
9 − 𝑥

3 − √𝑥⎯⎯   
⎯⎯⎯⎯⎯⎯⎯

  Lim
𝑥→ 9

Find the Limits

9 − 𝑥

3 − √𝑥⎯⎯   
⎯⎯⎯⎯⎯⎯⎯× 3 + √𝑥⎯⎯ 

3 + √𝑥⎯⎯ ⎯⎯⎯⎯⎯⎯ Conjugate 

(9 − 𝑥)(3 + √𝑥⎯⎯  )

9 − 𝑥
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

   (3 − √𝑥⎯⎯  )(3 + √𝑥⎯⎯  ) =
9 + 3√𝑥⎯⎯  − 3√𝑥⎯⎯  − 𝑥 =
              9 − 𝑥

3 + √𝑥⎯⎯ 

  Lim
𝑥→ 0

𝐿𝐶𝐷 = 3(𝑥 + 3)

  Lim
𝑥→ 0

−𝑥

3(𝑥 + 3)
⎯⎯⎯⎯⎯⎯⎯⎯×

1

𝑥
⎯⎯

1
𝑥 + 3
⎯⎯⎯⎯⎯−

1
3
⎯⎯

𝑥
⎯⎯⎯⎯⎯⎯⎯⎯

Flip and Multiply

  Lim
𝑥→ 0

  Lim
𝑥→ 0

Simplify

Simplify−
1

3(𝑥 + 3)
⎯⎯⎯⎯⎯⎯⎯⎯

−𝑥
3(𝑥 + 3)
⎯⎯⎯⎯⎯⎯⎯⎯

𝑥
1
⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯

  Lim
𝑥→ 0

3 − (𝑥 + 3)
3(𝑥 + 3)

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥
1
⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−
1

9
⎯⎯ Substitute

  Lim
𝑥→ 9

  Lim
𝑥→ 9

  Lim
𝑥→ 9

Simplify
FL

Substitute
3 + √9

⎯⎯ 

3 + 3

    6

1
𝑥 + 3
⎯⎯⎯⎯⎯−

1
3
⎯⎯

𝑥
1
⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯

Multiply Top and Bottom by LCD3 − (𝑥 + 3)

3𝑥(𝑥 + 3)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

−𝑥

3𝑥(𝑥 + 3)
⎯⎯⎯⎯⎯⎯⎯⎯⎯

−1

3(𝑥 + 3)
⎯⎯⎯⎯⎯⎯⎯⎯

OR

𝐿𝐶𝐷: 3(𝑥 + 3)

Add Fractions
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  Lim
𝑥→ 0

𝑠𝑖𝑛𝑥

𝑥
⎯⎯⎯⎯ = 1

  Lim
𝑥→ 0

𝑠𝑖𝑛2𝑥

2𝑥
⎯⎯⎯⎯⎯ =

1

  Lim
𝑥→ 0
  Lim
𝑥→ 0
  Lim
𝑥→ 0

𝑠𝑖𝑛2𝑥

𝑥
⎯⎯⎯⎯⎯

𝑠𝑖𝑛2𝑥

𝑥
⎯⎯⎯⎯⎯ ×

2

2
⎯⎯

𝑠𝑖𝑛2𝑥

2𝑥
⎯⎯⎯⎯⎯ × 2

         1 × 2

         2

  Lim
𝑥→ 0

  Lim
𝑥→ 0

  Lim
𝑥→ 0

𝑡𝑎𝑛4𝑥

𝑡𝑎𝑛3𝑥
⎯⎯⎯⎯⎯⎯ 

𝑡𝑎𝑛4𝑥
1

⎯⎯⎯⎯⎯⎯×
4𝑥
4𝑥
⎯⎯⎯

𝑡𝑎𝑛3𝑥
1

⎯⎯⎯⎯⎯⎯×
3𝑥
3𝑥
⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑡𝑎𝑛4𝑥
4𝑥

⎯⎯⎯⎯⎯⎯× 4𝑥

𝑡𝑎𝑛3𝑥
3𝑥

⎯⎯⎯⎯⎯⎯× 3𝑥
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

         
1 × 4𝑥

1 × 3𝑥
⎯⎯⎯⎯⎯⎯

                 
4

3
⎯⎯

  Lim
𝑥→ 0

  Lim
𝑥→ 0

𝑡𝑎𝑛𝑥

𝑥
⎯⎯⎯⎯ = 1

𝑠𝑖𝑛𝑥

𝑥
⎯⎯⎯⎯×

1

𝑐𝑜𝑠𝑥
⎯⎯⎯⎯

1 ×
1

1
⎯⎯

1

     
𝑡𝑎𝑛𝑥

𝑥
⎯⎯⎯⎯

     

𝑠𝑖𝑛𝑥
𝑐𝑜𝑠𝑥
⎯⎯⎯⎯

𝑥
1
⎯⎯

⎯⎯⎯⎯⎯

𝑠𝑖𝑛𝑥

𝑐𝑜𝑠𝑥
⎯⎯⎯⎯ ×

1

𝑥
⎯⎯

𝑠𝑖𝑛𝑥

𝑥
⎯⎯⎯⎯×

1

𝑐𝑜𝑠𝑥
⎯⎯⎯⎯

Proof

  Lim
𝑥→ 0

  Lim
𝑥→ 0

1 − 𝑐𝑜𝑠𝑥

𝑥
⎯⎯⎯⎯⎯⎯⎯⎯= 0

𝑠𝑖𝑛𝑥

𝑥
⎯⎯⎯⎯×

𝑠𝑖𝑛𝑥

1 + 𝑐𝑜𝑠𝑥
⎯⎯⎯⎯⎯⎯⎯⎯

1 ×
0

1 + 1
⎯⎯⎯⎯⎯

0

1 − 𝑐𝑜𝑠𝑥

𝑥
⎯⎯⎯⎯⎯⎯⎯⎯×

1 + 𝑐𝑜𝑠𝑥

1 + 𝑐𝑜𝑠𝑥
⎯⎯⎯⎯⎯⎯⎯⎯

sin 𝑥

𝑥(1 + 𝑐𝑜𝑠𝑥)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑠𝑖𝑛𝑥

𝑥
⎯⎯⎯⎯×

𝑠𝑖𝑛𝑥

1 + 𝑐𝑜𝑠𝑥
⎯⎯⎯⎯⎯⎯⎯⎯

Conjugate

Defn

Flip and Multiply

Separate Fractions

lim
→

𝑠𝑖𝑛2𝑥

4𝑥
⎯⎯⎯⎯⎯

lim
→

𝑠𝑖𝑛2𝑥

2𝑥
⎯⎯⎯⎯⎯×

1

2
⎯⎯

                1 ×
1

2
⎯⎯

                        
1

2
⎯⎯

4 = 2 × 2

Separate Product
lim

→

𝑠𝑖𝑛2𝑥

𝑠𝑖𝑛3𝑥
⎯⎯⎯⎯⎯

lim
→

𝑠𝑖𝑛2𝑥
1

⎯⎯⎯⎯⎯

𝑠𝑖𝑛3𝑥
1

⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯×

2𝑥
2𝑥
⎯⎯⎯

3𝑥
3𝑥
⎯⎯⎯
⎯⎯⎯

lim
→

𝑠𝑖𝑛2𝑥
2𝑥

⎯⎯⎯⎯⎯

𝑠𝑖𝑛3𝑥
3𝑥

⎯⎯⎯⎯⎯
⎯⎯⎯⎯⎯⎯×

2𝑥
1

⎯⎯⎯

3𝑥
1

⎯⎯⎯
⎯⎯⎯

                 
1

1
⎯⎯×

2𝑥

3𝑥
⎯⎯⎯

                         
2

3
⎯⎯
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