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nice visualizations geogebra.org
3DCalculator

Examplefromlasttime flx.yt xs.in y

tangentplaneat a is 2 a sina.ltsinton x a Ha costa I ly a

Cs
e.g at a E wehave 2 1 sinCEft siulEl x Ht 1 costElly El

It x 1

Noterecall I atleasttwowaysto represent surfaces here2dimensional I

graphofafunction IIµ EIR XER ye IR

only one z valueforeach xyl

Ex upperhalf sphere fix.ie V4x2yTforOex4yk4

solution to equation thy z1 0 EIR Fl x y z O

several2possiblegiven
someIXyl

Ex sphere Furye x4y'tz 4 0



For thespecial case of tangentplanes we have

tangentplane at a la graphof zhuk flat to f a

f toil I oil
2dimscalarproduct

letus write F E A with a flan.az audFlxyizl flxyl z

suchthatsurface f graphof f is solutionto the z1 0

equationfortangentplane becomes FF III F A1 0
in
3 dimscalarproduct

check PHIAT HT At and IF At I
back to differentiability

recallwhat wedefined so far for f IR lR

Of f theil flya him partialderivative
h o h

fl Ithal flitfor aunitvector a i.e hi1 1 Daf figg h
directionalderivative

f totally differentiableat a if ffaithI flattin It Ethlwith lui Fff 0
for some in
Note in is calledtheHota1 derivativeof fate

let us givehere withoutproof1 theconnections betweenthesenotions



Theorem

If f differentiableat oi then all partial derivativesexist andthetotalderivative
is the gradient i.e ni Itf kill

f continuously differentiableata s all partialderivativesat aexistandare
continuous

Note 3 exampleswhere all partialderivativesexist butthefunctionisnotdifferentiable
e t I f f y

for Kitt 194
O for K goo

bowsproblemonHwy

onecannot sensiblyput atangentplaneattheorigin10,01

If all partialderivativesexistandarecontinuous f is called a C function

or ofclassC l If all combinationsof Kpartialderivativesexistandarecontinuous

f iscalled C function

Theorem If f differentiableata thenthedirectionalderivativesID f toilexist
for all teeth hit 1 and

ftp.f fay fFf1Ial

Proof f differentiable at a mean f
kith flat Ffllath 0

LIL
0

now let I tu f attu7 flat loftoil It flattfil fhilypfyay.noIt 01 t luilw Lm
paylat 0

Note fix y III for Ht is anexamplewherealldirectionalderivatives
O forKitt 1901 atcop existbut f isnotdifferentiableat190



Geometricinterpretation for f tilt 0

recallthat IFf lay I IFf kill hit cos0 E anglebetweenbf toiland iw
7

directionalderivativemaximal if if it pointsin samedirection as f lay

Ff Coilpoints indirectionoflargestdirectionalderivative

Examplefromlasttime fixed Ey 5x I try st.lu 1

sfDaf lxH oFfH fe

zf Qftdyf fz 2xyt5txY sameaslasttime

Next chainrule

consider x ft XuIH and a function fl XHh xultil

heuristic computation thedifferential is off f dx t t
0 dx

If IE t 0

Theorem let f bedifferentiableat 5 and x Ith ix HIbedifferentiableat t a

b Ital IH f Then
adf.la FfHb7 ff la7

iEoEilbTdaIla1



Note IHI could e g bethe trajectory of aparticle
ad is thevelocity

Et f x x I x e x Hkt x HI t

ddt If II t da e at x He 3 t

42T St 4 e t
3

Note adf isheretheusualone dimensionalderivative so inthis simpleexamplewe

alsocouldhave computedexplicitly

ddtflxithx.lt ddIft'etY 2te tIt4 3tYe tIf2t 3t41e t


