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Lecture- 39 GRouP o ETTITONS

Rolls theorem & its Geometric
Interpretations
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Rolle's Theorem

Lot fbe. rak-ulned funchion, defied m e closed eroal [, b]soh
(1) f 1 confiuous on o, b} (1) {15 diferentiale on o, B

() fla)= f{b)
Then, there exists @ renl mumber c n fhe open tereal o, such

o
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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 [a, ), it follows that we can draw a graph of {(x) between the
values y=gandx=1h

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

Now, the existence of a real number ¢ efa, b such that f'(¢) = 0 shows that
the tangent to the curve at x = chas a slope 0, 1.e,, 1t 15 parallel to the x-axis



EXAMPLE | Verify Roll's theorem for the function f(x) = x° - 6" +11x -6 in e
terval [1, 3].
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SOLUTION  Here, we observe that

(i) f(x) being a polynomial function of x, is continuous on the
interval [1, 3].

(ii) f'(x) = 3x° —12x + 11, which clearly exists for all values of
x e[l, 3].

S0, f(x) is differentiable on the open interval 1, 3[.
(iti) f(1) =17 -6x1"+11x1-6) =
and f(3) =(3" 637 +11x3-6) =
f(1) = f(3).

Thus, all the conditions of Rolle's theorem are satisfied. So, there
must exist some ¢ € J1, 3[ such that f'(c) =

Now, f'(d)=0= 3¢ -12c+11=0

12+ /144 -132
= c= = c= (EL L]
6 EE

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) it the interval
[0, 1].




SOLUTION

Mt

GROUP OF IHSI'ITU'IIOHS
Wehave f(x)= P -2? o x
We observe here that
(i) f(x)being a polynomial function, is continuous on [(, 1].
(ii) f'(x) = {31‘2 —4x +1), which clearly exists for all values of
x el0, 1].
S0, f(x) is differentiable on the interval ]0, 1[.
(iii) f((h =0 and f(I) =
) = f(1).
Thus, all the conditions of Rolle’s theorem are satisfied.
50, there must exist a real number ¢ € J), 1[ such that f'(cd) =

Now, f(0=0= 3¢ —4c+1=0= (c-1)(3c-1) =

1
= ¢=]1 or ¢=—-
3

1
Out of these two values, clearly 3 e]0, 1.

Thus, c= é e]0, 1[ such that f'(c) =

Hence, Rolle’s theorem is satisfied. :::.
00000
(X X X
0000
| LX)
o0
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EXAMPLE 4  Verify Rolle's theorem for each of the following functions:

It

(i) f(x)=sin2xin ﬂ,z

(i1) f(x)=(sinx +cosx)n

() fl(x) = Lmi(x—g] i
\

(iv) f(x)=(sin x-sin 2x) o [0, n]

0,

0,

’
2

L
2



SOLUTION

(1) Congider f(x) =sin2tin| (),

that f(x) = §in 2vis continuous on

Also, f'(x) = 2 cos2r, which clearly exists for all x €

I

2-.

Since the sine function is confinuous ateach x eR, it follows

l

I

2-.

GROUP OF INSTITUTIONS

miot



Mt

“ROUP OF IHSI'ITI.I'IIOHS

So, f(x) is differentiable on }{"}, g[ :

Also, f(0) = ff g] =0

\
Thus, all the conditions of Rolle's theorem are satisfied.
50, there must exist a real number ¢ & ]ﬂ, g[ such that f'(c) =

Now, f'c)=0 < 2c0s2c=0 < cos2c=0

[ K
& A=—, Le, (=—
2 4
K K
Thus, c=— Ei| 0, —[ such that f'(¢) =
4 2 (YY)
: is veri ceceo
Hence, Rolle’s theorem is verified. Pt
0000
| LX)
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(11) Consider f(x) =(sin x + cos x) in I:lf]',. %:I -

By the continuity of the sine function, the cosine function and
the sum of contnuous functons, it follows that f(x) is

- T
contdnuous on |:l['},. E:| -

Also, f'(x) =(cos x —sin x), which clearly exists for all values
of r e I:{].! £:| -
2
- - - TC I
S0, f(x) is differentiable on :I 0, E I: - Also, fFIO) =_ff/E] —
.

Thus, all the conditdons of Rolle’'s theorem are satisfied.

So, there must exist some ¢ E:| 0, g |: such that f (o) =

- - I
MNow, f'(c) =0 = cosc—sinc=1[0 <« cosc=sinc < -.:'=E—

'L s T : . o 000
Thus, -‘:—E E:I Q. E I:ﬁu-r_h that f"(c) = 0. 0000
00000
Hence, FRolle's theorem is verified. 0000
0000
o000



L

since the cosine function S continuous EvEr)thErE

follows that f(x) =ﬂrﬁ2fr -
\

(11) Consider f(x) =m52(r =|in

[}j d
2

T
— | 1§ confinuous on

!

0|
']
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Also, F(x) =—25i_n{lr—§] =2 cos2x, which clearly exists

fnrallxc:l {"},EI:—
2

S filx) is differentable on :l r o I:

Further, f{({0) =cos?2
And, ff%] = cos 2

F(Oy = ff“

.-'
Thus, all the {_'-r:-nf:lulg

there must exist ¢ =

E(——] -r_"-r:ﬁ.E=ﬂ.
(3-3)=c=3-0

= (L

ons of Rolle's theorem are satsfied. So,

MNow, §Ff(c)=0 =—

0, g[ such that £ () = 0.

2eos2c =0 <«— 2= = =

L ol s
2 |

Thus, c= E c]n, g[ such that () =

Hence, Rolle’s theorem is verified.

Mt

GROUP OF IHSI'ITU'IIOHS



(iv)
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o e e e e ot e o e o e e

Consider f(x) = (sin x — sin 2x) in [0, «].

Since the sine funcbhon is continuous, it follows that
g(x) =sin x and h(x) = sin 2y are both contnuous and so
their difference is also continuous.

Consequently, f(x) = g(x) —h(x) is differentiable on [, =].
Also, f(x) =(cosx —2 cos2x), which clearly exists for all
xr [0, =]

s flx) is differentiable on J0, =[.

And, f(0) = f(x) =

Thus, all the condittons of Rolle's theorem are satsfied.
So, there must exist a real number ¢ € ]0, w[such that f () = 0

Mow, f(c) =0 < cosc—2cos2c=0

— :rﬁc—;’l:l:{'ﬁzc—l} =
e decosc—cosc—2=10
= c = MT V33 08431 or —0.5931
— cosc =0.8431 or cos(l180° — g =0.5931.
s = 32" 32" or c=126"23".
Thus, ¢ €]0, =] such that ' (c) = 0. 000
. N ; 0000
Hence, Rolle's theorem is satisfied. 00000
(XX X
0000
o0 0



PRACTICE QUESTIONS

Discuss the applicability of Relle’s theorem, when:
flx) =
/s
fHx)=x"on[-1,1]
flx) =

Using
Whre

Rolle’

he

L g

(x =1} 2x — 3), wherel =x < 3

2+ (x—T1)7% on [0, 2]

¢ theorem, tind the point on the curve y =3(1- 4],1:[0 I,

angent is paralle o the t-2xis
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ANSWERS Miet

2. MNot applicable, since f(1) = f( 3)
3. Not applicable, since f'((h does not exist

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

(2, —4)



THANK YOU
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Lagrange’s theorem & its
Geometric Interpretations
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GEOMETRICAL SIGNIFICANCE OF THE MEAN-VALUE THEQREM Let y=f(l) be 2
given function defined on s, ], which s continuous on |5, ] and
differentiable on |, 4],

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

stch that flo- % Ml



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

slope of chord AB = f (3’ o )(a) ... ii)
-0

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

f'(c) =slope of chord AB.

@

A

@)

\bj@\ B

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

X

d

X=C X=h
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hovo ()= - e
4'-': [:mtj ;i

ij =45 & 401 = 2R
P Iﬂ_'[:;‘ EIQAU? s f'l'?nE- 1\92

| = |4 3x222 =N
fies N EH} I i L

= [0qsowqe’s meon value Bikabem (X wm%r@d.




EXAVPLE  Versfy Rolles theorem forthe function f(x) = x{x+ e il-3,0
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EXAMPLE

Verify Rolle's theorem for the function f(x)=x(x+3)e m[ 3,0. m
10t

SOLUTION  Since a polynomial function as well as an exponential function is — =rersmwes

confinuous and the product of two continuous functions is
continuous, it follows that f(x) is continuous on the given interval

30)
Now, f(1)=(2+3)e ‘”’”-%e””}( 3
H1/2) I-I-ﬁ—lzl

2

f

which is clearly finite for all values of xin -3, 0].

50, f(x)is differentiable on | -3, 0[. Also, f(-3) = f(0) =0
Thus, all the conditions of Rolle’s theorem are satisfied.
S0, there must exist ¢ €] -3, 0[ such that f'(c) = 0.



But, f'(0)=0& i’_“m[ﬁ ﬁz_cz =0 & c+6-c* =0
&S (3-0(c+2)=0 & c=3F or c=-2
Thus, c=-2¢]-3, 0[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) =|xfm{-1,1]

Mt
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EXAMPLE

SOLUTION

Discuss the applicability of Rolle's theorem on:

flx) =

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

W ss1tas f(x) =
e may express it as f[l} v when (<1<

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

But, RF(0)=tim /O SOy M By
J!E—!'ﬂ h h—rﬂ h h=0h
And,
Lf'(0) ﬂ-hmﬂ{] -0 -11m| N hm—:—l
h=l) -h h=0 =h  h=0-h
. Rf'(0) #Lf'(0)

This shows that f( f is not differentiable at x = ()

Thus, the condition of differentiability at each point of the
given interval is not satisfied.

Mt
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EXAMPLE  Find o pointon the parabolay -

Hhe chord jommg (3, 0) and (4,

Mt

GROUP OF INSTITUTIONS

1-3)" ulerethe tangent is parale o

)



EXAMPLE

SOLUTION

Find a point on the parabolay =(x - ) , Where the tangent 1s parallel fo
the chord joinmg (3, 0) and (4, 1).

Let us apply Lagrange’s mean-value theorem for the function
f(x) =(x-3)* in the interval [3, 4).

Now, f(x) being a polynomial function, it is continuous on [3, 4.
Also, f'(x) =2(x-3), which exists for all x €]3, 4

So, f(x)is differentiable on |3, 4].

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

So, there must exist a point ¢ € |3, 4[such that

o fA-f3)
f(0)= o -1

Mt
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Now, f(0)=1 & 2c-3)=1 & E:EEI:}A[. I"@n!

Now, 1 == antly (-3 & E

-l=-II'—L

Thus, at the point G %] on the given curve the tangent is parallel

to the chord joiming (3, 0) and (4, 1),
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CAANPLE  Very Lapran's el horem o Ehe oo ichons:
flt)=12-2)m[0, 1




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

SOLUTION

f(r} = I(Z—I} in [ﬂJI 1] RAOUP OF INSTITUTIONS

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

The given function s f(x) = 2-1

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

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

Thus, both the conditions of Lagrange's mean-value theorem
are satisfied,



S0, there must exist some ¢ £]0, 1] such that I"|ut

o _fO-f0 -
= 7,
fO==12
Now, f(d=1 & 2-2k=1 < c=15c]ﬂ,1[.
(- f(0)

1
Thus, ¢c=—ell, 1] such that f'(¢) =
L EEH} | su f'lo) 10

Hence, Lagrange’s mean value theorem is verified.



Practice Questions

Q 1: Verify Rolle’s Theorem
) = J4-22 in-2, 2.

ANs:

Mt
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Applicable C=0

Q20 Discuss the applicability of Rolle’s theorem, whesn:

e = :4::’1/5 on {—1,1]

ANS: Not applicable, since f'(C)

} does not exast . °
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Q 3.
- Show that Lagrange’s mean-value theorem is not applicable to f(x) =inn

. X
- [-1,1].

Q 4:
Find ¢ of Lagrange’'s mean-value theorem for
(i} F{x} = (x° —3x"+ 2x)on [{1. 5
(ii} fix} = ~25—x2on[l,5)
00
0000
0000

—_—

Ans: (1}1_\/1?_2 (i} /15 o0
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Tangent & Normal to
a given Curve




Increasing decreasing Function Mi
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5. Increasing and Decreasing Functions

INCREASING FUNCTION A funchion f{x) defined on |a, bl is said to be increasing if
Xy =Xy = flxy) = f(x3) for all x, x5 € Ja, b]
or x) >xa2 = flx) = flxs) for all xq, x5 € Ja, b[.

STRICTLY INCREASING FUNCTION A function flx) defined on fu, H is said to be strictly
increasing if

Xy = X = flxy) < flas) for all xy, x5 € Ja, b

or x =xa2 = flx) = flxs) for all xq, x5 € Ja, bl.

DECREASING FUNCTION A function flx) defined on Ja, b[is said to be decreasing if
Xy <= X =  flxy) = Fflas) forall xy, x5 € Ja, b[

or x >xa2 = flx) = flxsz) forall v, x5 € Ja, b[.

STRICTLY DECREASING FUNCTION A funcfion fx) defined on la, b[ is said to be
strictly decreasing if

X < x2x = flxq1) > flas) forall =y, x2 € Ja, b|

or x; =xs = flx) =< flxa) forall an, x> e Ja, b[. o0
' ' ' vw®00
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EXAMPLE 1 Show that f(x) = 3x + 5 is a strictly increasing function on R.
SOLUTION  Let 1, x5 € R such that 1 < x5. Then,
1 <x = 3x; <31

= 3x;+5<3x,+5

= flx) < flx2).



Tangents and Normals lllll!t

GROUP OF IHSI'ITU'IIOHS

THEQOREM 1 Prove that the equation of a tangent to a curve y = f(x) at a point
. - T
P(x,, y,) is given by L Y1 - (‘ il

L T x—x \dr k.. .

¥
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W5 )iz, )
THEOREM 2 The tangent to a curve y = f(x) at a pomnt P(xy, 1) is parallel to the

x-axis if and only if {d—l’r] =
(X1, 1)

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

dy _
= [_EL L

THEOREM 3 The tangent to a curve y = f(x) at a pomt P(xy, 1) is parallel to the

y-axis if and only if [E] = ().
(x1, 1)
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EXAMPLE2 Find the equations of the tangemt and the normal to the curve
i =x~ + dx +1at the point where x = 3.

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

Now, y=x +-1r+1:«ﬂ—lr+4:~ (.1’1;] =(2x3+4) =10
d (3,22)
. . y=-212
Equahrmnfthelangmtm;f 3{]=1ﬂ = lh-y-2Z78=0
_ Coy=22 -1 ’
And, equation of the normal is - = = x+10y-223 =) o
r—3 10 - -
0000
o0 0



EXAMPLE 1

SOLUTION

Find the equations of the tangent and the normal to the curve
y=x*—6x"+13x" —10x+5 at the point (1, 3).

Mt

GROUP OF IHSI'ITU'IIOHS

The equation of the given curveis y = x* —6x” + 132~ 10k +5.

B _ 403 1842 £ 26310,
dx

So, (d—"r] =(4x1% -18x1%+ 26 x1-10) =
\ dx 1. 3)

. the required equation of the tangent is
y-3 =2 or 2x-y+1=10.

x-1
And, the required equation of the normal is
y_? =__}1 or x+ 2y -7 =0
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1. Derivative as a Rate Measure

Rate of Change of Quantities

Let y = f(x). Then, ? denotes the rate of change of y wrt. x and its value at
X

¥ = 15 denoted by [E]

I=d

If x = f(t), y = gt) then by chain rule, we have

d},r:{dy;“dt}: dy_dt'}_ ;
dv  (de/dt) \dt dx) 100

X X X
XX X
0000
o0 0
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EXAMPLE 1 Find the rate of change of the area of a circle with respect fo its radis 1
whent =bem.

SOLUTION  Let A be the area of a circle of radius r. Then,
dA

A=irt 5 —=—(n") =2t
drdr
A ) )
= |—|  =(Zrxb)em”/em =(120em”/em,
ir r=bcm
Hence, the area is changing at the rate of (121) cm” /e, oo
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EXAMPLE2 A stone is dropped into a quiet lnake and the waves move ot circles. If the

SOLUTION

radius of a circular wave increases at the rate of 4 cm/sec, fmd the rate
of mcrease i its area at the instant when ifs radius 15 10cm.

At any instant £, let the radius of the circle ber em and its area be
A cm”. Then,

%ﬂmfﬁec (given) ()
Now, A=nr" = EJEﬁ]
at  \dr dt
=£(m2}-4 [ =t ;smdﬁ 4]
dr dt coo
=(2mx4}m2fﬁec={3m}mnzfﬁec :::Eo
HE
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= (87x10) cm*/sec=(807) cm? fsec.
- !ﬁ 4r=1ll

=

Hence, the area of the circle is increasing at the rate of
(80r) - /secat the instant whenr =10 ¢cm.



EXAMPLE 3 A spherical soap 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
its radius is5 em?  (Take n= 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,

% — Q02 cm/sec (given) . i)

Now, § = dmr”
ds dr

= —=8nr-—=(8x 314 xr x0.02) em* /sec
dt dt
ds 2 2
= T =(8x3.14 x5 x0.02)em~ /sec =2.512 cm~ /sec.
r=5

Hence, the surface area of the bubble is increasing at the rate of
2512 em* fsecat the instance when its radius is 5 cm.

Mt
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Errors
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2. Errors and Approximation

Lety = f(x). Then, lim L&)~/ _ gy
ax — () 0x

o flx+ B - f(x)
| B

= f'(x) + & where e— Owhendxy — 0
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= flr40t)-f(x)= f'(x)-br+ e-br
> flr481)-fly)= ()b (approcimately)
= by=flgoc [ fles -y = b

Thus, if 81 15 an error in x then the corresponding ertor in y i by, These
small values x and by are called differentials

(1) Absolute Error. 0115 called an absolute error in 1.

. b .
(i) Relative Error. —1s called the relative error,
I

s called the percentage emor, ceoe

b
(i) Percentage Error: [—xlﬂﬂ
L1
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EXAMPLE 1 Using differentials, find the approximate value of {HE}H up to three

SOLUTION

places of decimal

Let f(x) = /4. Then, f(x) =—

-1::'3"4( -
Now, {f{x +8x) - f(x)} = f (x)- &x

= {flx+x) - flx)} =

-4::/'/

We may write, 82 = (81+1).
Putting x = 81 and & =1in (i), we get

f(81+1) - f(81) = —

4:-:{31]'}';-
1 1

= f(82)-f(8]) = =
f(82)-f(81) RN

rran e e 11 _
= f(82) [‘HHHH}HJ [(31} +1n3J 3 +0.009 = 3.009.

ETET!



EXAMPLE2  Find the approximate value of the cube root of 127,

1

wh
Now, {f(x +8x) - f(x)} = f'(x)- bx
= [F(x+8) - f(X) =—=r-5x

31‘%
We may write, 127 = (125 + 2).
Putting x = 125 and éx = 2in (i), we get

125+ - f(125) = — :
3 x(125)7)

SOLUTION  Let f(x) = o5, Then, f'(x) =

Mt
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. _f(1z?}—_f(115}=5
2 J 2] 2% 377
127) = f(125) + —={(125)/3 + = L=l54+ = | ===
= fa2 =1 “?5 l': } +?5J {_+?5,] 75
- 27 =£=5_{’}2ﬁ-
75
o000
0000
0000
o000
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EXAMPLE

SOLUTION

flx)

Find all the points of local maxima and minima and the corresponding
maximum and mi n‘imum values of the function Inlnt

B 45 - BROUP GF INSTITUTIONS

flx) = ——x -Bx7 - Er +105.

3 4 45
— Bt =27 + 105
4 2

L f(x) ==3x" - Mx” - 45x = 3x(x" +8x +15).
Now, f'(x)=0 = —E'rxl::nfE +8r+15) =0 = -3Bx{xr+5)(x+ 3)=0

= xr=0or x=-5 or y=-3
Thus, x =0, x ==5and x = -3 are the candidates for local maxima
or minima.
Moreover, f"'(x) =(-9%~ —48x —45).
Casel Whenxy=10

We have f"(0) =45 < (. ceee
50, x = 01is a point of local maximum. o0

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



Casell Whenx=-5 . Inlnt

WE hﬂ#’E -l||'-”|: __5.} - _3{'} < ﬂ BROUP OF INSTITUTIONS
So, ¥ =5 is a point of local maximum.

And, local maximum value at x = 515 f(-5) = iﬁ

Case lll Whenx=-3
We have f""(-3)=18=(

50, ¥ =— 31is a point of local minimum.

Local minimum value at x = -3 1is f(-3) = %
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GROUP OF IHSI'ITU'IIOHS

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

; r n
f(x) = (sin 2x = x), where < <X s =

— —



EXAMPLE

SOLUTION

Find the local maxima and local minmma of the functions:

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

.2 GROUP OF IHSI'ITI.I'IIOHS

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

o) =0 = ey -1) =0 = crﬁ,h‘:l
= 2r=—— or =0t = x=_" or x=—.
3 3 b f
Thus, ry =— and x —% re the candidates for local maxima

or local minima.
Case | When x =—(n/6)

We have f”(—g] -=1ﬁm§= M3 =0

S50, ¥ = ? 15 a point of local minimum.

The local minimum value 000
0000
-(-5)- (0 35 {25 seet
\ _ 0000
000
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'[:E.-E-E' " Hi}l!f'ﬂ X = E BROUP OF INSTITUTIONS
6
We have f”l( W —4sin (EW =-2J3 <0
L B '-._3__.'
X = Eiﬁ a point of local maximum.

And, the local maximum value

_ (_E}J_Sini_ﬂ:[ﬁ_ﬂ_

26
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BROU/ IIHSI"I'I.I'IOHS

EXAMPLE  Fid the points of local maxima or local minima of the function

" : T
f(x) = (sin*y + cos'y) i 0<x i

-



EXAMPLE

SOLUTION

Find the points of local maxima or local rla.*riﬂ;’mﬂ ﬂf ffﬂ,ﬁfﬂéfﬁ*ﬂ I'"nt

flx) = (5in4x +eosy) in 0<y < g sour o i

f(x) = gin*y + cos*

= f'(x) = 4sin °r c0s x - dcos 1sin 1
= —4sin xcos x{cos™x —sin”x) = ~2sin 2r cos 2x = —sin 4.
And, f"(x)=-4dcosdx.
!

Now, f'(¥)=0= -sindx=0= dx=n, ie, x=—

‘. x=(n/4) s a point of local maximum or local minimum.
Now, f (%] =-deosn=4z0

\
. x=(n/4)is a point of local minimum. ceoe

0000
Local minimum value =.f(E] =1 o0’

'5,4 7 ()



PRACTICE QUESTIONS 1[[19

¢. 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@t

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)
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