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Rolls theorem & its Geometric
Interpretations
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Rolle's Theorem

Lt fbe v Fncon, i o e closed wderoal o, b sch
1) s contimions ona, b (1) f15diferentualeon o, b
() fla)= i)

Then, there exists 1 renl mumber ¢ n the open inferual o, 4 such

= ssss.
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GEOMETRICAL SIGNIFICANCE OF ROLLE'S THEOREM Let f be a real function
defined on [a, b] and let Rolle’s theorem be applicable on it. Then, f being
continuous on [, 1], it follows that we can draw a graph of f(x) between the
values y=gand x=1h

Also, f(x) being differentiable in o, , it follows that the graph of f(x)
has a tangent at each pont of fa, 1.

Now, the existence of a real number ¢ e, i such that f'(c) =0 shows that
the tangent o the curve at x = has a slope U, 1.e., 1t 18 parallel to the x-axis,
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EXAMPLE 1 Verify Rolle's theorem for the fnction f(x) = v - " + 115 -6 n the
mteroal[1, 3],
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sOLUTION  Here, we observe that
(i) fix) being a polynomial functon of x, is continuous on the
interval [1, 3]

(i) f'{x)= 32" —12¢+11, which clearly exists for all values of
x €[l 3]
S0, f(x) is differentiable on the open interval J1, 3[.
(iti) f(1) =17 -6x1"+11x1-6) =
and f(3) =(3" 637 +11x3-6) =
f(1) = f(3).
Thus, all the conditons of Rolle's theorem are satisfied. So, there
must exist some ¢ 1, 3[such that f'(c) =
Now, f(g)=0= 3c"-12c+11=0

12+ /144 -132 [ 1 ]
= = = =2+ —
f 3:
Clearly, both the values of ¢ lie in the interval ]1, 3[. 000
Hence, Rolle's theorem is verified. :::: °
0000
0000
000
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EXAMPLE2  Verify Rolle's theorem for the function f{x) = x{x - 1: m the mterval

0,1]



SOLUTION

Mt
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Wehave f(x)= ¥R
We observe here that
(i) f(x) being a polynomial function, is continuous on [(, 1].
(ii) f'(x) = (3x~ —4x+1), which clearly exists for all values of
x €[0, 1.
So, f(x) is differentiable on the interval J0, 1.
(i) f(() =0 and f(1) =
~ f(0) = fO).
Thus, all the conditions of Rolle’s theorem are satisfied.
S0, there must exist a real number ¢ € [0, 1 such that (g =
Now, f(9=0= 3 —4c+1=0= (c-1)(3c=1) =
= ¢=1 or c= L
QOut of these two values, clearly % e]0, 1.

Thus, ¢ =% e]0, 1] such that f'(¢) = 0.

Hence, Rolle's theorem is satished. :::.
00000
0000
0000
000
o0
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EXAMPLE 4 Vertfy Rolle's theorem for each of the following fumctions:

(1) f(x)=sin2xin| 0, %

-
=

(i) flx)=(sinx+cosx)in| 0,

.Irulml

(i) f{x)=cos2 I_E] im0,

2 | =
i

(iv) f(x)=(sin x-sin2x) m [0, 7] veo



SOLUTION

(1) Congider f(x) =sin 2 in| (),

that f(x) = sin 2v1s continuous on | (,

Also, f'(x) = 2cos2r, which clearly exists forall x £
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S0, fx) is differentiable on ]i}, %{

Also, fll)= f{ a =)

Thus, all the condibons of Rolle's theorem are sabshed.
So, there must exist a real numberc e ]U, %{ such that f'(c) =

Now, fle)=0 < 2eos2e=0 & cos2c=()

[
'-__-

I
dr=—, i
e A :-1 s 1

Thus, uiE]u, E[ such that f/(d) =0,

1 2 YY)

, VAR 448

Hence, Rolle’s theorem 15 verified. 0006.
0000
| LX)
o0
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(11) Consider f{x) =(sin x + cos x) in I:U', %] -

-

By the continuity of the sine functon, the cosine function and
the sum of conbnuous functons, it follows that f{x) is

ocontnuous on [i]',. ;1
Also, f'(x) ={({cos x —sin x), which clearly exists for all values
of r e |:ﬂ,. £:| -

g 3
So, fix) is differentiable nn] 0, g [ Also, F(O) =_f{££] =1.
Thus, all the condigons of Rolle's theorem are satisfied.

el

So, there must exist some c e | (), % [ such that f'(c) =01

. e
MNMow, f{c) =0 <= cosc—sinc={_0 < cosc=sinc¢ < = —

. e AT T P 000
Thus, ¢ _E E:I (., E [Hu-rﬂ’! that f'(c) =0 0000
(X X X
Hence, Rolle’s theorem 1s verifed. (X X X
0000
o000



(1)) Consider f(x) = cos2 4

since the cosine function 1S continuous everywhere,

tollows that f(1) = nﬂ[r -
\

!

Al
==

3
—J 15 Conanuous on

h-.rlml
|

0=
2

Mt

GROUP OF INSTITUTIONS



Mt

GROUP OF IHSI'ITU'IIOHS

Aldso, F(x) =—2sin ! 2w —
L

Further, f{{) = -L:-r.:l*-r._!l/—— = L"{ﬂ% = [}k

i P 1T

| — — j — — — = —
Ao, __F{ EJ O !r 4J COs 5 L
Feo = 5] =«

Thus, all the conditmons of Eolle's theorem are satisfied. So,

there must exist ¢ -—_-11_1,. %Ij such that f'(c) = (L

s =

MNow, FA)=0 <= Z2cos2c=0 <> 2;::% — =%-
Th TE
Thus, oc=— E]U, ~[5ud1 that Ff'(c) =10 000
g, = 0000
Hence, Raolle's thieorem i1s verified. 00000
0000
0000
o000
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(iv) Consider f{x) = (sinx — sin 2x) u‘1['IJI ).
Since the sine funcion is contnuous, it follows that
fx) =sinx and kh(x) = sin2x are both contnuous and so
their difference is also contimnuous.
Consequenty, f{x) = gfx) —h(x) is differentiable on [0, =].
Also, ff(x) =(cosx —2 cos2x), which clearly exists for all
x [0, =]
S Flx) is differentable on 0, x|.
And, F(O) = f(w) =
Thus, all the conditons of Rolle's theorem are sabsfied.
S, there must exist a real number ¢ (), w[such that f (o) =

Mow, F(c)=0 <= cosc—2c0s2c=0

e ELEL—E(EL"{’E_L —1% =10
< doos c—eoosc—2=0
== OO = % = .8431 or —1.5931
e cos¢ =068431 or cos{(l180° — ) =0.5931.
= = 32" 32" or c=126"23".
Thus, ¢ e]0, =] such that 77 (<) = 0. 000
. ’ et 4 0000
Hence, Rolle's theorem is satisfied. 00000
(X X X
0000
o0 0



PRACTICE OUESTIONS | BT

Discuss the applicability of Rolle’s theorem, when:

L g

flx)=(x—-1}2x— 3), wherel =x = 3
fix)= *”2 on [-1,1]
fix) = E-l-l:l'—l}%’; on [0, 2]

Using Rolle's teorem, find the point on the curve y =x(x-4), €[04,
Wheee the tangent s paralll o the t-axs =



ANSWERS

2. Mot applicable, since f(1) = f( 3)

Mt
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3. Not applicable, since () does not exist

4. Mot applicable, since f (1) does not exist

(2, —4)
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Lagrange’s theorem & its
Geometric Interpretations
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GEOMETRICAL SIGNIFICANCE OF THE MEAN-VALUE THEQREM Let I ‘f( 1) be 2
given function defined on s, ], which 5 continuous on s, 0] and
differentiable on |, b,

Then, by Lagrange's mean-value theorem, there exists some el i

stch that flo- % il



Now, if we draw the curve y = f(x) and take the v4
points Ala, f(a)]and B[b, f(b)] on the curve then

fofo
=

slope of chord AB =

Thus, from (i) and (ii), we have

f'(¢) =slope of chord AB,

This shows that thetangent to the curvey = f(x) ¢
atthe point x = cis paralleltothe chord AB.

\Dj@\ B
(@)
A
A\ c 41
x=a  x=c¢cx=b
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h ()= =4 e
At fF 1€ ) L-Inﬂ!'ji e

[4e1) = 4€ 4 e = 23T

c= 'ﬂf? , Clearly c: Hm‘ "2
- 222 =N

figk N CH) +H !

= [0qeonde’s mean value Hepbem (s wm#rgd




EAANPLE Vorfy Roll's thorem for thefncion f(n) = o+ ™" i3, )
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EXAMPLE  Verify Rolle's theorem for fhe function f(x) = x(x + 3)e W 3,0 m
121

SOLUTION  Since a polynomial function as well as an exponential function s worrnemmwe
continuous and the product of two continuous functions is
continuous, it follows that f(x) is continuous on the given inferval

13,0
Now, f'(x)=(2c+ 3):5'_“’“1} 1 m(l +31)
:E-[”]].fl'i-ﬁ-afz ’
2
which is clearly finite for all values of xin -3, 0].
50, f(x) is differentiable on]-3, ([. Also, f(-3) = f(0) =0 T
Thus, all the conditions of Rolle’s theorem are bﬂTlEﬁEd. eses’

S0, there must exist ¢ €] -3, ([ such that f'(¢) = 0. oo



.
c+6-0

But, f'(c)=0 & t'_“m[ :

-0 & c+6-2 =0

& (3-0(c+2) =0 =3 or c=-2

Thus, c¢=-2¢]-3, ([ such that f'(c) = 0.

Hence, Rolles theorem is verified.

GROUP OF INSTITUTIONS

miot



EXAMPLE

Discuss the applicability of Rolle’s theorem on:
f(x) =|x|m[-1,1]
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EXAMPLE

SOLUTION

Discuss the applicability of Rolle's theorem on:

f(x)

=|x|in[-1,1]
Consider f(x) =|x|in[-1,1]
—-x when -1<x <)

W ss it -
e may express itas f(x) T

Clearly, f(-1)=f(1)=1.

But, RF()=tim /SO g Mg By
ir—hﬂ h h=0 h h—rﬂh
And,
(0 f({] h)—-£(0) |h| Ijm—_—I
iz—vl"J — h-n —N k0 -h
t RF'(0) # Lf'(0).

Tiw:'. shows that f(x) is not differentiable at x = ()

Thus, the condition of djﬂermhahlhty at each pomt of the
given interval is not satisfied.

Mt
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EXAWPLE  Findapintonthe ooy =(x - 3), e thelangent s il fo
the chord jommg (3, 0) and (4, 1),




EXAMPLE  Find a point on the parabolay = (x - 3) 2, where the tangent is parallel to
the chord joining (3, 0) and (4, 1),

SOLUTION  Let us apply Lagrange’s mean-value theorem for the function
f(x) = (x-3)* in theinterval [3, 4).
Now, f(x) being a polynomial function, it is continuous on 3, 4]
Also, f'(x) =X x- 3), whichexists forall x €3, 4].
So, f(x) is differentiable on |3, 4],

Thus, both the conditions of Lagrange’s mean-value theorem are
safisfied.

So, there must exist a point ¢ € |3, 4[such that
o [8-103)
f9)= Ty

Mt
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Now, f'(¢)=1 & 2c-3)=1 & fz%ElB,d[. mmt
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7 1
NﬂW,I:=Eﬂd1f:{I=3)E S ==

2 7
7 1
— —] on the given curve the tangent 1s parallel

2" 4
to the chord joining (3, 0) and (4, 1),

Thus, at the point
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CAANPLE  Very Laprane's meimn-le horem o the g ichons:
flt)=12=2)mf0, 1




EXAMPLE  Verify Lagrange’s mean-value theorem for the following functons: mmt

SOLUTION

flx) = 2(2-x)m 0, 1] o e

Consider  f(x) = x(2-x)in [0, 1]

The given function i f(x) =ty

It, being a polynomial function, is confinuous on [0, 1]
Also, f'(x) = 2 2v, which exists for all x in[0, 1],

S0, f(x)1s differentiable on |0, 1].

Thus, both the conditions of Lagrange’s mean-value theorem
are satishied



S0, there must exist some ¢ e |0, 1] such that I'"at

o _f=FO) _ e
L e

1
Now, f'lld=1  2-k=] & -I‘.'=;EH]',. Il

10, 1[ such that f(9 =1 “; ‘»; (0.

Hence, Lagrange's mean value theorem is verihied.

Thus, c=

Pud | =
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Q 1: Verify Rolle’s Theorem
) = J4-27 in-2, 2.

Ans: Applicable c=0

Q21 Disruss the applicability of Rolle’s theovem, when:
1
e = 2 on -1, 1]

YY)
0000
0000
ANS:  Not applicable, since f'(0} doesnot exist o co.
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Q 3.

- Show that Lagrange’s mean-value theorem is not applicable to f(x) -~ on
X

1),

Q 4.

Find ¢ of Lagrange’'s mean-value theorem for
(i} F{x} = (x° —3x"+ 2x)on [{1. 5
(ii} f{x} = +/25—x2onll,5]

Ans: (1}1_\/% (i} /15 :0
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LECTURE NO. -41 o v

Tangent & Normal to
a given Curve




Increasing decreasing Function Mi
10t
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5. Increasing and Decreasing Functions

INCREASING FUNCTION A funchion flx) defined on Ja, bf is said to be itncreasmyg if
Xy <2 = Fflx;)=f(xs) for all x;, x5 € a, B
or x3 >xa2 = fla) = flxs) for all x;, x2 € Ja, bl.

STRICTLY INCREASING FUNCTION A function f{x) defined on fa, H s said to be strictly

frrcreasing if
Xy <Xy = flx;) < filxs) for all xy, x5 € Ja, B

or x; >x32 == f{x1) > f(x2) for all x;, x5 € Ja, b[.

DECREASING FUNCTION A function f{x) defired on Ja, B[ is said to be decreasing if
Xy <X = flxy) =f(x3) forall x, x5 & ja, b

or x3 >xz2 == flx) = flxs) forall oy, x> € Ja, bl.

STRICTLY DECREASING FUNCTION A function fx) defined on Ja, B[ is said to be
strictly decreasing if

Xy <xa = flx1)>Ff(a2) forall xy, x5 € |la, b]

or x3 >x3 == filxy) < flxs) forall x, x> & ]a, bl o0
' ' vw®00
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EXAMPLE 1 Show that f(x) = 3x + 5 is a strictly increasing function on R.
SOLUTION  Let xy, x2 e R such that x; < x5. Then,
¥ <¥ = 3x;<3x

= 3 +5<3x5+5

= flx) < flx2).



Tangents and Normals mmt
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THEQOREM 1 Prove that the equation of a tangent to a cwrve y= f(x) at a point

s ¥—1if ﬂﬁgr
PI:_.T ¢ W :' is 1ten .!H!r - 5 = : i
At g : I_I-'I !' ‘it dlws ik
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l'-.,nlfl' ,J[I 1
THEOREM 2 The tangent to a curpe v = f(x) at a point P{xy, ) is parallel to the

x-ixis if and only if [J—HJ = ().
Ty m)

PROOF The tangent is parallel to the y-axis < itsslopeis()

= [ﬂ]{ 0

dx x
Axq. )
THEOREM 3 The tangent to a curve y = f(x) at a pont P(x), y;) is parallel to the

= (L
(X1, 1)

y-axis if and only if [E
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EXAMPLE2 Fimd the equations of the tangemt and the normal to the curoe

SOLUTION

y ="+ dx+1at the point where x = 3.
Whenx =3, wehave y=(3"+4x3+1)=22
50, the point of contactis (3, 22).

Now, y = x-+41+1j‘ﬁ’__r+4:~ [ﬂ] =(2x3+4)=10.
_ . =22 :
Equation of the tangent is = _m=1ﬂ = lh-y-2Z8=0.
T -
And, equation of the normal is st = x+1y-223 =10 :‘
i T r—3 10 S T l,,.’:.
0000
o0 0



EXAMPLE 1

SOLUTION

Find the equations of the tangent and the normal to the curve
y=x"—6x" + 132 —10x+5 at the point (1, 3).

Mt
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The equation of the given curveis y = x* —6x " + 132" —1(k +5.

W _ 403 18522 26210
.:i‘l.‘

So, (d—"’] = (4x13 -18x1%+ 26x1-10) =

X/u, 3
the required equation of the tangent is

=2 9 o 2y—y+1=1L
x—1 :

And, the required equation of the normal is
y=3 =1

= w 4 —=T
ik ¥

w1

= (L
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1. Derivative as a Rate Measure

Rate of Change of Quantities

d i i
Let v = f{x). Then, f denotes the rate of change of y wrt. x and its value at
" I (5

¥ =18 denoted by {ﬁ} :
Tl
[Fx = f(t), v = gff) then by chain rule, we have
dy (dy/di) ;du dt]
dx thhﬁ} \dt dx

'@

X X

X X X
XX X
0000
o000
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EXAMPLE 1 Froud the rate of change of the area of a circle with respect fo its mdiis 1

whertt = hem,
SOLUTION  Let A be the area of a circle of radius r. Then,
A= M‘-'_‘:-ﬂ i(m‘) 2nt
dr dr
dA ) )
T s =(2n¥bjem™fem =(12n)cm™/em.

Iir f=hcm

Hence, the area s changing at the rate of (127) m’ /e, voo
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EXAMPLE2 A stome 15 dropped intto a quiet lake and the waves move on circles. If the

SOLUTION

radius of a circular wave drcreases at the rate of 4 em/sec, fmd the rate
of mcrease i its area at the instant when its radius s 0 em.
Atany instant f, let the radius of the circle ber em and its area be

A em® Then,
%ﬂm,e’sec (given) 1)
Now, A = e E=[ﬁﬁ]
dt \dr dt
=£{m2}-4 [ =r° and d—r 4]
dr dt coo
=[2mx4}m:fﬁm={ﬁm}ﬂn1fﬁec EE&E'
0000
o0 0



= | == =(H1§HI'.}}[[[']E/HEE=|:H“E} UHE/SEE.
" it dr=11l

Hence, the area of the circle is increasing at the rate of
(80r) cm” /sec at the ingtant whenr =10cm.

Mt
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EXAMPLE 3 A spherical spap bubble is expanding so that its radius is increasing af
the rate of 0.02 cm /sec. At what rate is the surface area increasing when
ks radius is5 cm?  (Take m= 3.14)

SOLUTION A soap bubble is in the form of a sphere. At an instant ¢, let its
radius be r and surface area S. Then,
dr

=12 em/sec (given) we (1)
MNow, S = dnr?
= d—b= Sm"-ﬁ=f.ﬁx 314 = =0.02) em” /fsec
dt dt

= [jﬂ =(Bx3.14x5 xi}.i}l}cm:fsec=1.511:m2f5e:.
r=>5

Hence, the surface area of the bubble is increasing at the rate of
2.512 cm*” fsecat the instance when its radius is 5 cm.

Mt
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Approximation &
Errors
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2. Errors and Approximation
flx+ox)—f(x)

Lety = f(x). Then, lim - = F'{x).
A fix — 00 ox
X -”I:_ﬁ%ﬂ Fm f'(x) + g where e— Owhen dxy — 0
X
L 000
0000
0000
000
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= flr+dn)-flx) = f'(2)-frs e
= flr48e)-fly)= fle)-8r  (approvimately)

3 Gy=fla)dr [ flesde)-flx) =)
Thus, if 01 i an error in x then the corresponding ertor in  is 8y, These
stnall values o1 and By are called differenials,

(1) Absolute Error. 6118 called an absolute error in 1.

fr
(i) Relative Error. — s called the relative emror
I

(i} Percentage Error: [EIHH} 1 called the percentage emror co0o
g e
0000



EXAMPLE 1 Using differentuals, find the approximate value of [HE}M wp to three

SOLUTION

places of decimal

Let f(x) =4, Then, f/(x) =—

11_':"/-
Now, [f(x +8x)—f(x)] = f'(x)-6x

5 = E oz
x+8x) - fla)) = — Bx
= |f(x )= flx)] 4:._-% x
We may write, 82=(81+ 1).
Putting x = 81 and & =1in (i), we get
f(B1+1) = f(81) =— 1
4x (8

1 1
82)— f(81) = -

" =i

_1_ .1 .
= f(82) = {rfﬂuv 1}1-1[_1{3” + m-i_f 3 +0.009 = 3.009.

Mt
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EXAMPLE2  Find the ewrﬂxinmtﬂ value of the cube root of 127,

l

31"’

Now, [f(x +8x) - f(2)] = f(x)-bx

= (fr+ &) f) =— T
Sl

SOLUTION  Let f(x) = %

We may write, 127 = (125+ 2).
Putting x = 125 and dx = 2in (i), we get

125+ 9 f125) = ——
31-:{1?.5}7§

Mt
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= f(127) -

= f(127) = f(125) +

= 127 =

377

f123) =

Fes e

75

=5.1026.

Mt
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MAXIMA & MINIMA
OF FUNCTIONS OF
ONE VARIABLE




Local T"’tﬁ'ﬂ;mq and Local M:n:mq o

led £ 15 o seal vedued Rinction amd Jed € B an
In desion point n dhe domain of L. fhen

E:_L c 15 calld q ?ﬂ'“}f’?-ldm‘ memma (£ Hexe »
an K50 guch thed ET'E) ??fﬂ\ @aallon in (theh)

L“] c C“ﬂ{'a &, ?EM}' of jdc_fgu.'i FrinmMa 1(-‘ Meme (2
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EXAMPLE

SOLUTION

f(x)

Find all the points of local maxima and minima and the corresponding Inlu t

maximumt td minimum values of the function

3 BROUP GF INSTITUTIONS

£ 8t 2
y=—>13"-Br ' —x"+ 105.
,fl.' )= y 3

3 S
—Er‘i—&x —4—1: + 1015

J—

L f{x) =327 - Mx" — 451 = 3x{x" +8x +15).
Now, flx)=0= —3::'{12+Sx+15} =l = =Jx(x+5)(x+3) =0

= r=0or x=-5 or x=-3
Thus, x =), x ==5and x = -3 are the candidates for local maxima
Or minima.
Moreover, f"(x) =(-9" —48x—45).
Casel Whenx=10

We have f"(0) =45 < () ceee
- : . s 00000
S0, x =()is a point of local maximum. 0000

0000
And, local maximum value at x = 0is f(() =105. 000



Casell When x=-5 Inlat

We have f”f —5.} =—30 <A} BROUP F INSTITUTIONS
So, ¥ =—5 is a point of local maximum.

: _ 295
And, local maximum valueat x =515 f(-5) = —-

Caselll Whenx=-3
We have f"(-3) =18=> (

50, x =— 3is a point of local minimum.

-
Local minimum value atx =-31s f{—3) = %
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GROUP OF IHSI'ITU'IIOHS

EXAMPLE  Find the local maxima and local minana of the functions:

f(x) = (sin 2x = x), u.’:m*-%flﬂ?

— —



EXAMPLE

SOLUTION

Find the local maxima and local minona of the functions:

flx) = (sin 2x —x), where —% cy<l M|nt

. 1 GROUP OF IHSI'ITU'IIOHS

flx)=(sin2x—x) = f'(x) =(2cos2x—1} and f""(x)=—4smn 2x.

~ ) =0 = (Qeos?x-1)=0 = ocosdy =%

T

= dr=—— or 2x =
3

IL —IL IL

— Xr=— Oor r=—-

3 f

Thus, = —and r ==
[ 6

or local minima.

Case | When x =—(n/6)

are the candidates for local maxima

We have f[—EJ =-'Lﬁin£=; 3 >0
' b 3

. . ¥
50, x = —1is a point of local minimum,

(3]
The local minimum value e00
- 1(-2) - (com 2-2) - {£2) sess.
L &) | 3 6 i AR cecs
000



Casell Whenx=2
b
We have r”f J = —45in (£‘=—l 3 <l
6 L3
| . .
x= E::-s a point of local maximum.

And, the local maximum value

(2] (2] L

2 6
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GROUP OF INSTITUTIONS

EXAMPLE  Finud the points of local maxama or local minana of the function

" : i
f(x) =(sin"y + cos'y) i 0<x < S



EXAMPLE

SOLUTION

Find the points of local maxima or bcal miima of th function mwt

: . T
flx) = |[L-'.m41 - c{154r} ml<x< % e

-

flx) =gin'y + cos'x
= f'(x) = 4sin*r cos x - deosxsin x
= —4sin xcos x{cos™x —sin”x) = ~2sin 2r cos 2x = —sin 4.
And, f"(x)=—-4cosdr,
I

Now, f'(1)=0= -sindx=0= dx=gr, ie, x=—

t x=(r/4)is a point of local maximum or local minimum.

an,f” E =-deosx=4>0

. x=(r/4)is a point of local minimum. ceoe
TN
Local minimum value = f (EJ = 15 o0’




PRACTICE QUESTIONS et

¢. Find the stationary point of the functiony = x? —
2x + 3 and hence determine the .nature of this
point.

2. Find the stationary points of the functions (a) f(x) =
3x2 + 2x — 9, (b) f(x) = x3 — 6x%+ 9x — 2

3. Find the stationary points of the functiony = 2x3 -
9x% + 12x — 3 and determine their nature.



Answers m'Et

GROUP OF INSTITUTIONS

1. Local minima at (1,2)

2. a) (-1/3, -28/3).

b) (3, —2) and (1, 2).
3. local maximum point at (1,2) and the local
minimum point at (2,1)



GROUP OF INSTITUTIONS
—

THANK YOU



