
Special Factoring 

𝑎2 − 𝑏2 = (𝑎 − 𝑏)(𝑎 + 𝑏) 

(𝑎 + 𝑏)2 = 𝑎2 + 2𝑎𝑏 + 𝑏2 

(𝑎 − 𝑏)2 = 𝑎2 − 2𝑎𝑏 + 𝑏2 

𝑎3 + 𝑏3 = (𝑎 + 𝑏)(𝑎2 − 𝑎𝑏 + 𝑏2) 

𝑎3 − 𝑏3 = (𝑎 − 𝑏)(𝑎2 + 𝑎𝑏 + 𝑏2) 

Reciprocal Identities 

csc 𝑥 =  
1

sin 𝑥
   , sin 𝑥 =  

1

csc 𝑥
   , sec 𝑥 =  

1

cos 𝑥
  

cos 𝑥 =  
1

sec 𝑥
   , cot 𝑥 =  

1

tan 𝑥
   , tan 𝑥 =  

1

cot 𝑥
 

Ratio Identities 

tan x = 
sinx 

cos x
   , cot 𝑥 =  

cos 𝑥

sin 𝑥
 

Odd-Even Identities 

cos(−𝑥) = cos 𝑥  ,  sin(−𝑥) = − sin 𝑥  ,   tan(−𝑥) = − tan 𝑥 

sec(−𝑥) = sec 𝑥  ,  csc(−𝑥) = − csc 𝑥  ,   cot(−𝑥) = − cot 𝑥 

Pythagorean Identities 

sin2 𝑥 + cos2 𝑥 = 1 , 1 + cot2 𝑥 = csc2 𝑥 ,  tan2 𝑥 + 1 = sec2 𝑥 

Sum and Difference Identities 

sin(𝑎 + 𝑏) = sin 𝑎 cos 𝑏 + cos 𝑎 sin 𝑏     

sin(𝑎 − 𝑏) = sin 𝑎 cos 𝑏 − cos 𝑎 sin 𝑏 

cos(𝑎 + 𝑏) = cos 𝑎 cos 𝑏 − sin 𝑎 sin 𝑏 

 cos(𝑎 − 𝑏) = cos 𝑎 cos 𝑏 + sin 𝑎 sin 𝑏 

tan(𝑎 + 𝑏) =
tan 𝑎+tan 𝑏

1−tan 𝑎 tan 𝑏
   ,   tan(𝑎 − 𝑏) =

tan 𝑎−tan 𝑏

1+tan 𝑎 tan 𝑏
  

Cofunction Identities 

sin (
𝜋

2
− 𝑥) = cos 𝑥     ,     cos (

𝜋

2
− 𝑥) = sin 𝑥 

tan (
𝜋

2
− 𝑥) = cot 𝑥     ,     cot (

𝜋

2
− 𝑥) = tan 𝑥 

csc (
𝜋

2
− 𝑥) = sec 𝑥     ,     sec (

𝜋

2
− 𝑥) = csc 𝑥 

Double-Angle Identities 

sin 2𝑥 = 2 sin 𝑥 cos 𝑥 

cos 2𝑥 =  cos2 𝑥 − sin2 𝑥 = 2 cos2 𝑥 − 1 = 1 − 2 sin2 𝑥 

tan 2𝑥 =
2 tan 𝑥

1−tan2 𝑥
  

Half-Angle Identities 

sin
𝑥

2
= ±√

1−cos 𝑥

2
     ,     cos

𝑥

2
= ±√

1+cos 𝑥

2
  

tan
𝑥

2
= ±√

1 − cos 𝑥

1 + cos 𝑥
=

sin 𝑥

1 + cos 𝑥
=

1 − cos 𝑥

sin 𝑥
 

Binomials 

𝑛! = 𝑛(𝑛 − 1)(𝑛 − 2)(𝑛 − 3) ⋯ 3 ∙ 2 ∙ 1 

(𝑛
𝑘

) =
𝑛!

𝑘!(𝑛−𝑘)!
= the number of ways to choose k objects out of 

a set containing n objects 

(𝑎 + 𝑏)𝑛 = ∑ (
𝑛

𝑘
) 𝑎𝑛−𝑘𝑏𝑘

𝑛

𝑘=0

 

𝑇ℎ𝑒 (𝑘 + 1)𝑠𝑡  𝑡𝑒𝑟𝑚 𝑜𝑓 (𝑎 + 𝑏)𝑛 𝑖𝑠 (
𝑛

𝑘
) 𝑎𝑛−𝑘𝑏𝑘  

Properties of Exponential Functions: 

𝑎𝑚𝑎𝑛 = 𝑎𝑚+𝑛 

𝑎𝑚

𝑎𝑛
= 𝑎𝑚−𝑛 

(𝑎𝑚)𝑛 = 𝑎𝑚𝑛 

Properties of Logs: 

Product Rule: log𝑎 𝑀𝑁 = log𝑎 𝑀 + log𝑎 𝑁 

Power Rule: log𝑎 𝑀𝑃 =  𝑝 log𝑎 𝑀 

Quotient Rule: log𝑎
𝑀

𝑁
=  log𝑎 𝑀 −  log𝑎 𝑁 

Change of Base Formula: log𝑏 𝑀 =  
log𝑎 𝑀

log𝑎 𝑏
 

Other Properties: 

 log𝑎 𝑎 = 1       log𝑎 1 = 0       log𝑎 𝑎𝑥 = 𝑥      𝑎𝑙𝑜𝑔𝑎𝑥 = 𝑥       

 

Arithmetic Sequences/Series: 

Definition: A sequence is arithmetic if there exists a number 𝑑, 

called the common difference, such that 𝒂𝒏+𝟏 = 𝒂𝒏 + 𝒅 for any 

integer 𝑛 ≥ 1. 

The nth term of an arithmetic sequence is given by 

𝒂𝒏 = 𝒂𝟏 + (𝒏 − 𝟏)𝒅, for any integer 𝑛 ≥ 1. 

The sum of the first n terms of an arithmetic sequence is given 

by 

𝑺𝒏 =
𝒏

𝟐
(𝒂𝟏 + 𝒂𝒏) 

 

Geometric Sequences/Series: 

Definition: A sequence is geometric is there is a number 𝑟, 

called the common ratio, such that 
𝒂𝒏+𝟏

𝒂𝒏
= 𝒓 , or 𝑎𝑛+1 = 𝑎𝑛𝑟 , for any integer 𝑛 ≥ 1. 

The nth term of a geometric sequence is given by 

𝒂𝒏 = 𝒂𝟏𝒓𝒏−𝟏 , for any integer 𝑛 ≥ 1. 

The sum of the first n terms of a geometric sequence is given 

by 

𝑺𝒏 =
𝒂𝟏(𝟏−𝒓𝒏)

𝟏−𝒓
  , for any 𝑟 ≠ 1. 

When |𝑟| < 1, the limit or sum of an infinite geometric series is 

given by 

𝑺∞ =
𝒂𝟏

𝟏 − 𝒓
 

 

 

 



Limit Rules 

Basic Limits 

𝐿𝑒𝑡  𝑏, 𝑐 ∈ ℝ,     𝑛 > 0 𝑎𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟,    𝑓, 𝑔 − 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛𝑠, 

  lim
𝑥→𝑐

𝑓(𝑥) = 𝐿,   lim
𝑥→𝑐

𝑔(𝑥) = 𝐾   

1. Constant   lim
𝑥→𝑐

𝑏 = 𝑏 

2. Identity   lim
𝑥→𝑐

𝑥 = 𝑐 

3. Polynomial   lim
𝑥→𝑐

𝑥𝑛 = 𝑐𝑛  

4. Scalar Multiple lim
𝑥→𝑐

[𝑏𝑓(𝑥)] = 𝑏𝐿 

5. Sum or Difference lim
𝑥→𝑐

[𝑓(𝑥) ± 𝑔(𝑥)] = 𝐿 ± 𝐾 

6. Product  lim
𝑥→𝑐

[𝑓(𝑥)𝑔(𝑥)] = 𝐿𝐾 

7. Quotient   lim
𝑥→𝑐

[
𝑓(𝑥)

𝑔(𝑥)
] =

𝐿

𝐾
   ,   𝐾 ≠ 0 

8. Power  lim
𝑥→𝑐

[𝑓(𝑥)]𝑛 = 𝐿𝑛 

Note: If substitution yields 
0

0
 , an indeterminate form,  

the expression must be rewritten in order to evaluate the 

limit. 

Continuity at a point 

A function 𝑓 is continuous at 𝑐 if the following 3 conditions are 

met: 

1. 𝑓(𝑐) is defined 

2. Limit of 𝑓(𝑥) exists when 𝑥 approaches 𝑐 

3. Limit of 𝑓(𝑥) when 𝑥 approaches 𝑐 is equal to 𝑓(𝑐) 

     lim
𝑥→𝑐

𝑓(𝑥) = 𝑓(𝑐) 

𝜺 − 𝜹 Definition of the Limit: 

lim
𝑥→𝑐

𝑓(𝑥) = 𝐿 if given 𝜀 > 0, there exists a 𝛿 > 0 such that 

|𝑓(𝑥) − 𝐿| < 𝜀  whenever  0 < |𝑥 − 𝑐| < 𝛿. 

The Squeeze Theorem: 

If 𝑓(𝑥) ≤ 𝑔(𝑥) ≤ ℎ(𝑥) 𝑎𝑛𝑑 lim
𝑥→𝑐

𝑓(𝑥) = 𝐿 = lim
𝑥→𝑐

ℎ(𝑥) , 

then lim
𝑥→𝑐

𝑔(𝑥) = 𝐿. 

Special Limits Derived by Squeeze Theorem: 

lim
𝑥→0

sin 𝑥

𝑥
= 1    ;     lim

𝑥→0

1 − cos 𝑥

𝑥
= 0     

 

Derivative Rules 

Power Rule: 
𝑑

𝑑𝑥
[𝑥𝑛] = 𝑛𝑥𝑛−1 

Sum & Difference: 
𝑑

𝑑𝑥
[𝑓(𝑥) ± 𝑔(𝑥)] = 𝑓′(𝑥) ± 𝑔′(𝑥) 

Product Rule: 
𝑑

𝑑𝑥
[𝑓(𝑥)𝑔(𝑥)] = 𝑓′(𝑥)𝑔(𝑥) + 𝑓(𝑥)𝑔′(𝑥) 

Quotient Rule: 

𝑑

𝑑𝑥
[
𝑓(𝑥)

𝑔(𝑥)
] =

𝑓′(𝑥)𝑔(𝑥) − 𝑓(𝑥)𝑔′(𝑥)

𝑔2(𝑥)
 

Trig Functions: 
𝑑

𝑑𝑥
[sin 𝑥] = cos 𝑥 

𝑑

𝑑𝑥
[cos 𝑥] = − sin 𝑥 

𝑑

𝑑𝑥
[tan 𝑥] = sec2 𝑥 

𝑑

𝑑𝑥
[cot 𝑥] = − csc2 𝑥 

𝑑

𝑑𝑥
[sec 𝑥] = sec 𝑥 tan 𝑥 

𝑑

𝑑𝑥
[csc 𝑥] = − csc 𝑥 cot 𝑥 

 

Constant Multiple Rule: 
𝑑

𝑑𝑥
[𝑐𝑓(𝑥)] = 𝑐

𝑑

𝑑𝑥
[𝑓(𝑥)] 

Chain Rule: 
𝑑

𝑑𝑥
[𝑓(𝑔(𝑥))] = 𝑓′(𝑔(𝑥))𝑔′(𝑥) 

Exponential and Logarithmic Functions: 
𝑑

𝑑𝑥
[𝑎𝑥] = 𝑎𝑥 ln 𝑎 

𝑑

𝑑𝑥
[log𝑎 𝑥] =

1

𝑥 ln 𝑎
 

𝑑

𝑑𝑥
[𝑒𝑥] = 𝑒𝑥 

𝑑

𝑑𝑥
[ln 𝑥] =

1

𝑥
 

Inverse Trig Functions: 
𝑑

𝑑𝑥
[arcsin 𝑥] =

1

√1 − 𝑥2
 

𝑑

𝑑𝑥
[arctan 𝑥] =

1

1 + 𝑥2
 

𝑑

𝑑𝑥
[arcsec 𝑥] =

1

|𝑥|√𝑥2 − 1
 

𝑑

𝑑𝑥
[arccos 𝑥] =

−1

√1 − 𝑥2
 

𝑑

𝑑𝑥
[arccot 𝑥] =

−1

1 + 𝑥2
 

𝑑

𝑑𝑥
[arccsc 𝑥] =

−1

|𝑥|√𝑥2 − 1
 


