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Week 4: Derivatives and Gradients | = , ‘ '

~ Suppose f : R* — R* and c: R” — R are differentiable at xo. Let h(x) :G(a@ R* 3 R*,

: ’Dhgxo) = C(XO)Df(Xo‘) + f(Xo)Dc(xO) gcmWV( \/Q/L\’O‘r

. Noticgﬂge dimensions of the matrices involved: , M . 'A :
o Di(xo) and clxo)Df (o) arekxn. £ Pe = (kxD{1vn).
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Think about these following task alone for one minute, then chat with your neighbour about it for
two minutes, then share your ideas with the class by writing them on the board.

Generalize the addition rule and scaling rule for derivatives. ( &( D > ,
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MAT B41: Week 4

The function h(z,y) = zy [ﬂ can be written in the form ¢(x) f(x) where ¢(x) = zy.and f (x) = {ﬂ : -

1. Apply the product rule to calculate Dh.
> m2y ' .

2. Re-write h{z,y) as |_5| and compute Dh directly.
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Furthermore, assume g(U) C V sothat fog: U c RE : R4 is defined onallofU Ifgis

d1fferent1able at xo a.nd o d1fferent1able at yo = g(xo) then: /_’

Dwom@@ Dﬂwnm@@ i_

Consider the following functions: L .

fu,v,w) = (u—w,cos(u+v),sin(u+v+w)  g(z,y) = J(e”, coAs,(y' - :1:), el
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, \Na\l \I%Hf«bu
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Suppose that f : R™ — R. We can deﬁne the der1vat1ve of f at x in the dll"eCtIOILV to be:

S oaNee L g Ty s
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By conventlon we always ple v to be a umt vector when calculatmg dlrectlonal derlvatlves

s S
Suppose that f : R¥ — Rand v ‘\Eﬁk The function h(t) = f(x+tv) can be written as a composition:
h(t) = f(c(t)) for the path c(t) = x + tv. Use the chain rule to relate d1rect10nal derivatives and
gradlents ,
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Supposethatf - R7 _> RIS dlffere;m;ah at xg and Vf(XO)?é 0
'The unit vector n that maximiz /D (o)1 is n::'_=-‘ Vf(xo)

Vil

The Big Idea: D f(xo)n = V f(x0) - n = ||V f(xo)|| ||n|| cos @ = ||V f(xo)]|| cosf. LI -
And we know that cosf is maximized when 6 = 0. ‘
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. Suppose that f : R" — ]R is dlﬁerentlable at xg and AV f b -0 .

- Let ¢ = f(xo) and consider the level surface L. = {x : ¢ = f(x)} C R passing through Xo.
- The gradlent vector T f ( ) is perpendmular to the tangent plane of L at xo . -

The Big Idea: Pick any curve c(t) in the level surface L. passing through xo at t =0. A
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We know that ——— (f g = 0 because f o c is constant. However, (fd o V b (Xo) c'(O Y
‘ MON

( | ":%
» N D)

We piele ) o bhe (‘/o'\/ﬂ—o\i\/\ﬂ& T -
o anel sudhae e T follows:

()= = tonst
-\(\[e, (7 0652)(" | | | |
d-’gi.g QC - )) wm’r O h W@My\& & aloout

We wlso hawe | g SESE NS B
&%wcqwﬂ m w O |

Toms, ¢ ® (5 OYJ(\AOCA«QV\O\\ o qu/(w(o)-
|

(© Parker Glynn-Adey 2022 p. 50 Version: 1.0



MAT BAl: Week 4 1 ) - Fall 2022

(1:2).

Find all unit vectors normal to t‘he curve 22 + zy~4 y3 = 11 at (z,vy)

oS/ 5(\“9« f%\)\\nc\’iOV\
T 5 L ol K'(X\‘S | 5 o e

2 n
AN{E Cc\\w\\%\’(/ R Q@X\"Aj> @X+JVX sz )

S V/cV\tk Vil
Taig Gives EOWY = (6 \5>< oy ;Jt\,‘\w "itir

-V\fQ/ \N\U\\AL o dwo yioywaal  vedkors &b M Untt \/QU{’D(Q
SO Y
LI (T

© Parker Glynn-Adey 2022 p. 51 : Version: 1.0



T

MAT B41: Week 4 - ’ o Fall 2022

Find the rate of change of f(z,y,2) = zyz in the dlrectlon\normal to the surface yz? i Ty’ + yz —
ali{ty z) = 4
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