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Harold’s Algebra 
Cheat Sheet 
19 August 2026 

 
 

Arithmetic Operations (+, –, ⦁, ÷) 
 

Property Equation Tips 

Commutative 
𝑎 + 𝑏 = 𝑏 + 𝑎 

𝑎 · 𝑏 = 𝑏 · 𝑎 
Reordering does not change the answer 

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

(𝑎 · 𝑏) · 𝑐 = 𝑎 · (𝑏 · 𝑐) 
Regrouping does not change the answer 

Distributive 𝑎(𝑏 ± 𝑐) = 𝑎𝑏 ± 𝑎𝑐 Extract common terms (𝑎) 

Identity 
𝑎 + 0 = 𝑎 
𝑎 · 1 = 𝑎 

No change 
0 plus anything = anything 

1 times anything = anything 

Unity (
𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔

𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔
) = 1 

Used often 
Assuming 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔 ≠ 0 

Sum (Addition) 𝑎

𝑏
±

𝑐

𝑑
=

𝑎𝑑 ± 𝑏𝑐

𝑏𝑑
 

Need a common denominator 

(
𝑎

𝑏
) (

𝒅

𝒅
) + (

𝑐

𝑑
) (

𝒃

𝒃
) =

𝑎𝑑 + 𝑏𝑐

𝑏𝑑
 Difference (Subtraction) 

Product (Multiplication) 
𝑎

𝑏
·

𝑐

𝑑
=

𝑎𝑐

𝑏𝑑
 

Multiply numerator with numerator and 
denominator with denominator 

Quotient (Division) 
𝑎

𝑏
÷

𝑐

𝑑
=

𝑎

𝑏
·

𝑑

𝑐
 Invert and multiply 

Cross Multiplication 𝐼𝑓 
𝑎

𝑏
=

𝑐

𝑑
 𝑡ℎ𝑒𝑛 𝑎𝑑 = 𝑏𝑐 Used often 

Inverting Both Sides 𝐼𝑓 
𝑎

𝑏
=

𝑐

𝑑
 𝑡ℎ𝑒𝑛 

𝑏

𝑎
=

𝑑

𝑐
  

Same as cross multiplication, followed 
by division 

Variable × Fraction 𝑎 (
𝑏

𝑐
) =

𝑎𝑏

𝑐
 

Set 𝑎 =
𝑎

1
, then  

multiply numerator with numerator and 
denominator with denominator 

Variable ÷ Fraction 

𝑎

(
𝑏
𝑐)

=
𝑎𝑐

𝑏
 

Invert (
𝑏

𝑐
) then multiply 

Distribute Denominator 
𝑎 + 𝑏

𝑐
=

𝑎

𝑐
+

𝑏

𝑐
 𝑐 divides both sides of the numerator 

Swapping Signs 
𝑎 − 𝑏

𝑐 − 𝑑
=

𝑏 − 𝑎

𝑑 − 𝑐
 

Multiplying both the numerator and 
denominator by (-1) cancels the 

negatives 

Cancelling Terms 
𝑎𝑏 + 𝑎𝑐

𝑎
= 𝑏 + 𝑐 Assuming 𝑎 ≠ 0 

Fraction over a Fraction 
(

𝑎
𝑏

)

(
𝑐
𝑑

)
=

𝑎𝑑

𝑏𝑐
 Invert the denominator, then multiply 
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Fraction from Hell 

(
𝑎
𝑏

)

  (
𝑐
𝑑

)  

(
𝑒
𝑓

)

(
𝑔
ℎ

)

=
𝑎𝑑𝑓𝑔

𝑏𝑐𝑒ℎ
 

(
(

𝑁
𝐷

)

(
𝐷
𝑁

)
)

(
(

𝐷
𝑁

)

(
𝑁
𝐷

)
)

=
𝑁𝑁𝑁𝑁

𝐷𝐷𝐷𝐷
 

 
 

Exponents (𝒂𝒃) 
 

Property Equation Example 
Product Rule 𝑎𝑛𝑎𝑚 = 𝑎𝑛+𝑚 𝑎3𝑎2 = (𝑎 ∙ 𝑎 ∙ 𝑎)(𝑎 ∙ 𝑎) = 𝑎3+2 = 𝑎5 
Power Rule (𝑎𝑛)𝑚 = 𝑎𝑛𝑚 (𝑎3)2 = (𝑎 ∙ 𝑎 ∙ 𝑎)(𝑎 ∙ 𝑎 ∙ 𝑎) = 𝑎3∙2 = 𝑎6 
Zero Power 𝑎0 = 1 By definition, assuming 𝑎 ≠ 0 

Negative Powers 
𝑎−𝑛 =

1

𝑎𝑛
 

1

𝑎−𝑛
= 𝑎𝑛 

2−3 =
1

23
=

1

8
 

Quotient Rule 
𝑎𝑛

𝑎𝑚
= 𝑎𝑛−𝑚 =

1

𝑎𝑚−𝑛
 

24

23
=

2 ∙ 2 ∙ 2 ∙ 2

2 ∙ 2 ∙ 2
= 24−3 = 21 = 2 

Product Distribution (𝑎𝑏)𝑛 = 𝑎𝑛𝑏𝑛  

Quotient Distribution (
𝑎

𝑏
)

𝑛

=
𝑎𝑛

𝑏𝑛
 (

1

2
)

3

=
13

23
=

1

8
 

Fractional Powers 𝑎
𝑛
𝑚 = (𝑎

1
𝑚)

𝑛

= (𝑎𝑛)
1
𝑚 2

3
4 = (2

1
4)

3

= (23)
1
4 

Negative Powers (
𝑎

𝑏
)

−𝑛

= (
𝑏

𝑎
)

𝑛

 (
1

2
)

−3

= (
2

1
)

3

= 8 

Domain 
The domain of 𝑎𝑥 is  

(−∞, ∞) 

 

 
 
  



Copyright © 2024-2026 by Harold Toomey, WyzAnt Tutor                                          3 

Radicals ( √𝒂
𝒏

) 
 

Property Equation Example 

Fractional Powers √𝑎
𝑛

= 𝑎
1
𝑛 √2

3
= 2

1
3 

Power Rule 
(Nested Roots) 

√ √𝑎
𝑛𝑚

= √𝑎
𝑛𝑚

 √√2
34

= √2
3∙4

= √2
12

 

Product Distribution √𝑎𝑏
𝑛

= √𝑎
𝑛

 √𝑏
𝑛

 √14
3

= √2
3

 √7
3

 

Quotient Distribution √
𝑎

𝑏

𝑛
=

√𝑎
𝑛

√𝑏
𝑛  √

2

3

4

=
√2
4

√3
4  

Odd √𝑎𝑛𝑛
= 𝑎 if 𝑛 is odd Odd powers always keep their sign 

Even √𝑎𝑛𝑛
= ±𝑎 if 𝑛 is even 

Even roots of even powers can be both 
positive and negative. 

Substitute to check if each solution is valid. 

Domain The domain of √𝑥 is 𝑥 ≥ 0 
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Logarithms (𝐥𝐨𝐠𝒃 𝒙) 
 

Property Equation Example 
Definition 𝒃𝒚 = 𝒙  ⟺   𝐥𝐨𝐠𝒃(𝒙) = 𝒚 Pulls the exponent down to level 

Example 53 = 125  ⟺   log5(125) = 3 Logs make large numbers very small 

Special Logs 

Natural log ln(𝑥) = log𝑒(𝑥) 
  𝑙𝑛 = Logarithme Naturel (French) where e ≈ 2.718281828 … 

Common log log(𝑥) = log10(𝑥) 
Computer science log log(𝑥) = log2(𝑥) 
Pre-1950 US math textbooks log log(𝑥) = log𝑒(𝑥) = ln(𝑥) 

Rules Common Natural  

Trivial Identities 
log𝑏(𝑏) = 1 𝑙𝑛(𝑒) = 1 𝑏1 = 𝑏 
log𝑏(1) = 0 𝑙𝑛(1) = 0 𝑏0 = 1 

Cancelling 
Exponentials 

log𝑏(𝑏𝑥) = 𝑥 𝑙𝑛(𝑒𝑥) = 𝑥 Inverse function 𝑓(𝑓−1(𝑥)) = 𝑥 

𝑏log𝑏(𝑥) = 𝑥 𝑒𝑙𝑛(𝑥) = 𝑥 Inverse function 𝑓−1(𝑓(𝑥)) = 𝑥 

Exponential Rule 

log𝑏(𝑥𝑟) = 𝑟 log𝑏(𝑥) 

log𝑏( √𝑥
𝑦

) =
1

𝑦
log𝑏(𝑥) 

(𝑎𝑛)𝑚 = 𝑎𝑛𝑚 

Convert √𝑥
𝑦

 to 𝑥
1

𝑦 first 

Product Rule log𝑏(𝑥𝑦) = log𝑏(𝑥) + log𝑏(𝑦) 
𝑎𝑛𝑎𝑚 = 𝑎𝑛+𝑚 

Basis of slide rules 

Quotient Rule log𝑏 (
𝑥

𝑦
) = log𝑏(𝑥) − log𝑏(𝑦) 

𝑎𝑛

𝑎𝑚
= 𝑎𝑛−𝑚 

Change of Base log𝑎(𝑏) =
log𝑐(𝑏)

log𝑐(𝑎)
 

𝑐 is the new base 
TI-84: [MATH] [A:logBASE(] 

Base Switch log𝑏 𝑎 =
1

log𝑎 𝑏
 Can use instead of TI-84 function 

Obscure Rules 

𝑥log𝑏 𝑦 = 𝑦log𝑏 𝑥  

 

log𝑏(𝑎 ± 𝑐) = log𝑏(𝑎)

+ log𝑏 (1 ±
𝑐

𝑎
) 

Useful in probability theory 

Domain The domain of log𝑏(𝑥) is 𝑥 > 0 
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Factoring Formulas 
 

Description Equation Notes 

Quadratic 

𝑥2 + 𝑎2 = (𝑥 + 𝑎𝑖) (𝑥 − 𝑎𝑖) 
𝑥2 − 𝑎2 = (𝑥 + 𝑎) (𝑥 − 𝑎) 

 
(𝑥 + 𝑎)2 = 𝑥2 + 2𝑎𝑥 + 𝑎2 
(𝑥 − 𝑎)2 = 𝑥2 − 2𝑎𝑥 + 𝑎2 

 
(𝑥 + 𝑎) (𝑥 + 𝑏) = 𝑥2 + (𝑎 + 𝑏)𝑥 + 𝑎𝑏 
(𝑥 − 𝑎) (𝑥 − 𝑏) = 𝑥2 − (𝑎 + 𝑏)𝑥 + 𝑎𝑏 

FOIL: 

 

Cubic 

𝑥3 + 𝑎3 = (𝑥 + 𝑎) (𝑥2 − 𝑎𝑥 + 𝑎2) 
𝑥3 − 𝑎3 = (𝑥 − 𝑎) (𝑥2 + 𝑎𝑥 + 𝑎2) 

 
(𝑥 + 𝑎)3 = 𝑥3 + 3𝑎𝑥2 + 3𝑎2𝑥 + 𝑎3 
(𝑥 − 𝑎)3 = 𝑥3 − 3𝑎𝑥2 + 3𝑎2𝑥 − 𝑎3 

Notice one ‘−‘ and two ‘+’ for both 
 
 

Binomial expansion (Pascal’s Triangle) 

Even Powers 
𝑥2𝑛 + 𝑎2𝑛 = (𝑎𝑛 − 𝑖𝑥𝑛) (𝑎𝑛 + 𝑖𝑥𝑛) 
𝑥2𝑛 − 𝑎2𝑛 = (𝑥𝑛 − 𝑎𝑛) (𝑥𝑛 + 𝑎𝑛) 

The top equation is not often used 
since it requires imaginary numbers (𝑖) 

Odd Powers 
𝑥𝑛 + 𝑎𝑛 = (𝑥 + 𝑎) (𝑥𝑛−1 − 𝑎𝑥𝑛−2 + 𝑎2𝑥𝑛−3 − ⋯ − 𝑎𝑛−2𝑥 + 𝑎𝑛−1) 
𝑥𝑛 − 𝑎𝑛 = (𝑥 − 𝑎) (𝑥𝑛−1 + 𝑎𝑥𝑛−2 + 𝑎2𝑥𝑛−3 + ⋯ + 𝑎𝑛−2𝑥 + 𝑎𝑛−1) 

End-Terms 
Method 

2𝑥2 + 13𝑥 + 15 

(𝟐𝑥 ± 3|5) (𝑥 ± 𝟓|3) 
 

Four possibilities for the middle term: 
1. +3  Select one 3 
2. −3 
3. +5  Select one 5 
4. −5 

Box Method 
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Criss-Cross 
Method 

 

 

Visual Method 
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Quadratic Formula (x2) 
 

Description Equation Notes 
Quadratic Formula Form 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 Remember, 𝑏 and 𝑐 can be negative. 

Quadratic Formula 
(zeros, roots, x-
intercepts) 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

Discriminant: 

• 𝑏2 − 4𝑎𝑐 > 0: two real unequal roots 

• 𝑏2 − 4𝑎𝑐 = 0:  repeated real roots 
(multiplicity of two) 

• 𝑏2 − 4𝑎𝑐 < 0: two complex roots 

Completing the Square 

1. Start with the quadratic formula form 
𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 

2. Divide both sides by 𝑎 

𝑥2 + (
𝑏

𝑎
) 𝑥 + (

𝑐

𝑎
) = 0 

3. Subtract the constant on the left to move it to the right side 

𝑥2 + (
𝑏

𝑎
) 𝑥 = − (

𝑐

𝑎
) 

4. Cut the middle term in half, square it, then add it to both sides 

𝑥2 + (
𝑏

𝑎
) 𝑥 + (

𝒃

𝟐𝒂
)

𝟐

= − (
𝑐

𝑎
) + (

𝒃

𝟐𝒂
)

𝟐

 

5. Use an identity to factor  the left side 
𝑎2 + 2𝑎𝑏 + 𝑏2 = (𝑎 + 𝑏)2 

[𝑥 + (
𝑏

2𝑎
)]

2

= (
𝑏

2𝑎
)

2

− (
𝑐

𝑎
) (

𝟒𝒂

𝟒𝒂
) 

6. Take the square root of both sides 

𝑥 + (
𝑏

2𝑎
) = ±

√𝑏2 − 4𝑎𝑐

2𝑎
 

7. Solve for 𝑥 by subtracting the constant on the left to move it 
to the right 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

Vertex 

Vertex: 𝑥 = −𝑏/2𝑎 
Finds the minimum / maximum of a parabola. 

𝑑

𝑑𝑥
[𝑐𝑥𝑛] = 𝑐𝑛𝑥𝑛−1 = 0 

Calculus method: Power Rule 
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Cubic Formula (x3) 
 

Description Equation Notes 
Cubic Formula Form 𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 + 𝑑 = 0 Coefficients must be integers 

Cubic Formula 

𝑥1 = √𝑒 + √𝑒2 + 𝑓3
3

+ √𝑒 − √𝑒2 + 𝑓3
3

−
𝑏

3𝑎
 

where 

𝑒 = (
𝑏𝑐

6𝑎2
−

𝑑

2𝑎
−

𝑏3

27𝑎3) 

𝑓 = (
𝑐

3𝑎
−

𝑏2

9𝑎2) 

Find 𝑥2 and 𝑥3 using the quadratic formula. 

 

Inequalities (𝒂 > 𝒃) 
 

Property Equation Notes 
Inequality Symbols <, ≤ , =, ≠, ≥ , > ≠: <>, ! = 

Sum 
𝑎 < 𝑏 

⟹ 𝑎 + 𝑐 < 𝑏 + 𝑐 
 

Difference 
𝑎 < 𝑏 

⟹ 𝑎 − 𝑐 < 𝑏 − 𝑐 
 

Product (Positive) 
𝑎 < 𝑏 𝑎𝑛𝑑 𝑐 > 0 

⟹ 𝑎𝑐 < 𝑏𝑐 Multiplying or dividing by a positive 
number does not change the inequality 

direction Quotient (Positive) 
𝑎 < 𝑏 𝑎𝑛𝑑 𝑐 > 0 

⟹
𝑎

𝑐
<

𝑏

𝑐
 

Product (Negative) 
𝑎 < 𝑏 𝑎𝑛𝑑 𝑐 < 0 

⟹ 𝑎𝑐 > 𝑏𝑐 Multiplying or dividing by a negative 
number changes the inequality direction 

(e.g., 𝑐 = −1) Quotient (Negative) 
𝑎 < 𝑏 𝑎𝑛𝑑 𝑐 < 0 

⟹
𝑎

𝑐
>

𝑏

𝑐
 

Inequality Notation Interval Notation Number Line Graph 

𝑎 ≤ 𝑥 [𝑎, ∞) 
 

𝑎 < 𝑥 (𝑎, ∞) 
 

𝑎 ≥ 𝑥 (−∞, 𝑎] 
 

𝑎 > 𝑥 (−∞, 𝑎) 
 

𝑎 ≤ 𝑥 ≤ 𝑏 [𝑎, 𝑏]  

𝑎 < 𝑥 < 𝑏 (𝑎, 𝑏) 
 

𝑎 ≥ 𝑥 ≥ 𝑏 (−∞, 𝑎] ∪ [𝑏, ∞) 
 

𝑎 > 𝑥 > 𝑏 (−∞, 𝑎) ∪ (𝑏, ∞) 
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Absolute Values (|𝒂|) 
 

Property Equation Notes 

Definition |𝑎| = {
   𝑎   𝑖𝑓 𝑎 ≥ 0
−𝑎   𝑖𝑓 𝑎 < 0

 Simply strip away the minus sign 

Observations 
|𝑎| ≥ 0 Are never negative 

| − 𝑎| = |𝑎| We care about the magnitude only 

Product Rule |𝑎𝑏| = |𝑎| |𝑏|  

Quotient Rule |
𝑎

𝑏
| =

|𝑎|

|𝑏|
  

Solving |𝑎𝑥 + 𝑏| = 𝑐 
Positive Case:      (𝑎𝑥 + 𝑏) = 𝑐 
Negative Case: −(𝑎𝑥 + 𝑏) = 𝑐 

Triangle Inequality 
|𝑎 + 𝑏| ≤ |𝑎| + |𝑏| 

 
|𝑎 − 𝑏| ≥ ||𝑎| − |𝑏|| 

 

 

 

Distance Formula 
 

Property Equation 

Distance Formula 

𝑑 = √(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2 
 

Same as Pythagorean Theorem 
𝑐2 = 𝑎2 + 𝑏2 

Graph 
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Complex Numbers (𝒂 + 𝒃𝒊) 
 

Property Equation Notes 

Imaginary Number 
(Adjacent Number) 

    𝑖 = √−1                 
𝑖2 = −1                  

𝑖3 = −𝑖 = −√−1 
𝑖4 = 1                     

    𝑖4𝑛 = 1                     
𝑖4𝑛+1 = 𝑖                      
𝑖4𝑛+2 = −1                  
𝑖4𝑛+3 = −𝑖                   

Usage √−𝑎 = 𝑖√𝑎 Assuming 𝑎 ≥ 0 

Complex Number 𝑎 + 𝑏𝑖 Real + Imaginary 

Sum (𝑎 + 𝑏𝑖) + (𝑐 + 𝑑𝑖) = 𝑎 + 𝑐 + (𝑏 + 𝑑)𝑖 
Difference (𝑎 + 𝑏𝑖) − (𝑐 + 𝑑𝑖) = 𝑎 − 𝑐 + (𝑏 − 𝑑)𝑖 
Product (𝑎 + 𝑏𝑖) (𝑐 + 𝑑𝑖) = 𝑎𝑐 − 𝑏𝑑 + (𝑎𝑑 + 𝑏𝑐)𝑖 

Quotient 
𝑐

(𝑎 + 𝑏𝑖)
=

𝑐

(𝑎 + 𝑏𝑖)
 
(𝒂 − 𝒃𝒊)

(𝒂 − 𝒃𝒊)
= 𝑐

(𝑎 − 𝑏𝑖)

𝑎2 + 𝑏2
 

Conjugate (𝑎 + 𝑏𝑖)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 𝑎 − 𝑏𝑖 (𝑎 − 𝑏𝑖)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = 𝑎 + 𝑏𝑖 

Modulus |𝑎 + 𝑏𝑖| = √𝑎2 + 𝑏2 Distance from origin (0, 0) to (𝑎, 𝑏) 

Squares 
𝑎2 + 𝑏2 = (𝑎 + 𝑏𝑖) (𝑎 − 𝑏𝑖) 

|𝑎 + 𝑏𝑖|2 = (𝑎 + 𝑏𝑖) (𝑎 − 𝑏𝑖)   
Euler’s Identity 𝑒𝑖𝜋 + 1 = 0 

Graph 

 

 
 

  



Copyright © 2024-2026 by Harold Toomey, WyzAnt Tutor                                          11 

Conic Sections 

 
Line 
 

Description Equation Notes 

Slope 
𝑚 =

𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
 

𝑚 =
𝑦2 − 𝑦1

𝑥2 − 𝑥1
=

∆𝑦

∆𝑥
 

𝑃1 = (𝑥1, 𝑦1) 
𝑃2 = (𝑥2, 𝑦2) 

Passes through points 𝑃1 and 𝑃2 

Standard Form 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0 Where 𝑎 is positive 

Slope-Intercept Form 𝑦 = 𝑚𝑥 + 𝑏 
𝑏 is the 𝑦-axis intercept 

Passes through point (0, 𝑏) 

Point-Slope Form 𝑦 − 𝑦0 = 𝑚(𝑥 − 𝑥0) Manipulation of the slope formula 

Point-Point Form 
𝑦 − 𝑦1 

𝑥 − 𝑥1
=

𝑦2 − 𝑦1 

𝑥2 − 𝑥1
  Manipulation of the slope formula 

Intercept Form 
𝑥

𝑎
+

𝑦

𝑏
= 1 

𝑎 is the 𝑥-intercept  
𝑏 is the 𝑦-intercept 

Vertical Line 𝑥 = 𝑎 Passes through point (𝑎, 0) 

Horizontal Line 𝑦 = 𝑏 Passes through point (0, 𝑏) 

Domain 
The domain of  
𝑦 = 𝑚𝑥 + 𝑏  
is (−∞, ∞) 
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Circle 
 

Description 𝒚-Axis Symmetry 𝒙-Axis Symmetry 

Standard Form 
𝑥2 + 𝑦2 = 𝑟2 

(𝑥 − ℎ)2 + (𝑦 − 𝑘)2 = 𝑟2 

Same 

Radius 
𝑟 

𝑟 = √(𝑥1 − ℎ)2 + (𝑦1 − 𝑘)2 
Center (ℎ, 𝑘) 
Vertices None 

Focus (ℎ, 𝑘) 

Graph 

 

 
 

 
 
Ellipse 
 

Description 𝒚-Axis Symmetry 𝒙-Axis Symmetry 

Standard Form 

𝑥2

𝑎2
+

𝑦2

𝑏2
= 1 

(𝑥 − ℎ)2

𝑎2
+

(𝑦 − 𝑘)2

𝑏2
= 1 

𝑦2

𝑎2
+

𝑥2

𝑏2
= 1 

(𝑦 − 𝑘)2

𝑎2
+

(𝑥 − ℎ)2

𝑏2
= 1 

Center (ℎ, 𝑘) (ℎ, 𝑘) 
Vertices (ℎ ± 𝑎, 𝑘) (ℎ, 𝑘 ± 𝑎) 
Co-Verticies (ℎ, 𝑘 ± 𝑏) (ℎ ± 𝑏, 𝑘) 
Foci (ℎ ± 𝑐, 𝑘) (ℎ, 𝑘 ± 𝑐) 

Focus Length 𝑐2 =  𝑎2 − 𝑏2 𝑐2 =  𝑎2 − 𝑏2 

Graph 

 

 

 
The sum of the distances from each focus to a point on the curve is constant. |𝑑1 + 𝑑2| = 𝑘 
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Hyperbola 
 

Description 𝒚-Axis Symmetry 𝒙-Axis Symmetry 

Standard Form 

𝑥2

𝑎2
−

𝑦2

𝑏2
= 1 

(𝑥 − ℎ)2

𝑎2
−

(𝑦 − 𝑘)2

𝑏2
= 1 

𝑦2

𝑎2
−

𝑥2

𝑏2
= 1 

(𝑦 − 𝑘)2

𝑎2
−

(𝑥 − ℎ)2

𝑏2
= 1 

Center (ℎ, 𝑘) (ℎ, 𝑘) 
Vertices (ℎ ± 𝑎, 𝑘) (ℎ, 𝑘 ± 𝑎) 
Foci (ℎ ± 𝑐, 𝑘) (ℎ, 𝑘 ± 𝑐) 
Focus Length 𝑐2 =  𝑎2 + 𝑏2 𝑐2 =  𝑎2 + 𝑏2 

Asymptotes 𝑦 = 𝑘 ± (
𝑏

𝑎
) (𝑥 − ℎ) 𝑦 = 𝑘 ± (

𝑎

𝑏
) (𝑥 − ℎ) 

Direction Opens left/right Opens up/down 

Graph 

 

 

 

 
The difference between the distances from each focus to a point on the curve is constant.  

|𝑑1 − 𝑑2| = 𝑘 
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Parabola 
 

Description 𝒚-Axis Symmetry 𝒙-Axis Symmetry 

Standard Form 
𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 

𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 
𝑥 = 𝑎𝑦2 + 𝑏𝑦 + 𝑐 

𝑔(𝑦) = 𝑎𝑦2 + 𝑏𝑦 + 𝑐 
Vertex Form 𝑦 = 𝑎(𝑥 − ℎ)2 + 𝑘 𝑥 = 𝑎(𝑦 − 𝑘)2 + ℎ 
Factored Form 𝑦 = 𝑎(𝑥 − 𝑟1)(𝑥 − 𝑟2) Roots 𝑟1, 𝑟2 

Graphing Form 
𝑥2 = 4𝑝𝑦 

(𝑥 − ℎ)2 = 4𝑝(𝑦 − 𝑘) 
𝑦2 = 4𝑝𝑥 

(𝑦 − 𝑘)2 = 4𝑝(𝑥 − ℎ) 

Vertex 

(ℎ, 𝑘) 

(−
𝑏

2𝑎
, 𝑓 (−

𝑏

2𝑎
)) 

(ℎ, 𝑘) 

(𝑔 (−
𝑏

2𝑎
) , −

𝑏

2𝑎
) 

Focus (ℎ, 𝑘 + 𝑝) (ℎ + 𝑝, 𝑘) 

Directrix 𝑦 = 𝑘 − 𝑝 𝑥 = ℎ − 𝑝 

Direction 
Opens up if 𝑎 > 0 

Opens down if 𝑎 < 0 

Opens right if 𝑎 > 0 

Opens left if 𝑎 < 0 

Graph 
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  a + b = b + a


  a · b = b · a


  a · b = b · a


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


   ( a · b ) · c = a ·  ( b · c )


   ( a · b ) · c = a ·  ( b · c )


  a  ( b ± c ) = a b ± a c


  a


  a + 0 = a


  a · 1 = a


  a · 1 = a


   (   a n y t h i n g  a n y t h i n g ) = 1


  a n y t h i n g ≠ 0


    a  b ±   c  d =   a d ± b c  b d


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


    a  b ·   c  d =   a c  b d


    a  b ÷   c  d =   a  b ·   d  c


  I f     a  b =   c  d   t h e n   a d = b c


  I f     a  b =   c  d   t h e n     b  a =   d  c  


  ×


  a  (   b  c ) =   a b  c


  a =   a 1


  ÷


    a   (   b  c ) =   a c  b


   (   b  c )


    a + b  c =   a  c +   b  c


  c


    a − b  c − d =   b − a  d − c


    a b + a c  a = b + c


  a ≠ 0


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


       (   a  b )       (   c  d )         (   e  f )   (   g h ) =   a d f g  b c e h


     (    (   N  D )   (   D  N ) )   (    (   D  N )   (   N  D ) ) =   N N N N  D D D D


    𝒂  𝒃


    a  n   a  m =   a  n + m


    a 3   a 2 = ( a ∙ a ∙ a ) ( a ∙ a ) =   a  3 + 2 =   a 5


     (   a  n )  m =   a  n m


     (   a 3 ) 2 =  ( a ∙ a ∙ a )  ( a ∙ a ∙ a ) =   a  3 ∙ 2 =   a 6


    a 0 = 1


  a ≠ 0


    a  − n =  1    a  n


   1    a  − n =   a  n


   1    a  − n =   a  n


   2  − 3 =  1   2 3 =  1 8


      a  n    a  m =   a  n − m =  1    a  m − n


     2 4   2 3 =   2 ∙ 2 ∙ 2 ∙ 2  2 ∙ 2 ∙ 2 =  2  4 − 3 =  2 1 = 2


     ( a b )  n =   a  n   b  n


     (   a  b )  n =     a  n    b  n


     (  1 2 ) 3 =    1 3   2 3 =  1 8


    a    n  m =    (   a   1  m )  n =    (   a  n )   1  m


   2   3 4 =    (  2   1 4 ) 3 =    (  2 3 )   1 4


     (   a  b )  − n =    (   b  a )  n


     (  1 2 )  − 3 =    (  2 1 ) 3 = 8


    a  x


   ( − ∞ ,   ∞ )


    𝒂  𝒏


    a  n =   a   1  n


   2 3 =  2   1 3


     a  n  m =   a  n m


    2 3 4 =  2  3 ∙ 4 =  2 12


    a b  n =   a  n     b  n


   14 3 =  2 3    7 3


     a  b  n =     a n    b  n


    2 3 4 =    2 4   3 4


     a  n  n = a


  n


     a  n  n = ± a


  n


   x


  x ≥ 0


      𝐥 𝐨 𝐠  𝒃 ⁡  𝒙


    𝒃  𝒚 = 𝒙     ⟺         𝐥 𝐨 𝐠  𝒃 ⁡   ( 𝒙 ) = 𝒚


   5 3 = 125     ⟺        log 5 ⁡   ( 125 ) = 3


   ln ⁡   ( x ) =    log  e ⁡   ( x )


  l n


   log ⁡   ( x ) =    log 10 ⁡   ( x )


   log ⁡   ( x ) =    log 2 ⁡   ( x )


   log ⁡   ( x ) =    log  e ⁡   ( x ) =  ln ⁡   ( x )


     log  b ⁡   ( b ) = 1


    l n ⁡   ( e ) = 1


    b 1 = b


     log  b ⁡   ( 1 ) = 0


    l n ⁡   ( 1 ) = 0


    b 0 = 1


     log  b ⁡   (   b  x ) = x


    l n ⁡   (   e  x ) = x


  f  (   f  − 1  ( x ) ) = x


    b     log  b ⁡   ( x ) = x


    e    l n ⁡   ( x ) = x


    f  − 1  ( f  ( x ) ) = x


     log  b ⁡   (   x  r ) =   r    log  b ⁡   ( x )


     log  b ⁡   (   x y ) =  1  y    log  b ⁡   ( x )


     log  b ⁡   (   x y ) =  1  y    log  b ⁡   ( x )


     (   a  n )  m =   a  n m


    x  y


    x   1  y


     log  b ⁡   ( x y ) =    log  b ⁡   ( x ) +    log  b ⁡   ( y )


    a  n   a  m =   a  n + m


     log  b ⁡   (   x  y ) =    log  b ⁡   ( x ) −    log  b ⁡   ( y )


      a  n    a  m =   a  n − m


     log  a ⁡   ( b ) =      log  c ⁡   ( b )     log  c ⁡   ( a )


  c


     log  b ⁡  a =  1     log  a ⁡  b


    x     log  b ⁡  y =   y     log  b ⁡  x


     log  b ⁡  ( a ± c ) =    log  b ⁡  ( a ) +    log  b ⁡   ( 1 ±   c  a )


     log  b ⁡   ( x )


  x > 0


    x 2 +   a 2 =  ( x + a i )    ( x − a i )


    x 2 −   a 2 =  ( x + a )    ( x − a )


    x 2 −   a 2 =  ( x + a )    ( x − a )


     ( x + a ) 2 =   x 2 + 2 a x +   a 2


     ( x − a ) 2 =   x 2 − 2 a x +   a 2


     ( x − a ) 2 =   x 2 − 2 a x +   a 2


   ( x + a )    ( x + b ) =   x 2 +  ( a + b ) x + a b


   ( x − a )    ( x − b ) =   x 2 −  ( a + b ) x + a b


   ( x − a )    ( x − b ) =   x 2 −  ( a + b ) x + a b


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


     ( x + a ) 3 =   x 3 + 3 a   x 2 + 3   a 2 x +   a 3


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


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


  −


  +


    x  2 n +   a  2 n =  (   a  n −   i x  n )    (   a  n + i   x  n )


    x  2 n −   a  2 n =  (   x  n −   a  n )    (   x  n +   a  n )


    x  2 n −   a  2 n =  (   x  n −   a  n )    (   x  n +   a  n )


  i


    x  n +   a  n =  ( x + a )    (   x  n − 1 − a   x  n − 2 +   a 2   x  n − 3 − … −   a  n − 2 x +   a  n − 1 )


    x  n −   a  n =  ( x − a )    (   x  n − 1 + a   x  n − 2 +   a 2   x  n − 3 + … +   a  n − 2 x +   a  n − 1 )


    x  n −   a  n =  ( x − a )    (   x  n − 1 + a   x  n − 2 +   a 2   x  n − 3 + … +   a  n − 2 x +   a  n − 1 )


  2   x 2 + 13 x + 15


  ( 𝟐 x ± 3 | 5 )   ( x ± 𝟓 | 3 )


  + 3


  − 3


  + 5


  − 5


  a   x 2 + b x + c = 0


  b


  c  


  x =   − b ±    b 2 − 4 a c  2 a


    b 2 − 4 a c > 0


    b 2 − 4 a c = 0


    b 2 − 4 a c < 0


  a   x 2 + b x + c = 0


  a


    x 2 +  (   b  a ) x +  (   c  a ) = 0


    x 2 +  (   b  a ) x = −  (   c  a )


    x 2 +  (   b  a ) x +    (   𝒃  𝟐 𝒂 )  𝟐 = −  (   c  a ) +    (   𝒃  𝟐 𝒂 )  𝟐


    a 2 + 2 a b +   b 2 =    ( a + b ) 2


     [ x +  (   b  2 a ) ] 2 =    (   b  2 a ) 2 −  (   c  a )  (   𝟒 𝒂  𝟒 𝒂 )


     [ x +  (   b  2 a ) ] 2 =    (   b  2 a ) 2 −  (   c  a )  (   𝟒 𝒂  𝟒 𝒂 )


  x +  (   b  2 a ) = ±      b 2 − 4 a c  2 a


  x


  x =   − b ±    b 2 − 4 a c  2 a


  x = − b / 2 a


    d  d x  [ c   x  n ] = c n   x  n − 1 = 0


  a   x 3 + b   x 2 + c x + d = 0


    x 1 =   e +    e 2 +   f 3 3 +   e −    e 2 +   f 3 3 −   b  3 a


  e =  (   b c  6   a 2 −   d  2 a −     b 3  27   a 3 )


  f =  (   c  3 a −     b 2  9   a 2 )


  f =  (   c  3 a −     b 2  9   a 2 )


    x 2


    x 3


  𝒂 > 𝒃


  < ,   ≤   ,   = ,   ≠ ,   ≥   ,   >


  ≠ :   < > ,   ! =


  a < b


  ⟹ a + c < b + c


  ⟹ a + c < b + c


  a < b


  ⟹ a − c < b − c


  ⟹ a − c < b − c


  a < b   a n d   c > 0


  ⟹ a c < b c


  ⟹ a c < b c


  a < b   a n d   c > 0


  ⟹   a  c <   b  c


  ⟹   a  c <   b  c


  a < b   a n d   c < 0


  ⟹ a c > b c


  ⟹ a c > b c


  c = − 1


  a < b   a n d   c < 0


  ⟹   a  c >   b  c


  ⟹   a  c >   b  c


  a ≤ x


  [ a , ∞ )


  a < x


  ( a , ∞ )


  a ≥ x


  ( − ∞ , a ]


  a > x


  ( − ∞ , a )


  a ≤ x ≤ b


  [ a , b ]


  a < x < b


  ( a , b )


  a ≥ x ≥ b


   ( − ∞ ,   a ] ∪    [ b ,   ∞ )


  a > x > b


   ( − ∞ ,   a ) ∪  ( b ,   ∞ )


  | 𝒂 |


   | a | =  {          a       i f   a ≥ 0   − a       i f   a < 0


   | a | ≥ 0


  | − a | = | a |


   | a b | =  | a |   | b |


   |   a  b | =   | a |  | b |


   | a x + b | = c


   ( a x + b ) = c


  −  ( a x + b ) = c


   | a + b | ≤  | a | +  | b |


   | a − b | ≥  | | a | − | b | |


  d =     (   x 2 −   x 1 ) 2 +    (   y 2 −   y 1 ) 2


    c 2 =   a 2 +   b 2


  𝒂 + 𝒃 𝒊


          i =  − 1                                


    i 2 = − 1                                  


    i 2 = − 1                                  


    i 3 = − i = −  − 1


    i 3 = − i = −  − 1


    i 4 = 1                                        


    i 4 = 1                                        


            i  4 n = 1                                        


    i  4 n + 1 = i                                          


    i  4 n + 1 = i                                          


    i  4 n + 2 = − 1                                  


    i  4 n + 2 = − 1                                  


    i  4 n + 3 = − i                                    


    i  4 n + 3 = − i                                    


   − a = i  a


  a ≥ 0


  a + b i


   ( a + b i ) +  ( c + d i ) = a + c +  ( b + d ) i


   ( a + b i ) −  ( c + d i ) = a − c +  ( b − d ) i


   ( a + b i )    ( c + d i ) = a c − b d +  ( a d + b c ) i


    c  ( a + b i ) =   c  ( a + b i )     ( 𝒂 − 𝒃 𝒊 )  ( 𝒂 − 𝒃 𝒊 ) = c   ( a − b i )    a 2 +   b 2


     ( a + b i ) - = a − b i


     ( a − b i ) - = a + b i


   | a + b i | =    a 2 +   b 2


  ( 0 ,   0 )


  ( a ,   b )


    a 2 +   b 2 =  ( a + b i )    ( a − b i )


     | a + b i | 2 =  ( a + b i )    ( a − b i )    


     | a + b i | 2 =  ( a + b i )    ( a − b i )    


    e  i 𝜋 + 1 = 0


  m =   r i s e  r u n


  m =     y 2 −   y 1    x 2 −   x 1 =   ∆ y  ∆ x


  m =     y 2 −   y 1    x 2 −   x 1 =   ∆ y  ∆ x


    P 1 =  (   x 1 ,     y 1 )


    P 2 =  (   x 2 ,     y 2 )


    P 2 =  (   x 2 ,     y 2 )


    P 1


    P 2


  a x + b y + c = 0


  a


  y = m x + b


  b


  y


  ( 0 ,   b )


  y −   y 0 = m ( x −   x 0 )


    y −   y 1    x −   x 1 =     y 2 −   y 1      x 2 −   x 1  


    x  a +   y  b = 1


  a  


  x


  b


  y


  x = a


  ( a ,   0 )


  y = b


  ( 0 ,   b )


  y = m x + b


   ( − ∞ ,   ∞ )


  𝒚


  𝒙


    x 2 +   y 2 =   r 2


    ( x − h ) 2 +   ( y − k ) 2 =   r 2


    ( x − h ) 2 +   ( y − k ) 2 =   r 2


  r


  r =     (   x 1 − h ) 2 +    (   y 1 − k ) 2


  r =     (   x 1 − h ) 2 +    (   y 1 − k ) 2


   ( h , k )


   ( h , k )


  𝒚


  𝒙


      x 2    a 2 +     y 2    b 2 = 1


      ( x − h ) 2    a 2 +     ( y − k ) 2    b 2 = 1


      ( x − h ) 2    a 2 +     ( y − k ) 2    b 2 = 1


      y 2    a 2 +     x 2    b 2 = 1


      ( y − k ) 2    a 2 +     ( x − h ) 2    b 2 = 1


      ( y − k ) 2    a 2 +     ( x − h ) 2    b 2 = 1


  ( h ,   k )


  ( h ,   k )


   ( h ± a ,   k )


   ( h ,   k ± a )


   ( h ,   k ± b )


   ( h ± b ,   k )


   ( h ± c ,   k )


   ( h ,   k ± c )


    c 2 =     a 2 −   b 2


    c 2 =     a 2 −   b 2


   |   d 1 +   d 2 | = k


  𝒚


  𝒙


      x 2    a 2 −     y 2    b 2 = 1


       ( x − h ) 2    a 2 −      ( y − k ) 2    b 2 = 1


       ( x − h ) 2    a 2 −      ( y − k ) 2    b 2 = 1


      y 2    a 2 −     x 2    b 2 = 1


       ( y − k ) 2    a 2 −      ( x − h ) 2    b 2 = 1


       ( y − k ) 2    a 2 −      ( x − h ) 2    b 2 = 1


  ( h ,   k )


  ( h ,   k )


   ( h ± a ,   k )


   ( h ,   k ± a )


   ( h ± c ,   k )


   ( h ,   k ± c )


    c 2 =     a 2 +   b 2


    c 2 =     a 2 +   b 2


  y = k ±  (   b  a ) ( x − h )


  y = k ±  (   a  b ) ( x − h )


   |   d 1 −   d 2 | = k


  𝒚


  𝒙


  y = a   x 2 + b x + c


  f ( x ) = a   x 2 + b x + c


  f ( x ) = a   x 2 + b x + c


  x = a   y 2 + b y + c


  g ( y ) = a   y 2 + b y + c


  g ( y ) = a   y 2 + b y + c


  y = a    ( x − h ) 2 + k


  x = a    ( y − k ) 2 + h


  y = a ( x −   r 1 ) ( x −   r 2 )


    r 1 ,   r 2


    x 2 = 4 p y


     ( x − h ) 2 = 4 p ( y − k )


     ( x − h ) 2 = 4 p ( y − k )


    y 2 = 4 p x


     ( y − k ) 2 = 4 p ( x − h )


     ( y − k ) 2 = 4 p ( x − h )


   ( h , k )


   ( −   b  2 a ,   f  ( −   b  2 a ) )


   ( −   b  2 a ,   f  ( −   b  2 a ) )


   ( h , k )


   ( g  ( −   b  2 a ) ,   −   b  2 a )


   ( g  ( −   b  2 a ) ,   −   b  2 a )


   ( h , k + p )


   ( h + p , k )


  y = k − p


  x = h − p


  a > 0


  a < 0


  a > 0


  a < 0

