GATE PATHSHALA
Integrals

Author Name: Mohd Abrar Nizami
April 8, 2025

Properties of Indefinite Integrals

Let f(x), g(x) be integrable functions and ¢ € R:

1. Linearity

Ju@ +g@lde= [ f@ydo+ [ o) ds

/c-f(a:)da::c-/f(x)dx

2. Reversal of Derivative

([ 1) = s

3. General Antiderivative

/f(m)da:’:F(m)+C, where F'(z) = f(x)

4. Substitution Rule
If u = g(x), then:

[ Hoong (@) ds = [ ) du

List of Indefinite Integrals

A. Basic Power and Polynomial Forms

|
/m”dm—n+1+0 (n # —1)
/édx:lnm—kC
/\/Ed;ngg;3/2+0

1



B. Exponential and Logarithmic Functions

/exd:c:e“—i—C

/amdx— T iC (a>0,a#1)

"~ Ina

/lnxdx:xlnx—x—l-C

C. Trigonometric Functions

/SiHZL‘dZE = —cosz+C

cosxdr =sinz + C

tanzdr = —In|cosz| + C = In|secx| + C
cotzdr =In|sinz|+ C

secxdr = In|secx + tan x|+ C

cscxdr =1In|cscx —cotz| + C

—_—— — T

D. Inverse Trigonometric Functions

1
——— dr=sin 'z +C
/\/1—x2
—1
dr =cos 'z + C
/\/1—3:2
1
/1+ de:tan_la:—l—C’
T
—1
/1+ de:cot_lquC'
T
1
/—dx:seclx—i-C
|z[va? — 1

dr =csc o+ C

GATE PATHSHALA GATE PATHSHALA GATE PATHSHALA



E. Hyperbolic Functions

/sinhxd:c:cosh:c—i-C
/coshxdx:sinhx+0
/tanhxdx:1n|coshx|+0
/sechzxdx = tanhx + C

/cscth dx = —cothx + C

F. Other Common Forms

1 1
/—dJU:—tan_1 (£>—|—C’
a? 4 z2 a a
1 . 1 (T
/mdl':SIH <a>+o

1 1
[ =g

Properties of Definite Integrals

Tr —a

+C

r+a

Let f(x), g(x) be integrable functions on [a,b], and ¢ € R:

1. Linearity
/jcf(x)dw = c/abf(:r:)dx
/ab[f(:c) + g(2)] dz = /abf(x) dx + /abg(x) dr

2. Interval Additivity

/acf(x)d$+/cbf(:v)da:—/abf(a:)dx

3. Reversal of Limits

4. Zero Interval

/aaf(x)dx—O
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5. Comparison Property

If f(z) < g(z) on [a,b], then:
[ rade< [ gta)as

6. Absolute Value Inequality

/abf(x)dx

7. Mean Value Theorem for Integrals

< [ 1r@a

If f is continuous on [a, b], then Jc € [a, b] such that:
b
[ r@)ds =506~ a)

8. Fundamental Theorem of Calculus
If F'(z) = f(z), then:
b
[ty =F) - Flo

Common Definite Integrals

1. Power and Polynomial Functions
! 1
/ " dr = , n>—1
0 n+1
/ ‘o 0 if n is odd
x dl’ = 2qn+1 . .
—a S if n is even

2. Exponential Functions

1
/emdx:e—l
0
/e‘mdx—l
0
/xe‘xdaczl
0

/ z"e *dr=T(n+1) (Gamma function)
0
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3. Logarithmic Functions

1
/ lnzdr =—-1
0

/ Inzdr=alna—a+1
1

4. Trigonometric Functions

™ s
/ sinx dr = 2, / cosxdr =0
0 0
2 2
/ sin? x dz = T, / cos’xdr =
0 0

™ s —_ . .
: 2 D% 2 if p is even
sin"zdr = cos" xdr = LY
(n—1)! . .
0 0 if n is odd

n!!

IR

5. Inverse Trigonometric Functions

/1 1 T
doe = -
0 \/1—%2 2

1
In 2
/ tan ' xdr = o
0

4

6. Gaussian Integral

/ e dy = NZs

o0

7. Special Definite Integrals

/ MY =T (Dirichlet integral)
0 x 2
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