L655on ] Activities. Nanv chen.

: Ca](ulo:le on O\ ivrt{frpret the clivectionn| dlenvetive

N\. Derve the imit_clefinttion for clirettional clexivedive
Moke @pitet connecion between this limit dlefinition
ondk the limit definition of ovolir\owj devivative .

Txpoin how limit, 16 usen o tvongfovn seCand 10 Tomgert

let's define. surface 2 =focyy , we wont
0 define limit olefinition of olirectiond|
dhrivotive ¢+ poirct, (1) inthe clirection of

unit vestor i = 2y, Wy .
. Py
O We V(h) = <ab> + heu, ted in doman

this Uine defines inpuet
Polab) P othuy,bthie).

© Pject Tiny onto Surfae 2> fimy),
Totrace the curve

P\gum {3

2 =T = Ty, yw)

= (athu, Prhee).
Curve C = 2 Xy, Yy, T (‘ﬁh“'fb*h“’))%

P\(X(D), Ylo) '2(0)) = A (a)b, ‘f(alb))
B (), Yy, 20) = B (athwy, bthus, fiatha, bths)
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@) slope of the sedwt Une ~thr ponh £ B

\ CﬁW wtlne . - - -
7 c}\\\‘Q , (ot Une WAR = M _‘}(mhu.,’;b‘%\m)"‘F(aab)
foyr p-Po h
T | A | L Real|: P (athw, b+ hw)
’ ' > W clirection
Po ? PO (le)
Fgwe 1l -2

\FPD .:d’\U«\, hu-)> = h'4UH\h>
:')”FFUH) = ”\[ sJupdr = [h]

ble <Uy, > 16 horma|vector, Jarsu = |

noualize per‘)enoli clar v the plone w

B tofirc the targent line slope.
Ws¢ \'\mr\: o.\‘ the seamt line , let P Wiove o PD,

fm  Fathu, bthw) = £ @) \ Thisiothe  directiona| glorvotive
L n * Dy fan of £ at (ah) inthe diectin

o]el‘;“\_

Conection between this [imit definitin ohd  limit
olefinition o{ oyoki y dertvotive -
. We se G bnit vector Ta to clefine the dlirection,

ok tronsform the divectiona) deriiation problem in3d
into an orcliony clenvative in 3D

» Buth of these imits ek Same iolea :
Find the slope of i secont line, then et the “wo
PRz gets closer, (USing imit) 4o find the dope.
of the tangent Line ot O specific point .
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2. The grociert and level curves

The leve| Cunies 4o +the suface 2 = Xy are Cirdes
IR Centered ot the origin . conidler input points:

A: PGY) Bi(-2H)  Cr (-5 R)

(-15%) _ \ . ~
Wse this xplicit equation for the elliptic Pambdmd

QQ‘L’WA ondl the given poirts to:

U C-{mph the (ontowr curve ond [eve| cuvve

— = -

Seiede with eadh input pol

X Y 2
% =L J3
=2 -] >
=5 12 169
Fowe 11201 jevel curve
Note : thew three vecton ot A/B/C \c)’
e iAo it Tl Ui ! Figure 1.2 Corttur Curpe
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() Determing grodiert, vector ot each NPt point

Solwtion ; Let 'j:o‘!‘j): 2=
T Fo) = <fx0an), fyxn Y Gradient Vecr definition

= 2%, 2P
AP
Jf3,2) = <68
B.P=2,-1)
TRy ) = &t -2
C- P& n)

VEEDR) = <=0y 24
(i) Gﬂraph the godient vector on level curve, assuming the
toul of each vector is the given point p.
Solution: (jraPh in Fgue ).
Mot : the question ok to use Pas the toil, $o

we needd to odl %, Y vole of the gradient

Vector anol %Y volwe of P
(since by comention, vectay st at oviginy

TH0y2) =<bt)  4ail3D el <b13, 42y = <G8
VR, -1) =< fol T head <=4, =24 = {=6,-3>

TS )= Loty ol ooy ool <losf, 2Ry = <5367,
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(obrme §

Gv) Finda parmetic gguation for the tangent line +o
the level curve ot each pont?.

| Solurtion :
Rea| the eation ofor Line in parametic fom s givenby.
Tty = Yo + 4V
where to is the point onthe line, j gives the cliroction
D Vo here isthe PRt P since the pont P is on the
“tongent line at P
® ¥ i ovthogona| tothe godient vector we fund n (ji)

v tongent Line at A: P(372)
since Vf (32) = <6 =4, shpeof gracdert vector at A

o =2

15 - = B 2]
i.‘>.|nr\]Je T3

= fongent line L grodient vecor, Mgy Mg = -

r

~ 3
= m-tar\—'f;_",
-
S =<2,3) £,

S0 tongent line ot P(3,-2) 15>
Tiy = {32 4 <23y = 4313, Y

\

\

¥ tongent line ot B: P(-2,-1) oy |
Since Vf(—),ﬂ) Dy D Vg ==y same veuson Gs A
Sotangent line at P(-2,-]) is-
?H,‘g) =y, A>T <Y = L2, Sty

v tﬁﬂg@ﬁt bneot P(=52)
Sine 9F(=5,2) = <ox4y > Ve = <I1TY
So tangent tine ot P (-5n2) 1% - 25 05— 1430 2min
Yo = &5, DD+ bLREYE CSH, A5 §:00 = lp:22
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3. The Gradient and Steepest Descent
Corgicker the paraboloicd  Ly,yy = 16 - —361'
P isthe point on o lewe| curve of £ixy)

(ompute the slee of the line forgent to leve| curve otp.
Verify the tangent Uine ig orthogor\al to godient ot P (Next page) .

A . Lewel curve fooy) =0, Pl0)16)
y tangert Uine o f
bl E N foay=o
Foug) = 1b- '?J(T B %:O IS Rtpleab
—_— “‘2 _\J_l—. - ,;," : ‘l
> Ttz BN R
L ' B 2 X
= X s \
= —-‘;‘-— T 286 7 \ . F
[ Tt
Trom the guph we eantet| the sbpe at P to:16)

5 mp =p Chorjzontal Line ) | sspodemgfog e y

B. level Cuwe{(x, Y)=1 o Plao) R
/ \
x ) =~ -
foogy= 1 -4 -—% = " Tosey
1 L : L | 1 7-;
= Zﬁ; ‘l’*‘}% = 4 \ I S
N
> ' /
= 2(?[ :(jf - [ Fogwellsz
( blue 'Lir\e,F\‘gwe, 13 2)
From-the graph we krow shpe of tangert line. ot Pl4v) Does Mot exist
(Reason : Vertica| Line, glope undefined) ) o con o clope s )
C. level curve fooyy=12 , P(2)5,4)
Mote + Thig j sthe same leve| Curve in pavt B. So the gicph of leve| cuvve
15the some . tongent Ling - ( Green bine Figure 1132
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let's  yephrose. ~tg question 015 :

Given l_ + ‘\2@ =], findthe sloPe ot P (2, ¢)

| slopeof tangert line is same ag 24

DL 4y = B 0) o
chainRwlg
X 4\ _
5 0
A4
X Y
= S0 tkeslojleort DYDY T Point
. \
’o%(: fr—g? ::\),"E\ 5\0\7&
St

anﬂ ‘thye Acngerk line 1 grodhert oct P
of = ¢fx o Pyl = 3% TEP
A. ot Plo)b) vt - L-TKD, —S by = <0, =Y

The dipe of the Uine along vf is m> =2 (Dves Mot defired)
So the tangeht line ovthojonal tv gradient at (o 16)

B. ok P(4o) of = <-3xU, “3X0> = <-3,0>

o Wote
"= 1%: o, Sine ﬂweslpfeof-tmym lne 1S unolefined ; 0 ling with $lope 0 is
We sy ~the tongent Ling orthogmal o groclient ot (4,2) ‘) arzgw.j:hquar;;md

C. ot PRBY) vf = <—300B, —puy =&, mD | slope. pamlel o oxis
.= ';_"@ Recall the sll??e of torgent line ok (o) 1523 Ii - if V‘:‘Iilf:i"" =7,

35 A-23= 7|, sowesaythe Grackient orthogona o tangentline Ot (4:0)
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