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H
istory 

of 
History 
of 

Calculus 
is 

part 
of the 

history 
of mathematics 

focused 
on 

lim
its, 

functions, 

derivatives, 

integrals 
, and 

infinite 

series. 
The 

subject, 

known 

historically 
as 

infinitesimal 

calculus, 

constitutes 
a major 
part 
of 

modern 

mathematics 

education. 
It has 
tw

o 

major 

branches, 

differential 

The 

Indian 

m
athem

atician-astronom
er 

Aryabhata 
in 499 

used 
a 

notion 
of infinitesim

als 
and 

expressed 
an 

astronom
ical 

problem
 

in the 

form
 of a basic 

differential 

equation. 

M
anjula, 

in 
the 

10th 

century, 

elatborated 
on 

this 

differential 

equation 
in 
a commentary. 

This 

equation 

eventually 
led Bh�skara 

ll in 
the 

12th 

century 
to 

develop 
the 

concept 
of a 

Calculus 

calculus 
and 

integral 

calculus, 

which 
are 

related 
by the 

fundamental 

theorem
 

of 

calculus. 

Calculus 
is the 

study 
of change, 
in 
the 

sam
e 

way 
that geometry 

is 
the 

study 
of shape 
and 

algebra 
is 
the 

study 
of operations 
and their 

application 
to 

solving 

equations. 

derivative 

representing 

infinitesimal 

change, 
and 
he 

described 
an 

early 

form
 

of 

"R
olle's 

theorem
." 



Newton 

and 

Leibniz 
are 

usually 

credited 

with 
the 

invention 
of 

m
odern 

infinitesim
al 

calculus 
in the 

late 

17th 

century. 

Their 

most 

im
portant 

C
ontributions 

w
ere 

the 

developm
ent 

of the 

fundam
ental 

theorem
 

of 

calculus. 

Before 

N
ew

ton 

and 

Leibniz, 

the 

word 

"calculus" 

w
as 

a general 

term
 

used 
to refer 
to any 

body 
of m

athem
atics, 

but 
in the 

follow
ing 

years, 

"calculus" 

becam
e 

a popular 

term
 

for 
a field 
of m

athem
atics 

based 

upon their 
insights. Basic 

Form
ulas 

Of D
ifferentiation 

D
erivative 

Form
ulas 

of E
lem

entary 

Functions 

" d/dx 

.x"=n. 
x

1
 d/dx 

.k
=

0
, 

where 
k is a constant 

" 

d/dx 
.e =

 
e " 

d/dx 
.a" 
=

 
a". 

log.a 
, where 
a >

 
0, a#

1
 

" 
" d/dx. 

logx 
=

 

1/lx, 
x >

 
0 

" d/dx. 

loga 
e 1/x 

lo
g

a 
e " d/dx. 

Vx 

=1/(2 
Vx) 



Derivatives 
of 

trigonometric 

functions 

" 

(d/dx) 

sin 
x 
= 

COS 
X 

" " 

(d/dx) 

tan x 
= 

sec' 
x 

.(d/dX) 

COsec 

X= 

-COsec 
X 

Cot 
x 

" 

(d/dx) 

sec 
x 
= 

sec 
x 

tan 
x 

" Eampls: 

1) 

y= 
12x 
-

162+ 
4 

Answer: 
y" 
= 
24. 

2y=*-4x 
+ 

/a;* 0 

Cnswer 

6x-
8+ 

2lc. 

(d/dx) 

cos 
x 
= 

-sin 
x 

(d/dx) 
cot 
x 
= 

-cosec² x 



D
erivatives 

of trigonom
etric 

functions 

" 
" (d/dX

) 

COs 

X
=

 

-S
in 

x " (d/dx) 
tan 
x =

 

sec' 
x 

" (d/dX
) 

co
secX

=
 

-co
sec 

x cot 
x 

" (d/dx) 

sec 
X

 
=

 

sec 
X

 

tàn
 

X
 " (d/dx) 

cot 
x =

 

-cosec 
X

 

Eranple: 

1 y=12x 
- 16x+ 
4 

Cnswe 
y"= 
24. 

2)y 

=
-4

a
 

+
 

Ve;*#o 

Unawen: 
6x 
-8 
+

 

2/x. 

(d/dx) 

sin 
x =

 

COS 
X

 



3
y

=
 

c04 
3x 

Unswen: 
y"=-9co43. 

4Jy= 
sin'z 

nswen: 

y
"=

 

9Ain'z 
- 6ainc. 

D
erivatives 

of inverse 

trigonom
etric 

functions. 

dBdx 

(sin-1x) 
=

 

1/N1-x² d/dx(cos-1x) 
=

 
-1/V1-x? didx(tan-1x) 

=
 

1/(1+x') didx(csc-1x) 
=

 
-1/(x|Vx-1) 

d/dx(sec-1x) 
=

 
1/((x|Vx²-1) 

d/dx(cot-1x) 
=

 
-1/(1+x') 



Examples 
Problem

 
1:y 
=

 

tan'(1/x) 

y'= 
(tan'x)' =

 
{1/1 
+

 

(1/x²) 

).(-1/x) =
-*'I 

(x +
 

1). 
x* 

Problem
 

2: y =
 

sin'1 
- x) 

y'= 
(sin'(1 
-x))' 

=
1

/1
-

(x
-1

 =
1/V

(1-(x-
2x +

 
1)) 

=
1

/ 
N(2x-x*) 

Problem
 

3: y= 

(1la) 

tan'(xla) 

y'= 
(1

/ 
a) tan'(x 
/ a)) 

=
 

(1 /a) 
(1 /(1 
+

 

(x/a)). 

(x/a)' 



=
1/a.(1 

/(1+ 

(*la')}. 

(17a) =
1

/a
. 

(al 
(a² 
+

 x2)) 

=
a/a' 

+x? 
Problem

 
4: y

=
 

cot(1/x) 

y'= 
(cot'(1/x) 

=(-1/(1 
+(1 

/x
)). 

(1 i x) 

={-1/(1 
+

 

(1/x*). 

(-2x") =
 

2x1(x* 
+

 
1)x 

=
 

Types 
of 
Differentiation 

Derivatives 
Types D

erivatives 

can 
be 

classified 

into 

different 

types 

based 
on 

their 

order 

such as first 

and 

second 

order 

derivatives. 

These 

can 
be 

defined 
as 

given 

below. 

2x / (1 
+

t) 



First-O
rder 

Derivative 

The 

first 

order 

derivatives 
tell 

about 
the 

direction 
of the 

function 

whether 

the 

function 
Is 

increasSing 
or decreasing. 

The 
first 

derivative 

m
ath 

or first-order 

derivative 
can 
be 

Second-O
rder 

D
erivative 

The 

secCond-order 

derivatives 
are 

used 
to 
get 
an 

idea 
of the 

shape 
of the graph 

for 
the 

given 

function, 

The 

functions 

can 
be 

classified 
in term

s 
of 

Concavity. 

The 

concavity 
of the 

given 

graph 

function 
is 

classified 

into 

tw
o types 

namely: C
oncave 

Up 
C

oncave 
Down 

Product 
Rule 

Product 

rule 
in 

calculus 
is 
a method 
to 

find 
the 

derivative 
or differentiation 

of 
a function 

given 
in 
the 

form
 

of the 

product 
of tw

o 

differentiable 

functions. 

interpreted 
as 
an instantaneous 

rate 
of change. 
It can also 

be 

predicted 

from
 

th
e 

slope 
of the 

tangent 
line. 

That 

m
eans, 

we 

can 

apply 
the 

product 

rule, 
or the 

Leibniz 

rule, 
to find 
the derivative 

of a function 
of the 

form
 

given 
as: 

f(x)·g(x), 

such 
that 

both 
f(x) and 

g(x) 

are 

differentiable. 

The 

product 

rule 

tollow
s 

th
e 

concept 
of 

lim
its 



and 

derivatives 
in 

differentiation 

directly.. 

That 

m
eans 

if we 
are 

given 
a 

function 
of the 

form: 

f(x)·g(x), 
we 

can 

find 
the 

derivative 
of this 

function 

using 
the 

product 

rule 

derivative 
as, 

f(x)g(x) 
=

 

[g(x) 
x f(x) 
+

 
f(x) 
x g'(*)) Exam

ple: 
Find 
f(x) 
for 
the 

following 

function 
f(x) 

using 
the 

product 

rule: 
f(x) 

=
 

xlog 
X. 

Here, 
f(x) 
=

 

xlog 
x 

u(x) 
=

 
x 

v(x) 
=

 
logx ’u'(x) 

=
 

1 
V(x) 
=

 
1/% 

’f(*) 
=

 

[v(x)u'(x) 
+

 

u(x)v(«)) ’f(x) 
=

 

[log 
x"1 
+

 

x"(1/%)] ’f(x) 
=

 
Iog 
x +

 
1 

i) Find 
the 

derivative 
of x cos(x) 

using 
the 

product 
rule 

formula. 

Let 

f(x) 
=

 

cos 
X

 

and 

g(x) 
=

 
x. 



’f(«) 
=

 
-sin 
x 

’g(x) 
=

 
1 

[f(x)g(*)]' 
=

 

(g(x)f(x) 
+

 

f(x)g(*)) ’[f(x)g(x)]'= 

[(x"(-sin 
x) +

 
cos 

x(1)) 

*f(x)g(x)]' 
=

 
- x sin 
x +

 

COS 
X

 

ii) 
Let 

f(x) 
=

 

log 
x and 

g(x) 
=

 
x2. 

»f(x) 
=

 
(1/x) 

g(x) 
=

 
2x 

(f(x)g(x)]= 
[f(*)g(x)]'= 

[(x2-(1/x) 
+

 
log 

x"(2x)) [f(x)g(x)]' 
=

 
x +2x 
log 
x 

D
ifferentiate 

x2 
log 
x using 
the 

product 

rule 

form
ula. 

Ig(x)f(x) 
+

 
f(x)g'(*)) 



Chain 
Rule 

rule 

+1)3, 

(sin 
2x), 
(in 

bx), 

e2x, 
and 
so 
on. 
If y =

 

f(a(x), 

then 
y' =

 

f(g*). 

g(%). The 

chain 

rule 

states 

that 
the 

10 
X. 

a Find 
the 

derivative 
of y= 
In 
Vx 

using 
the 

chain 

rule 

y= 
In vx. 

f(x) 
=

 
y isa 

com
position 

of the 

functions 

In(x) 
and 
vx, 

and 

therefore 
we can 

differentiate 
it using 
the 

chain 

rule. 

Assume 

that 
u =

 
x. Then 
y= 
In u. 

By the 

chain 
rule 

formula, dyldx 
=

 

dy/du 
· du/dx 

dyldx 
=

 

d/du 
(In 
u) d/dx 
(Vx) 

dyldx 
=

 
(1/u) 

(1/(2vx) dyldx 
=

 
(1/Nx).(1/(21x) 

is 

used 

find 
to composite 

functions 
like 
(x2 

the 

derivatives 
of 

The 

chain 

instantaneous 
rate 
of change 
of f relative 

TO
9 relative 

tO
 

X
 

nelps 
US 

calculate 
the 

instantaneO
us 

rate 
of change 
of f relatUVe 



dyldx 
=

 

1/(2x) 

(because 
u =

 

1/(2Vx)). y= 
cos 

(2x2 
+

 
1). 

find 
the 

derivative 
of d/dx 

(sin 

2x), 

express 
sin 
2x 
=

 

f(g(x)), 

w
here 

t(X
) 

=
 

SI 

X
 

and 

g(x) 
=2x 

Then 
by 

the 

chain 

rule 

form
ula, d/dx 

(sin 

2x) 
=

 

cos 
2x 2 =

 
2 cos 
2x 

Quotient 
Rule 

Quotient 

rule 
in 

calculus 
is a method 
to 
find 
the 

derivative 
or 

differentiation functions. 

That 

means, 
we 
can 

apply 
the 

quotient 
rule 

when 
we have 
to 
find 

the 

derivative 
of a function 
of the 

form: 

f(x)/g(x), 
such 
that 

both 
f(x) 

and 
g(x) 

of a function 

given 
in the 

form
 

of a ratio 
or division 
of two 

differentiable 

are 

differentiable, 
and 
g(x) 
#0. 

The 

f(x) 
=

 

[u(x)/v(*)]' 
=

 
[v(x) 
x u'(x) 
- u(x) 
x 

v'(x))/v(x)]2 Find 
f(x) 
for 
the 

following 

function 
f(x) 

using 
the 

quotient 
rule: 

quotient 
rule 

follows 
the 

product 
rule 

and 
the 

concept 
of limits 
of derivation 
in 

differentiation 

directly. 



i) f(x) 
=

 

x2/(x+1). H
ere, 

f(x) 
=

 
U(x) 
=

 
x2 

v(x) 
=

 
(x +

 
1) 

U'(x) 
=

 
2x 

V(x) 
=1 

»f(«) 
=

 

[v(x)u'(x) 
- u(x)v(*)/\v(*)2 

»f(x) 
=

 

[(x+1)-2x 
- x2-1/(x 
+

 
1)2 

»f(«) 
=

 

(2x2 
+

 
2x 
- x2)/(x 
+

 
1)2 

»f(x) 
=

 
(x2 
+

 

2x)/(x 
+

 
1)2 

i) f(x)= 
(x-1)y(x+2) Applying 

quotient 
rule: 

f(«)= 

(x-1)(x+2) 
- (x-1)(x+2)/ 

(x+2)^2 f(x)= 

(1)(x+2) 
- (x-1)(x+2)/ 

(x+2)^2 f(x) 
=

 
(x+2) 

-(x-1)/ 

(x+2^2 

x2/(x 
+

 
1) 



=
 

x+2-x+1/ 
(x+2)^2 =

 

A
pplications 

of derivatives 
in 

daily life 
D

erivatives 
are 

used 
in various 

fields 
like 

science, 

engineering. 

physics, 

and 

m
ore. 

In 

m
athem

atics, 

derivatives 
are 

used 
to 

find 
the 

rate 
of change 

of one 

quantity 

with 

respect 
to 

another. 

For 

instance, 

derivatives 

can 
be 

U
sed 

to
 

calculate 

the 

rate 
of change 
of the 

volum
e 

of a cube 

with 

respect 
to 

its 

decreasing 

sides, 
to

 

determ
ine 

w
hether 

a given 

function 
is 

increasing 
or 

In 
real 

life, 

derivatives 
are 

em
ployed 

in many 

ways 

Such 
as: 

" to
 

calculate 
the 

profit 
and 

loss 
in 

business 

using 

graphs. " to 

check 
the 

tem
perature 

variation. 

to
 

determ
ine 

th
e 

speed 
or diStance 

cO
vered 

sU
ch 

as 

m
iles 

per 

hour. kilom
eter 

per 

hour, 
etc. 

" to 

estimate 
the 

profit 
or loss 
of a 

3/(x+2)^2 
decreasing, 
to

 

tind 

the 

tangent 

and 

norm
al 

to
 

a curve, 

and 
to

 

calculate 
the 

highest 

and 

low
est 

point 
of the 

curve 
in 
a graph 
or to 

know
 

its 

turning 

point. 

business. 



T
em

perature 

variations 
as a function 
of location 

can 
be 

used 
10 

forecast 
w

eather. Derivatives 
are 

frequently 

em
ploved 

in 

everyday 
life 
to 

determ
ine 

the 

extent 
to 

which 

som
ething 

is changing. 

The 

governm
ent 

em
ploys 

nem 
in 

population 

censuses, 

many 

disciplines, 

and 

even 

econom
ics. 

C
onclusion 

In 
In mathematics, 
the 

concept 
of derivatives 

form
s 

the 

backbone 
of calculus, 

Therefore, 

whether 
we are 

discussing 
the 

slope 
of a curve 
at a particular 

point 
or the 

Knowing 

how
 

to 

utilize 

derivatives. 

when 
to

 
use 

them
, 

and 

how
 

to
 

use 

them
 

in 

everyday 
life 
is an 

essential 

elem
ent 

of any 

joD. 

conclusion, 

derivatives, 

whether 
in the 

realm
 

of mathematics 
or finance, 

play 
a pivotal 
role 
in 

our 

understanding 
of the 

world. 

providing 
us w

itha 
tool 
to 

understand 
the 

instantaneous 
rate 
of change 
of a 

function., 
This 

understanding 
is crucial 
in 

various 

fields, 

from 

physics 
to 

engineering, 
and 

even 
in 

economics. future 

price 
of a stock, 

derivatives 

help 
us 

make 

sense 
of 

change 
and 

uncertainty, 

making 

them
 

an 

indispensable 
part 
of modern 
life. 
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