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2 Derivatives

2 1 Introduction to derivatives and their properties

Topic 2 1 B Differentiation rules

Addition rule If fig exist then ftg x fix g't
Product rule If f g exist then f g ex f x gicxltfixl.ge

Proof product rule f g x fi
Cf g th fg x

h

gig
fath g ath flxthlgcxyfcxth.ge f x ge

f x th f x

qIÉ 9443,1W
d g e ga th g x



If fix th fig
gath gey

IT gets
because

f is continuous

fly g x t f x g x

Note If derivative of f exists at xe a b then

f is continuous at x

differentiability implies continuity
but not the other way around
Example Ix at x 0 is continuous but not

diff able

Diff of constant cell is a constant c o

Multiplication with constant f x Cf x

g x f'd ga g G fixQuotient rule
gex

if g x 0

FCA



Proof quotient rule gox I f x if ga 0

g f x fix

Piggy grey f x gas f x f x

f x fay fly gicy.ly y gCHf'G gHfh
gcxyz
Da

Chain rule f g x f ga g x

T
outer

derivative
times inner derivative

Proof chain rule in live lecture

Power rule ne N G n x

Proof power rule Proof by induction

n n x x x gig th gigot A

A o yo d d

n n th x x x l x t x in
x t x o n x

n n

x t n x ntl x



n 1

Ba
We can extend the power rule to rational

exponents Proof in live lecture

f Pq it for p g e k

It can be further extended to arbitrary r e IR

bycontinuity i.e representing r as a limit

of rational numbers

x
T

r x
r d

r e IR

Example differentiation rules

f x cos 4 x

f x sin 4 x 4 A 4 sin Gx

More examples in live lecture



 

Calculus and Elements of LinearAlgebra I Session 9

Prof Soren Petrat Dr StephanJuricke based on lecture
notesby Marcel Oliver

Jacobs University Fall 2022

2 Derivatives

2 1 Introduction to derivatives and their properties
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Derivative of exponential function

µ a

egg
et th e I hf Éh

proof more

h

tf ex
eh

complex

Analysis I

so in short ex e function and its gradient
are the same

EX 6 est 5 5 est



C

Derivative of inverse function

f aib IR diff able invertible on its

range with inverse g f

g f x x definition of inverse

Take derivative g f x f x 1

chain rule

Remark From e.g Analysis I

f diff'able at x with f x 0

g diff
able at y f x

Solve for g x

g f x fly with y f x

A

g y fix f gey

Ex

d f x x a o



f i

f x a x gey y't x

g ly fie 1a th 1
a yay

a n

I g the a gt gta

2 fly et f x et

gey eng x

Eng Ix deny Y

ency I
aE.tn

3 f x tant II y

fi x
cos x cos x sin x f sin x

Co2 x

agent
Cos x sin 2 x Cos2 xcost x

g g arctan y
x inverse of tan



gig are
any Inverse of n

ACarctany key cosy

with y II 42 8522
1 cos 2x
cosy

cost x yl 1 cost x
cost Atg 1

Costx A

n t g2

Carctany At ya


