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Basic Differentiation Rules

Basic Integration Formulas

1 .  
d
d x

[ c u ] = c u ′

4 .  
d
d x [

u
v ] = v u ′ − u v ′

v 2

7 .  
d
d x

[ x ] = 1

1 0 .  
d
d x

[ e u ] = e u u ′

1 3 .  
d
d x

[ s i n  u ] = ( c o s  u ) u ′

1 6 .  
d
d x

[ c o t  u ] = − ( c s c 2  u ) u ′

1 9 .  
d
d x

[ a r c s i n  u ] = u ′
√ 1 − u 2

2 2 .  
d
d x

[ a r c c o t  u ] = − u ′
1 + u 2

2 5 .  
d
d x

[ s i n h  u ] = ( c o s h  u ) u ′

2 8 .  
d
d x

[ c o t h  u ] = − ( c s c h 2  u ) u ′

3 1 .  
d
d x

[ s i n h − 1  u ] = u ′
√ u 2 + 1

3 4 .  
d
d x

[ c o t h − 1  u ] = u ′
1 − u 2

2 .  
d
d x

[ u ± v ] = u ′ ± v ′

5 .  
d
d x

[ c ] = 0

8 .  
d
d x

[ ∣ u ∣ ] = u

∣ u ∣ ( u ′ ) ,  u ≠ 0

1 1 .  
d
d x

[ l o g a  u ] = u ′
( l n  a ) u

1 4 .  
d
d x

[ c o s  u ] = − ( s i n  u ) u ′

1 7 .  
d
d x

[ s e c  u ] = ( s e c  u  t a n  u ) u ′

2 0 .  
d
d x

[ a r c c o s  u ] = − u ′
√ 1 − u 2

2 3 .  
d
d x

[ a r c s e c  u ] = u ′
∣ u ∣ √ u 2 − 1

2 6 .  
d
d x

[ c o s h  u ] = ( s i n h  u ) u ′

2 9 .  
d
d x

[ s e c h  u ] = − ( s e c h  u  t a n h  u ) u ′

3 2 .  
d
d x

[ c o s h − 1  u ] = u ′
√ u 2 − 1

3 5 .  
d
d x

[ s e c h − 1  u ] = − u ′
u √ 1 − u 2

3 .  
d
d x

[ u v ] = u v ′ + v u ′

6 .  
d
d x

[ u n ] = n u n − 1 u ′

9 .  
d
d x

[ l n  u ] = u ′
u

1 2 .  
d
d x

[ a u ] = ( l n  a ) a u u ′

1 5 .  
d
d x

[ t a n  u ] = ( s e c 2  u ) u ′

1 8 .  
d
d x

[ c s c  u ] = − ( c s c  u  c o t  u ) u ′

2 1 .  
d
d x

[ a r c t a n  u ] = u ′
1 + u 2

2 4 .  
d
d x

[ a r c c s c  u ] = − u ′
∣ u ∣ √ u 2 − 1

2 7 .  
d
d x

[ t a n h  u ] = ( s e c h 2  u ) u ′

3 0 .  
d
d x

[ c s c h  u ] = − ( c s c h  u  c o t h  u ) u ′

3 3 .  
d
d x

[ t a n h − 1  u ] = u ′
1 − u 2

3 6 .  
d
d x

[ c s c h − 1  u ] = − u ′
∣ u ∣ √ 1 + u 2

1 .  ∫ k f ( u )  d u = k ∫ f ( u )  d u

3 .  ∫ d u = u + C

5 .  ∫ d u
u

= l n ∣ u ∣ + C

7 .  ∫ a u  d u = ( 1
l n  a ) a u + C

 9 .  ∫ c o s  u  d u = s i n  u + C

1 1 .  ∫ c o t  u  d u = l n ∣ s i n  u ∣ + C

1 3 .  ∫ c s c  u  d u = − l n ∣ c s c  u + c o t  u ∣ + C

1 5 .  ∫ c s c 2  u  d u = − c o t  u + C

1 7 .  ∫ c s c  u  c o t  u  d u = − c s c  u + C

1 9 .  ∫ d u
a 2 + u 2 = 1

a
 a r c t a n  

u
a

+ C

2 .  ∫ [ f ( u ) ± g ( u ) ]  d u = ∫ f ( u )  d u ± ∫ g ( u )  d u

4 .  ∫ u n  d u = u n + 1

n + 1
+ C ,  n ≠ − 1

6 .  ∫ e u  d u = e u + C

8 .  ∫ s i n  u  d u = − c o s  u + C

1 0 .  ∫ t a n  u  d u = − l n ∣ c o s  u ∣ + C

1 2 .  ∫ s e c  u  d u = l n ∣ s e c  u + t a n  u ∣ + C

1 4 .  ∫ s e c 2  u  d u = t a n  u + C

1 6 .  ∫ s e c  u  t a n  u  d u = s e c  u + C

1 8 .  ∫ d u
√ a 2 − u 2

= a r c s i n  
u
a

+ C

2 0 .  ∫ d u
u √ u 2 − a 2

= 1
a
 a r c s e c  ∣ u ∣

a
+ C
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TRIGONOMETRY

Definition of the Six Trigonometric Functions
R i g h t  t r i a n g l e  d e f i n i t i o n s ,  w h e r e  0 < θ < π � 2 .  

x

2 4 0 °

9 0 °

0 °
3 6 0 °

3 3 0 °

3 0 °1 5 0 °

2 1 0 °
3 1 5 °

4 5 °1 3 5 °

2 2 5 °
3 0 0 °

6 0 °1 2 0 °

2 7 0 °

1 8 0 °

( 0 ,  1 )1
2 2 )( , ,−

− −

−

−

−

−

0
ππ 2

6
4

33

2
3 3

4

4 4

6

6 6

2

π
π

π2 π

3 π
4 π 5 π

3 π

5 π 7 π

5 π

7 π 1 1 π

π

( 0 ,  − 1 )

( − 1 ,  0 ) ( 1 ,  0 )

3

1
2 2 )( ,− 3

1
22 )( ,− 3

1
22 )( ,− 3

2 )( ,− 2
2
2

2 )( ,− 2
2
2

1
2 2 )( 3

,1
2 2 )( 3

1
22 )( ,3

1
22 )( ,3

2 )( , 2
2
2

2 )( , 2
2
2

y

A d j a c e n t

θ
H y p o t e n u s e

O
pp

os
ite

    s i n  θ = o p p
h y p

 c s c  θ = h y p
o p p

    c o s  θ = a d j
h y p

 s e c  θ = h y p
a d j

    t a n  θ = o p p
a d j

 c o t  θ = a d j
o p p

C i r c u l a r  f u n c t i o n  d e f i n i t i o n s ,  w h e r e  θ  i s  a n y  a n g l e .

θ
x

y

x

r

( x ,  y )
r  = x 2  +  y 2

y
    s i n  θ = y

r
   c s c  θ = r

y

    c o s  θ = x
r
   s e c  θ = r

x

    t a n  θ = y
x
   c o t  θ = x

y

Reciprocal Identities

s i n  x = 1
c s c  x

 s e c  x = 1
c o s  x

 t a n  x = 1
c o t  x

c s c  x = 1
s i n  x

 c o s  x = 1
s e c  x

 c o t  x = 1
t a n  x

Quotient Identities

t a n  x = s i n  x
c o s  x

 c o t  x = c o s  x
s i n  x

Pythagorean Identities
s i n 2  x + c o s 2  x = 1
1 + t a n 2  x = s e c 2  x     1 + c o t 2  x = c s c 2  x

Cofunction Identities

s i n ( π
2

− x ) = c o s  x   c o s ( π
2

− x ) = s i n  x

c s c ( π
2

− x ) = s e c  x   t a n ( π
2

− x ) = c o t  x

s e c ( π
2

− x ) = c s c  x   c o t ( π
2

− x ) = t a n  x

Even/Odd Identities
s i n ( − x ) = − s i n  x  c o s ( − x ) = c o s  x

c s c ( − x ) = − c s c  x  t a n ( − x ) = − t a n  x

s e c ( − x ) = s e c  x  c o t ( − x ) = − c o t  x

Sum and Difference Formulas
s i n ( u ± v ) = s i n  u  c o s  v ± c o s  u  s i n  v

c o s ( u ± v ) = c o s  u  c o s  v  ∓  s i n  u  s i n  v

t a n ( u ± v ) = t a n  u ± t a n  v
1  ∓  t a n  u  t a n  v

Double-Angle Formulas
s i n  2 u = 2  s i n  u  c o s  u
c o s  2 u = c o s 2  u − s i n 2  u = 2  c o s 2  u − 1 = 1 − 2  s i n 2  u

t a n  2 u = 2  t a n  u
1 − t a n 2  u

Power-Reducing Formulas

s i n 2  u = 1 − c o s  2 u
2

c o s 2  u = 1 + c o s  2 u
2

t a n 2  u = 1 − c o s  2 u
1 + c o s  2 u

Sum-to-Product Formulas

s i n  u + s i n  v = 2  s i n ( u + v
2 )  c o s ( u − v

2 )
s i n  u − s i n  v = 2  c o s ( u + v

2 )  s i n ( u − v
2 )

c o s  u + c o s  v = 2  c o s ( u + v
2 )  c o s ( u − v

2 )
c o s  u − c o s  v = − 2  s i n ( u + v

2 )  s i n ( u − v
2 )

Product-to-Sum Formulas

s i n  u  s i n  v = 1
2

[ c o s ( u − v ) − c o s ( u + v ) ]

c o s  u  c o s  v = 1
2

[ c o s ( u − v ) + c o s ( u + v ) ]

s i n  u  c o s  v = 1
2

[ s i n ( u + v ) + s i n ( u − v ) ]

c o s  u  s i n  v = 1
2

[ s i n ( u + v ) − s i n ( u − v ) ]
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Factors and Zeros of Polynomials
L e t  p ( x ) = a n x n + a n − 1 x n − 1 + .   .   . + a 1 x + a 0  b e  a  p o l y n o m i a l .  I f  p ( a ) = 0 ,  t h e n  a  i s  a  z e r o  o f  t h e  
p o l y n o m i a l  a n d  a  s o l u t i o n  o f  t h e  e q u a t i o n  p ( x ) = 0 .  F u r t h e r m o r e ,  ( x − a )  i s  a  f a c t o r  o f  t h e  p o l y n o m i a l .

Fundamental Theorem of Algebra
A n  n t h  d e g r e e  p o l y n o m i a l  h a s  n  ( n o t  n e c e s s a r i l y  d i s t i n c t )  z e r o s .  A l t h o u g h  a l l  o f  t h e s e  
z e r o s  m a y  b e  i m a g i n a r y ,  a  r e a l  p o l y n o m i a l  o f  o d d  d e g r e e  m u s t  h a v e  a t  l e a s t  o n e  r e a l  z e r o .

Quadratic Formula
I f  p ( x ) = a x 2 + b x + c ,  a n d  0 ≤ b 2 − 4 a c ,  t h e n  t h e  r e a l  z e r o s  o f  p  a r e  x = ( − b ± √ b 2 − 4 a c ) � 2 a .

Special Factors
x 2 − a 2 = ( x − a ) ( x + a )  x 3 − a 3 = ( x − a ) ( x 2 + a x + a 2 )
x 3 + a 3 = ( x + a ) ( x 2 − a x + a 2 )  x 4 − a 4 = ( x − a ) ( x + a ) ( x 2 + a 2 )

Binomial Theorem
( x + y ) 2 = x 2 + 2 x y + y 2  ( x − y ) 2 = x 2 − 2 x y + y 2

( x + y ) 3 = x 3 + 3 x 2 y + 3 x y 2 + y 3  ( x − y ) 3 = x 3 − 3 x 2 y + 3 x y 2 − y 3

( x + y ) 4 = x 4 + 4 x 3 y + 6 x 2 y 2 + 4 x y 3 + y 4  ( x − y ) 4 = x 4 − 4 x 3 y + 6 x 2 y 2 − 4 x y 3 + y 4

( x + y ) n = x n + n x n − 1 y + n ( n − 1 )
2 !

x n − 2 y 2 + .   .   . + n x y n − 1 + y n

( x − y ) n = x n − n x n − 1 y + n ( n − 1 )
2 !

x n − 2 y 2 − .   .   .  ±  n x y n − 1  ∓  y n

Rational Zero Theorem
I f  p ( x ) = a n x n + a n − 1 x n − 1 + .   .   . + a 1 x + a 0  h a s  i n t e g e r  c o e f f i c i e n t s ,  t h e n  e v e r y   
r a t i o n a l  z e r o  o f  p  i s  o f  t h e  f o r m  x = r � s ,  w h e r e  r  i s  a  f a c t o r  o f  a 0  a n d  s  i s  a  f a c t o r  o f  a n .

Factoring by Grouping
a c x 3 + a d x 2 + b c x + b d = a x 2 ( c x + d ) + b ( c x + d ) = ( a x 2 + b ) ( c x + d )

Arithmetic Operations

a b + a c = a ( b + c )  a
b
+ c

d
= a d + b c

b d
 

a + b
c

= a
c
+ b

c

( ab )
( cd )

= ( ab ) ( d c ) = a d
b c

 
( ab )
c

= a
b c

 
a

( b c )
= a c

b

a ( b c ) = a b
c

 
a − b
c − d

= b − a
d − c

 
a b + a c

a
= b + c

Exponents and Radicals

a 0 = 1 ,  a ≠ 0  ( a b ) x = a x b x  a x a y = a x + y  √ a = a 1 � 2  
a x

a y = a x − y  n√ a = a 1 � n

( ab )
x

= a x

b x  
n√ a m = a m � n  a − x = 1

a x  
n√ a b = n√ a n√ b  ( a x ) y = a x y  n√ a

b
=

n√ a
n√ b
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FORMULAS FROM GEOMETRY

Triangle
h = a  s i n  θ  

a

b

h
c

θA r e a = 1
2
b h

( L a w  o f  C o s i n e s )

c 2 = a 2 + b 2 − 2 a b  c o s  θ

Right Triangle
( P y t h a g o r e a n  T h e o r e m )  a

b

c

c 2 = a 2 + b 2

Equilateral Triangle

h = √ 3 s
2

 s

s

h
s

A r e a = √ 3 s 2

4

Parallelogram
A r e a = b h  

b

h

Trapezoid

A r e a = h
2
( a + b )  

a

h

b

a
b

h

Circle
A r e a = π r 2  r

C i r c u m f e r e n c e = 2 π r

Sector of Circle
( θ  i n  r a d i a n s )  

r

s

θA r e a = θ r 2

2
s = r θ

Circular Ring
( p = a v e r a g e  r a d i u s ,  

R

p w
rw = w i d t h  o f  r i n g )

 A r e a = π ( R 2 − r 2 )
 = 2 π p w

Sector of Circular Ring
( p = a v e r a g e  r a d i u s ,  

w

p

θw = w i d t h  o f  r i n g ,

θ  i n  r a d i a n s )
A r e a = θ p w

Ellipse
A r e a = π a b  

a

b

C i r c u m f e r e n c e ≈ 2 π √ a 2 + b 2

2

Cone
( A = a r e a  o f  b a s e )  

h

A
V o l u m e = A h

3

Right Circular Cone

V o l u m e = π r 2 h
3

 
r

h

L a t e r a l  S u r f a c e  A r e a = π r √ r 2 + h 2

Frustum of Right Circular Cone

V o l u m e = π ( r 2 + r R + R 2 ) h
3

 
h R

r

s

L a t e r a l  S u r f a c e  A r e a = π s ( R + r )

Right Circular Cylinder
V o l u m e = π r 2 h  

r

hL a t e r a l  S u r f a c e  A r e a = 2 π r h

Sphere

V o l u m e = 4
3

π r 3  r

S u r f a c e  A r e a = 4 π r 2

Wedge
( A = a r e a  o f  u p p e r  f a c e ,  

B

A

θ

 B = a r e a  o f  b a s e )
A = B  s e c  θ

T
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