
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

C12 - 2.4 - Definition of Derivative
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