4 • (. 1 ) I I 4 + 1 I 
5 1lJ1tJ 1.3.11 

v 

y y 

Q(3, 4) 

-------0+-------------~x 
C(3, -1) 

nJ 1.3.11 
" 

1umrnil1tJ1.X p 1 fiu~91 (x1, y1) LL~::: p2 fiB~~ (x2 , y2) LllfilaJlltlVllmlaJ[Jll"JJBJ 

MlU"JJB-JL~U~IJ p 1p2 t~191[Jtllff[JYJ~~5"JJe:J..:Jt'Yi~lnB1~ ~..:J~tJ 1.3.12 

y 

I 
I 

: y2 - y, 
I 

x2 - x, I 
-- - -- __ J 

P, {x1 • y 1 ) 

-----+-0--------------------<> I. 

1tl 1.3.12 
" 

MA 113 

~ 

rJI'.Ju\t 

I P!P2 ! = V(x,; · xy~ + (:,·:! • \.-':)
2 

·-~JUH\>I)U) 
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I P1P2I 4 (xz- x/ + (yz- Y1l
2 

i1t1th~ 1.3.7 ;J.:J'V11f1111JU11'ilu.:J"'1'\.U~.:JR1lrllfl\lR11JLVI~U~.:Jii~~tJfl~~ A(-1, 3) , 8(2, 6) 

LL~:::: c( 3, 2) LL~:::: ;J .:~ LLR ~ .:~11 R11lL VI ~u1Jiil.:~ n~ 11dL U'UR 11lL VI ~U1J'VIu1i'1 
I AB I = ~/(2 + 1)2 + (6 - 3)2 ~ 3.(2 

I CB I = A./ (2 - 3 )2 
+ ( 6 - 2 f v, + , 6 " {17 

leA! ,Y(-1- 3)2 + (3- 2)2 A./,6 +, = fi7 
y 

nl L3"ta .. 

Ldu.:J;J1f1R11JLVI~U1J ABC ii~1'1.1.U11L'Yhfi'U 2 ~1'UfifliCBI = leAl 

~.:Jlf'UR11JLVI~U1l ABC LUUR11JLVI~U1JVIU1~1 
t1UllJ 1.3.4 : 1-:JT1fl1lfimcnl1l'ilfl.:J~I1l1w~::::'U 1u~ .:Jfl~~1-:J;J1n~~fi.:J~Lvhri'U ~~fl.:~~d;J:::Liun11 
;J~fl'UVT1 1'11-:J'ilfl-:11 .:J T1fl1J LLflt L ium tU:::~LYhrl'\.4 Jw)1i'fl ii'ilfl-:11 .:J T1fl1l 

, \J 

1~ P(x. y) L~'\.4~~1~ j 1JULH'I-\'lfl1J1.:J'ilu.:J1-:IT1fl~.:Jii~~f!'UVT1fl1.:Jfl~~ C(h. k) LLfl::: 

iii'fliiL vhriu r !il.:J'ltl 1.3.14 
\J 

nJ 1.3.14 .. 
.. 

'il.:~,Z'\.4 I PC I "' r Vl7 fl 

A/(x - h) 2 + (y - k) 2 = r Vliu 

(x - h) 2 + (y - k) 2 
•· r2 

LU'\.4RliT11'l"llu.:J1.:JnflaA.:Ji:i~fl~\46nt=n-.1il~~ (h:, k) LLfl:::.iii'flihvhriu r 
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... ' \ ' 

~n mn~ 1.3.8 'il.Jl-mnJ nn'!J B-31-Jn~m -Ji:i~~~uiirumYi~•lri1Lilfl ( o, o) 
"'\cC o A A I Q i111....., 4 d 

1fin7 tnJn17'lJB..:r:l-JTHUJ<Jl' -:l:IJ~<tl~UIJn~HYI (h. k) LL~::a.J'H'IlJ r fltl 

(x - h) 2 + (y - k) 2 r2 
~~ ~ ~ 

1uYi\l h = o, k = o lil-J'I~\I.Ra.Jn17'lJD-31-Jn~a.~i4fitl 
x2 + y2 = r2 

.., f .. A • ~ .J a ... a 1 

~1f)Ul~ 1.3.9 ;J.J~1Rl.Jnl'~'lJtJ .. .n-Jn~a.J<Jl'-Ja.J~fi~UIJn~1-JYl (2, -3) LL~::a.J7fla.J 4 ~\4.11J "' 'Yi7tla.J 

~-JLiiiJu11ltith::: ne:Ju 
·~ 

]s,h 1uYi\l h = 2, k ~ -3 u~::: r = 4 ;J::;1~ 

(x - 2) 2 + y - (-3)) 2 42 

(x - 2) 2 + (y + 3) 2 16 .. 
W~D (x2 - 4x + 4) + (y2 + 6y + 9) 16 

ti'-J'Iiu x2 + y2 - 4x + 6y - 3 .. o 

LUURa.Jnlj'lJD\11-JmuA -Ji:i~<tl~uiimn-J~ (2, -3) LL~dH'fl~Vn 4 ~ti1Vfl1a.J~t:l-Jm7 
t y 

~tJ 1.3.15 

~1fJVN 1.3.10 ;J-JLLRfi-JL~L~Wlln71W'lJD-JRa.Jn17 x2 + y2 + ax - 6y + 21 = o 
t t ~ ~ ~ 

1-Jn~aJ owfD11Yl-3~1;JflfTUVn~H LL~:-:7 fl1J'lJD-l1-JmUJU , u 

]srh ;J1nR1Jn1'l x2 + y 2 + Bx - 6y + 21 = 0 ~fl~t1L~v1~1l';l~L~ 
(x2 + Bx) + (y2 - 6y) -21 

'li1hXmJLu,-tJri1~-JRD-JR11, IH~ 1"vm7u1n 16 LL~:: 9 ~-JRt:l-l"!i1-J';l::L~ 
\J \J 1i 

(x2 + Bx + 16) + (y2 - sy + 9) = ·-21 + 16 + 9 

(x + 4) 2 + (y - 3) 2 .. 4 

~-JLUUR1Jn17'lJD~1-Jn~a.J ii;JflflUUn~1-JD~~ (-4, 3) LL~::iii'fliiV11Lv11ri1J 2 ~'\.i1v 
, \J \J 

111Jllll11\ll : ;J1nRa.Jn171-Jn~1J (x- h) 2 + (y- k) 2 
= r2 Liivu1~1l;J:::1~ 

x2 - 2hx + h2 + y2 - 2ky + k2 = r2 

~~D x2 + y2 -2hx -2ky + (h2+ k2 - r2) o 
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.r"d\~1 ""~a.~'Yl n1" n~a.~;!::ih" a.~rn1 tJ~1 ~ G tl 

x2 + y2 + ax + by+ c • o 

~~n a • ·2h, b • ·2k ~~~:: c = h2 + k2 • r2 

~;nn~n),~tl,r1 i 1t1"1Jn"wa.~m11"n~a.~fia 
x2 +y2 +ax+by+c .. o (1.3.4) 

;nmtJ,r1 j ltJ"lleHWlln171" n~a.~ ~ 71W1ll17tl~1;!ilfl'~lin~H~~~::i'fl'iJ"lltJ"1 ""~a.~ ttY u , u 

~"d 
'iilwa.~m7 x2 + y2 + ax + by + c = o L~£J~L~~tln1~""'a""'a.~\J7fl1 ;J:;t~ 

(x2 + ax + ~) + (y2 + by + lf) = ~ + lf · c 
2 b 2 .12 b2 (x + ~) + (y + 2) • "" + 1 - 4c 

~~"'il"1n"n~a.~dii~il~ulin~1·Hl~~ (··h· %) LL~::iii'fl'ii r =}1a2 + b2 . • 4c ~1 a2 + b2 • 

4c > 0 LLfi~1~1\41\4~ti~LfiLfl~tl-l~li1£J71n fltl a2 + b2 · 4c = 0 LLH~-l11Wlln11 ( 1.3.4) 

LU\4Rllf117"lltl..1~~ (J, · ~) ~~;J:;~;un111-lmUJ~~ (circle point) L~s:;th a2 + b2 • 4c < o 

mhL711llw1ll17t~;J:;~1~il {x, y) ~wtl~fl~a"nuH1Jm1 ( 1.3.4) dt4f ~"~'1.4L7l;J:;L;vn~"n~a.~ 
... 
\111 1 -lfl~ll~\4f1111'W (imaginary circle) 

~16VH 1.3.11 ;1-l~;117tu.1Rll1117 x2 + y2 + 1 = o 

JB1h ;J:;L~~11L7113JR11J1'Hl~1fll x LL~:: y 

~-lfttlilfl~tl-lritJR1Jnl'l x2 + y2 + 1 = o 1~ 
~-ldL 'W11d1~ 1'1.41\4 'Yl1¥if1U"lltl-l All1117d fll ll 

x2 + y2 + 1 iifi1111n7d1 0 Lft1Jll 13J11;J:;LLYI\4 x ~L~:: y fi1U~1\41'1.4;11-3L~ j 
_, f ,. I 

~1tltJH 1.3.12 ;J"~1W1J1117'lltl-l1-lm~m"t:-~1'1.4~il A(-2, o) • B(2, 8) LL~:: c(s, -1) 

161h itl,r1 j 1tl"llt~..1Rllm71-lnfl1l 'Ia 

26 

'X2 + y2 + ax + by + c = o 
1-lfl~ll~·h\4~~ A(-2, o) ;J:;19i 4 + o - 2a + Ob + c .. o 

1-ln~u.hu~~ B(2, 8) ;J:;tti 4 + 64 +2a + ab + c .. o 

1-3n~a.~e.l1u~il c(s, -1) ;J:;19i 25 + 1 + sa - b + c .. o 

LLnft1Jfl17~-lft1lJ;J:;1~ a "' ·4, b • ·6 LL~:; c • ·12 

LLYIUfh a, b LL~:; c 'lu~tJ,r1 j 1tJ"!JEHftll11171-ln~1J ;J:;t#l 
x2 + y2 - 4x ·6y • 12 "' 0 
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1. y • 3x + 1 2. 

4. y • ·-(><-3 5. 

~· .., .IIUUNfl\1~ 

y - x2 + 2 

y2 .. X - 3 

1.3 
... 

3. y =rx-:-3 
6. y = 5 

7. X .. -3 a. X .. y2 + 1 9. y = bx + 2l 

10. y = -fx + 21 11. y .. I X I - 5 12. y .. -jxl + 2 

13. xy = 4 14. x2y = 4 15. y .. x3 

16. y = (X - 3) 3 17. y = {x + 3)3 1a. y = -x3 

19. x2 + y2 = 16 20. 4x2 + 4y2 = 1 

;nn-rrv 21 .. " 1 1 .. - 26 ;J~L"litl\4n'l1W'lltl·HU.Jf117Yl~~12J fltl "Jl'LLTl'\.1. x LLt'l:: LLTl'\.1. y Lfltl1 n\1. 

21. {a) y =ffx {b) y = -{2)( {c) y2 = 2x 

22. {a) y =ffx {b) y = -{-2;. {c) y2 = -2x 

23. {a) y=~ {b) y = -/4 - x2 {c) x2 + y2 ... 
24. {a) y ='h5 - x2 {b) y = -125 - x2 {c) x2 + y2 -
25. (a) X + 3y = 0 {b) X - 3y = 0 {c)· x2 - 9y2 = 
26. (a) 2x - 5y = 0 (b) 2x + 5y = 0 (c) 4x2 - 25y2 

27. (a) 
.. 

;)~L'lltl\lo~UJT111"1Jtl·mn\lo X 

(b) 
.. 

;)~L'lltl\lo~UJ11T~'JJtl\Jl.L1lU y 

28. (a) "'ii~LiifJUtHJ111,-'l.lf.l~n11W~~~flYJ1l~fl~tl~'l.JU1l,-1WihLf.lUCih~'l!1Lfhriu 4 

(b) ;J ~LiitJUH2J11T'l'lltl ~1111W~ ~;J.,fl1l;Jfl~mJuum1Wiif.lf.l'HhuflL f1triu -3 
, , ' 1J 

29. (2, -5) LLfl:; (6, 1) 30. (3, 0) LLfl:: (-4, 1) 

31. (~ }) LLt'l:: (+ -}) 32. (9, -10) LLt'l~ (-1, 10) 

4 

25 

0 

= 0 

33. ;J~LLHfl~L~L~WJ1H1~L~~m.J'il~ii~fltJf.lfl~~H12Jf.l~~~fl (-a, 1) , (-1, -6) LLfl:: (2, 4) 

LiJ\I.H12JL ~~tJ2J~'I.t1.f1 

34. ;J~LLHfl~L~L~u11~fl A(6,-13) • s(-2, 2) • c(13. 10) LLfl:: 0(21, -5) Ltlu~fltJtlfl~2J 

~ ~~'l.ltl~~ L ~~tJ2JfflfR ~ff.l2J~~~1fl112JtJ11'l.Jtl-1LtfU fl:: LLtl ~2J2Jt'f1tJ , , 
35. ;)~H~fl,L\41111~11::tJ::fl1~L~fJLLtH1~L~L~\1.11~fl (-3, 2) • (1, -2) LLfl:: (9, -10) tl~ 
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36. ;J-lVi;JTH\4111~~ ( 14, 7) , (2, 2) LL&~~ ( -4, -1) D~tl\4Lft\4fi,-3LfitJ1rl\4~~D'hJ 1iltJD1fltJ 

Hfi1Lum,~,,~v·~.,H"'hutum,Vi;~1, m 1 . • 
u 

37. HlJ~fiL~'LiJD-3 A. 8 LLR:: C .folD~ ll4 ~~tl-l~tl 1.3.16 LLR::L~1::tJ:: 1 ~\hmvhritJ 1 

1ll~ t,..m,'lluR-liu~,DrJH~a-l1ilum-l,ll1~;nmiln-l A ttlff~LilrH 8 ;~::~n~Lau•'h 
'll\4H-l 6 L~71:JtytiD1ll~ lY1'll\4R-lLilVfl1~·;nmilD-l A ~-lLilD-3 8 LLfilt1~·h\4YlHLilD-l C 

;J~ LRVfl1'll\4R .mfi s Lv.7utyfin1ll~ ;J-3Vi;~1, m 1fJ11f'I11;J~'ll\4H -lR\4.,-1Yl1-lLil~-l,::ti1l ~ 
.. I I 4 

LHVfl1'll\4H -311 flY! R ~ u , 

y 

8(60, 80) 

0 AfO, 0) 

3d 1.3.16 

38. v-ly;1RlJn11'llD-31-lf1R~-lij~il~\.laUflR1-l~ (4, -5) LLfl~iii't"'ihvhriu 6 
' ' .. .- ~ 4llf ( ) Qt-., _. I .., 

39. ;)-3~1RlJfl11'lle:l-31-3flfl~-llJ~ilf!\4Vfl~H~ ·5, -12 LLR::lJ,fflJLYl1fltl 3 .. .. (( .. ( ) ' ( ) 40. ;)-3~1RlJnT'J"lJe:l-31-3fl~lJ-D'-3lJ~~f!UVf11'11-3Vl 4, -3 LL~~~1\L~il 7, 2 

41. ;)-3~1~ilf!\4Uf1~1-3LLfl~ffli'j'llfl-31.:1f1~~-3iiHllfl1,LU\4 x2 + y2 - 4x + 6y - 3 = o 
K q, ~ ,J 4 ~ 

42. il-3~1~ilf!\4Vf1~1.:1LL~::1~lJ'llfl.:I1.Jfll'll1'11-3lJHlJn1,LiJ\4 3x2 + 3y2 - X + 2y • 0 

43. il-3~1HlJn1,'lltl.:l1-3fl~lJ~~1\4~~ A(-1, -'1), 8(1, 0) LLR::: C(O, 2) 

44. ';)-3~1HlJfl11'lltl-31-3flfllJYl~1\4~fl A(-2, 4) , 8(6, 3) LLl'l:: C(5, -2) 

45. ;).:J~1HlJn1,'lle:l.:J1.:JflfllJYi~1\4~fl A(3, -4) LLR:: 8(1, o) L.Ll'l:::ii~il~\4Vflfi1.:JEl~tl\4LR\4 
.,,., 2x + y + 8 = o 
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1
•
4 

a'1101'HtfU~'H 
Equations of a Line 

1~ L LthuiUil'HL~ j ~~hlD~LUL~\41~~ 1~ P1 (x1• y 1) LL~:: P2 (x2 y2) LUU~~ 
Rtl~~~1JULRUi11~ L L~ R fltl~~ (x2 , y1) ~.:nfu ~~ P 1 . P2 L.~::: R ~i.JU~t'lrJtlmltl~R11J-

' 0 ... 1 .. -11: .I <I I 

L~~rJ1J~1J~111 ilrJYl P1R = x2 - x1 LL~:: RP2 = y2 - y 1, i,1-3"tu 1.4.1 ;"J:;L~\411 y2 - y1 

~Utl1;Jv::i:if'i1LUU1J1fl~~m~1J~~tlLYlln1J~Ulint~ LL~ x2 - x1 -/ 0 L'W11:: x2 r/ x1 Ldtl.:J 

v111LRUfi1.:J L hJt~~LULLU1~~ .J~~lU11R11J11Il~lf'll ~2 ~ ~l t~ m~::L11Rl1Jl1Il~~vUL~ 
1~1VL~V1ml'rn'1 ~ ;J:;ijf11fl~~LR1Jll 1~11 p

1 
LL~2::: p

2

1 ~::dJUvt'lL~ j 1JULRUi11~ L 
x2- xl , . 

0 

y 
L. 

I 

I Y2. y1 I 
P1 (x 1 .y,l 1 

--- ---- _j R!x~.y 1 l 
• )(2- x, 

X 

!tl 1.4.1 

y 

atl •. 4.2 
P,fx,.y,l x2 · ;c:, 

~------------------------•x 0 - -
v1n1U 1.4.2 1~ m = ~J?- Yl LLN::: m = ~2 - _¥l v::L~ m = m ,.Y.:~dL'W11::: 

1J X -X x2 - X 1 o 

11R11JL~~rJ1J P1P2R LL~:::Rl1JL~~£JJ PIP2R LUUR11JL~~rJ1Jfl~1rJ .r~~U~1l~.:JUrJ11Jfi1UJ 
'iu (slope) "JJti.:JLiUfl1 -:~.r~d 

UfJ12J 1.4.1 : ~1 P 1 (x 1• y 1) LL~:: P2 (x2 • y2) LUU~~Rtl-l~~'l~ j tJULium~~L~ti~Lu 
m.n~ "~7 t~ tmu1unuunu y LL~1fi11JJ'Ifu"JJtl~Liui17 ~dflt~ 

m 

lum tU~LAUfl1 ~D~LULLU1~\1~1tr!Ju 1Url1JLL11U y 

x2 - x1 = o ~-HJ:::vh1~~R11Jl1Il~ltl1 m = ~ 
. X2- XI 

LULL\,1~ \ll~iifi111Ji'U 
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~\11U 1.4.3 v:::t~ x 1 = x2 .J.:~tfu 
L~ ~~,fUL11V:::fl~l111LffUi11~~uO 

u 

29 



y y 

P, (x, .y,l 

P,(~,.y,l P~(x2.y2) 

P2lX2···2) 

0 
X 0 

nJ 1.4.3 nl 1.4.4 .. .. 
.. 

tl1LG'fu.m~e:J~hmu1u.uu. ~1u "lJmu.riULLnu. x .r~"ttl 1.4.4 ;)::;'~ y 1 = y2 •1~ltu 

;y2 - y 1 = o ~~;,:::.Yh1-Y; rn = ~ = o .r~Ju.L11;,:::na1111Liu.;ri~~uci1u.LLtn~uu.il 
/ ·'&.; c: 6 X2 - x 1 \J 

m ll.l"ll"\HUU.fl uu 

il11 R\t<il'i J u~lu~n~ rn:::-Yi Yi l:!JlJTltHLnu. 
u ' 

x2 - x: > o .-~:: y2 - y 1 > o vi'Jltu. m 

1J111 

y LU'U.3./llLL~~11 .Y~~tJ 1.4.5 ;):;L~U.11 

= ~ > o ti'u.flmiu.<il"'~ijm,a.J"li'ud:Ju 
Xz- XI 

y y 

,-u 1.1.:; 
" 

~tl 1.4.6 

lfll~U.<il'l -lEJrJLU.~n~ ru::::~rn~llf'hJLLn'U. x LiJUa.Ja.Jf:h\4 ~ntJ 1.4.6 ;):;L~U.1l 
'U I · 1 U 

m = ~~ < o ·uu.fiu~iu.m ~ijfl11a.J"li'\4LrnU'ltJ LLfl y
2 

- y1 < 0 
Xz - xl . 

lU)lJQ 1.4.1 : ifl L 1 LL~::: L~ LUU.L~U<il'l~~u\ILHU. ijm11liuLiJu m1 LL~::: m~ ~1111h~u 
'a .... . :~ .·A~ ~Vr.ll A 

b~\t<il':i.JYlHHlJ'U;)::::<il~Ul1111U11<ilflblJ~ m
1
m

2 
= -1 

i1tnln 1.~.1 t11 L1 LU~LGf·u~'l.:J'i!~~lu~V'l A(-1, 5) LL~::: B(4, -1) 
"' .t ~ "' riJJU'~fl1l~J-rJU'UEl.:l L 1 flu 

-1 5 
m, 4-: T-1 ) -~ . 

1:~· 1.
1 

ttlu.tR'u.m J~,'jc.Jm~~ C(1, -4) LL~:::: D(7, 1') vi·~Ju 

30 MA 113 



((1, 4) 

~tl 1.4.8 

~1nitr.mJ 1 .4.1 L'll~llll1tl~lmlm'l.4"lluJLNum.J14i'iflmlu~~'Hl.J~~.Jvciuu.LH'1.4m.J 
I I ~ 

~ 

·Ju L~ p 1 (x 1• y 1) LL~::: p2 (x2, y2) dJ'I.4~CiHHl\l~~'tJULNU.fi7.J L ~tl 

m, ~ 
x2 x1 

n1 P(x, y) dJ'\.4~~1~ i 'tJ'\.4LNU~1'~\I L d~1£J 'il.J1 tJ 1.4. 9 
u 

y L 

X 
0 

11.l 1.4 .9 
"' 
' 

~iltll'ilV!lml~'!TU"lltl-:!Li.fWi\1\1 L sn.J~~<tl P(x.y) ILfl::; p 1 (x 1• y 1) 

~j_ 
x- x1 

~ 

LUU.mlmi'U"J.Je:J.JL~Uo/11.J L L~£Jlnu ~-:!U'\..4 m, 

~..l Y2 ~J 
X - X l XL - X I 

~.Jtfu.t.1l~-l~1tJt~·-), ~~m1"J.Jfl.JLttt-tm·rn~lu~'i1 p 1 (x 1• y1J 
.. 
fit) 

( 1 .4.1) 
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L0D x1 r/ x2 LLfl~1 x1 • x2 ~~~~mlf~fl7 .JD~hm~1~.J Yjn~fl1.J~Llf~fl7 .Jd;J:;0LLD1.JtUR'lf1 

Lvhn~ .,.,tf~~, P(x. yl •u~~flLfl rr u"'if"m"d L7n::1~t~nmwut~.Jii~fl.,,a ~v 
X = x1 

i1DUH 1.4.2 ;J~~-i~~rni•JJt~.JLI:t't.4m"~~l\.4~~ (6, ·3) •~~:: (·3, 3) 
"'--{ 0 I .., 

}6n7 LH~'il7 .J~·l1'1.4~fl ( 6, · 3) U~!: ( · 3, 3) IJO: Lif 

y. {·3) 3. ·(·3) 

X· 6 ~-:-fi 

y + 3 

y + 3 . . 
~ ~ v -~ 
fl.J\.4\.4H1JT117"1JflllH\.4~7 .J\.4flu 

y + 3 
A 

'WHl y 

, .... Q ~ I 

J6n7 ';l:;LVt\.411 x
1 

= x2 = 3 

.2.. (x · 6) 
g 

-~- (x · 6) 
3 

-~ (x • 6) 
~ 

41JliuwllnT:~"JJtl-l1Rl-4~, JdfiD x = 3 

" ( ) " ' l/2 • Yl A .-to: .. .. ' ';11T1R1JT11,LRWil1.J 1.4.1 ~::;VVI\.411 X . XI f1Dfl11i..!11U'1lil.JLR~fl7.J'li.JF-11~~fl 
f! 2 ... I .:; 'ilk 

(x1 , y1) LL~:: (x2 . y2) \t\.4LD.J ~1 m l'ttlfl111l"ffl4"JJD.JLRUfl'H.,..JT1~11~ L71';1:; L" 

.. m 

v.7£J y- y1 = m(x · x 1) 

LU~Rll1117'1JD.JLH\.4f17~"~,,..~" (x 1• y 1J LL~::iifl111lit.m·hnu m 
' ' 

i1nUH 1.4.4 ;J.JVt1RllT117"Uil·mt1.4m~.J~,,..~fl (3, 4)· LL~dim.1ll"ll'uLrhriu ~ 

]nn1 L~~d (x 1• y 1) = (3, 4) LL~:: m = ~ LLY1\.4fl1l1.4 (1.4.2) ;J::1ll 

A 

'l't7tl 

y · 4 = ~X· 3) 

y = '·x + 2 
' 3 

LU\4H1J1l17'!Jil.JHi1.4f17 \len"~,,..~~ (3, 4) Ll~::iifi111Ji\.4L rhri'U ~ 

;J1T1H1JT117 ( 1.4.2) tf1LiUfl7 J~11.4~fl (0, b) ~7Drl~1111Llf~fl7 .J~flLLTl\4 y 

L71;J::tll 

y · b rn(x · o) 

( 1.4.2) 

Yi~fl (o, b) 

v.7£l y - mx + b ( 1.4.3) 

LiJ~HliT117"1JEl.JLlf~fl7~.J~fiLLT1U y ~~fl (0, b) LLt'l::0fl11lliULfhn1.J m L71;J:;L1Vn b ll 
1::v::.,-fiLLT1~ y (y-intercept) 

32 MA 113. 



' "' I .. .. .. -~ I :J(. .. ,k I :J(. 
~1DtiH 1.4.5 ;)~~1~UJfllnJtJ.mnl.fl"f..7'11•UJfl11ilJll\4L'Yl1rt'U 2 LL~::ll"f::tJ:::"t~LLn\4 y L'Yllrt'U -3 

iin1 1::v:::~~mn" y LYhnu -3 ~ll1tJfl11ll1mf,..,,~.rt~LLn\4 y ~ (o, -3) ~~J,.;,::t~ 
y = 2x + (·3) 

• 
~"ftl y ,. 2x - 3 

' 
LU\4t'fllnTl"l.ltl~Li\4fl"f ~fitra~m1 

"' ' ~ ~ .. ~1DtiH 1.4.6 ;)~~1f'l113J-v\4LL~::7:::V::"ilLLn\4 y 'lltl~L~\4fl7~ 3x + 4y = 7 

iirh ;,1n~aJm1 3x + 4y = 1 ft~lYt'aijL\4~1.Mitnnu~llm7 (1.4.3) il::1~ 

Y -~x + !. 
4 4 

~~J\4m13Ji''\.~"l.ltl~Li\4fl7 ~~rh~\4fiLYt'fiil m = -} 

LL~::'l::V::~flLLn\4 y fiil b • t ~;nmhTl1LH\4fi'Hd~flLLn\4 y ~~fl (0, ~ 
;J1nfi'1tl~1~. 1.4.6 ;J::L~\411~llT111Yh j 1t.l'llv~Li\4fi7~;J:::'tl~L\4~U Ax + By + C = 0 

~~;,::L7vn11~UJfll'lL'ii~LH\4 (linear equation) L'Vi71:::rhi~"l.lil~lii'1LLth x ·LL~:: y ,LU\4~~~ 
L\4fll7L:Uv\4mwrtJil~~llm7LHUfi7~J,. L11LVitJ~LLfl~1;Jfl 2 ;Jfl'l.J\4Li\4fl'nJ\4 LL~1 • • 

~lmiu.L~u3J;)fl~~tHl~Ju n;,::1~LiU.fl7 ~~~il_,fll., LU.fll7~1;)il 2 ilil'UU.Lium _,tfu.L ~u , , , 
L~~lr.JL113Jn~1~il~LH'iAfl"f~Julii'ilLLnU x. {fllilili~LU.fi;J:::LUU 0) LL~::~t~lilflLLnU y (~lLLil'U
sD~'lfl;J::LUU o) tf1LH\4fl"f_,~LLnu x fiilil (a. o) L11;J::Livn a 11 1::v::9i'i!LLnU x (x-inter-. ' , 
cept) LL~:::tflufu.fi·HfiflLLn\4 y fi~fl (o, b) L11;J::L7vn b 111~v:::lii'lilLLnu y (y-intercept) 

~1mh~· 1.4.7 il~L:UtJU.Tl'llMlil~LHU.fi'H 

3x + 4y 12 

1ilh tflLYt' y = 0 ;,::1~ X = 4 

MA 113 

' .... 4111 .... I Q.l 

UU.flil "f:::V::flilLLnU x L Ylln'U 4 

~7ml~1111LRU.m_,~fiLLnu x ~~lil (4, o) 

y 

0 

nJ 1.4·. w 
" 

tilL~ X = 0 ;,::1~ y = 3 

~_,J,.~~RU.il1~il::9i'lilLLn'!.4 y ~~fl (o, 3) ~~~tl 1.4.10 

X 
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;i1 ouH 1.4.8 tJ7'JliflLL~-l~u.,.nm.,; tHiiv'll\4~~-a.,., ,.,, 1 ,8oo tJ1fl ~.,; v-liivdiimqm'J 

1'Jt.,,u 10 tJ R1/~Uty'ii~v"tJ'J7lifl1~'lli;~fl71~ft\4911..1 (straight-line 

method) ·n~m-,~~~,L~mJ71fl1 ~ulirJ'J1f11fl11JUtyf. (bpok value) ~il" 
Lf'l~v.,iiv ;J:;~.,~.,1 ~Dfl11f'l-l~ ~.,tfuLrlviuiJ~ 10 'J1fl1fl11JUqf9~v-lLfliv-liiv 
;J::LUUflUU R1l1!Gi11Ltv~uiJ~ x 71fl1fl11JUqjf'lln-3~fl~v-l0mYh1YtJ y tJ1fl 

~.,JUL~il X • 0, y • 1800 L~~::Lrln X • 10, y • 0 n1,1~-3LLR'il-lfl111J 
i11~uth::~1,., x LLfl::: y fivr11u~v.JLR'um,.i.,~~il117:::~1H~fl (o, 1800) 

LL~::: (10, o) ~.J1U 1.4.11 
IJ 

.Y 
(o, 1eoo) 

--~--~0~------(·10-,-0)----------- X 

,,J 1.4.11 
" 

·180 

y -180x + 1800 
... ' . 

!'I ""' ,. • 
LuUR1Jn17~v-:HRU,fl'J.J't:H1Jil 0 .$ x .$ 10 

'lfan~IOA : ;J:;L~W)1 ·180 ~.JLiJUf1111JiU'lltl-3LRUfl'J-3dflm11Latl1J71f'l'lflDU~ULil-l LLRfl" 

1,,,m9111JUfllih:::~~~.,n~::: 1 8o tJ,., 
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1.1 (2, 3) ' (-4, 3) 

~· "' UtJtJHOll~ L4 

1.2 (5, 2) ' (-2, -3) 

1.3 (}. r). (-~. ~ ,4 (-2.1. 0.3). (2.3, 1.4) 

~1rr&'a 2 - 11 ~-3~1LU11l1'l'llil~Lft\4fl'l~,Hiil91fl~il\lriUL3au1'll~7h~'IUllVlflil1tJd 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

fl111J"'l'UL'Yhfiu 4 LL~::~l\4~91 (2, -3) 

~1\4~91 2 ~91 fla (3, 1) LL~:: ( ·5, 4) 

~1\4~91 (-3, -4) LL~::'ll\41UfiULL11\4 y 

~1\4~91 (1, -7) LL~::'ll\41UJiULL11\4 X 
... 4 .,!' A 

1::V::f191LL11\4 X flil -3 LL~::7::EJ::'f191LL11\4 y flel 4 

~1\4~91 (1, 4) LL~::'ll\41UriULR\4il7\l 2x- 5y + 7 = 0 

~1\4~91 (-2, -5) LL~::i'Jfl11JJ"Jl'U /3 
~1\4~917hL'il91LL~::LLU-3fl~~3JJJ7:::Wl1-3LL11\4~\ItHl\I~,HlVLU ~f1111fl ~ 1 m~:: 3 , , 1J , 

~1\4~91ri1Lit91LL~:: LLU-3fl~ \13JJJ1::WlHLL11\4,t\IRil~ -3f.lVLU ;}flll1fl ~ 2 LL~:: 4 
, , 1J , 

i'Jm1JJ"Jl'ULYllrlU -2 LL~::7::V::tl91LL11\4 X LrllnU ·4 

~-3~1fl1111"1l'Wllf.l-3LH\4911 \lflf.l ttJ~ 
12.1 4x - 6y = 5 12.2 X + 3y = 7 

12.3 2x + 9 o 12.4 3x - 5 o 
' 

;}-3~1R3J1l17'1Jf.l\ILHWn-3~-hu~~ (3, -5) LLt'l:: (1. -2) LU.f.U y = mx + b 

;}-3LLR~-311LRU.f17\l 3x + 5y + 7 = 0 bLI'I::Li\4911\1 3x + 5y- 2 = 0 'lJU1UnU 
I Q.. i;o • J:: QJ 

;}-3LLR~-311LR\4<il1\l 3x + 5y + 7 = 0 LLI'I::LHU.f11\l 5x- 3y ~ 2 = 0 fl\1;411111\4 

;}-3~1HJJnT~'llf.l\ILR\4f11\l~\l~·hU~il (-4, -5) LLI'I::'llU1UnULft\4f11~-3i'JHJJ1l11dJU x ~ 2y 

+ 6 = 0 ~'ftl3J~-3Lii£Jumw4'll'El\1Lft'U.f17\I~-3Rf.l\IU\47::U1U -xy L~V1ff\4 . 

;}fiH13J~fl~ Ji1~\491 L ~'1ULLfli'I::"liBiif.l ttJd ;} \1~;}11 n4111~91~\lft11nfuBVtJ\4Lft\4911 \IL~tl1 , , , \1 

riu~i'Btll (mfl'EJ1l1,.~1fl11JJ"ll'u·zhv1um7~~,., m1) 

11.1 {2, 3), (-4, -7). (5, a) 

17.2 (-3, 6) ' (3, 2) • (9, -2) 

17.3 (2, -1)' (1, 1). (3, 4) 

1 7.4 ( 4, 6) ' ( 1 ' 2) ' (. 5, . 4) 
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.. I f I .. I 

18. ftJJ1/~11'f£Hfl;ll-3ilmJUfl~i1-311fl1 A 1.J1fl Lfl;ll-3ilD\li'if'i1LfDJJ11fi1Lih.~nfl11UfUflH 

\u,'1-3 n tJ \Y111fl1fl1JJUqJfLiJU y 1.J1fl L~DfutJ~ x 1-3~1ftJJ111'7Uftfl-3fi11JJtfJJ
~Uf'7tWlH y Utlt X \Y1Lfl,iHilD'LfU'71fl1 3,000 1.J1'n 1-3\'!fif.,flf'i1LailJJ11fi1\U 

' .. ~ 
~fl'71Li'Ufl'7 ~\u"'f1-3 12 tJ ~1,1fl1fl1JJUqr9LilllRUUfl 5 . 
... 1 I I I 

19. ti!£!Lfl; il..:Jfn'7'!fUfl~i1-3LillltJ 2511 ,1fl1 750,000 1.J1fl fi~U11fl1 150,000 1.J1fl Uti:; 

S -3Ui'1.JU1-l~~" (improvement) '71fl1 60o,ooo 1.J1fl . th~i'uf .1Ui'1.JU1-1fi~uli 
mqm1\'ll-11U 20 tJ LLtlt£if'i1L~ilJJ71fl1L!JUtlfl11LiUfl1-3 1-3~111fl1fl1JJUqJf'llil-1f-1 
ui'uu1-1~ilulutl 2519 

20. u1111flLL~"~d.,.!llLfl'a"tm.,,fl, 15,ooo u,, L~afutl~ 10 11fl'lllr1n'llll"Lfl'll"tm 

LiJU 2,000 1.J1fl . 1Y1.,fl.l1L~ilJJ,1fl11fltnf~fi11L&fufl," i-3~111fl1fl1JJU~D-3Lfl'il"-
fn1 L~llfutl~ 6 

36 MA 113 

• 



1 
Yf~~si'uun~n11n 

.5 
Functions and Their oraphs 

' !'I .lt u J( ... • .. .. .... .... ~ I 

~,1~::; nfll111 y Lu\.4 -n~ rroU.'llrl-3 x. "lllnl)Vr,tl~fl'l'lf ~LLRfl~ll~fl1111ft11Vi\.4Yi'l::Vr11~ 

x LLfl:: y 1flm11Hl11l'lt1Vrlfll y l.iVrtt~fi1L~mhVruflfll x L~Vrtt"fil L"liu ~~li"ll'u~"itEJlll 
1fl£Jnl)~11 "y l.t;nnmnb 4 lth.nnnuri1~~«D..rtJD~ x" Jufln y = xz + 4 lf1 x = 3 

;)::;1.1 y = 32 + 4 = 13 ;J::;L~Ul1L'l1R1111'lt1Vrlfll y 1.1 L~Dfi1VrUflfl1 x L~ .J~1fUL'l1 
~~1~ilrm.rot~~~~niul.t~~~ 

urnlJ 1.5.1 : YJ..:Hiiu;JlnL'l!fl A hlff~L'l!fl s flt~nlJLnm~~u~~~fi1111~3J~u~,::y,-JH 
R111'1ifl'llt1~ A LLfl:: B 1flEJ~R3JliJnLU A LL~fl!:~1;)!:~tl-1~3J~U~rltJR111'1inLUL'l!fl B 'VIct~~1 
LLfi::L~EJ~fi1L~ti1LrhJu lf1 f Ltlu~~n"Jl'u;J1n A 1tJff..:~ s b"ll';J::L;iEJuLL'Ylu.11EJ f: A-s 

1flEJtJnfiL,1aj'mL~UR3Jl'1!1l"JJtl~ A .11EJ x ~Lfi!:LL'YlUHlllifi"JJD~ B ~~i11~utfi'u x .11EJ 

y .r~JuL,,~~m';Jnt'inl.;-), -rr~mruflm'l!mJD"Lfl"ll~ih.ru (x. y) 1flu~ x £ifi,t1f.d,nuLfiEJ 

L"Jiu fl1111i3J~u~~~ittll111flEJ y = xz + 4 LUU~~fnru Ylitl lf1L~ f LUUL'l!mlti~Lfl"ll~~1.ru 
(x, y) ~~Rtlflfl~tl~ffu y = xz + 4 Juflt~ 

f { (x. y) I y = x2 + 4 } 

Ltlurhliiu lf1 X LUU~1U1U;)7~ ';)::;1.;1, y nLUU~1U1U';)7~.;1EJ 'i1~Ju f -LUU~~Iiiu 
';J1nL'lffl R 1tJff~ R L'll';J!':Li£Jn X 1l@i''"'~LLtJ'l (variable) ft1Uf11 y Ju';J::;LLtJ"lfl13Jfl1 

'lltl~ x tr~JuuHfl~~L'll~~L7tlfl x 11~1LLtJ'l~H"l!: (independent variable) LLfi::Lirm y 1'1 

tl1 LLtJ7fl13J (dependent variable) 

lf1 f Lilu~~liiu';J1n A 1tJff..:~ s ~~ThVrut~fil y e s l~i11~utnu x e A LL~1 
L11';l!':LLY1U y lf1EJ f(x) Jufltl y = f(x) LLfi!:';J::LiEJn f(x) l1€i3JL3J';) (image) 'lltl~ x 111EJL9l 

~~n"Jl'u f LLfi!':L11';J:::L7EJm'l!fl A 111~H11U (domain) 'llfl~~~n"Jl'u f ~~';J:;L;iEJULLYlU.;1EJ Of 

.r~Ju 

' Df l X I .x E A \ ' 

L11;J:;L7EJ11L'lffl'lltl~ y E 8 cn"ill~"nffu X E A llL'lU~ (range) 'lltl~~~frlru f sn~;J:;L;iEJU .. 
LLY1U~1EJ Rt ti~UU 

Rf = { y e B I f(x) = y ti1WltJtJl~ x e A } 

i16Vl~ 1.5.1 1~~11.411.4';)7~ X LL~fl:::~1i3J~utnu x2 ;):::L~U11fl111Ji11~Utti~n~J1dLuu 
~~liiu ~1L'llLmuYJ..:~n-nuJu~1rJ f ~..:~tfu 

f(x) x2 
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~;un~1111 f Ltl~Yf-1fii'~~ -1\lunJ 1.,u y • x2 

~;umvn~1111 f LU~L'llfl'l.lll-1LN'l.l~th.ru (x. y) 

1~~dL.,Lll~'l.lu-1Yf-3fii'~ f ~u~1~1~v1 ~~-3~ll., 
Dt R (- oo. oo) 

~1'1.4L,\4~'l.le:J.."I f fle:J~1'1.41'1.4vi.."I'U1nLLN::: 0 if.."l,f\4 

' ... .. 
~~fill 

Rf t 0. 00 ) { X t. R I X ~ 0 \ 

L~i"ll1LLfll'lfl~~,f~L11iln n~·nn-1Yf-1n'll''1.4'l.l e:J-1~1'1.41~v7 >1 tt~~e:J Yf-1n'!l'~ ~ijL.,LlJULUU 
IJ 

L'n'm.Je:J-1~1U1~v1" ~~aiUL'llm.Ju.."l~1'1.41'1.4v1" L'1.4mrit~1.,Lll.'I.4LtluiuL'llf1'l.le:J-1~1~1'1.4v1>1 L1·1 

3Jn.;J::u.."JH~1tl' L"li\4 y = x2 L~tl 0 .s X .s 1 LL'Gf.,.."J11L.,Lll\4~u"li1"tl., (0, 1j ~"LUU 
. ftW'llfl'l.ltl.."l R 

i1vd1-3 1.5.2 1-x f Ltl'I-4Yf-ni-Dwf~il£J1lJ 1.,tJ y =rs-:-; 

38 

v::L,.;'I-411 nl X > 5 1l::·vh1oX y 111LU\4~1'1.41Uv1-3 

i)...,,i'l-4 x ';J::fia"Ltl'l-4~ 1'1.41'1.4;)1 ~ .."IUD£Jn11~;m ,-hnu 5 
' 

uufla Of = { X I . X .s 5 } 

~1ufh y tfu;J::ll1nn11~~mrhnu o .;...,Ju 

Rt = { y I y ~ 0 ~ = (0, 00 ) 

y 

------------0~--------~---,~x 

nl u.2 
" 
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~·nHh-3 1.5.3 1~ g d'J\tY:.n'i'Ilu-!1 -lU£Jl3Jl"!J 

y 

-3 L3JEJ X .$. ·1 

1 LiiD -1 < X S: 2 

4 LiJu 2 < X 

;J:::;L~Ull X ~e:J:illUlU\li-l~·ll~3.1" R"JU y, ij 3 fll flu ·3, 1 LL~::: 4 ~-lttU 
1~L3.JU"UEJ-l g ~D (- CP. oo) ~·l·~·L'5U~'lJEJJ g ~D { -3, 1, 4 \ '11-l1U 1.5.3 

y 

~----~4------------- X 1'1 0 2 
I 
I 
I 
I 
I 

nJ t.5.3 
" 

i1mh-3 1.5.4 \1-l~\ll'HU.lL~fl g { (x. y) I x2 + y2 = 25 \ 

7·5,17 \l::::L~u-l1 g 13-Jdju"Vt-ln'll'u LYi11dlt't1 x v~'lwrh-l (-5, 5) ;)::::1~f1, y «u-lf11 L'liu 

Liiu x = 3 ;)::::1~ y = :t 4 LLtH1-l1l y Rtl-lfl1R3.J~U~ntJf'll x ~U-lfil '11-lJu g ~-l13JLUU 
'Vt-ln'll'u ~-l1u 1.5.4 

~ 

5 
y 

-5 

nJ 1.5.4 
"' 

i1vdH 1.5.5 'loX h Ltlu 'Vt-ln'll'u~ -'U£J13.1 1"£J 

y I X I-
75n7 ;,::::L~u11 X LUU~1WlU;)i-l1~, n1~ LL.i y ;,::::LUUfl1~ut3Jt~ .;-l,fu1~Lll\4'1!£h1 h 

A t .ell 411111 

ml (- oo, oo) LL~::::L1U;)'lJ£l-l h f1£l [o, oo) ;Jln y = 1 x 1 L11ft1111'HlL'lJtlU 
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.. -{· ~lltl x~O 

y .. 
X ( -X ~lltl 0 

y 

Y • -x y • X 

0 

y = 
x2 - 9 
x-:--3 

;J._,~lt~H3JU b'H'\l ~~~tn'n~ 'lltl._,yt._,fi"Jl'" 

16th ;~::Lv;u11 i11 x = 3 ;~;;1~ y .. ~ ~"11l!lm1ll~ll1tl ~m1::~·nt1l!lnn~1111'1tJ o 

~,,.futf!Lll"'lltl._, h flt~~1U1U;J;._,yt._,~llfltlnLi\~ 3 

. 40 

LL~ y "' 
x2 - 9 
x--:-3 

y • X+ 3 

(x - 3){x + 3) 
X - 3 

;~::L~u11 y LUU~1u1u;~i"~"~1Jf! Dm1'u 6 LV.11:: x .; 3 

~._,~UL'1U~"lltl._, h ~tl ~1'to41U;Ji._,yt._,~lJ9lfJnLiU 3 

\I.::~Ufnl~tl-.1 h fltl~fl'Y)fi~f!UU~~Um-.1 y • X + 3 tJnL~U~fl (3, 6) lf-31tJ 1.5.6 

y 

2 
~ 

X • 3 

1tl u.e • 
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.r~1.;n~11LL't\'T11ft~rion~ fi a fl!JLfl m~ ~n1t ~L11R111THI'I·nfl-n~a~ y ~7a f(x) 1.; 
Lrlan,~u.,f1-n~a~.r1LLth~R1:: x t~ .r~,fulf1~i'uvt~mru 

f(x) x2 - 5 

fltlfl!)LflNrWil ~Yi1L ~L'll~lfl-nltl~ft~nonu f 1« ltl!ln11!lflri1~~Rtl~~1LLth~R1:: LLt\'1~tJtltlfl 
~1!1 5 if1L11Yi1tlUJn!)ti~11~11d ;,::1« 

f(3) 32 - 5 • 4 

LL~:: f(x + 1) = (x + 1 )2 - 5 

x2 + 2x + 1 - 5 

x2 + 2x - 4 

;,::L~u11 Lrlafl"ftlu~f11LLth~R1::LtJSvuLLtlft~;J1n x Ltlu x + 1 LL«1 fl-rJ.m~vt~mru 
;~::Ltl~!JU;Jlfl x2 - 5 LUU x2 + 2x - 4 ~ufiaLtlSuu1tlLrhffu (x2 - s) - (x2 ~ 2x - 4) 

' 
2x - 1 1l'\Utl~ 

twm~milflfllftfliL113!n\'ll'iqJqJ~rnnu 6 (delta) LLYIU "fll~Ltl~uuLLtlft~1tl" 
L'liu 6X LLYIUfll"lltl~ x ~LtJSvu1tl illf11LLilinR1::LtlSuu;,ln x Ltlu x + 1 ;,::1~ 6X = 1 

LUfi1~tl~L~(J1rlU 6y LLYIUfl-nltl~ y ~LtJ§!IULLU~~1tJ ti~,fuLrla 6X "' 1 ;,::1i 6 y • 

2x - 1 Ltlufiu 

i1fldH 1.5.7 1~ f Ltluvt_,,;,r,..~~itv1111.,u 
f(x) x2 + 3x - 4 

;)~~1 f(O), f( -2) LL~:: f(x + 6X) 

f(x) 

f(O) 

f(-2) 

f(x + 6X) 

= 

= 

= 

= 

x2 + 3x - 4 

o2 ·+ 3·0 - 4 = -4 

(-2) 2 + 3(-2) - 4 = -6 

(x + 6X) 2 + 3(x + 6X) - 4 

x2 + 2x6X + (6X.) 2 + 3x + 36X - 4 

x2 + (26X + 3)x + (6X) 2 + 36X- 4 

i1tlVH 1.5.8 t~ g(x) = ~ ;,~~1 g(x + h~ - g(x) Lrlu h :1 o 

1in1 g(x + h) - g(x) ~3(x + h) - 1 -.f3Y::l 
h - h 

MA 113 

(/3x + 3h - 1 - { 3x - 1) ~3x + 3h - 1 + ~3x - 1) 

h ((3x + 3h - T + .ffx"'="1) . 
(3x + 3h - 1) - {3x - 1) 

h(/.3x + 3h- 1 +~ 

)' 
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• 3h 

3 • 
-{3x + 3h - 1. + (3X':T 

~10dH 1.6.9 L~ C(x) • 100 + 6x + o.o1x2 LUU~~IiiwllD~fhli~1r/l\.l.m·no~ilfiRU.,-1 

42 

fin x ~t.hn ~ll1rJfl11lrl1~1L11tlD..1m1~RfiRu~1 x ~\hn ~::.rn~L~Vfht,r~,n 

~~~llfiLrhriu C(x) 1.J1Yl ~tJ 1.5.8 finm.wr11D..1~..11i"Jl'u c(xJ 

y 

-0~--'xi.-----x"""+--:--1 ___ ..., X 

C(x) finfhl,r~1rJLUTl11~RfiRU~1 x ~\hrJ 

C(x + 1) flnfhl,r~1rJLUTl11~RfiRU~1 x + 1 ~u1n 

l~ S(x) • C(x + 1) - C(x) 

... (100 + 6(x + 1) + o.01(x+1) 2]- (100 + 6x + o.o1x2] 

= (100 + 6x + 6 + o.01x2 + 0.02x + O.Ql) - (100 + 6x + o.01x2) 

o.o2x + 6.01 

;Jtl~'"11 s(x) flilfh1'll'~1rJ~~tflil~~1m~~\.1.~1L71L~lJTl11~R9l ;)1n x ~U1fJ 
LiJu x + 1 ~u1n ~uflil L't.4m1~R91RU~1~u1u~ x + 1 ~t.i'il\IL~tJfhlf~1rJ 
o.o2x + 6.01 1.J1Yl L"Jhuh1"lt~1tJ 1um7~~flR\.I.f11~U1tJ~ 101 LU\.I.L1\.I.LYhriu 

S( 1 00) 0.02 ( 1 00) + 6.01 8.01 

L71;J:::Liun 5(100) 11 marginal cost 'llil\IRUfl1~U1tJ~ 101 

of1\l,fu S(x) ~n marginal cost 'llil~RU~1~U1tJ~ x + 1 

., 
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LU.'JJtJ 1 - 10 ;J-Jm 1~L:IJlHL~::L"lU.~"llth'IYl-Jfi"Jl'u.~i\l'VIU~L Y:wfmJ~-JL~IJU.7111'VhltJ-JYl-Jnoffu. 
th::nt1u~1u 

1. 

3. 

5. 

7. 

9. 

={(x. y) I Y 

F ={(x.y) I y 

h ={(x,y) I y 

9 = { (x. y) I Y 

¢ = {(x. y) I y 

= 3x - 1 } 

= 3x2 - 6} 

= .r;;::-:4 } 
=IT4 } 
= l3x + 21 } 

2. 

4. 

6. 

8. 

10. 

9 ={ (x. y) I Y 

G = { (x, y) I y 

f ={ (x, y) I y 

H = { (~. y) I y 

F = { (x, y) 1 y 

= x2 + 2 } 

=.fX+i} 
= 4 - x2 } 

=I X - 31} 
= ~} 

2x + 1 

' "' 
1u.'JJtJ 11 - 26 ;J-Jli\11~Ll.IU.LL~::L1U.~"l.ltJ-JYl-Jr'ioffu-niil'VIu.~1v;vri'fll.I,;-_,L~£Ju.mwhJ-:.-::nmJ 

11. 
X < 3 

3 < X 
G y 

12. i
-4 if1 X < -2 

Y -1 n1 -2 . .s: x .s: 2 

3 n1 2 < x 

h 

14. 
y ={;2: _. x2. 11:;, x _; < -: < s 

X - 5 Ul 5 < X 

15. H y =Jx2 - 4 
l2x - 1 

ill X < 3 

ill 3 _$ X 

17. 

19. 

21. 

23. 

(x + 1) lx~ + 3x - 10) 

"
2 

+ 6x + 5 
F y 

f y = /xz - 3x - 4 

9 

h 

y 

y = 
X - 2 

x 3 • 5x < - 6x - 30 

X + 5 

16. h 

18. G 

20. h 

22. f 

24. F 

{

6x + 7 
y = 

4 - X 

U1 X < -2 

U1 -2 < X 

(x2 + Jx - 4) (x2 - 5x • 6) 
y = 

(x2 - 3x + 2) {x - 3) 

y = V6x2 - 5x - 4 

y = 

y .. 

x3 + 3x2 + X + 3 

X+ 3 

X·
4 + x 3 - 9x2 - 3x + 18 

25. f y I X I + I X - 1 I 16. g y = I X I' . I X - 1 I 
27. 1~ f(x) 2x2 + 5x - 3 ;J-J'V\1 

27.1 f(-2) 

27.4 f(3) 

27.7 f(x2 - 3) 

MA 113 

27.2 f(-1) 

27.5 f(n + 1) 

27.8 f(x + h) 

27.3 f(o) 

27.6 f(2x2) 

27.9 f(x) + f(n) 
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27.10 f(x + h)· f(x) 
' h" 0 h " 

28. l~ g(x} • 3x2 - 4 ;)~\'11 

28.1 g(-4) 28.2 g(~ 28.3 g(x2) 

28.4 g(3x2 · 4) 28.5 g(x - h) 28.6 g(x) - g(h) 

28.7 slx + h). s!x) 
' h" 0 h 

29. l~ F(x) - /2x + 3 ;'1~\'11 

29.1 F(-1} 29.2 F(4) 29.3 F(~ 
29.4 F{30} 29.5 F(2x + 3) 29.6 f(x + h) • f(x) 

'h "0 
.h 

30. l~ G(x) • ..J 2x2 + 1 'H\'11 

30.1 G(-2) 30.2 G{O) · 30.~ G(~ 
30.4 G(~ 30.5 G(2x2,- 1) 30.6 G!x + h) • G(x) 'h" 0 

h 

31. ~1fhLf~1tJL~fl17~ifli~t'i'1 x 'VI\hll Lri\4W~ C(x) • 50+ x + 0.1x2 ~~\'11 marginal 
' LLa::'VI\hu~ 11 cost 'lla~i~.,.1'V1~1llii x + 1 
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Vhll'HU1n1'l1J1fi n17t'I1J n17flt\4 LLtq:::fi17~17'1Jv·n~..1ni'u L11L1tlf1Vf..1fii'U~Lfltri1u 
" L~~1d11 r.Jt'l~13./ r.J~fll-3 r.Jtqfltu LLtq:::Hii~17 'lJv..1Yf..1ni'ULtl3./ ~..1£iilt113.1~..1d 

" 
urn11 1.6.1 : nT1~u~1~ f LLl'l::: g ~uuvt.,/i'll'u 2 Vf..11i'll'u 

( 1) Ht'I~11Mlel-l 2 'Vt-lfiiu ~ -lLlJUYf-lfii'UUtl13./ 1flt1 

(f + g) (x) f(x) + g{x) 

(2) r.Jt'lvll..rllel-3 2 Yf-ln'Jl'u LLYl\4~1tl f- g ~-lLlJUYf..1n'Jl'ULLtq:::\lt11111flt1 
(f - g) (x) f(x) - g{x) 

(3) r.Jt'l~tu"lJel-1 2 Yf-ln'Jl'u LLYlU~1tl f. g ~.ntJurf..1n'Jl'ULLfltUtl1111flt1 
(f . g) (x) f{x) . g{x) 

(4) r.Jt'I~1~"1Jel-l 2 ~..1riiu LLYlU~1tl L ~..1Ltlurf..1ri'll'u LLfl:::ilm111flv 
g 

(~ (x) = f(x) ; g(x) , 0 
9 g(x) .. , 

1uLL~l'l:::mrl1 1flL11u (domain) '1Jel..1Yl..1riiu flelfl1"lJEl..1 x n..1~fl1EJne~"lu1flL3./U'llv..1 

Yf-lr'iiu f LLl'l::: g um1u1umrl1~ (4) hh13.1fl1'llv-l x ~" g(x) = o 

i1vd1~ 1.6.1 rh~uflL~ f Ltluvt..1ri'll'uilv1111flv 

f(x) =~ 

LLl'l::: g(x) 2x + 1 

\1-lm 1. (f + g) (x) 

2. (f- g) (x) 

3. (f · g) (x) 

4. (4 (x) 
g 

"""" 0 '}0'11'1 

1. (f i< g) (x) = f(x) + g(x) 

=~+ 2x + 1. 

2. (f - g) (x) f(x)- g(x) 

= Jx:2 - 2x - 1 

3. (f · g) (x) f(x) · g(x) 

= vfx:2 {2x + 1) 
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f(x) 

4. (~ (x) • g(x) 

g • Jx"=2 
rx-+"1 

1flL11\4'litH f ~tl (2, ~ ) LL~:: 1flL11\4"lltl~ g fit~ R ~~~\4L\4~il ( 1 ), (2) ~Lft:: (3) 

1flL11\4"llil~~~fY-!'.5fiil (2, oo ) cf1~i'uftl (4) ~1\4;J::LU\4~uliL~il x .. -} LLfl -} ~ [2, ~ ) 
.;~~\4 1flL11\4'lltl.rl!tl (4) V~fl.:!Ltl\4 [2, 00 ) 

l1lJltJLl1~ ~~fl\U'litl.:l f LL~:; f LLVl\4~1tl f2 fi1ilD1.:1L,J\4 f(x) • 3x «-3~\4 f2 LtJ\4,q-3mt\4 
• \1 

• (3x) . (3x) • 

Vl~~-i'uth::tHltJ (Composite Functions} 

ilfn'll 1.6.2 : Th~UilL~ f LL~:: g Ltl\4~.:1~"Jl'\4 2 ~.:l~i\4 ~~~i\4th::1liltJ"llil.:l f LL~:: g 

L;jtJ\4LLVl\4~1tl fog LL~dlm111iltJ 

(fog) (x) f(g(x)) 

1flL11\4"lltH fog ~tl · L.nfl"lltl~ x Lil 1 L\41flL11\4"llil~ g ~ .:1 g(x) n~1\41ilL11\4"llil~ f 

i1flVH 1.6.2 rh~\4ilL~ f(x) •Vx LL~:: g(x) • 2x- 3 

;).:1~1 fog LL~:: 1flL11\4"llil~ fog 

]in1 1flL11U"lJ~.:I f fl'tl (0, oo) 1flL11\4'litl.:l g ~tl R (~1\41\4;};.:1) 

(fog)(x) • f(g(x)) 

f(2x- 3) 

.. V2x- 3 

1flL11\4"1J~.:I fog ~m.nfl"litl.:1~1\411.4;Ji.:~ ~.:I 2x- 3 2:. o ~it~iifl1LYhrltJ [t. oo) 

i1f:!Vl~ 1.6.3 n·n."uflL~ f(x) . =Vx LLft:: g(x) .. x2 .;._ 1 

~.JV\1 · 1. fof 

2. gog 

3. fog 

4. gof 

LL~:; Vl11il L:IJ\4"1! tl.:l~.:l n..Owt.h:: T'ltl\.JL'\.4LL~ ~:::'lit! 
]'firh 1flL11\4"1Jtl.:l f ~tl {0, '.):)) LL~::: 1flL11\4"lltl.:l g fit~ (- oo, oo) 

1. (fof) (x) == f(f(x)) f(.fx) 

=l:f 
4 -= \X 

1flL~~'litl.:l fof ~ [0, oo) 
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2. (go g) (x) 

3. (fog) (x) 

1tHIJU'ilrH fog 

11l£l~Lu (-1, 1) 

4. (gof) (x) 

• 

• 

g (g(x)) 

(x2- 1)2- 1 

• x4
- 2x2 

g(x2 - 1) 

1tHIJU'il£h1 gog 11£1 (- oo, CXl) 

• f ( g(x) ) • f(x2 - 1) 

- VT-1 
11£1 (- oo, -1} U (1, CXl) ~1£10fl1~YhfltJflT1~1\41U;)1-3 X ;i-3 

g(f(x)} 

(Jx}2 ":' 1 

X- 1 

~;JTH\41 (gof) (x) • X- 1 ;,::1~ lt~La.JUflel R ~-3111;,1-3 LVf,1::111tHIJ\4'ilel-3 
gof fl1a.JittJ1a.Jflel f11 x ~-3£l~Lu1flLa.J\4'il£l" f lt~v~ f(x) D~Lult~~a.JU'i!El\1 g tl-3,f\4 lt~~a.Ju 
'i!EW gof fla (O,,CXl ) 

lY1~iv (range) 'i!D-3Vf-31ii'u f LU\4~1\41u;J1-3LY4tJ-3fl1L~tJ1 L~~1L7un f ~iluVf-3ni'u 

fl\1~ (constant function) iufla f(x) = c LU\4Vf-3ni'ufl-3~ th~i'u c ~U\4~1\41\4;)1-3 
Lt'i i m1W!J£l.:Jliu;,::LiJuufut~1~~","~~~::~1-3;)1flLLnu x Ltlu1::v:: c ~1-41u 

Vf-3/ii'u f rh~ut~lt~v 

f(x) • a0xn + a1xn-1 + a2xn-2 + ......... + an-lX + an 

lt~v~ n LU\4~1\41\4L~a.JtJ1fl LL~:: a0 , a1 , a2 , ........ , an ~U\4L~'lJ~1\41U;J1-3 
m~:: ao .j o ,::L~tJn f l1LtluVf-.1mlu1YiA1uLi:l£J~ (polynomial function) ~n7~ n fl1El~1-3 
L"liu 

f(x) 3x5- x2 + 7x- 1 

LiJu1Yi~1u~i:lv~~n7 s 

'tY1~n7'ila-3Vf.:Jiii'u1Yi~1uLi:lv~ ~tlu 1 ~L~1 Vf-3ni'udL7vn11 Vf-3ni'uLii-3Liu (linear 

function) fr1~mLiJu 2 L'tlfl"l1Vf-3mlu1i1~-3Rel-3 (quadratic function) LL~::fr1~n7Ltlu 3 

L7vn11Vf-3ml'uriTLt-.'IR1a.J (cubic function) L'7iu 
f(x) "' 2x- 1 LtluVfM1i"uLii-3~ff\4 

f(x) 

f(x) 

• 

= 

1- 3x + 2x2 LiJuVf-3niuri1i.:J«El-3 
3x3 - 1 LiJuVf-31iiuri1i\IR1a.J 

fr1ii~D-31Y-l~1uL0v~LiJu~uli . vt.:~mrud•::LiJu Vfdiiufl-3~ 19ltJ~1 ttlVf-3fmuLii-3Liu 
;,:: ~ilvua~"l u~tl 
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f(x) • mx + b 1 

L~~ m. b LU\4fl1fh1~ LL~:: m r/ o m1vhl£l~Vf.:~Trr\4dLtJ\4Li\4fl1" il m LiJ\4fl1111 

i\4 LL~:: b LiJ\41::rJ:: 1Ul\4tifl y 

L\4mm~ f(x) - x 1::L;vn;t.:~frf"~Ad11 ";t.:~mT\4L£Jflfm~n1" (Identity function)" 

f(x) ' • ax2 + bx + c 

L;iU\4LL'Yl\4'lU,r11ilil£J.:~;t.:~mY\4rh«~«£1.:J L~~ a, b LL~:: c LU~fl1fi.:J~ LLa:: a r/ o 
'U 

t'h"rlf.:~ni'IALil il~L\4lU~~~11'lJ£1-3 1 Yifll\4Liiv~;t.:~~\4R£J.:J;t.:~mY\4LLf1 , 1::L,!Ifl,q.:J~-

i"~Ad11 ",q.:~lii"~Atinv:: (rational function)" L"li\4 

f(x) x3
- x2 + 5 

x2 - 9 

LtJ",q"mr"tinv::.n'.:~iilfiLJJ"~AfltJ L-Hfl'll£1"~,",""'7"ta.h1JJ 3 LL~:: -3 

,q._,fnr\4 Wzrfldtfl (Algebraic function) fla,q.:~fnr\4~ .:JLiifl;t1fln11~::fh 1flmfl1tJ.:~~JJ1[J 
'YlHWnfl dtfl~ 1\41\4 \l'u t~~1\4tltJYf.:J~'JT\4L£1 fli 1111 m LLfl::,q.,n,y'IAfl-3~ Lfl' £1.:J~JJ1rJWnfl ntfl· 
th::nam'i1u Lfl~£1.:J~JJ1U u1n flU m,. ~17 umhi.:~ LL~::llilfi7'Yl ti1mh.rlla.:~Vf.:~liiwm-

'U ' 'U 

,. (x2 - 3x + 1)3 

V x4 + 1 

f(x) 

\4£111 ;)1f1Yf.:Jni\4 Wtrfl dtfl ff.:~iiYf.:~fi'JT\4~fl1'l~;t17 1ll. 1 L \4LLfl flfJflR L~ £1-311\4 

at1.ru (Trancendental function) tl1£1~H'll£1.:JYf.,.frr"~Aai1fl'u fla Yf.:~frr\4atJminJJ (log-
, I 

arithm function) Yf.:~frr\4L£1Tl 1YiL\4\4Lifu~ (exponential function) en .:~;,::nfl11 L\41J'Yltl£Jttl 

fi'16VH · 1.6.4 ~~£iiflnfi£l_.,m::fi1HLL'ii.:Jllil"Tl11l::Yhnflil.:JLL1J1JLUfi~1\41J\4;'11Tlfl7::fi117LL'ii.:J 
tJ \1 I I .. I , ... ... I I . I 

-n"~\!._,.n.,ii~"thtl" 12 x 12 fl1'l1.:~ih 1"u.r" 1111n.:~ii£l£lmtJ\4iiL~auJJ-
;,~; R LYh j rl\4 1 .:1~1Ui111fl'l'll£1-3Tlf! £1.:1 L 'IAltMl £1.:JYf..1 fiiwueh'lfl11JJU11 ~1\4'll£l.:J 

~ L ~ ~UJJ;tfl'fR~tlil£l£lfl LLfl::~11flL11\4'lJ£1..1,q.:Jfi'JT\4,f\4~1U , 
}o,Y1 L~ x = fl11JJU11.,.1\4'll£1"~L~~tJJJ;)fl'fR~tifi£1£1Tlii~1.bULiJ\4d1 ' ' 

~1\41\4d1'llil.:J.,.1\4~.:JR111'll£1..1flfi£l..1fl£1 X. ,(12'- 2x) LLfl:: (12 - 2x) ~tJ~ 1.6.1 LLftil.:J 

·j\4m::fi111LL'ii..1~h'YlV"1~\4ilL~ LLfl::'ltl 1.6.2 URfl..1'ltl'U£l..1Tlfi£l.:J 
'U v 
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r in 

xln 
:rin. 1 

.5 
~ 
I 
N c. 

(U --~)in. 

1(--.--12 in:-.--~ 

N ... 
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V(x) x ( 1 2 - 2x) ( 12 - 2x) ( 1.6.1) 

~ia V(x) • 144x- 4Bx2 + 4x3 

~1mn.11111 (1.6.1) L7WUJ11 V(O) = 0 LLft:: V(6) .. 0 LY471::~::Ju;,::L~U1~11 
I I I ._ :: t A .J f"l 

fl111tl~ X ;J::tl~1::~11~ 0 LLft:: 6 fl..1UU flLlJU"JJtl..1 V fltl"D1~Lufl (0, 6) 

luuYl~ 4 ;,::fim~11i~1fi111a~ x ~ ~Yhl ~n~a"ih.J1ll1fl7ll111~RflL fi1~;,::L!Iu ttJt~ '. 
i1mh~ 1.6.5 ~f.lfifiU1W111 R1ll17~f.lftfiU1Wfl1'7rilfl~tt",-1fl1tYUYlU 150 1.J1Ylfi£JLitlU ~-

\1 • \1 

, f.lftflfl1fl11'CY171fl1111V'iltl-3U1Wfl1'7ritfldLtJU x UWtfimiDU LLft::~1U1U"JJD~ 
u1nm~1tJl~fiaitJfl1~ fla (350 - x) Lim~ 

· 1. ;,~~1rht,-fiaitJfl1~'l u,-thm~vt"~iu"JJD" x 
\1 

2. ;}111~1fltl1.J 'liD 1. ;J-3~1ri117fiDiUfl1~ IYl"JJ1tJU1W111Liauft:: 300 U1Yl 

16th ( 1) ~1 l,-~1 tlft~tJLD111tJ11iftUIJ'u 'JU yf_,~llfl L ~ R 1.J1Yl LtJU71tJ1~fiaitJfl1~ L Yn1:: 

11 71tJ1~tlf.lft~~n::~1H11fl1U1W111LLfift::LiElUrl1.J~1U1UU1W111~1tl L11 

~::tli 

R • X (350-X) (1.6.2) 

l~ C 1.J1Yl L!JU71fl1tlU'fU"JJEl-3U1Wmff~~ll~~1tJ1tluLLfift::ft'tJfl1~ LYn1:: 

1111fl1«uonuff~~llflflD f.lftflni."JJD-311fl11iU'YIULLfift::LiDU~1.J'41U1U"JJEl-3U1W111 ., \1 • 

~1t1l~ .r~Ju;,::1~11 

c -
l ~ P(x) 1.J1'YI 

P(x) • 

150 (350- x) 

fltlri117fiDiUfl1~ ti~Ju 
R-C 
x (350- x) -150(350- x) . 

(1.6.3) 

(350 - x) (x- 150) ( 1.6.5) 

(2) ~1U1Urht7fiDRUfl1~ 'lY171fll"JJ1mtlu 300 U1YlfimiDu fltl P(300) 

;,111 (5) ~::1~ 

P(300) • (350 - 300) (300 - 150) 

• 50 X 150 

- 22500 
I ' 

1fufltlrh17fimttJfl1~ L!JU 22,500 1.J1Yl LijD"JJ1tiU1W111LiDUft:: 300 1.J1Yl 

'lu 2 i1tlUHfiatud t17::nau~1tJ 2 Rll1117~-3L~tJ1"li'El-3nui1LLU7fl1ll (dependent 

variable) 1 i1 LLft::i1LLU71iu (independent variables) 2 i1 1117LLii'1lqj~1LLUUd ~:: 
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~fl~1~~\hfi11Jl~ti~LU~tnlti~Yf~n'fu'lltl~ft1LLthftuft1~if~ 1fltlnl,fhfflti1LLth~u~nti1~~~ 
t~tlmnmn.ml.,,r~~ti~Ju , 

i1mh~ 1.6.6 L\4fll'Hi'i'l~.f1«tl.1J'HlU~\411l~tD'13tlaL~au1Jtlu~l,.! ~tl~11Ja~LL1i~ I vm1'u 

~,,.~~flnumJ\i, ,,"-,;~"~i~i',J,Li'Ju so u1Y~fit~m111un 1 Y4fl th~i'u ' , 
~fl.j~lu L~~:: 120 tJ1Y~fim-n11ltl11 1 Y4fl thwtulhu4~ulurim~1i~1 fi1 

' 
ti~1VYhf·n~~~llflLUu 36,ooo tJ1YI 

1. ~, X Y4fl LU\4fi111J[J11'lltl~ti~1[J~\4111 ~~tJ£ln'll\419l~Ut+utl-1~\4111L\41tl 
' ~ 

..... 0 

16111 

" 

'll·a_,~_,,;.,r,. '!Ia~ x 

2. ~~~11flL11U'llti-'Yf.Jniu~~«~f 

rivrr 

·r=J· 
)I ft 

3tl u.s 

X m 111V11'll £J -1~1u t1 tnl!'lln~ ~uu1£1~u 1v L iJu Y4fl 

y 

A 

, .. 
fi111JV11'llti.:J~1\4'llU1UrlUm.hl1£1~u1V~i'Juv4fl , 
~~ ~'lla ~~u111 i:l~u1mtluf111HY4fl , 

~~'!Xu A xy 

Lvrnd111fll'lla~iafl~1i~1utlt>~1u~u111LLfift:::~1ULUu so mY~fin , 
U114f1UU~1tiLUU x Y491 "1li1f1LL~~~~ltUUU, SOx LUli1Utl~L~V1rl\4 , -
.... I~ fl t I 0 t :; 
fltJLL3J\41LUU 120y U1YI LW71:::u:::uumrt111Yl~~11J~1U 

SOx+ SOx + 120y 36,000 

LLnt"1Jm, (1.6.7) ~,", Y tuLYltl1l'lln~ x ~:::1~ 

1 20y 36,000 - 160x 

y 300- }x 
LLYI\.4"1 '/ ~lntUlfll'l (_1.6.S) ft~LU~11n11 (1.6.6) 

(1.6.6) 

1 Y4fl LL~:::fl1111 , 
fllli1f1~1U'llU1\.L 

. { 1.6. 7) 

( 1.6.8) 

A 

t"3Jnt:~d';1~tl~Lu~~riiu"llu._'l x 

(VI'\.hVLUUfl1'l1~vl111) LL~::: 

X (JOO- ~X) 

LLY1U"l~.Jfrn\.Ld~1v f ~\.L.,tl f(x) Li'Ju~u~m~R\4111 

f(x) =' x {300- }x) 
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0. t l; I ... ..: .J 
2. LYn1d1li'\l X LL~:; y 3JLth.~fl1~U Lfn1!:~!:UU.fl1\Ul£J'Yl~mlfh1 X LL~:; y 'Yla'111THI 

LtJu.t~ flEl 0 LLfi::L~El y = 0 

,l1nH11f11'l (1.6.7) ;):;1~ X = 225 ti\ltfu. 225 t\ILtJUfl1~111n~~mlf)\l X Lfh~H1111'ltl 
ii1'VIU.fl1~ ~1£JL'VI~d X ;)::iifi1El~UU'~1\1Ufl (0, 225) LLfl::'1i1\IUf!d flEl 1~L11U'!JEI\I f 

HlllrJt'Hf'l : 1u.u'Yl~ 4 ;):;~;)1'lm1f11ElV1\I~ -1.6.6 L ~~u.an 1flmt::flmt1ii\11fm"t'VI11i1un1'H . -

LLfi::~1U.tl11"1JEl\la'U.111 ~ \l';l::ri11 'VI"1~~U.~3J1n~Hfl 111£J1U.1\IL1u.RfHf1 36,000 lJl'Yl , 

i1 tlVH 1.6. 7 n~El\ltl~ 1u'VI~\I£j~ 1U."'JEJ\InflEl-'!LiJwnJ ~ L 'VI~FJ11ftrfw LLfl::£it1;111fl'tLtlu. 2,ooo .. " , 
flnU1flnd1 't1f'I11Hflfi1irh4f1U.lJULLfi::~1U.fh\I"'JEI\In~EJ\I flEI 3 lJ1'YlflElfl1'l1\l " , 
d1 LLfl:: 1.5o m'YI .iEJm'l1\IU1 t'i1wfu~1u"Ji1\I"'J£l\lmia\l 

1. if1 x LUU.f'I1111£J11"1lEJ-1411u."'Ja\I~L'VI~FJ3J~fli'H~LiJu.~1u.ii'VIu1FJLtlud1 ';J-'J'VI1't1fl'l , .. 
1a~~1i'lu.7tl"'la\1Yl\lni'u"'la-'~ x ii'V1u1miJu.u1'Y! , " 

2. ;)-'J'VI11~L11U."'JEI\1Yl\lni'u.f.l~i~f 

X 

y 

c 

.. I 

r in. 

1tl 1.6.4 

m111i n"'JEJ-'1 n fi a\lii'VIU1£J L tlu. U1 

't 1 fl11 H ~ ~1 -a' rh n fl E1 \lii'VIU 1 FJ L tlu.u 1 'Yl , 

LLfl:: Yiu. n~1U."Ji1\I"'JEI-'1 nfi El \1 

ti\ltfu.;)::t~ 
C 3(2x2) + ~4xy) (1.6.9) 

L ~,,::-l1tJ;111fl't"'J a \1 n ~a \lfi a f.! ~f'l m"'l a"~" ~a \1~ 1u. ilum111i n"'J a \In~ EJ\1 " .. 
x 2y 2,000 (1.6.10) 

mYH11f11't (1.6.10) 11-\' y El~LU.L'YlElli"'JEI-1 x LLf1LL'YlU.fl1fl\llU.H11n1't (1.6.9) 
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C 6 
2 12,000 

= X + 
~ X I 

t'UJm7itLLtHI·3111 c Ltluvhliiu'\la.:J x tr1u'Y1u c ~1tl f(x) ,rulla f(x) lla11fl11Rfl 
ih~ti1mtluu1'Yl 

f(x) = 
2 + 12,000 

6x x 

2. i~Ln~'l'"ll x 
' d A 

"'..fl~tUJnTl '11' -l\4U13J f(x) 

iifilLUUfJUV1aJ1~ L 'Vi1ld1 x LUUti1ft1\4'\lfl.:JL 'Ylflll~ftfl"'Yl1~11 
a~l.:~hnt~l3J x ftl3JTHILtluLm~;;,"1"1nnlfl 1 ~ulla 1flL3Ju'\la" 

f~fl(O,co) 

~u1m~~ : 'luu'Yl~ 4 ;,::flm~l1fm1vhnfta.:~l~~u1fl~ii11fll9Ywr~uvhnfta"~1~"fl 

i1mh-3 1.6.8 1um711"L~u'\larl'1U'\11tm1LL~ fl1fl1ltr1ii~tt.:~ 40 ii~ so ~· ;,::1~rh11 a U1'Yl 
fla 1 ~tt" fla1u mh~17fifll1l tl1i:I~~.:J1J1nn11 so ~ ri111fla~tla1'u':: 
~"~~ 4 RfiHtl fJmifu;i1u1u'\la"~"'-:~~3J1nn11 so ~"'~utu tr1'l~ x LfJu 
;i 1u1u ~tt" t ~uan;i1u1UU-,'Yl~ri117~.m3Jfl 'l uufla::1uag1uiU'\Ia"Yf"li"'l'u 
'ila.:~ x ri1'VIufl11rh171a.lLtlu~u 

1on7 n1v.""' ~ 

... 

I I . .. "" 
X ;)1\41\4'YI\4.:1 

P(x) ;i1U1UL'3u~1~rh11LULLfl~::1u 
P(x) ax ; 40

1 
.$. x .$. 80 

L3Jfl X > 80 

P(x) x{a- o.o4 (x- so) } 

11.20x - 0.04x2 

.,~JuL71;,::1~ 
· P(x) lax ; 40 .:5. x .:s. so 

11.20x - 0.04x2 ; so < x .:5. 280 

'ilflUL"'..fi'I.J\4 (upper bound) x = 280 'VIl1.;;,1nR3Jf117 11.20x - o.o4x2 • o LLR::: 
Lria x > 280 R1lf117 11.20x - o.o4x2 LUUR'I.J (LLil1;,'Yiiiri1'VIUflL~ri1171a.lLiluRu) · «",f" ' 
tll X ~ 280 ~.:JL-rl.3J1"' 

;)lf1At111l x Ltlu;i1u1uLii3J ~.:~Ju x ;,:::Lilu;i1u1uLiill'lfl 1uu'Ji1-:~tlfl (40, 2ao) 
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~· v lltJtJHfl11~ 1.6 

;nmLuutln~.-ni'u 1 n" 10 Yf"fnr\4 f m~::: g ~T1Utllli3J1 t « L\4Ufl~:::Uqjl-nUFJ1liYf"fnru 
~"fiuttld (n) f + g ('ll) f- g (fl) f . g ( ") .L (';~) f- (u) fog (•n") gof ~"VI11flLW 

.:1 ~~ ... ~ ~ .:. 
'lltl-3n"T111\4~~~Yin- (resulting function) L Vl~1\4 

1. f(x) 

2. f(x) 

3. f(x) 

4. f(x) 

5. f(x) 

6. f(x) 

7. f(x) 

8. f(x) 

x-5 

=JX 
X + 1 
x=T 
JX 
vx 
I X I 
x2 - 4 

= JX72 

g(x) 

g(x) 

g(x') 

g(x) 

g(x) 

g(x) 

g(x) 

g(x) 

x2 - 1 

x2 + 1 
1 
X 

4- x2 

x2 - 1 

jx- 31 

=· 4x- 3 

x2 + 4 
1 X 

9. f(x) = x _ 3 g(x) X+1 

10. f(x) = jX g(x) ~ 
... ... I I I 

11. ~~flfiTlflfl"~lJTltltl"T111fhT1~fl"1flFJLiL~U~lJTl'IJU1fl 8 X 15 f\111""1 fifl~UfiHLVI~FJ:U " , , 
ftrfR~llll~"~tlumrh j fi\4 LL~1~tJ~1\4~"~~u , , 

(n) lf1 x LUUfl11liFJ11'1ltl"~1U'Iltl"~m~FJ:uf~tR~~n9iflutln iiV~thmtJu~1 'l~ 
u u ntJ; ll1fl1'1lu "nflu" tud ~ uFJL u ,-tltlf"n"ll'u'llu" x 

u " 

{'ll) Vl11flLliU'Ilu"Yf"ni'ut:-J~~Yit (resulting function) 

12. ~fiu1tJSL VI~FJ1J~U~1llT1~tlll1tllJ~1FJf1 LL~:::LLtl"fl~ "m "T1~1"~1FJf1~ne)uV~ri" lf111tn 
" " n1f1fi1"T1~1"tU\4 2 lJ1Ylfltl 1 ~fl LL~:::f11n1f1~tlli1CllJ~fiU1U~LVI~FJli~U~1LiJtt. 5 , " 

1J1Ylfltl~fl LL~:::11fl1n1f1~"VIllflLU\4 960 lJ1Yl 
~ 

( n) lf1 x Lilum1liFJ11'1lu"f1~ LLu" 1 «uan~1U1U'Iltl"~\4 ~~a~1u1t1Yf"n"ll'u 
'IJB" X 

("JJ) Vl1 1flL3JU'IJB.:JYf"n"Jl'u~~~Yit 

13. RU 1li1U~ LVI ~FJ1J~U~1ii~u ~ 2, 700 fi11HVI~1 ll T1Rf1"f1~ tlll1tllJ~1U ~"~ LL~:::f1~ 
" " LLti""~ "~\4 ~~u d 11fl1fhn1of1fl,. "~"n~,"~\4 ~ Ltlu 4 u1r1fi t1 , VI~, LL~:::f11n1f1 

1BtJ~1",f"SLi:Ju 6 mnflu 1 Vl~1 
(n) lf1 x LU\4fl111JFJ11"1JB"f1~LLti""~"~u~'l «ue:m~1u1uu1ffi1"Ltluf11n1f1~ 

av11-4,-tJYf"ni'1.4"1Ja" x u u 
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14. LL li~fi~ 1Ltlfl4i'1uuwn.JSL 'VI~EJ3J~\4~1 iit1\4LtluS L 'VI~Ullftrfff LL1'i::ih..J;3J1fl7LU\4 12s 
tJ .. ' 

~n1J1fln'VI~1 71fl11iieJ'VIti-lfl171-3'VI~1thwruli1u~h.JLtlu a ·u,'Yl LL~::thwl'u411u-ih~Ltlu 4 1J1'Yl 

( n) tr1 x bU\4fi113JEJ11'll£J~~,\4! 1uiiwt.hmtlu 'VIfl1 ~~tJ £Jfl71f11'il'iH 11'i'VI::~1i'Y11 
LU\4tJ1'Yl~£Jri'l u7tM~fii'u'll£J~ x 

tJ tJ 

('ll) 'VI11~L3JU'll£J.Jvt~fiiuH\'i~Vit ' 
15. "li1..11~f1u'VI~\l~13.117t1'Y11~T\~~ll':3i£J71m~l'i:: 20 1J1'Yl tr1"1i1.J1if'll1EJ~11\l'VIU\lRll~l'i:: 

x 1J1'Yl t.h::3J1nd1ii11~'VIu\lf£J~::R13J17tl'll1EJ1il 200 - 2x iiliim~fl\4 
' tJ tJ 

(n) ~~u£Jnri117~"1iN11fl~i'u1u 1 ~fi£Ju ~£Jij1u~tlvt~fii'u'lleJ~ x 

('ll) 'l-!r~l'i~1mi£J (n) 'VI1rh17flfl£JflLfl£J\4 tf171f11'll1ffllEl~~14~'VIu\lieJLU\4 65 1J1'Yl 

16. ui~'Yl'\11\i\lt~tJ-,::ti,;f bfl~El\l~L\'if1 1 mitf1Elfln11\lflfl1flLUUH\4~1 'l 'VIll 7t'V111-lthL7nffu 'Yl\4 
I ' 

mii (fixed costs) .,_m~i\4~1 'l 'VIllLtlu 140,ooo 1J1'Yl LLl'i::lfu 'YlUH~fl iu~1 'l 'VIllLLiii ~::'VIt.bu 
' 

LU\4 25 tl1'Yl ~~71Fnd·~13J17mtl~uuutl~~1~ (variable' costs) L\41::'V111-1thL7n71fl1 

X 

('ll) tf1tl1::3.11 m11 23,ooo 'V1~1u ~mnu'l u7::'VI11..1tlLL7Tl \"JtHaiVih1rro£J ( n) 

'VI1ri11.,-LUULL'lfl 

( f1) ~1mu 'VI"1u~~::'ll1u1trlu ULL1Tl L ~td1ui1i'Yl~::11lr'ht-, LL1'i::'ll1fl'1\4 

17. #i'u'YlUf1\l~ (fixed costs) th::~1L.,El\4'lJ£l\ltJi1i'YlHfifi'HI~Ln1L~\4HnLL~~'VI~\lLU\4 4,200 
' .. I 

1J1'Yl LLfl::lf\4'Y)\.LHif11i)~L'ti1Lft\4Rn~ft:: 55 tJ1'Yl (11fl1itLUftEJ\4LLUft\lt~ 71f11'lJ1tl1£l\lLon1 
I .. I 

b~\4ff1lf1ft:: 105 tJ1'Yl 
tJ I 

(n) tr1 x Lih4~1\41\.L7£J,Hn1L~URfimnu1il 

1 ::'1111 1 ~ Lii£JuLU\.LtJ1'Yl~i.lijL wltl~~ fi"'l'u'lJ El\l x 

(~) 'l'1YH1'i~1rroa ( n) '1111~1 t-,\uLtlaufu11flll 
... ~ 

L ~ eJ\.L \.L \.L 

( fl) 1 fl~ L li'1 L~\.L ~n;)::'lJ1EJ1tJ LYh L~ L \41:: 'VI1HLfli.l1.4L ~il11tJi li'Yl;):: 11J'111fl'Yl\.L 'VIi El , 
Ti117 

18. ~H~flf1\.L'VI~\l~13J17DYhfi1t1\~ 20 tl1'Yltli.l~\.L tr1L~1J.Ififi\1J3J1flfl11 800 fuflaiUYI1v; 
tJ 

' 54 

m~::ri117fiafu~::ftY~l'i~ 2 Rfl1\l~ fJnt.f1uR~~L'll1HfiflaJ1nn11 800 fu tf1'l~ x LU\.L 

~ 1\41\.L~\.L ~ L'111Hfifl L \.LLLtl l'i:: itJtnv; ~~tJ £l nri 11 1'lJ£l~~HiflflftElil iUfl1v;LiJ\.LtJ1'Yl~i.lijL \.L 

.,tl~"fiiu'lJ t:J" x Ti1'VIu~1,Ti1 t,-tlliifi,Ltluau 
tJ 
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19. 1'1.4m'l,}~l1'l'1.4~m;l"lJB-1 h -1L7VULL~-1~~-1 "1lJ1'llJ,}~tJ1~11LL~::~wn 1 Vi'um1£J'1.411f 250 

flU t~£J'Yn~ h -1L1£JuL1£Jndh.JL"3uflu~:: 15 Ul'Yl 'CY1~1u1uum1v'l.4 ~1tl13.llJ1nn11 150 

fl\4 e:JV1-lhnfl1lJL~U~Lnwnnum7vu;J::~~~"fluL'l::: s nmfi flru.~1'1.41'\.rum1£J'1.4~1tJ 
\J 

lJlnflll 1so flU ;Jum::~-1L"3u~Liiu~e:Jfl\4LU\4 10 Ul'Yl 'CY1 x Ltl'1.4';)l'1.4Tu.um1£J'1.4~Ltl 
L ~v1 ;}-lu e:Jm1£J11i'Ltl\4u1'Yl~e:J£JLu1tJ~"Iiiu'ila" x 

\J \J 
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7 
a'1Jfl1'HlUa'~~ua:;m.hnu 1. • • 

· Demand and supply EQuations 
' 

~;)11 t\.1.1 L ~fl 1111 n1 fiiie.~~fi il~e.l~fl 1flmi\ Vi1:::fi1 LL\.hflil11fl1RU~1U~:::tJiJ.i1 tl4fl11ll , " 
Glil.:J1111"1lil\l«u~, Th~u~1~ p LUU11fl1RU~1 1 ~l.btJ iiwu-gmtJuu1'Yl LL~::: x LUU 

;)1u1u ~u1v.«u~1~Glil-l1111 
;)1 ne.~~-ll1.:~9lu Vi1.J11 ~ 1U1U"llil.:J «u~,~~il.:J1111L "" ~1fl"ll il--l~ il ;J:::~utJcin1.n1fl1"1lil.:J 

" " iu~1 n~11fi il "11m:::~ iu~111fl1fln ~~ ~ ;J::; iifl11ll~il.:J1111~ ilft'U.~1ll1fl LLtl Lrlil11fl1 iu~1 
" ' 

H ~u ;J:::Ltlufl1 .:~nu-llnJfi tJ ~ tJ;):::iim 13J~tJ.:~rn,.~m.ttJva" 
u " 

H3J1111~ .:Jii1'VIWilfl113Jff3J~U1h:::w)1.:J~1U1UftU~1 x ~~il~u-l1111 f1U11fl1RU~1 
I \1 

p L7£m11 «3Jf111~UH\I~ (demand ··equation) .n\lt~3J11~vH1~1111'Yl1-ltHit1titl'limiJS'Yl1\l 
~fl1,.~fl1Hfli LLfi:::H13J11tlL;jtJ'U.H3J111114f 2 LL'UU flil .. 

.. 
~1il 

p 

X 

f(x) 

g(p) 

(.1.7.1) 

(1.7.2) 

Yf.:~liiu f LUH3Jf111 ( 1 .• 7.1) L7vn11 "~\lliiU11fl1 (price function)" m~::: f(x) U1'Yl 

LUU11fl1 1 ~u1viu~1 Lrlil x ~u1mtl~~1u1uiu~,~~il~il\lfm~.:~Oiu 9 LU«3Jm1 (1.1.2) 

Liml11 "vt.:~niu~tJa\1~ (demand fu~~tion)" LLS::: g(p) LUU~1u1u~u1rruil\liu~,.i\l 
~~ilfi'il\11111 ff1 p LUU11fl1tlil 1 ~u1tl"llil\IHU~1 fl1lltJ~f11um.:~Lfl1,.!f'I1Hfl~ 1~LliU"llil\l 
~\lniU11fl1 LL~:::~.:Jnium.)« \1~ . ;J::;tJ1::: flilU~1tJ~1'U.1U fit~dJUSU , ' 

mWfJJil\IH3Jf111ilUH .:1~ L7un11 '\iu11l\lilUft\l~ (demand· curve)" Lilm;ivuLWU 
I , , I .. 

1~\ltJtJ« .:~fi;J::: 1iLmu~\ILL'Ylu11fl1 LLfl::: Lmu ut~uLL 'YIU~1u1uiu~,Yimilli'il\lm,. L m1:::11«llm1 , . u 

~UR \l~~ii1~Ufl L ~ill;);)::; 1"lfl4fnufhLU Vi1:::U1\Ifl1"1lil\l X LLfl::: p 4f\I~'U. iifl113J~1LiJU ~.til \I 
~1nflfl1"1lil\l x LL~::: p LU"Ji1\1Ufl Jufiil X € { 0, a} LLt~::: p E { 0, b } 

fi'1EV1.:JL"Jiu vhn1 tu.1H 3J1111ilUR .Jfi , 
p2 + 2x- 16 o · (1.7~3) 

LVi11:::111fltJUflfiLU'Yl1\ILfl1,_,.JfllHfliii'1LLU1 x LLS::: p ;J:::13JdJUS'U Lrlmul~llf111 
(1.7.3) ~1f11 p L1H:::tiflf11 p ~LU'U.~U~\1 ~\11~ 

p = ..j16- 2x 

~ \lil~Lu1tJ"llB\I«llm1 ( 1,1. 1) ~.:~d~"fiiu11mlhwru«3Jm.,~tJH "fi 
A . 
'll\1 

f(x) ..j16- 2x 

LLflH3J1111 (1.7.3) ~1 X ;J::;t~ 

X = 8- ~2 

( 1. 7.4) 

(1.7.3) flil vt\ln· 

(1.7.5 
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~~ X LthLvt~Mf\L'!lil~ p L"'jjrl\LRlJf117 (1.7.2) LL~::vt"fii'\L~tJR~flLiJ\Lvt"fii'\L'!lil" 
p 1t~o~ g(p) == 8 - ~2 f117L'iitl\LL&f\L1.,-~~tltHflLLRfl~L\L~tJ 1. 7.1 n71~~n~1ltt~L\Lfl1ilfl
LL7\Ln~ 1 (L~71::11J.,-tl"f117L~fl1 X LLft:: p LiJ\L~U) ~1nRlJf117 (1.7.4) ~u11 p .$. 4 LL~:: .. ... :; 
16 - 2x ~ 0 Vl'lil X .$. 8 fl~\L\L X e (0, 8) LLft:: p E (0, 4) 

p 

lt.l 1.7.1 

L \LnTH ~3J'!itl~1nfl11 x LLft:: p 11JLiJ\LftU1lltlL.,-L "'~1117 mtlnii ~::fh"'\LflL~il\L 11111 

, m::~71flltl a"'" 1tJH\L.,-1ftfl ft~m111.,-a~ 1111 ihL.,-n:: L ~~" LLft::'!l m::~71tntl e.~"'1.i1t1 i\L.,-, 

L ~~\L fl11lJ.,.e.l"f117~e.lft\L.,.l~::~flft~ tt\Lfle.J 

IY1 p 1 Ul'Yl LiJ\L71fnfle.~VI1.i1tl'!lv"i".,-, x1 "'"btl 

LLft:: p2 UJ'Yl LiJ\L71fllfle.J"'1.i1tl'!le.l"H\L.,.1 x2 "'"1tl 

LL~1 x2 > x 1 fiflmrie.~ p2 < p1 ~1t1 1.1 .2 , 

i 
I 

f't-- ----.--- --
1 

0 

nJ u.2 • 

Rllf117~tlR ~flLLUU~~ltl~ ~fl fie.~ Rllnl'Hi ~LR\L~ "RllJTHIL'iitJ\Le.JUL\L~tl 
p ... mx + p (1.7.6) 

t 0 &oo f I I 

1t~ofl m < o mwnJv"Rllf117LR\Lfl7~itR1\L"'\t"~::DtJL\Lfl1vflLL7\Lnfl 1 -iJ"ijfl11lJ 
" 

i'\L m LL~:: p0 LiJ\L~fltifl'!ID~Li\Lfi7~U\LLLn\L p ~1t1 1.1 .3 i"Lnfl11 p0 LU\L~1\L1\LU1'Yl 

L \L71fllflil"'\i1tJ~ "~fl~~n.,.n::~ltlflllJR1Jn17~UR "fl ( 1. 7.6) 1Y1LLltRlJf117 ( 1. 7.6) L i4v"'1 

fl1 X ~:; ,.,RlJf117 L \L7U 
u 
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-x kp + x0 

p 

01 ' 

·nl 1.7.3 ·. 
" 

p = o, x
0 

fla~ltnu·wt.htM.Jil-ltJhnm · 

0 \UI1tlfl111rl1 fi111Ji£Hfl17~ile~flt'IJ 
(free status) 

~10tl1~ 1~7.1 ui~'YlrltJ~L ~v1 LLV: ~~tt-li"hL~tJ71~-nJil-lfl17riD-lL ~v1~ a~tuiJ'" 60 tJ1'Yl ~ ltL1\L 
~ ' ~ 

~1Yhnv1flm~~vflmmria-lL ~t11fl~ -l~rt..,fln 300 1u LLt'l:;L~tJ71mLw1Miu , oo 

tJ1'Yl ~ 1\L1\Ltt1~'lJ1fJ 1flm~ ~mtJtL 180 1u ~1 H11fl17 flU H olfi L tJtLLLtJtJ Lit ~Llf\L .. 
v-l~l,H 11fl17Yff D11~-l11fl~,J~a.:niu~tlH -lfi .. ~ . 

11H11 

X 

p 
' ' 

L'Vn'ld1 X = 300 Lilt! p = 60 LL~:; X = 180 LiJfl p = 100 ~fl (300, 60) LLt'l:; (180, 

1 oo) ;):::flrlutLLft\Lfl'l -l~fYe:J-lfl17~1 1.-Dvfl 2 ';JfltJ\LLft\Lfl'l old ~1~1fl1111itL ;,:;'~ ;; . . 
p - 60 1 oo - 60 (x - 300) 

180-300 

X + 3p 480 

LY-.71::11 x ~ 0 LLt'l:; p _> 0 LfttL1~-ltlUH-lfiv:;tln~1rifl1""tJtJL\Lfl1tlflLL7\LYi~ 
• \J \J 

" L 'YllU\L fl17 L;jtl\LLtftL 1~-lflUH ~fi LLHfl-lf11117U 1. 7.4 
• u 

y 

l . (300, 60) 
50 --------~-------. ---~--I 

f . I 
I 

~~----~·----------~------~------~~ X 0 50 1 00 200 300 400 500 

au 1.7.4 
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~U1V§'I.4~1 rh~l4~)1ii~1~~th~~V\I 2 fi'1Lfl1,f'\.4 tUJ1111~UY11'1.4 (supply equation) fl~ 

LUJn1'l~~~V1oUtl\lrltJ~1~L\J·ni':\l~e:J\Id ~12JUTl9iLWYl1\ILfl'1~,!fl'1~~7 x LL~:: p ~:;@ie:J\Ihhth.~ 
. ~tJ LL~::. x2 > x1 nfimrle:J p2 > p 1 J'\.4fltl"!Jtu:::'l1fnftU~1~1£11~v~~~fl£i'l1fl1~~'\.4 
H~~fJ;):; L ~llTll'l~~flL ~tli'tJ~~tl'l::: LV"!!U~1Tl11fn~~ ~'" T~vi nL~V1rlU iim12J LU2JL~VJ~ 
" " ~::~~~1'1.41'1.4~~~~~ trlm1m"ll1V~~~\I mwfiJe:J\1~1.11111e:Jth11'1.4L7vn11 Lil4Ltt\le:Jthnu , , 

(supply curve) ~m1.1~t1 1.7.5 ~J~LH~\11111L;jV'1.4Liu1~..:~~t1'Y11'1.4L'\.4~111'Wtln~ Lrle:J x = o. 
p = p0 ~U'I.4~1U1'1.4tJ1YlL'1.411mfim'lu1v ~~:::tlliiil4~111\l~rlt~11fnflti'VIU1V1.11fl~U ~~~~ 
ft'1.4~i~::~~~ftU~1LoU1A~~1~1.11n~u 

" 

3tJ 1.1.a 

~1.11l1'le:l1JY11'\.4LLljtJ~,ilv~~~ fle:J~2JTl1'lLii\ILiu ~L~:::~12J11t!LiiVUe:JVLU1tJ 
, , \J \1 

, 

i1onH 1.1.2 1Y1~::'l~"ll1v1fi:::~~uu~Ltr~"n'"~,'VIri..:~'lu,,mtll1.11nn1, 25oo u1Y1 ~~rh'l~lli 
ii1fi:::11\l"ll1VL'\.4fl~1~ L~9itf11lfl1Lfi:::LUU 3500 1J1Yl ~dHfi::: 2000 ~111\l"lllV 

1ufl~1~ ~\1~1GHJTl11tiUY11U lf1LUU~2JT111Lif.JLiU "Wfe:J2J~\IL'iitJULiuL~\I , 
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X d~hl.~lt.nu 1ii:=~~fifi'JJ1r.J ~L~:= 
p Lthrnm'lll£J 1ii:= 1 f11 ii~1.bmtlt.t1.Jl'Yl 

L~tl p = 2500, X = 0 Lbt'l~ Lritl p = 3500, X = 2000 ~~,f\.l. ~il (0, 2500) ~~~:= 
(2000, 3500) tl~U'~Itfll.1f1'-l~1.Jyn~ 1-!~il~~ 2 d~1fl11lliU L~uWf1~Hllfl17Lft\.l.fl1~ 

Sfi'HHJn11Lcfum ·J 
" 

y- Y! 

L~ 'Yl\.l.fll 

p - 2500 3500 - 2500 
2000 ~ 0 

p }x + 2500 

(x- 0) 

Liir.Ju'lU'lltl-lLHt.t1tt.:~t~tJmu LLHil~Wi1ll'lU 1.7.7 
\1 , \1 , 

2,500 

~t.l 1.7.7 

~.ooo 

1 u ~d;):: ~7vnu7'l:fmf~~ ~1tJ~~fiil ~\.l.~1"llitilL~tJ1 flu 11~91 H1~ Tl'l'lll (lndusty) fl t'l1il 

thwl'u iit.t~1L\l. vn:=th::. nt~ut'11r.J~fls1~m7li~L~:=e:J~ uiiu~1 (~ ~t~wt.h::nt~ut'11tJ~1£J1!'7n;) · 
.., ' I • U 1 

1!1.J1t'l ~7 mj']jt~7.:m~ml) Sllf117~tlmt.l.'lltl~fl~1il~1 tt'f;)lnsllm'l~tJmu'llti~Y)n i u1~'Yl1 u 
tlfl S1~ n7'lll L~~;: Sllnl'lt!US ~fl'lltl~fl ~1il~ 1 1t'f;)11lSll fll'l t!UtHfl'IJtl~~tl'Yl1l~1tJ fl tl ttJd , , , " , 
;):=~~Sfl~1ifm1~111fi1Sllf)~~ (Equilibrium price) LL~~ ~1U1USll~t'l~ (Equilibrium amount) 

'llil~~t.ttl1LUflt'l1fl 

Sll~~6flt'l1il (Market equilibriuJTI) ~nfn'lt.l.L~mnll1m'!ltl~~ut'i1~~tllft~-.1m7Ltthffu 
flu tJill1 m•JJ t~-.1 i u~1~N'~~""' t~-.1m7'1J1r.J 1 tn 1m~ilv1 "" ,.iunlltl L~tl11fl1'1J£l"i"t'i,~M tl 

" . v 

"'tl~ m'loitl L ,, rl1.J'l1fi1'JJ tl ~ RU~1~a~tqfltltl-.11l11'1J1tJ L0Elft'llflft6flftlflLn~uL!tJ ntl;lJ, CU'IJtl-.1 " ' , . . : 

iiu~1~~R~d1 ~1u1u Sll~~il (equilibrium amount) LL~!:11fll'IJtl-.1iut'i111 11fl1ft'a.Ji]ft6 

(equilibrium price) ~1\.l.1USll~~(m~~11fl1ft'll~~il~1til . , lflunnLLfh~·llmi~tlft'-'floutl-'fl~1fl 
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LLN~tUJ111'Hltl'Y11\4'tl£l-lfl ~1flf112.17tl 1. 7.8 LUUl-lL~Ll~\41111~£!tlR -lfl'tl£l-lfl~1flLLN~£ltl'Y11\4'tl£!-l , " , , 
flfl1fl fJ£1 D LLfl~ s f11llthfiu ~fl E flD ~flRll~fl~ (point of equilibrium) LLfi~Viri.-t 

~ ' ... 1"" '•.t ~ (coordinate) 'tlll-l~fl\4 fl£1 XE LLfl~ pE fltJYI XE ~\41tJ flli,.1\41\4Rll~~tl LLl'l~ pE 'l.J1'Yl 

LilwnmRll~fl~ f112.1Gtl 1.1 .8 rh~\4.-t71fl1'llll-lft1.41i'1Lilu p 1 'l.J1'Yl fi-l,f\4 h -l-l1\4;J~trD-l1H 
LL~\4'tl1tJHUif1 x ~\i"ltJ LLfl~~ui111fl;)~1HLL~\4~£l x ~\i"ltl ~~£H~fld;)~Lnfln17'tl1fl-

.. 51 , u .. .. .:. o~, 1 .. 

LLfl~\4R1.4t'f1 (x - x ) ~\41tl · LU\4~fiL~71fl1R1.41i'1R-3"1J\4LU\4 p 1J1'Yl LLfl~tlill1mml~flf1 
Dt 51 u E 

;,~L~aJLU\4 xE ~u1v Drl1-lhnf112J ir171fl1LU\4 p
2 

U1'Yl .r-llf4ml~11-lLU.J\4~m~v-l x
02 

~\i1t1 LLfl~ h -l-l1\4;)~1HLL~\4'll1tl x
52 

~U"ltl ~fl~f113J3J1 'Y11-l h -l-l1\4;JdiH1.4fl1L ~~tl 
(x

52 
- xd

2
) ~u1v LL~~U-lli'tiL~71fl1H\41i'1flfl1tlLiJ\4 pE 'l.J1'Yl LLfl~tlill1mi\4111~~~flflfl~-l 

LU\4 XE 'VIU"lt.l 

p 

0 

3u 1.1.s 

2x-p+2 o 

(1.7.7) 

( 1.7.8) 
I • . \ 

f113J~1fiu 1flvfl p LU\471fl1ft\4fl1ii~li"ltJLU\4'l.J1'Yl LLfl:: 1 oox LU\4tn1nmi1.4fl'1 ;J-3~1~1\41\4 

Rll~lfiVLLfl::71fl1Rll~fiV V.i'£lll~-lL1l~\4 1111~ ~tJR -lfl LLfl~~tl'Y11\4'l.J\4LL1l\4'1{fl L~tl"l n\4 LL~~ 
LLRfl-l;)fl Rllfl~V 

I . \ 

16111 vflRllflfiV~1 111 1fltJ1117 LLrlR3J1117~-lRD-l~h'Yl~rh~\4flll1 t ~ ;J111Rll1117 ( 1.1 .8) ~1 
I I 

fh p "' 2x + 2 LL~1LLYI\4fl1fl-lL\4 (1.7.7) ;,::111 

x2 + (2x + 2)2 + 2x .. 24 o 

x2 + 4x2 + 8x + 4 + 2x - 24 o 

sx2 + 1 ox - 20 o 

x2 + 2x- 4 o 

'l"ll'~fl7~1fh x ;J111Rll1117thi-i!R£l-l (quadratic fonnula). 
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X 

X 

-2:v4:16" 
2 

-2t2/5 
2 

-1~/5 

X ·1~2.236 

Lvrndl x 2:. o (,), x li}1.U~ut1.11~ L11~-:t1~ x ~ 1.24 LL'YlU.fll x 1u. (1.7.8) 

;Jt1~ p ~ 4.48 L'Vld"1::'il.::lfu.,-1mtnJ~t'l~~tl 4.48 'Ul'Yl LLt'l::~lU.1U.ft3Jflt'lULiJU. 124 ~\htl , , 
(I Yfn~-.ll h'Yl~n l'V\U." L ~~lU.1U~U.fll = 1 O~x ~U1£J) Lii£JU.LUln11LLd"na~L u.~tJ 

(x + .1)~ + p2 25 (5)~ 

.fltrllmw.J "llfl.JN:IJnT'ldLtJu.1tl1-:tnt'l~ -:~i:J;,~flu.umn-:tml~;," (~1, o) LLt'l::i'Hi:ltJ11 u , tJ \J , 

s ~~1£J L~d"1d1 x ? o m'l:: p 2:. o Liu1fl'-:t~tlR.Jii;,::LiJu.H1U.VI~.J"!Jt'l-:t1-:tnt'l~.Jt'l~ 
tu.mmm1u.Yi~ 1 LLnN:IJm1~tlmu.m p ,~t</1 

p 2x + '2 

~,ai\.; Ltfu M ,:mtl'YllU.~t!H1U. 'VI~\l"llt'l.:JLJ;~\~m .J~t!~1 u.m e:J~LLd"U. Yiri 1 i:lm1:1Jiu.dJu. 2 
, \1 

bbt'l;;~"LLnU p ri~" (0, 2) Lii£Ju.~tJ~4ftl\lnld" 

"il'e:Jm1 i.JLn~ · if1 Liu.1f1 \le:JUN\ltlLLl'i:: Liu. M..1t!tlmu. 11ltiflnu.1u.mtJ"LLd"u.Yi~ , . , 
• n~l114f1lN:IJ"GiU11Jliml:IJ'VI:IJl£J ~1 t!ril.JL"Jiu. lf1H1u.1t'f'11~"ffu.'l U.fl1tl~LL'7U.Yi~ 2 L'7·1;J::tJ~'U1tl , 

1~1,~ 1u.1u.N :IJ." l'i~ L uu.G'Iu LLl'i:: m1 ~;,:: 'Vl"11tli :IJ1 tU.Ht'lH~~ L iJul'iu,Xu.ci tJ:IJ13.li:lml:IJ'VI:IJ1£J 
' u . 
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' 
~· "' -4 UtJUHfl'H~fl 1.7 

~11lLLlJlJtjn~fi,Ya~ 1 n-3 1 o rh~u.fiL ~LUU.~JJnTHiU.~I'l-3 L ~Liiuu.t'f1u. ~~-3"JJB.JLiu. 
fl7-3LU.fl18f!LL1U.Yi~ 1 LL~:::~111ff1U."118-3~iu.fl1-3dLilu.Liu.Tti.J~tl~-3ti (demand curve) ~1a 
Liu.M-3~tlmu. (supply curve) Vlia12JL{)U.~-3 2 BU1.J 

1. 2x- 3p + 6 0 

2. 4x + 5p - 10 0 

3. x_ + 4p 7 

4. 3x- 4p + 24 0 

5. 3x + 5p + 12 0 

6. 3p 2 

5. 4p- 5 0 

8. 4x- 3p 0 

9. 5p- 6x 0 

10. 2x + 6p + 3 0 

~lmLuutjn~ffli'a 11 
.. tl.J 14 n1~U..,~JJm~atl~ .Jf1'ml~~u.t'flbil. v-n::aril~~~.J).JlL v; ( n) , 

Liiuu.mwr!JB.JLiu.1t'f.Jatl~ .J~ , ("JJ) ~11lf11~.J~"~~ti~1JJ1'Hl.gB14i' LL~::: (o) ~1fl11JJ4i'ti.JnT~ " , " 
~a~.J~"~,~u.lhih~~mwa " , 

11. 3x + 2p - 1 5 o 
12. x2 + p2 36 

13. p2 + 4p ;+- 2x -· 1 o o 

14. x2 + 2x + 3p - 23 o 

~lmLlJlJtJ n~"oUB 1 5 ~.J 1 s fh~u..,~JJnl"HlU 'YllU.fhwfu ~U.fllbil. vn::: e:JU1.J~rt.JJJ1L '!A' , 
(n) Liiuu.mwl"JJB.JLiu.1t'f.J~tlmu. ("JJ) ~111m~ 1~"~fiuf11~1JJ11tl;J:::~~" 1~ 

1 5. X 2 - 4p + 1 2 

16. 2x- 6p + 9 

1 7. p 2 + 8p - 6x - 20 

18. 2x2 + 1 2x - 3p + 24 

19. u71J''Yl~d-3"JJ1ufiu.f111~ 2o,ooo ~u1u 

0 

0 

0 

0 

~1JJTH1~:::"JJ1£J14i'JJ1ffl1u.~n 2,000 ~u1u b~Btl.,1Wll"JJ1£J~.J~U1£J~::: 2 lJ1'1'1 ;J-3~1~JJm1 
atl~ ~fi ( rh~u" 1 ~Ltlu.Lium .J) ~faJJ~.JLii£Jmtl 

, IJ 
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20. ~~£l71f11"1J1[1~U\4 40 t,11fl ~~£lfll~ 10,000 ~~flfl ft1ll17tl"ll1tllll\4fl~1fl LLtlL~flL~ll 
~\4an~\4·w~:: s u1n ~~£Jfll~ft1ll17tl"ll1Vl.,- a,ooo ~~£lfl 1l1ftli1111~Ufl1\4LU\4LH\4 
""" ;)-3~1ftli1111~Ufl)\4 ~i'flll,r-3 Lilt1\4fl71~ 

;J111LLtJ1.J'tln~fl'!f£J 21 ~-3 24 ti1~\4flf111ll~£l-311ml£l-3fl~1fl (market's demand) LL~:: 

ftll1117~tlm\4li1L~ (11) 1~~1~1\41\4ftlltl~li (equilibrium amount) LL~::11f11ftlltlftli (equi

librium price) m~:: ("11) Lilti\4LH\41.,--3"11£1~~\Jft -3fl LL~::~Ufl1\4\J\4LL11\4'!tf1Lfltl1 rY\4 Yii'illl,f~ 
LLftfl'l1~flftlltl~li (point of equilibrium) 

21. x+2p-15 - 0 • X- 3p + 3 • 0 

22. 3x + p - 21 - 0. 3x- 4p + 9 • 0 

23. 3x2 + p - 10 • 0. x2 + 2x -p + 4 • 0 

p2 + p + X- 12 
' 

2p2 - 2p -x -4 24. • 0 • • 0 
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