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Differentiation methods

The Chain Rule:

If f(u) is differentiable at the point u = g(x) and g(x) is differentiable at x, then
the composite function (f°g) (x) = f (g(x)) is differentiable at x, and

S el Alall 8 ox 2ie Jualaill 108 g(X) Al iS5y = g(x) il e Jealaill 418 f(u) Adlall ¢l 1)
5 ox e Jaldll AL o S5 (fog) (x) = £ (g(x))

(fog) ) = f'(gt) - g'(x).
In Leibniz’s notation, if y = f(«) and 4 = g(x), then

dy _dy du
dx du dx’

where dy/du is evaluated at u = g(x).

Example 1: Derivative the function y = (3x% + 1)2 by chain rule

Solution:
d
The function y = f(u) = u?, d_i = 2u
d
and functionu=g(x) =3x2+1, d—z = 6x
dy dy du ,
T du-dx—Zu-@\

=23x> + 1)-6x Substitute for u
= 36x° + 12x.

Calculating the derivative from the expanded formula

dy d

o= a(9,;54 + 6xr + 1) = 36x° + 12x.
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Implicit Differentiation

1. Differentiate both sides of the equation with respect to x, treating yas a
differentiable function of x.
x A GEINALE DLy lie) ge ox ) Al Aslaall iyl 51

2. Collect the terms with dy/dx on one side of the equation and solve for
dy/ dx. ;
Ay /dx dad sy Aabaall Ja & cddalal) ‘;‘)ja ) A dy/dx e g siad Al agaall xeal

Example 1: Find dy/dx if y? = x2 + sin xy

Solution:
y> = x? + sinxy
d ;. d d .
a(yz) = E(,\'z) + g(smxy)
_ d
2y—— = 2x + (cos xy)g(xy)

2y— = 2x )| v ‘dy
ydx— X + (cos xy) y+,\dx
2y Y (%) = 2x + (cos )y
Y i (cos xy) Xgp) =2 (cos xy)y

(2y — xcosxy)—, - = 2x + ycosxy

dy  2x + ycosxy

dx 2y — xcosuxy
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Derivative of Exponential and Logarithm Functions

d —
1. a(e") = e*

2. %(a") = a*In(a)

d 1
3. = (In(x)) ==

X

1
xIn(a)

d
4. 1 (10g,(x)) =

Example 1: Differentiate each of the following functions
(a) R (w) = 4" — 5logy(w)

(b) f(z) =3e” + 1023 In(z)
Solution:
(a) R(w)=4" —5log,

This will be the only example that doesn’t involve the natural exponential and natural

logarithm functions.
5

wln(9)

R (w) =4"In(4) —
(b) f(z) = 3e® + 1023 In(x)

Not much to this one. Just remember to use the product rule on the second term.

[ (z) = 3e” + 302° In(z) + 102° (l)

T
= 3e” + 30z%In(z) 4 10z
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Exercises:
Q1/ write the function in the form y = f(u) and u = g(x). Then find as % a
function of x:

1. y(t) = cos(t2 + 1) by chain rule
2. y=(02x+1)°

Q2/ Find dy/dx
1. x2+y2=25
2. x*(x — y)? = x% — y?

3. x+tan (xy) =0

Q3/ Differentiate the following function:
5e”

Y= 5er 11



