Definition The number f(¢) 1s a

local maximum value of fif f(¢) = f(x) when x is near c.
local minimum value of fif flc) = f(x) when xis near ¢

YA local maximum

local

lo¢cal minimum

local minimum

Website: bestmathtutor.ca Contact Number: 778-882-4636



Fermat's Theorem If f has a local maximum or minimum at ¢, and if (o)
exists, then f(c) = 0.

Example.

For the function f(x)=x’, the point c=0 is not a local maximum

or a local minimum, but £{0)=0.
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Example.

f(x)= |x |has a local minimum at ¢c=0, but £(0) deos not exist!

Critical Point:1is a point ¢ of the domain ', where f '(¢) =0 or

f '(c) does not exist.
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X

find the critical points
3+x

Exercise. f(X) —

2

Solution.

Ix(3+x7)-2x" B 3—x°
3+x%) 3+x%)

£'(x)=

f'(x)=0=3-x"=0=>x"=3=x=—/3 or x =3
Critical points
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Increasing/Decreasing Test
(a) If £'(x) = 0 on an interval, then [ is increasing on that interval.
(b) If fi(x) < 0 on an interval, then [ is decreasing on that interval.

Exercise.
Find the crifical numbers, z-coordinates of local maxima and minima, intervals where

f(x) is increasing or decreasing;

2 ! r2X+9 <=2
(@) f(x)=x°—-x3 (b) f(x)=+

kXZ+1 X >—-2

Solution.

2 1 1 )
f’(X):§X3_1—%X3_1=§X_3—§X3: 21_ 12 :2X—21
3X§ 3X§ 3X§
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1

'x)=0=22x-1=0=>x=—

2 1
2 2 Critical Points: x =—,
33 =0=x3 =0=x =0. 2
1
—00 0 9 +00
2x —1 - — +
2
: + + +
3x°
, 2x —1
@) =" _ _ N
3x 3
r

TS0 %imm{
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2 X <-2

(2x+9 xX<-=-2 o
(b) £(x)=" j’f(X)—{zX x>

\XZ-I-I x>-2
'(x)=0=22x=0, x>-2=>x=0, 0>-2

£1(=2)= lim f(x)—1£( 2)—lim2X+9 S—Iimz(X+2):2

x>2" X —(=2) x>2 x 42 x>2 x+42
£(=2)= fm L0 () a1+ 2)( 2) _ fim (x —2) =4
_ xx_<>j22 x—(_) xo>2 oy +2 x—>-2 x +2 x—>-2

= 1 (-2)=2#-4=1'(-2)= £'(-2) does not exist!

= Critical Points: x =-2, x =0.
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x | —o0 —2 0 +00
2x B B *
S (x) + B T
f
5 1
local maximum local minimum
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Second Derivative Test. Suppose that '(c) =0.

1"(c) < 0= f has local maximum at X=c;

1£"(c¢) > 0= £ has local minimum at x=c.
Exercise. Find the local maximum and the local minimum

of the funtion y =sinx +cosx.
Solution.

f'(x)=cosx —sinx, f'(x)=0=cosx =sinx,

divide by cosx:

sin X T
=1 = = l=tanx =>x =kx+—, k €Z.
COSX 4
f"(x)=—sinx —cosx
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= {"(kz+>)=—sin(kz+ %) —cos(kz+ %)

4
—ﬁ—ﬁ:— 2<0 if &k even
2 2
=<
(2 V2 -J2>0 if kodd
2 2
T local maximum if k£ even
=S X=km+—= . _
local minimum 1f k£ odd
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