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Chain rule for functions of 1 variable
Uwal I-d ctan aule - ;;'

) /
)’ {(3) g
@ 3(6) \49'/ \fff-
Situation: We have dz. dr
e y="f(x)
o x = g(t)
Chain rule:
dl dy dx
dt dx dt

Samy T. Several variables Multivariate calculus 51 / 141
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Chain rule with 1 independent variable
2(teh) - 2(€)

—
~ Theorem 3. \
Let
o z=2(x,y) )Jlngl‘he ead == 2(al) yle))
B B by degendy o £. 1¢
eSS QIEE A AR AT Y fuactir o | vancabte
e z, x,y differentiable
2'(¢) Ze 25
Then . v 2
dz _ 0z dx | 0z dy
dt  ox dt Oy dt

Samy T. Several variables Multivariate calculus
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Tree representation of chain rule (2d)

oz oz
Ox Oy
x y
dx dy
dt dt
t t
di _ dzdx , ozdy
dt ~ oxdr | dydt
=] & = E E DA
SEIAN Several variables




Tree representation of chain rule (3d)

Ww(x 9z) and z=cl) 9= y(€) 2:.(€)

(d_w=5_W@+6_wgix+5_W@W
dt Ox dt Oydt 0z dt

Samy T. Several variables Multivariate calculus 54 / 141
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Example of computation (1)

Functions: We consider

z=x>-3y?+20, x=2cos(t), y=2sin(t)

Derivative: We find

dz 0z dx n 0z dy
dt Ox dt Oy dt
= —16sin(2t)

Particular value: It t = 7, then

Samy T. Several variables Multivariate calculus 55 / 141
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Example of computation (2)
Other possible strategy:
@ Express z(x(t), y(t)) as a function F(t)
@ Differentiate as usual

Problem: this becomes impractical very soon.

At(V2,V2, 16),

dz_
2 =16

z=x>-3y>+20

C:<2cost,2sint>

Samy T. Several variables

Multivariate calculus

56 / 141



Implicit differentiation

Example : Flxy)= 2tiy2-)

The eq Flay) O atwrg =1 defnes
—Theorem 4 Hre ~ wnck cvicle .

Let F(x,y) be such that

o F differentiable

@ The equation F(x,y) = 0 defines y = y(x)
@ x — y(x) differentiable

o F, #0

Then we have
dy K

dx 5y

Samy T. Several variables Multivariate calculus 57 / 141
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Example of implicit differentiation (1)

Equation:
e’sin(x) = x + xy
Problem: Find
dy
dx

o = = £ DA
SEIAN Several variables



EQUCLHU’L ei)()’t@,)' Zj@_ =0
Flzy)

frccordurg lo Tum 4 z;l Y=y +hen

Yilx) = % -
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Example of implicit differentiation (2)

Reformulation of the equation: F(x,y) = 0 with

F(x,y) = €' sin(x) — x — xy

Implicit differentiation:

dy R €cos(x)—1-y
dx  F, e¥sin(x) — x

Samy T. Several variables Multivariate calculus 59 / 141



	The chain rule

