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c Changeofvariables polarcoordinates

e g ffxnlr.ee ixzlnce1 Xi rcosyiXz rsiuy r2O cec 0i2r

e.g
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Tr Xznoteusually we areinterested in theotherwayaround ice

r xiexF y arctan

or E Et Ee

i.e howwe can expressderivatives Q oh intermsof dr de

e.ghere or cosy
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IfixHdt Sabof dt

Theorem This formulaistrue if f IxH and NII are continuous

Ex I 1 1 fab sin loft for Ocacb s t conditionsoftheoremhold

notsoeasytointegrate

but daff Sab El si Idt cos at Sif't

This is oftenusefulwhen functionsdepend on a parametere.g
temperature density

heatcapacity initialvalves

Advertisement Please do some of the noodle exercises






































































































































































































2 3 CriticalPoints
www

recall let f IR IRbe twicecontinuously differentiable Then x iscalled a critical

or stationary point if 0 Ko O Furthermore

if dd Got 0 Xois a localminimum

if dd Xo co Xo is a localmaximum

if dd x1 0 inconclusive canbemax ormia orneither

Ex

M
X X X s

T T localmaximum
neither localminimum

What about max1min of fCx x I

Asin IR we say that f has a localmaximum minimum at a if fix left a

f1 12 flail for all I in someneighborhoodof a

Considerlocalmaxlmin at a
thenforany Te IR hi1 1

g
Itt f fait tu has a localmaxlmin at f O

O offlol Daf ai Fftoilet

need Ofcoil O i e
0
hit O t j I n






































































































































































































Wehaveproven

Theorem let f D IR bedifferentiableat ai If a is a local Max ormin then
0

Ff ta i.e Ffla1 8 is a necessarycondition

As before if Tftoil 0 we call a a criticalpoint

What can happenat awith Pf lait E

Ex fix.ie x2y fzlx.ie x y f xyl x y
local max saddlepoint degeneratecriticalpoint

maxinonedirection
miuinanother

see geogebra.org pictures onnextpage

As in112 weneedto lookat secondderivatives

Taylorexpansion fla thffloilt
f1la7ehttzlhFIfliltRyailhT_t.E.i

hi If kik t.FI0xidxjf lathihj
continuenexttime





Use https://www.geogebra.org/3d for generating the plots.

f(x,y) = -x2 – y2 + 4

f(x,y) = x2 – y2 + 2

f(x,y) = x3 – y2 + 2

https://www.geogebra.org/3d

