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® Deg'ini‘l'iOh 0¥ Sradie,n‘i'



For F:R" >R and P‘R“ ,

V-‘:(f)e R" is a vector in +he domain o} #,
colled +he Sradieh‘l' of § at P-




For F:R" >R and PCR“ ,

V-r-(f)e R" is a vector in +he domain o} -c,
called +he Srac\ien‘l' of { at P-
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EXOM¥|¢S'.
) Find VE(2,1) f -f-(x,z): xy.

2) Find VS(L"l 12) i+ 3(11'302) - 21‘322- dx



EXOM¥|¢$'.
) Find VE(2,1) f -l'-(x,z): xy.

vi(20) = ( ‘3|(2'|) ;X l(m) = (l , 2)

2) Find VS(L"' 12) i+ 3(10'302) - 21‘322- dx



EXOM¥|¢$:
) Find VE(2,1) f 4'-(:(,3): xy.

vi (2= ( ‘3|(2'0 ;X l(z.u)) = (l ,2)

2) Find Va( 1,-1,2) if 3(:: 4, 2)= 2,,162’-- 2 o
VS("-' > ((2\62 3)’ 413-2.’0 - 2))

inl

(1,-1,2) ?

(1,1,2) ?

=(-11, 8,-8)
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Pfogo s\ton:
Su‘:Pose f: R =R, PCR” , and V‘p(P)-‘f-’a

(a) At P f increases wost ra?'u“)/ (has
MOoX. S|0|=¢) in direction of V£( ‘;).



Progo svhion:
Sufpose F: Rn "’R, P‘Rn , and V-C(P):#a

() At P ¥ increases wmos+ ra?’uﬂ)/ ( has
MOoX. slore) in direction of V£( ‘:).
The S\OPC in that dicection IS " Vs(P)"



Progo s\vton:
Sufpose f: Rn "'*R, Pemn , and V‘c(f)*a

(&) At P/ ¥ increases wmos+ ra?'\d\)/ ( has
MOX. slofe) in direction of V£( ‘:).
The 3\¢‘>e in that dicection is " V-V(y)".

(b) At p, ¥ decreases most ra?‘\d\)/ (has
min. $|°P¢) in direction of - W( P)

The s\o‘;e in that dicection is —| V‘NP)“.












EXOmngle: S'l-ee Fes‘l' PosH"nle amJ neﬂa-rive
slopes $or -F(x,\a)-.- xa, at (2,1).

z

vi(2) = (1,2)
|vs @D ={12+2% {5




Exomglet Sfee Pes'l' Posi-l-ive amA n33a+ive
slopes $or -?(x,%)-: xa, at (2,1).

) v,t(zﬂ): (I,Z)
l) “v.c(zd)”:hl.pzl' :J?
(2.1)




Examglei S'fee PeS‘f ?osi-rive and neﬂa‘ﬁve
slo?es gor 3(:(,})-: xa. at (z,l),

z
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gradiewl' ?oin‘l’s in direction
o-g increasins values

level curves

for § (xnd) = 1%




Mox slope of aroph o §
at p 1s r: d'-re%-ﬁrn of Vs(p\.

Ve R" a umt vector, ” "\’i”=1



Mox slope of aroph o §
at p 1s r: d'-re%-ﬁrn of Vs(p\.

Ve R" a umt vector, ” "\’i”=1

S‘o e in N
dicection of Vv




Mox slope of aroph o §
at p 1s r: d'ureg-ﬁrn of Vs(p\.

Ve R“ a umt vector, ” ’\’i”=1

S| e In o b
dif:c'l'ion of -: ‘ ng (V)




Mox slope o} Sfof\w o §
at p is in direction o Vs(p\

VER" o unit vector, [IVll=1.

S| T N N
M Df‘c(") = ka) -V



Mox slope o} Sfof\w o §
at p is in direction o Vs(p\

VER" o unit vector, [IVll=1.

Slope in . N N
M Df‘c(") = ka)-v
= | oS (PN IIV] cos®



Mox slope o} Sfof\w o §
at p is in direction o Vs(p\

VER" o unit vector, [IVll=1.

Slope in . N N
M Df‘c(") = ka) -V
= |9 P IVl cos®
= |98 (p)ll cos6



Mox slope o} 3'(0?“\ o §
at p is in direction o Vs(p\.

VER" o unit vector, [IVll=1.

Slope in . N N
M_' Df‘c(") = ka) -V
= |9 P IVl cos®
= |98 (p)ll cos6




Mox slope o} 3'(0?“\ o §
at p is in direction o Vs(p\.

VER" o unit vector, [IVll=1.

Slope in . N N
M_' Df‘c(") = ka) -V
= |9 P IVl cos®
= |98 (p)ll cos6




Mox slope o} Scofl\ o §
at p is in direction o Vs(p\.

VE R" a umt vector, ” ‘V‘I’:i

Slope in . N N
M Df‘c(") = V#(f) -V
= |9 P IVl cos®
= |98 (p)ll cos6




Mox slope of aroph o §
at p 1s r: d‘-re%.-ﬁrn of Vs(p\.

VER" o unit vector , Ivil=1.

S| T N N
M Df‘c(") = ka) -V
= |9 P IVl cos®
= |98 (p)ll cos6

have same Jirecﬁon.




Mox slope of aroph o §
at p 1s r: d'-re%-ﬁrn of Vs(p\.

VER" o unit vector , Ivil=1

S| T N N
M Df‘c(") = Vﬁ(?) -V
= |9 P IVl cos®
= |98 (p)ll cos6

and have same direction.
Slope is Dpf(¥):= |l v¥(p)llcosO




Mox slope of aroph o §
at p 1s r: d'-re%-ﬁrn of Vs(p\.

Ve R“ a umt vector, ” ’\’i”=1

S| T N N
M Df‘c(") = Vﬁ(?) -V
= |9 P IVl cos®
= |98 (p)ll cos6

and have sawme direction.
Slope is Dok (¥):= |l 98(p)llcosO= |l o5l




Min s|oP¢ o} s‘ﬂf“‘ o} +
at p is in direction o Vs(p\.

VER" o unit vector, [IVll=1.

Slope in . N N
M_' Df‘c(") = ka) -V
= |9 P IVl cos®
= |98 (p)ll cos6




Min slope o} gqro hot §
at p 1s r: d‘-re%.-ﬁrn o} Vs(p\.

VER o unit vector , Ivll=1.

S| T N N
M Df‘c(") = ka) -V
= |9 P IVl cos®
= |98 (p)ll cos6

have opposite direction.



Min slope o} gro hot §
at p 1s r: d'-re%-ﬁrn o} Vs(p\.

Ve R" a umt vector, ” "\’i”=1

S| T N N
M Df‘c(") = Vﬁ(?) -V
= |9 P IVl cos®
= |98 (p)ll cos6

= anJ have orPosi'l‘C Jirecﬁon.
Slepe is Dol (¥):= |l 9¥(p)l|cos = - )l of(p)l.
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level cuvves and contour
map for §(x, ) in domam ot £
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Examgle . (",‘a) . ”("-'3)"

4 A‘\’""“CC from 3 T, -'-“e ?|ane

N )

level cuvves and contour
map for §(x, ) in domam ot £

N




Example: £/ y)= || (x|

v A‘\’*‘“CC yfom 3 T, -'-‘.e ?'0“6

slope [ledpl|

m direction
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—0y

level cuvves and contour
map for £(x, ,) in domamot £

=




Example: £/ y)= || (x|

v A‘\’*‘“CC yfom 3 T, -'-‘.e ?'0“6

slope [ledpl|

n direction
b of W(p) r \
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level cuvves and contour
map for £(x, ,) in domamot £

=




Example: £/ y)= || (x|

4 A‘\""‘“CC S‘fom 3 T, -'-‘.e ?'0“6

vi( P)
slope |l (pl

‘l
SIS

level cuvves and contour
map for $£(x,y) in domain o} £

=




Examgk . B( 1,3) . ” (x -'3)"

’ distance ffom 3 in +he r|ame

i
vip

20/ slope llefepl A
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level curves
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Graf\n o}
S(z.a)

level cuvves and contour
map dor £(x, ,) in domam o} £




Examgk . B( 1,3) . ” (x -'3)"

’ distance ffom 3 in +he r|ame

il
vip
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. m direction
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level curves
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Graf\n o}
S(z.a)

level cuvves and contour
map dor £(x, ,) in domam o} £




F{‘o gos'\‘l"non ’
1‘9 PC Kz 1S on o level curve C

for § (x,? . then either

(o) V'c(f)=6 , or

(b) VH(p) is orthoqonel to the
tanqent line of C at p.




Ffo gos'\‘l"non ’
I¢9 PC Rz 1S on o level curve C

for £ (x,a) , then either




Ffogos'\‘ﬂon ,
I‘c PC R

for § (x,z,%) . then either

3
S on o level Swr-t-ace S

(a) V'c(f)=6 , or
(b) vk (P) 'S orﬂ\ojona‘ o S at P.









