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Explanation in terms of linear approximations: Near
g'(b)(z — b) Near g(b). f(u) =~ f(g(b)) + f'(9(b))(u — g(b)) So

flg(z)) = f(g(b) + g'(b)(z — b))

N‘r on QM ~ f(g(b)) + f’(g(b))_(g{b) +g'(b)(x —b) -
= f(g(b)) +£!(b)f’(9(b))($ —b)
Example:
iesi“(m) = (exposin)’(z) = sin’(z) exp’(sin(z)) = cos

Alternative notation: Wo if  is a function of x and
u, say u = g(z) and y = f(u) = f(g(2)), then
dy dydu _ _5_’
dr  dudzr (m)

Example:
d, 3 9
E{.’E 1}
yi=(z®-1)°% u:=2%-1,s0 y =17 so
d dy  dydu 8o 2 5, 3
2 T R SEER _a — 97 N
Ve = 9u°3z x(x

Differentiating invertible functions ( =4
J

Suppose f is invertible, so x = f~1(f(z)).

Suppose f~! is differentiable. Chain rule:

d

1= oo L s = @G @)
) 1
.~ ~1r -
Vel =wey

.

Fact: Ilf?'is
f(x), and f~V(fta))

-,

%értible and-is differentiable at z, then f~1 i
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Examples:
1 1

exp'(z)  exp(z)

In'(exp()) =

ie. !
In'(y) = ~.
Y
arcsin’(sin(z)) = :
cos(x)
Now cos(z) = /1 — sin(z)?, so
yoof
arcsin’(y) = ——=
e =
arctan’(tan(z)) = cos®(z) = . S
1+ tan?(z)
1
!
arctan’(y) = T4 o7
Power rule: For t a real number,
d t d Inz* d tlinz b osina t—1
dz’ T dzt &z’ z° ‘

Implicit differentiation
Suppose we know some relation between x and y, e.g.
22 +y? =1

Here, y isn't a function of . :
But if we restrict attention to y > 0, then y is a function d
y < 0. These functions are implicitly defined by z* + y* = 1.
Restricting to a function in this way, it makes sense to diffi

respect to x:

d d, o o d 2, d 5 qYy
= —] = — = —_— — = 2 —
v dr d:t:(m +v) dmx +d:cy m+aa¢
and we conclude that, whichever function we chose,
dy -2 _ «
dr ~— 2y y

for all = at which the function is differentiable.
Confirm this agrees with the chain rule.
Another example: TODO

: similarly for

ate with




