Differential Calculus Fact Sheet
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g_y 11 (x) 18446 TI3 (MO BIS>I>T<EH (IU>* (4!
X
!
Eg:-!
!
6O 72>* f(x)= x? 14x+3!
!
H'11>*>) 484 ) EIO"16!*>73>0HI4 (! IO>IESH '(x) = 2x 1 4,
!
/>>16>*>I TR Q& +3(DHEH x = 2 187! f'(2) =2(2) -4 =0!
! ! !
f(2)=2714"2+3=11 |
!
7>*>6>19((*2") 8T (L6 THH () &++13 () H&>! (2, 1) #
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|

H'11>*> ) 8> IHE>IE'=>) 1<) 9 OIS T<EEHH(IUS* (18) 217 (B=> 651> T<@l Q#NB>1+>T3>0K =>1+ ( (7! (LH6>1>T <84 !
O'BI3*(="2>M6>I T4l O &*+13 () 74!

415 684" 71&1I8(9&8! = &; " = < Z 1=8&8<>3!

!
X'=>) 181 QL f (x) W f (@) 7178 2(1S>1818(988! = &;" = < 2 1=88<>I"1l f (a) > f (any value close to'a’) !

!

/>*>1 (@) '719e8>2146> (988! = &;" = < 2 1=88<>18) 2! (a, f (a)) &*>6>19( (*2")&4>TI(1HE6>18(988! = &;" = < 13 ()
!

Eg.

GO T2>*6>1<) 9 ! f(x)= 1x? +6x + 2!

!

/> 1(3) =11176>10(988! = &;" = < 2 1=88<>1&7! f (3) > f (any value close to'3')!
!

/>*>W6>19((*2') &>TI(UHE>B(98 = &;' 2 < 2 13CHE*>! (3, 11)#



M5 684"71&1B(988! = )" = < = 1=88<>3]

!
X'=>) UYMW Q! f (x) 0 f (a) 7178214 (1S>1818(988! = *)' = < 2 I=88<>I'1! f (@) < f (any value close to 'a’) !

!

/>*>1 (@) 719e8>2146>18(988! = )" = < = 1=88<>18) 2! (a, f (a)) &*>6>19((*2")&%>TI(1HE6>18(988! = )" = <z 1I3() ¥
!

Eg.

GOT7'2>*6>1<) M Q! f (X) = x* +2x +2!

/>*>1F(11) =1'716>18(988! = ') 2 < = 1=88<>1&7! f (11) < f (any value close to "1 1)
!

/>*>16>19( (2 &>TI(L6>18(988 = 1) = < 2 13(CHHE*>! (11, 1) #

@ - (/%0 11M6>18(9&8! - &; - <Az ") ' - <z BI=&8<>T71&) 119 (*1") &%>7! (0!
8(9&8! - &; "z <z Az -<zB2()U73!
@ HCSHE (1! -IID7") I *TH 1>* =&k =>1>TH!
!
"t P20 f(x) 4!
4 $E=>16>1>T<ar Q! F'(X) YIQUW(IL) 26>1TH8H )&+ (ITHZSHITIETT< = >IHE&HO>IE (0 (7Y () &*+
3()HTI[8\I&) 2![S\7<961H68%16!]!SH

2% HAQOMB>IF>E)< = S>HI)>18) 2! = &*M[EIE) 21[S\") W68k (2>

< | | >
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@ WEA>I&I=EA<>IH(HE>I>1H (L[BNIS<H=>*+I9(T> I (1[RVIE) 217<STH h<k>IH6>1=88<>I") ! () 4!
Lt GE>9MB>IT'EYI(L f'(X) HZ>H<TI877< = > M6 f'(X) 713 (7H=>4
Ft O(OME">I&1=E3<>IS>H0>>) I[8\I&) 2![S\I&) 2!7<STH <> f*(x) 4
Jt GE6>0MIE>IT'E) (U f'(X) HZ>H<TI&TT< = >16eH! f'(X) I'T1)>E&H'=>4!
¢ O(OME >1&=88<>! = (*>146&)![S\IS<HI=>*+98(7>IH(![S\I&) 217<STHk<k>1H")! F(X) !
Ké GE>9MB>I7'E) (L f'(X) HZHHI<TI&TT< = >I68H! f'(X) I3 (7h'=>H




56>)!x<a, f'(x)'73(7H=>1106'96!" = 3I>7146&% f (x) I'71&)!")9*>&7")EN<Y M 1) (1", @) #56>)la< x <b,
f'(x) '7)>E&H'=>1106'96!" = 3¢'>716& f (X)I'71812>9*>&7")EN<YH Q1) (@, b) #/>)9>146>*>I'T1&IB(988! = &;" 2 < 2 |
&l x=a.!

!

f(a) '7181(988! = &;' = < 2 1=88<>11&) 2! (a, f (a)) &>6>19( (*2') &>7I(UB(O8H = &;' = < 2 13!

!

56>)la<x<b, f'(x)7)>E&H=>I106"96!" = 3p'>7146&% f (x) I'71&I2>9*>E7")ElL<) 9 ()!")!(a, b) #56>)! x > b,
f'(x) " 7I3(7¥'=>1106"96!" = 3p'>7M6&H f () '71&)!1")9*>ET)EI<) I ()1") (b, 1) #1/>)9>1H6>*>1'TI&1(98&H = ') = < = 1&H!
x=b.!

!

f(b) 718189881 = *)" = < = 1=88<>118) 2! (b, f (b)) &F>I6>19((*2')&>7!(1B(98E! = 1) 2 < 2 13(C) e

!

|

What if f '(X) does not change its sign as it passes through ‘a’ or ‘b’?

1) HBEHO&T>I[; YA\ (H1[; YS\TEEHBIE'=>1813 (DU (11") 18>0%' () 06'9610>1768HIT>>108K>*!
!
|

Let us see an example now.
|

GO T2>*6>1<) W ()! f(x)= x* 13x% 19x +14
!
/>4 £'(x) =3x* - 6x - 9#!
!
3x*16x19=0""x=11 3!
!
!
CEMNSHBIN"E) 1[I B> H>88) < = S>HET)>H
!
ZoH<TIHEASI8I=88<> I (16> 1> 1 (LI \IS<HI=>*HOB (7> HIT&+ N\
!
/>>11'(11.1)=3.63+6.619=1.23>04/>> f'(x) 'T13(7=>#!
!
O (OB>HI<TIHRASIZI=88<>ISH0>>) I *VI&) 21[2W178-+0
!
!
f(0)=01019=19<0#/>*>! f'(x)I'71)>E&H'=>4
!
P")&EHISHI<TIHEASIGI=8I<>] = (F>1H68) [PNS<HI=>*HOY(7>I(I[PNI78+124H
|

f'(3.1)=28.83118.319=153>0.1/>*>! f'(x) I'T13(7}'=>#
!
!

! 0
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I'??![;\!3&77>7!%6*(<E6![N"\V! £1(x) 1968) E>TIL*( = 13(7H=>(1)>E&H'=>H/>) 9>I[; YIMWIE'=>TIGB(98 = &;' = < = 1=88<>H]
!Z(9&8!C&;' 2 <z I=88<IY £(—1) = —1-3+9+1=618)2146>19( (*2")&H>TI(UB(988 = &;" = < = 1BC)H&*>! (11, 6) #

i

RTI[;\3877>T16+(<EI[A\N! f*(X) 968)E>TILH( = 1)>E&N'=>(13(7H=>H/>)9>I[; YIE'=>TI&IB(I8H! = )" = < = 1=gb<>H
!C')' 2 <z I=88<>IVI £ (3) =27 127 1 27+1= 126 18)26>19( (*2)) &4>TI(1B(988! = )" = < 2 13(DH&*>! (3, 1 26) #

!

Let us understand more about this problem by observing the graph of f (X) =x* 13x* 19x+1#

Yy f(x)=x"3-3x"2-9x+1

> (<198) 175511 ( = HE>IE*&36IBEHKE>*>I'TIR = &:' = < = IGHI[; YN"\I&) 2W6>*>1' 718! = )" = < = I&HI[; Y2\



@:41C>H6 (114-1$>9 () 111>*" =g =>l>TH!

!
W(I<) 2547H8) 214651859 () 21H>* =8 => WS THIHITI = 3(H48) Hh6&H+(<IE (16 (<E6!9() 9>3HG () 98=>1D31&) 2IH(0) ! 11$>9() 2!
H>* =8 =>BI1 * 7!

@:4#""IF () 98=>ID2!
|

X'=>)1S>4(0!'718!3844! (LKE>19<*=> 14684719 () 98=>1<3!

o (es(a)
@0

B87>1) (B84 (x, £ (x)) B>TIO 613844 (1146>19<*=>106'96!'719() 98=>I<31146>)! f "(x) > 01!
|

/5510 £1(@) >0 £'(b) >0V £7(c) >0V f(d) >0
!

@:4441F () 98=>IG (/)
|

X'=>)1S>§(O!'71&!13&*h! (1146>19<*=>1m6&%4!"719() 9&=>!2 (0)!

(6.7 (2))

8T (1684 x, £ (x)) B>71() 6>1384H (1146>19<*=>106'961 719()98=>12(0) 146>)! f *(x) < 0!
!
/>0 £ () <0V £ (b) <OV £(c) <O £"(d) <04

! F



@:4:?IF () 98=>ID2IHI$>9 () 1I1G>*"=84"=>!
|

JBS87>1) (HIB8H'L £ (x) 1T F8T)EME>)! £1(x) > 018) 201! £ (x) 71259587 )ENE>)! f'(x) < 0!
!

$' 2 RAHINL £ (X) P ISETYENE>)! f7(X) > 018) 21 £1(X) IT12>9*>&T)ENE>)! f(x) < 0!

!

,BET>B((MBHIB>I'E<*>ING () 9&=>ID3BIE'=>) 1S54 (O-
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g h P e}

7>*>13C)HTIRIHNGNE) 21G1'>1 () H6>138*H (LB >19<*=> 146841719 () 98=>I<3HWE) E> ) HTIGHRIHIANE) 21G1&+> 1185 58>2!
&TIEW[B\I[3WE) 21T\
|

W 7I>&7+1% () (>1%6&%! slope of 'q' > slope of 'p' > slope of 'h' > slope of 'g"!

!

/>)9>\! f'(A) < f'(D) < f'(B)< f'(C)!06'96! = >&) THB&HIHE>T8(3>TI8*>1") 9*>&7") EH

!

">H87I0>! - (=>1&8 () EME>19<*=>I1*( = IRIK(IGV! f (x) "T1")9*>&7)EIO06'96!" - 34" >TH68N! f (x) >0 183 )%7IRVIANGY!
&) 2!H#!




H<TIT>>18) (h6>*1>; & = 38>#, B>&7>B((M&MHE>II"E<*>IAG () 9&=>ID3BIE'=>) IS>(O-!
!
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7>*>13C)HTHIGHANE) 2IR 1> () H6>138*H (LB >19<*=> 146841719 () 98=>I<3HWE) E> ) HTIGHRIIANGIIE) 2IHIE+> 1185 58>2!
&TIEW[B\I[3WE) 21T\
|

Wr7I>&T+HU () (W>1468%! slope of 'g' > slope of 'h' > slope of ' p' > slope of 'q"!

!

/>)BN (D)< f'(C) < f(B) < f'(A)!06'96! = >&) TMHB&HINE>178(3>T1&*>1") 9*>&T") E#

!

"1>H87I0>1 - (=>188() EME>19<*=>I1*( = IHH(IRV! f (X) "T1")9*>&7)EIO06'96!" - 38'>TH68N! f (X) >0 183 ()%7IRVIANG!
&) 2!H#!



0:4:0'F () 98=>IG (/) HI$>9 () 1IG>*"=84"=>!
|

,BETSB((MEHIB>IE<> UG () 9&=>IH (0)BIE'=>)1S>8(O-!
!
!
!

35

7>%>13C)HTIRNAIE) 21GH'>1 ) 6138 (L6 >19<+=>IH6&H!'TI9() 98=>12 (O )HI&) E>) TIGHRIaNE) 21G1&+> 1S >8> 2187!
[EVI[6W1&) 2![3\!
|

W 7I>&7+1% () (>1%68&%! slope of 'g' > slope of 'h' > slope of 'p" !

!

/>)9>\! f'(A) > f'(B) > £'(C)!106'96! = >&) 7MB&HHG>1T8(3>T1&*>12>9*>& ") E4!

!

">H87I0>1 - (=>1&8 () EME>19<*=>I1*( = IRIG(IGV! f (x) "712>9*>&7")EI06'96!" - 3§'>71H684! (x) <013 C)U7IRIAN!
&)2!GH#!

! K



ZH<TIT>>I8) (H6>41>:8 = 36>, B>ET>B( (MEHKE>II'E<*>UG () 98=>IH (O )BIE'=>) IS >§(O-!

! )

T
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7>%>13C)HTIRNAIE) 21GH'>1 ) H6>138H (L6 >19<*=>HB&H!'TI9() 98=>12 (O )HI&) E>) TIGHRIalE) 21G1&+> 116 S >8> 2187!
[EVI[6W1&) 2![3\!
|

W 7I>&7+HH () (W>1468%! slope of "h' > slope of ' p' > slope of 'g" !

!

/>)9>\! f (B) > f (C) > f'(A) 106'96! = >&) 7M6&HH6>!78(3>71&*>12>9*>&7") E#!

!

">HE7I0>1 - (=>1&8 () EME>19<*=>I1*( = lalh('RV! f (X) "712>9*>&7")E!06'96!" - 3§'>7H6&%! (X) <013 C)%7IRIAV
&)2!GH#!

| "Q



!
X'=>)1S>4(0!'718!3844! (LKE>19<*=> 14684719 () 98=>1<3!

!
!
!
!
!
!
!
!
!
I L J

; (b.1(0)

!

7>+ (b, T (b)) IT&IBC)H(UB(98 ) 2 < 2 18)2! F (b) ITIAB(IH T 7)" = < 2 1=G8<>H

!

I6'7I>87+5(1) (414684 T'(D) = O WTH&H &3 C')BIE)2! £ (b) > O W&T! (b, T (b)) '>TI() H6>138*H (1146>19<*=>1468H

716()96=>1D38!

!

P £ (D) = 04#)Y £ 7(b) > 0%, "4 (b, (b)) U-H(!. /68 /S (ML #AL 21 %
!

X'=>)1S>3( 0171813841 (1146>19<*=>1684'719() 98=>12(0)!

(6.£(2))

7> (b, f (b)) '7I8I3C)H(UB(98H = &' = <2 18)2! f (b) ITIAB(I8H = &' = < = I=81<>H
!
I6'7I>87+5(1) (4146841 T (D) = O WTH&H &3 (')BIE)2! £ (b) < O W&T! (b, T (b)) W'>TI() H6>138*H (1146>19<*=>1468H

71G()9&=>1D38!
|

P £ (D) = 0 (#)4 £ (b) < 0%+, "# (b, T (b)) ¥-4Ch. Z6#/ " 0/$ (KL (411218
%



Second Derivative Test:
|

¢ P21 (x) 4

$(E=>6>1>T<& Q! F'(X) YIQU(ILT) 216>17H8H ) &*+3 (D HTHZHI<TI&TT< = >16&HO>IE (IO (1 7H&K ) &*+!
3()U7I[&&) 2![S\I7<96!168%1&!] ISH

% P21 f(X) 16>17>9() 212>%=8'=>4!

@ P2 f"(a)tl

Lt 1 £ (a)>0,46>)! x = a E'=>71&I(988 = *)" = < 2 1=83<>1&) 2146>1(988! = *)" = < = 1=84<>I'7! f (a). !

Ft U f"(a)<0,46>)! x =aE'=>7I81(988! = &;" = < = 1=84<>18) 2146>1 (988! = &;' = < = 1=88<>I'T! f (a). !

Jt I f"(a)=0,%6>) x = a T &HE'=>I&B(98! = &;' 2 < 2 I=&I<>A(BI&B(I&S! = 1) = < = 1=EB<>IM(BIITHEN () &4+
3CYH U)W O M6 TI9&T>1146>17>9 () 212> =K' => 1> THI& ST 5 >0 ' BB &=>1h (1< T> 1G> 11+ TH 2>+ =g =>|

ESTHIR(125H5% = ) >IE>1) &i<*s (LHB>ITHRE () &*+3 ()
¢ D>3>8HUE>IT8 = >I3*(9>TTL(H[SW!

[
=

Let us consider the same example that we used earlier. !
|

é()7'2>*!%6>!1<)9%'()! f(x)=x® 13x? 19x+1#

|

)>*>! f'(x)=3x* 16x 194

|

'3x2 16x19=0""x=11 3!

!O(O! f'(x)=6x 164

|

RiX= 11 f "(11)=1616=112<0.1/>)9> x = VIE'=>7I88(988 2 &;" = < = I=88<>H!
!Z(9&8!:!&;':<: 1=84<>IY! f(=1)=-1-3+9+1=6!

\!1\16>!9((*2')&%>7!(1! 28 z<z13C)HE>I (11, 6)4

|

h%! x=31"(3)=1816=12>0.1/>)9> x =3E'=>TI&B(988! = )" = < = 1=83<>H!
!2(9&8! 1) T<zI=ESIY £ (3)=27127 12741 = 126!

\!1\16>!9((*2')&%>7!(1! Z) z <z I3(DHER!(3, - 26)



14, (D710 08>9%" O -K!
]
WE>*>18*> O (+3>7I (U3 CYH (L) 1859% O I TH&H (O &3 () (LD B> ()18) 21) ONTHEH )&+ (DM (L) 189K ()

ITIRIB () ) H>19<*=>106>*> 116319 () 98="§+1968) ESTIIT* ( = 190) 9&=>N<3(19() 98=>2(0)! (*I="9>N=>*78#
!

Example 1 (Stationary Point of Inflection)
|

GOT2>*HE>EE36!(L f (x) = X°!

!

/>%>W6519<*=>I'719()96=>12(0)!06>) ! x < 0118) 219() 9&=>1<3106>)! x > 0 #R7I0>! = (=>I1*( = B>LH(I*EGHILE>!
9<*=>1968) E>TI1*( = 19()96=>12(0) H(19()98=>I<31&H! x = 0. IRET(! x = 0 'TI&ITHEN () &*+13 () H1/>) 9>116>*>1'718!
THEH O &+13(DH(L) 18>0 )€ x = 0. !



Example 2 (Non-Stationary Point of Inflection)
|

GO 2>*6>1E*636! (1! f (X) =x*13x* 19x+1!
!

| P N

f(X)=x"3-3x"2-9x+1

/>%>W6>19<*=>I'719()96=>12(0)!06>) ! x < 1118) 219()98=>1<3106>)! x > 1#RTIO>! = (=>I1*( = 1M EGHING>!
9<*=>1968) E>TI1*( = 19()96=>12(0) H(19()98=>I<318H! x = 1. la<h! x =1'71&1) (HETHEW () &*+3 () 1/>) I>IhE>*>1'7!
&) ONTHEH O &++13CYH (L) 1> O 18 x = 1. !

|

1 asien Q& +2 DM 08>% !

|

RIBCH X = a T& 2H(S> 18T Q&3 (I I>0F QrLHTEHTI>THE>IL(B(O)ERO (90 2K O 74

!
"t (X)) YIQ!
£ RTI\IB&TT>TH6* (<E6I[&N! T'(X) 12570 (HI6&)EXITIT'E)#'s>H £'(X) > 01S>1(+>18) 21&%>*1[8\ (*]
f'(x) <0 S>1(*>18) 2!81>*I[&\!

7Y = 3CHE) () (>1B&HE>*> f " (a) = 0!
$H>271(107) LH6>174&4" () &*+12 (") H (0" 08>9%" ()

"t P20 f(x) 8!
4 $(=>me>>T<eh' Q! F1(X) YIQU(L) 216>17HeH ) &*+I3 (YHTHZSHI<TI&TT< = >HBEHIO>IE (HKO (1THEH () &*+!
3(DUT&N&) 2![S\7<96!46&H& ] ISH



2% HAQOMB>IF>E8)< = S>HI)>18) 2! = &*M[EI&) 21[S\I") W68k (2>

< | | >
a b
@ WEA>I&I=EA<>IH(HE>1>1H (L[N S<H=>*+I9(T> I (I[RVIE) 217<STH h<k>H6>I1=88<>I) ! () 4
Lt GE>9MHB>IT'EYI(L f'(X) HZ>H<TI8T7< = > M6 f'(X) I'71)>E&H'=>H
Ft O(OME">I&1=E1<>IS>H0>>) I[8\I&) 2![S\I&) 2!7<STH <> f*(x) 4
Jt G6>9ME>IT'E)! (1! f'(X) HZ>HI<TI&TT< = >I6&H! f'(X) 713 (7H=>H
¢ O(OME >1&=88<>! = (*>146&)![S\IS<HI=>*+98(7>IH(![S\I&) 217<STH k<>t F(X) !
Ké GE>9MMB>I7'E) (L f'(X) HZHHI<TI&TT< = >I68H! f'(X) 713 (7h'=>H

: fi(x)<0 £1(x)>0 £1(x)>0

56>)!x<a, f'(x)'7)>E&H'=>1106'96!" = 3t'>7168&H f (X) I'71812>9*>&7)EI<YW OQI)! (!, a)#156>)!la< x <b,
f'(x) ' 713(7'=>1106'96!" = 3¢'>7M6&% f () '71")9*>&7")E!") (a, b) #56>)!x > b, f'(x) ' 7I3(7H=>I106'96!" = 33'>7!

we&k f (x)!I'71)9*>&7)EM) (b, 1)!
|

/>>MH6>*>I'TIR(9&8! - &;' - < 2 18M! x = a &) 2!7heH Q& +HI3 ()R (I 18598 O 184! x = b #/>)9>! | (a) 71818 988!
=Y o<z 1=g4<>18) 2! (a, f (a)) &F>16>19( (*2') &4>7I(UB(988! = )" 2 < 2 13()HIRET(V (b, f (b)) &F>16>!
9((*2N) &> (LH6>!7he% OQ &X+13 (YN (U) 1>9% O

!

Let us see an example to understand this much better.

Locate the stationary points of inflection for the curve f(x) =x%"
|

S5ISSE') ISH25H5* = ) YEIOB>*>ITHEH ()&+H3 ()71 (99<*

!

!

f(x)=x%""" f'(x)=3x%" I x’e",

! !

f'(x)=0 ¥ 3x%e™ " x’e™ = 0!

!

xe”(31x)=0""x*=0(or)3!x=0 (ase” #0),

! !
¥ x=0(or)x=3!

!

!



55198) I<7>186>I7'E) ! (1H6>11*THI2>* =&l =>1h (16>831<712>%>* = ) 9>146>1) &h<*>1 (146> 7He%" () &*+13 () %!
|

Rt x =3:!

|

'P(*! x=29, f '(2.9) =2.9°1e291 (3" 2.9) =0.046>0!
|

'P(*! x=3.1f '(3.1) =3.1%1e™1 (3" 3.1) ="0.043<0!
\!1\16>*>1(*>!%6>*>!>;'7%7!&!8(9&8! & o<z 1@ x=3.!

|

Rilx=0:!

|

b(*! x=0.1, f(0.1)=0.121¢™*1(3"0.1)=0.026 > 0!

|

b(*! x=-0.1, f'(<0.1)=-0.1> xe™' x (3+0.1) = 0.034 > 0!

!R?!%6>*>!'7!) (1968) E>I") H6>IT'E) | (LHBS11* TH2>* =g =>II6>*> I TIRITHEH () &*+3 ()M (L) B>9 () 184! x = 0.

P*( = WB>IE*E3610>198) I7>>IHBHHE>*>I'TIRIB(98H = &;' = < = 184 x = 318) 21&7HeH O &*+13 ()M (U 1> O!&H x = 0. !
| |

WE>*>1 (61748 ()&+13CYH (L) 1598 )1(99<*7184! (0, 0). !



HAAL QK74 O &*+2 (D)0 08>9% O !
|

RIBCYH x = a 7178214 (1S>18D) ONTHEH' () &3 (Y (L) 1B>9% ()M IIHT&H TLSTHEIL (B(ODEHO (19 () 2% () 74
!

"o f (x) =0and f (x) =0!
4 RTI[;VB&TT>TIE(<EBI[AW T'(X) 12(>71) (HIB&)ESITITE)H > f1(X) > 01551 (*>18) 218>\ (¥

f'(x) <0 S>1(*>18) 2!81>*I[&\!

$>27H(10) 1I&D) OKTHEH O &*+2 () (01 08>9% (4

"t P21 f'(x)and f"(x).!
4 $(=>E>I>T<a Q! f " (x) = 0 HZ>H<TIRTT< - >I684H6>17 (B<H ()!'7! x =a so that f"(a)=0.!
2% GE>QNHEIT'E)!(LHE>I1*TH2>+=8=>1S>1 (*>18) 21&L>HI[RVIL! ' (X) 68716178 = >ITE)IS>1(*>18) 2181>*[8\!

§6>) HE>*>1'71&1) ONTHRE () &*+3 ()4 (1) 1895 () 184! x = a #
]

,B&T>1%> 2 > 2 SS*HE&N! f"( )— HxST3>90'=>1 (LO65U6>*[; YR T1&! 7% () &*+! (*1&D) ONT%eh O &*+13 ()M
(B> O#
!
! !
Let us see two examples to make you understand this concept better.

Show that the curve with equation y = x* I 4x*has a non-stationary point of inflection at x =2.

P(HHE>19<*=>1h(168=>181) ONTHEH O &*+13 ()M (US04 (18K x = 2 0>D)>>21(176 (OH68H-!
!

i Q!OatXZZ!
dx

4 9 garx=21
dx?

% U6>I7'E)! (LHE>IE*82">) ) % 765178, = >IO)IS(HBIT'2>TI (1 x = 2|
X

2
O(OV!((;I—y=4X3 112x> ™" %212X2 124x
X X

P(* x = 2gy-4(2)'12(2)-'16"0andgy-12(2) 24(2)=0!
!
P(* x = 21dy_|15876<0andx 192y—'15.88<0!

X
!



WE>17'E)! (LHE>IE*82"> )il % 76178, = SI)IS(HBIT' 25T (U x = 2|
X

WE>*>1(*>16>*>17181) ONTHEH O &++3 (YR (L) 189 O 18 x = 2!
|

Let us see another example
|

P")2!&) 21986771 +1&88!7%&H" () &*+13()U71A&) 2! 18>9%' Q13 ()% (U f (X) =x*-3x*-9x+1.! |
!

f'()c)=3x2 T6x109!

!

f'(X)=0 ¥ 3x*"6x"9=01¥ x=30r"1!

|

Rilx=3:!
I

f'(2.9)<0and f'(3.1)>0!

!/>)9>V! f(3) =26 "THE>1B(988 =)' = < = 1=8E<>18) 246>*> TIRIB(9&H = T)' T < 2 18H (3, 26)
:32% x=11:1

|

£1(11.1)> 0 and £'(109) <0

!/>)9>V! f (!1) =6 "TH6>8(988! = &;' = < 2 1=88<>18) 21M6>*>SI'T1&I8 (988! = &;" = < - 1&M! (!ZL 6) !
!

Checking for points of inflection:
|

BITISETHI() (- HERIE>*>I 1) (ITHH () &*+13 (YL 98 (HZH<TY) (01965971 () ONTHES () &*+13 ()M (L
Y189 ()

|

1 "(x)=6x16!

!f"(x):O ¥ 6x"6=010 x=1!

!f'(l):3!6 19=12"0and f"(1)=0!

|

Rilx =1:1
I

f'(0.9)<0and f'(1.1)<0!

\!1\16>!7'E)!(1!%6>!E*&2'>)%! f'(x) '746>17& = >1()IS(H617'2>T (1 x = 1.
!/>)9>!%6>*>!'7!&!) ONTHH Q&+3CHM(LD B0 Ol8 (1, 110),

i



Note:
I

i £ '(2) =0 & f"(a) = 01146>)12(10>168=>1a/3 (") (1) >0 )18 x = a2 !
!Z>%!<7!7>>!&)!>;& - 3IH(11) 218) TOSH (6 TIT<>TH () -

|

é()7'2>*! f(x)=x"!

|

)>*>! f'(x)=4x°!

|

£(x)=0 ¥ 4°=0 ¥ x=0!

|

/5% £4(x) =125

!O(OV!&%! x=0, f"(0)=0!

!/>)9>V! £'(0)=0& f"(0)=0!

:-|(>7!'%! - >8)VI8H! x = 0, O>168=>1817H&H )&+ (ML) 198 () 4!
|

'Z>%!<7!2*&O!%6>!9<*=>! y = x* 16 (196>97 %6 74!

' TI=>*+19>8HHEEHIE>*>I'TIB(98S = )" = < = 18K x = 0 &) 21) (H&ITHEH ) &*+3(DH (L") 189K O
|

/>)951 £'(2) =0 & f"(a) = 012(>7) (4" = 3+146&HHE>*>ITIGITHEH Q&*+3(IH (U B> Q84 x = a. !



!
) 46" TI9&T>VIO>I78+ BEHIB>17>9() 2125+ =8l => > THIE ST S >176 (<B21<T> B> TH2S* =8 => 1> Thi (> THIHG>!
&< (IHE>ITHE O &++13 ()l

MES'E) L (OIN*7418) 11$>9 () 1IG>**=8k"=>7-IK!
|

BB/ " - () -"$/#)0) "TIB (HB" 49" /T (4 T , "M/ S (L (ML 2 LA/ $(WLIHL2 14+ (H/H (TN (B #:
(R LUt 8 ) S

!

Local Maximum:

!

Z5W x = a S>18(98! = &;' = < = 13 ()

|
| 1 1
! f (x) >0 f (x) <0
| < | >
! a
! f'(a)=0
l
l
l
/>SIFTH25* =g =>10"8ISSI3 (7' =>ISSTC>[&WIUS* (1&51[&\I&) 21) SE&H' =>1& 1h>*I[&\#!
]
3" H-I6H/ " UT-4) "TIB (HB™S, (#6"-H( b (—-"'-4+,7/26 i x = a !
I
I
| f"(x)<0 f"(x)<0
: < | >
; a
I n
f"(a)<0
| @)
I

75%51759() 2125+ =84 =>10"8IS>) SE&H =>1S>1 (F>IGLH>18) 21844

!

BU-GBH/ S-S TS (HB™) /M H$ , (H6™H (Hih. (--"'-1+,7/26 i x = a}
!



Local Minimum:
I

Z5W x = a S>18(988! = ') = < = 13D

| f'(a)=0

/>F\HTR2>* =Y =>10"BISST) SE&H =>ISST (> [&WIU>* (184 [&\1&) 213 (7' =>1&1%>*1[&\d!
|

B3 Y-6H/ "V AT-+) "TIB (HB™S , (#6"' (M. (--"-4,7/26 kx =a}

f"(x)>0 £(x)>0

E f(a)>0

75%51759() 2125+ =84 =>10"BIS>I3 (7W=>1S>1 (VI8 LE>*1E) 218HI &\

!

BU-G6H/ S-S M TIB (HB™) /M H$ , (H6™H (Hih. (--"'-1+,7/26 i x = &}
!

Stationary Point of Inflection:
|

Z5W x = a SSIRITHEH (&3 ()H (LD B> ()

755N TH25% =8 =>10 BISST) SE&H'=>1S>1 (*>18) 21811 H[8\I&) 21U>* (18HI[&M!
!

331464/ T-45) " TIB (HB™Y) /" -/ 1S, (HE™ (K. (--"-4,7/26 i x = a}

!

]

!

]



£(x)>0 f(x)<0

l
!
l
| |

! a

! fu -

| (@)=0
|

7>%51759() 2125+ =84 =>10"8IS>I3 (7H'=>1S>1 (1[8N SE& =>18 1> H[Q\IE) 21U+ (1&H[&\!
|

BY-6H/ M-S/ H)) T8 (HB'™S, (#B" (K. (--"-H+,7/26 i x = a

/>F\HTR2>* =Y =>10"RISSI3 (70 =>1S>1(*>18) 21&1E>*I[&\I&) 2!U>* (1&HI[&W!
|

331464/ T-45) " TAB (HB™) /=W 1S, (HE™ (K. (--"-4,7/26 i x = a}

7>%5179() 2125+ =84 =>10"8IS>) SE&H =>1S>1 (+>I[8I3 (7' =>18 1> H[QNE) 21U+ (1&H[&\!
!

BY-6H/ M-S/ H)) TS (HB'™S, (#B" (K. (--"-H+,7/26 i x = a

!

!



Non-Stationary Point of Inflection:
|

Z5W x = a S>18) ONTHEH O &++3 (DM (L) 18594 !

/55N TH25% =8 =510 BISST) SE&H'=>1S>1 (*>18) 2181H>H[8\I&) 21) (H>T<8M(1U>* (LEHI[&M!
|

331464/ T-45) " TIB (HB™) /=W 1S, (HE™ (K. (--"-4,7/26 i x = a}

£7(x)>0 £'(x)<0

E (a)=0

7>%5179() 2125+ =84 =>10"8IS>I3 (7H'=>1S>1 (>8I SE& =>18 1> H[R\IE) 21U+ (1&H [&\!
|

-6/ M-S/ H)) T8 (KBS, (#B" (K. (--"-H+,7/26 i x = a

/>F\HTR2>* =Y =>10"BISSI3 (70 =>1S>1(*>18) 21&1E>*1[&\I&) 2!U>* (1&HI[&W!
|

3" H-U6H/ "V UT-+) "TIB (HB™) /" /1S, (#E™ (. ("', 7/26, i x = ay

— == == = ==



£"(x)<0 £"(x)>0

b

!

!

|

!

! a

! f" =

! (=0
|

7>%5179() 2125+ =84 =>10"8IS>) SE&H =>1S>1 (+>I[8I3 (7' =>18 1> H[QNE) 21U+ (1&H[&\!
|

BY-6H/ M-S/ H)) T8 (HB'™S, (#B" (K. (--"-H,7/26 i x = a





