
𝑚 =
𝑦ଶ − 𝑦ଵ

𝑥ଶ − 𝑥ଵ
⎯⎯⎯⎯⎯⎯⎯

𝑚∗ =
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

𝑥 + ℎ − 𝑥
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑚∗ =
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑦 − 𝑦ଵ = 𝑚(𝑥 − 𝑥ଵ)
  𝑦 − 1 = 2(𝑥 − 1)
          𝑦 = 2𝑥 − 2 + 1
          𝑦 = 2𝑥 − 1
          0 = 2𝑥 − 𝑦 − 1

𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑜𝑓
𝑇𝑎𝑛𝑔𝑒𝑛𝑡 𝐿𝑖𝑛𝑒

𝑆𝑙𝑜𝑝𝑒

𝑦 = 𝑥ଶ

𝑦 = (1)ଶ

𝑦 = 1

(1,1)

𝑦 = 𝑥ଶ [1,2] [1,1.1] [1,1.01]

Find slope over domain

𝑚 =
1.21 − 1

1.1 − 1
⎯⎯⎯⎯⎯⎯⎯⎯

𝑚 = 2.1

      𝑥       𝑦

      2      4

   1.01 1.0201

    1.1   1.21

       1      1

𝑚 =
1.0201 − 1

1.01 − 1
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑚 = 2.01

(2,4)(1,1) (1.1,1.21) (1.01,1.0201)

ℎ = 1 ℎ = 0.1 ℎ = 0.01

𝑚 =
4 − 1

2 − 1
⎯⎯⎯⎯⎯

𝑚 = 3

𝐹𝑖𝑛𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑎𝑛𝑔𝑒𝑛𝑡 𝑙𝑖𝑛𝑒 𝑡𝑜 𝑥ଶ 𝑎𝑡 𝑥 = 1. 

𝑓ᇱ(𝑥) =                   
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

  Lim
ℎ→ 0

 
(𝑥 + ℎ)ଶ − (𝑥ଶ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
𝑥ଶ + 2𝑥ℎ + ℎଶ − 𝑥ଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

           
2𝑥ℎ + ℎଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

         
ℎ(2𝑥 + ℎ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯

             2𝑥 + ℎ

𝑚 = 𝑓ᇱ(1) =      2(1)
𝑚 = 𝑓ᇱ(1) =      2

𝑥 = 1

𝐷𝑒𝑓𝑖𝑛𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝐷𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒

𝑓(𝑥 + ℎ) = (𝑥 + ℎ)ଶ

Foil
Simplify
Factor, Simplify
Substitute

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

𝑆𝑙𝑜𝑝𝑒 𝑜𝑓 𝑇𝑎𝑛𝑔𝑒𝑛𝑡  𝑦 = 𝑥ଶ

𝑦ᇱ = 2𝑥
𝑚 = 2(1)
𝑚 = 2

Power Rule

𝑓(𝑥) = 𝑥ଶ

𝑓ᇱ(𝑥) =            2𝑥

 
𝑓(𝑎 + ℎ) − 𝑓(𝑎)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

  Lim
ℎ→ 0

𝑓(1 + ℎ) − 𝑓(1)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

(1 + ℎ)ଶ − (1)ଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

1 + 2ℎ + ℎଶ − 1

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

        
2ℎ + ℎଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯

      
ℎ(2 + ℎ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

           2 + ℎ
           2 + 0
           2

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

𝑚 = 𝑓ᇱ(1) =

𝑚 = 𝑓ᇱ(1) =

𝑚 =  𝑓ᇱ(𝑎) =

 
𝑓(𝑥) − 𝑓(𝑎)

𝑥 − 𝑎
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

  Lim
𝑥→ 𝑎

𝑚 =  𝑓ᇱ(𝑎) =

  Lim
𝑥→ 1
  Lim
𝑥→ 1
  Lim
𝑥→ 1
  Lim
𝑥→ 1

     
𝑥ଶ − 𝑓(1)

𝑥 − 1
⎯⎯⎯⎯⎯⎯⎯⎯⎯

        
𝑥ଶ − 1

𝑥 − 1
⎯⎯⎯⎯⎯⎯

(𝑥 + 1)(𝑥 − 1)

(𝑥 − 1)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 𝑥 + 1
 1 + 1
2

𝑚 =  𝑓ᇱ(1) =

𝑚 = 𝑓ᇱ(1) =

Alternative 
methods.
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Pascal's Triangle - 1662*

            1
         1   1
      1   2   1
   1   3   3   1
1   4   6   4   1
           …

Row 1
Row 2
Row 3
Row 4
Row 5
   …

𝑛 = 0
𝑛 = 1
𝑛 = 2
𝑛 = 3
𝑛 = 4
    …

                       ଴𝐶଴

                  ଵ𝐶଴    ଵ𝐶ଵ

            ଶ𝐶଴    ଶ𝐶ଵ    ଶ𝐶ଶ

      ଷ𝐶଴     ଷ𝐶ଵ    ଷ𝐶ଶ   ଷ𝐶ଷ

 ସ𝐶଴    ସ𝐶ଵ    ସ𝐶ଶ   ସ𝐶ଷ    ସ𝐶ସ

 ସ𝐶ଶ =
4!

2! (4 − 2)!
⎯⎯⎯⎯⎯⎯⎯⎯⎯

         =
4 × 3 × 2 × 1

2 × 1 × (2)!
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

         = 6

Arranging two of 
the Letters of ABCD.
AB   BC   CD
AC   BD
AD   

𝑘 = 0
𝑘 = 1

1          1

2

Add #'s
above*

A

B
1              32
1      1      1

Pathways A→B
(Down & Right)

2R'sD, 2D's
RRDD   DDRR
RDRD   DRDR
RDDR   DRRD

PEEP

PEEP   EPPE
PEPE   EPEP
PPEE   EEPP

1      3      6

How many 
words* from 
these letters.

𝑠௡ =
𝑛

2
⎯⎯(𝑡ଵ + 𝑡௡)

Gauss - 1855* Add #'s 1-50

        1 +    2 + ⋯ + 49 +  50
+  50 + 49 + ⋯ +    2 +    1
     51 + 51 + ⋯ +  51 + 51

𝑠ହ଴ =
50

2
⎯⎯⎯(1 + 50)

𝑠ହ଴ = 1275

=
51 × 50

2
⎯⎯⎯⎯⎯⎯⎯ Factor ହ଴

ଶ
⎯⎯

51 = 1 + 50

(𝑎 + 𝑏)଴ =                        1
(𝑎 + 𝑏)ଵ =                  1𝑎 + 1𝑏
(𝑎 + 𝑏)ଶ =            1𝑎ଶ +2𝑎𝑏 + 1𝑏ଵ

(𝑎 + 𝑏)ଷ = 1𝑎ଷ + 3𝑎ଶ𝑏 + 3𝑎𝑏ଶ + 1𝑏ଷ

(𝑎 + 𝑏)ସ = 1𝑎ସ + 4𝑎ଷ𝑏 + 6𝑎ଶ𝑏ଶ + 4𝑎𝑏ଷ + 1𝑏ସ

(𝑎 + 𝑏)௡ =  ௡ 𝐶଴(𝑎)௡(𝑏)଴+ ௡𝐶ଵ(𝑎)௡ିଵ(𝑏)ଵ+ ௡𝐶ଶ(𝑎)௡ିଶ(𝑏)ଶ+ ⋯ + ௡ 𝐶௡ିଵ(𝑎)ଵ(𝑏)௡ିଵ+ ௡𝐶௡(𝑎)଴(𝑏)௡

Newton's Binomial Theorem - 1729*

Logical
Order.

𝑛! = 𝑛(𝑛 − 1)(𝑛 − 2) … × 2 × 1

4!

2! 2!
⎯⎯⎯⎯= 6

 ସ𝐶ଷ

   𝑦 = 𝑥௡

𝑑𝑦

𝑑𝑥
⎯⎯⎯

Lim
ℎ→0
Lim
ℎ→0
Lim
ℎ→0

=           
(𝑥 + ℎ)௡ − 𝑥௡

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

=           
1

ℎ
⎯⎯൥෍[        𝑥௡ି௞ℎ௞]

௡

௞ୀ଴

− 𝑥௡൩

=           
1

ℎ
⎯⎯[𝑥௡ +       𝑥௡ିଵℎ +       𝑥௡ିଶℎଶ + ⋯ +        ℎ௡ − 𝑥௡] 

=          [        𝑥௡ିଵ +      𝑥௡ିଶℎ + ⋯ +       ℎ௡ିଵ] 

𝑑𝑦

𝑑𝑥
⎯⎯⎯= 𝑛𝑥௡ିଵ

=  ௡ 𝐶௞ =
𝑛!

𝑘! (𝑛 − 𝑘)!
⎯⎯⎯⎯⎯⎯⎯⎯⎯

Lim
ℎ→0

𝑄𝐸𝐷

 ௡𝐶ଵ =
𝑛!

1! (𝑛 − 1)!
⎯⎯⎯⎯⎯⎯⎯⎯⎯

         =
𝑛(𝑛 − 1)!

1(𝑛 − 1)!
⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑛

0
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(𝑥 + ℎ)ଶ − (𝑥 + ℎ) − (𝑥ଶ − 𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥ଶ + 2𝑥ℎ + ℎଶ − 𝑥 − ℎ − 𝑥ଶ + 𝑥

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2𝑥ℎ + ℎଶ − ℎ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ(2𝑥 + ℎ − 1)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2𝑥 − 1

(𝑥 + ℎ)ଷ − 𝑥ଷ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

(𝑥 + ℎ)(𝑥 + ℎ)(𝑥 + ℎ) − 𝑥ଷ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥ଷ + 3𝑥ଶℎ + 3𝑥ℎଶ + ℎଷ − 𝑥ଷ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ(3𝑥ଶ + 3𝑥ℎ + ℎଶ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

3𝑥ଶ

√𝑥 + ℎ
⎯⎯⎯⎯⎯ 

− √𝑥⎯⎯ 

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥 + ℎ − 𝑥

ℎ൫√𝑥 + ℎ
⎯⎯⎯⎯⎯ 

− √𝑥⎯⎯  ൯
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ

ℎ൫√𝑥 + ℎ
⎯⎯⎯⎯⎯ 

− √𝑥⎯⎯  ൯
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

1

൫√𝑥 + ℎ
⎯⎯⎯⎯⎯ 

− √𝑥⎯⎯  ൯
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

1

2√𝑥⎯⎯ ⎯⎯⎯⎯

𝑓(𝑥) = 𝑥ଶ − 𝑥

𝑓(𝑥) = 𝑥ଷ

𝑓(𝑥) =
1

𝑥
⎯⎯

1
𝑥 + ℎ⎯⎯⎯⎯⎯−

1
𝑥⎯⎯

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

𝑥 − (𝑥 + ℎ)

ℎ𝑥(𝑥 + ℎ)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−ℎ

ℎ𝑥(𝑥 + ℎ)
⎯⎯⎯⎯⎯⎯⎯⎯⎯

−1

𝑥(𝑥 + ℎ)
⎯⎯⎯⎯⎯⎯⎯⎯

−
1

𝑥ଶ⎯⎯

𝑓(𝑥) = √𝑥⎯⎯ 

Diff of Cubes/Binomial Theorem

× 𝐿𝐶𝐷
× 𝐿𝐶𝐷

× 𝐶𝑜𝑛𝑗
× 𝐶𝑜𝑛𝑗

(𝑥 + ℎ)ସ − 𝑥ସ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥ସ + 4𝑥ଷℎ + 6𝑥ଶℎଶ + 4𝑥ℎଷ + ℎସ − 𝑥ଷ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ(4𝑥ଷ + 6𝑥ଶℎ + 4𝑥ℎଶ + ℎଷ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

4𝑥ଷ

𝑓(𝑥) = 𝑥ସ

𝑓(𝑥) =
1

√𝑥⎯⎯ ⎯⎯⎯

1

√𝑥 + ℎ
⎯⎯⎯⎯⎯ ⎯⎯⎯⎯⎯⎯−

1

√𝑥⎯⎯ ⎯⎯⎯

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

√𝑥⎯⎯  − √𝑥 + ℎ
⎯⎯⎯⎯⎯ 

ℎ√𝑥⎯⎯ 
√𝑥⎯⎯  + ℎ

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥 − (𝑥 + ℎ)

ℎ√𝑥⎯⎯ 
√𝑥⎯⎯  + ℎ(√𝑥⎯⎯  + √𝑥 + ℎ

⎯⎯⎯⎯⎯ 
)

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−ℎ

ℎ(√𝑥⎯⎯ 
√𝑥⎯⎯  + ൫√𝑥⎯⎯  + √𝑥 + ℎ

⎯⎯⎯⎯⎯ 
൯)

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−1

√𝑥⎯⎯ 
√𝑥⎯⎯  + (√𝑥⎯⎯  + √𝑥 + ℎ

⎯⎯⎯⎯⎯ 
)

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−1

√𝑥⎯⎯ 
√𝑥⎯⎯  + (√𝑥⎯⎯  + √𝑥⎯⎯  )

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−
1

2𝑥√𝑥⎯⎯ ⎯⎯⎯⎯⎯= −
1

2𝑥
ଷ
ଶ
⎯⎯

⎯⎯⎯

× 𝐶𝑜𝑛𝑗
× 𝐶𝑜𝑛𝑗

× 𝐿𝐶𝐷
× 𝐿𝐶𝐷

𝑓(𝑥) =
1

𝑥ଶ⎯⎯

1
(𝑥 + ℎ)ଶ⎯⎯⎯⎯⎯⎯⎯ −

1
𝑥ଶ⎯⎯

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥ଶ − (𝑥 + ℎ)ଶ

ℎ𝑥ଶ(𝑥 + ℎ)ଶ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥ଶ − 𝑥ଶ − 2𝑥ℎ − ℎଶ

ℎ𝑥ଶ(𝑥 + ℎ)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ(−2𝑥 − ℎ)

ℎ𝑥ଶ(𝑥 + ℎ)ଶ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−2𝑥 − ℎ

𝑥ଶ(𝑥 + ℎ)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯

−2𝑥

𝑥ସ⎯⎯⎯⎯

−
2

𝑥ଷ⎯⎯

× 𝐿𝐶𝐷
× 𝐿𝐶𝐷

(𝑥 + ℎ)ଶ − 𝑥ଶ

((𝑥 + ℎ) + 𝑥)((𝑥 + ℎ) − 𝑥)
2𝑥ℎ + ℎଶ

…

(𝑥 + ℎ)ସ − 𝑥ଶ

(𝑥 + ℎ)(𝑥 + ℎ)(𝑥 + ℎ)(𝑥 + ℎ) − 𝑥ଶ

…

(𝑥 + ℎ)ଷ − 𝑥ଷ

((𝑥 + ℎ) − 𝑥)((𝑥 + ℎ)ଶ + 𝑥(𝑥 + ℎ) + 𝑥ଶ)
…

1
𝑥 + ℎ⎯⎯⎯⎯⎯−

1
𝑥⎯⎯

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

𝑥 − (𝑥 + ℎ)

𝑥(𝑥 + ℎ)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯×

1

ℎ
⎯⎯

OR Add Fractions, Flip and Multiply

Diff of Squares

𝑓ᇱ(𝑥) =               
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

(𝑥 + ℎ)ଷ − 𝑥ଷ

𝑥ଷ + 𝑥ଶℎ + 𝑥ℎଶ + ℎଷ − 𝑥ଷ

…

FOIL/Diff of Squares

Binomial Theorem

(𝑥 + ℎ)ସ − 𝑥ଶ

((𝑥 + ℎ)ଶ − 𝑥)((𝑥 + ℎ)ଶ + 𝑥)
…

FOIL

𝑓(𝑥) = 𝑥ଶ

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

Don't forget to write the formula!

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

1
(𝑥 + ℎ)ଶ⎯⎯⎯⎯⎯⎯⎯ −

1
𝑥ଶ⎯⎯

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥ଶ − (𝑥 + ℎ)ଶ

𝑥ଶ(𝑥 + ℎ)ଶ⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯×
1

ℎ
⎯⎯

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

 
(𝑥 + ℎ)ଶ − (𝑥ଶ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
𝑥ଶ + 2𝑥ℎ + ℎଶ − 𝑥ଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
2𝑥ℎ + ℎଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

 
ℎ(2𝑥 + ℎ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯

     2𝑥 + ℎ

     2𝑥

C12 - 2.4 - Definition of Derivative

   y' Page 3    



𝑓ᇱ(𝑥) =               
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

  Lim
ℎ→ 0

Don't forget to write the formula!

𝑓(𝑥) =
3𝑥

𝑥 + 1
⎯⎯⎯⎯⎯

3(𝑥 + ℎ)
𝑥 + ℎ + 1
⎯⎯⎯⎯⎯⎯⎯⎯ −

3𝑥
𝑥 + 1
⎯⎯⎯⎯⎯

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

3(𝑥 + ℎ)(𝑥 + 1) − 3𝑥(𝑥 + ℎ + 1)

ℎ(𝑥 + 1)(𝑥 + ℎ + 1)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

3𝑥ଶ + 3𝑥 + 3ℎ𝑥 + 3ℎ − 3𝑥ଶ − 3𝑥ℎ − 3𝑥

ℎ(𝑥 + 1)(𝑥 + ℎ + 1)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

3ℎ

ℎ(𝑥 + 1)(𝑥 + ℎ + 1)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

3

(𝑥 + 1)(𝑥 + ℎ + 1)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

3

(𝑥 + 1)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯

× 𝐿𝐶𝐷
× 𝐿𝐶𝐷

𝑓(𝑥) = 2𝑥ଶ − 5𝑥

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

2(𝑥 + ℎ)ଶ − 5(𝑥 + ℎ) − (2𝑥ଶ − 5𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2𝑥ଶ + 4𝑥ℎ + 2ℎଶ − 5𝑥 − 5ℎ − 2𝑥ଶ + 5𝑥

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ(4𝑥 + 2ℎ − 5)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

4𝑥 + 2ℎ − 5

4𝑥 − 5

𝑓(𝑥) = 2𝑥 − 1

  Lim
ℎ→ 0
  Lim
ℎ→ 0

2(𝑥 + ℎ) − 1 − (2𝑥 − 1)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2𝑥 + 2ℎ − 1 − 2𝑥 + 1

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2ℎ

ℎ
⎯⎯⎯

2

𝑓(𝑥) = 𝑠𝑖𝑛𝑥

  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0
  Lim
ℎ→ 0

𝑠𝑖𝑛(𝑥 + ℎ) − 𝑠𝑖𝑛𝑥

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑠𝑖𝑛𝑥𝑐𝑜𝑠ℎ + 𝑠𝑖𝑛ℎ𝑐𝑜𝑠𝑥 − 𝑠𝑖𝑛𝑥

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑠𝑖𝑛𝑥𝑐𝑜𝑠ℎ − 𝑠𝑖𝑛𝑥

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯+

𝑠𝑖𝑛ℎ𝑐𝑜𝑠𝑥

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

𝑠𝑖𝑛𝑥
(𝑐𝑜𝑠ℎ − 1)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯ +

𝑠𝑖𝑛ℎ

ℎ
⎯⎯⎯⎯ 𝑐𝑜𝑠ℎ

𝑠𝑖𝑛𝑥 × 0 + 1 × 𝑐𝑜𝑠𝑥
𝑐𝑜𝑠𝑥𝑓′(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

sin(𝑎 + 𝑏) = 𝑠𝑖𝑛𝑎𝑐𝑜𝑠𝑏 + 𝑠𝑖𝑛𝑏𝑐𝑜𝑠𝑎

lim
௫→଴

𝑐𝑜𝑠𝑥 − 1

𝑥
⎯⎯⎯⎯⎯⎯⎯⎯= 0

lim
௫→଴

𝑠𝑖𝑛𝑥

𝑥
⎯⎯⎯⎯ = 1

𝑦 = 𝑚𝑥 + 𝑏

𝑓(𝑥) = 𝑥

  Lim
ℎ→ 0
  Lim
ℎ→ 0

(𝑥 + ℎ) − (𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ

ℎ
⎯⎯

1𝑓ᇱ(𝑥) = 𝑦 = 𝑚𝑥 + 𝑏
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𝑓(𝑥) =  
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 2

  Lim
ℎ→ 0ି

  Lim
ℎ→ 0ା  

𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 1

𝑓ᇱ(𝑥) =

 
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 2

  Lim
ℎ→ 0ି

  Lim
ℎ→ 0ା

 
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 2

Not Differentiable≠

Differentiable

   𝑥ଶ ;      𝑥 < 1
   𝑥   ;       𝑥 ≥ 1

𝑓ᇱ(𝑥) =

 𝑓(𝑥) = 𝑥
𝑓′(𝑥) = 1
𝑓′(1) = 1∗

𝑓(𝑥) =
             𝑥ଶ ;      𝑥 < 1
   2𝑥 − 1   ;      𝑥 ≥ 1

𝑓ᇱ(𝑥) =

𝑓ᇱ(𝑥) =

=

 𝑓(𝑥) = 𝑥ଶ

𝑓′(𝑥) = 2𝑥
𝑓ᇱ(1) = 2(1)
𝑓′(2) = 2∗

 𝑓(𝑥) = 2𝑥 − 1
𝑓′(𝑥) = 2
𝑓′(1) = 2∗

𝑓(𝑥) =    2𝑥 − 𝑘 ; 𝑥 ≥ 1
                  𝑥ଶ         ; 𝑥 < 1

Sub x value
and equate

 𝑓(𝑥) = 2𝑥 − 𝑘
𝑓ᇱ(𝑥) = 2
𝑓ᇱ(2) = 2

 𝑓(𝑥) = 𝑥ଶ

𝑓ᇱ(𝑥) = 2𝑥
𝑓ᇱ(1) = 2(1)
𝑓ᇱ(1) = 2

2 = 2

    2𝑥 − 𝑘 = 𝑥ଶ

2(1) − 𝑘 = (1)ଶ

      2 − 𝑘 = 1
              𝑘 = 1

Take derivatives 
Sub x and equate

Find k so differentiable.

Nothing to solve for.

  Lim
ℎ→ 0ି

 
(𝑥 + ℎ)ଶ − (𝑥ଶ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

 
𝑥ଶ + 2𝑥ℎ + ℎଶ − 𝑥ଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

           
2𝑥ℎ + ℎଶ

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯

         
ℎ(2𝑥 + ℎ)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯

             2𝑥 + ℎ

𝑚 = 𝑓ᇱ(1) =      2(1)
𝑚 = 𝑓ᇱ(1) =      2

𝑥 = 1

  Lim
ℎ→ 0ି

  Lim
ℎ→ 0ି

  Lim
ℎ→ 0ି

  Lim
ℎ→ 0ି

  Lim
ℎ→ 0ି

𝑓ᇱ(𝑥) =            2𝑥

𝑓(𝑥) = 2𝑥 − 1

  Lim
ℎ→ 0ା

  Lim
ℎ→ 0ା

2(𝑥 + ℎ) − 1 − (2𝑥 − 1)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2𝑥 + 2ℎ − 1 − 2𝑥 + 1

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

2ℎ

ℎ
⎯⎯⎯

2𝑓ᇱ(𝑥) =

𝑓(𝑥) = 𝑥ଶ

ℎ→ 0ା
  Lim

𝑦 = 𝑚𝑥 + 𝑏

𝑓(𝑥) = 𝑥

  Lim
ℎ→ 0ା

  Lim
ℎ→ 0ା

(𝑥 + ℎ) − (𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

ℎ

ℎ
⎯⎯

1𝑓ᇱ(𝑥) =

 
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ℎ→ 0ା

  Lim

𝑦 = 𝑚𝑥 + 𝑏

 
𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑓(𝑥 + ℎ) − 𝑓(𝑥)

ℎ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
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