
Calculus 12 Section 2.7 Definition of the Derivative Limits and Derivatives 

Assignment # 1 – 9, 13 – 21, 24 – 32       Quiz Next Day! 

 

Name: ________________________         Date: __________________ 

 

 

Learning Goal 2.2 Limits at infinity and the definition of the derivative 

 

More Questions – Solutions 

 

1. Find the equation of the tangent line to the given functions using the definition of the derivative. 

a.  𝑓(𝑥) = 𝑥2 𝑥 = −3 b.  ℎ(𝑥) = 𝑥3 − 4 𝑥 = 1 c.  𝑔(𝑥) =
𝑥

𝑥 + 1
 𝑥 = −2 

𝑓′(𝑥) =  lim
ℎ→𝑜

(𝑥 + ℎ)2 − 𝑥2

ℎ
 

=  lim
ℎ→𝑜

𝑥2 + 2𝑥ℎ + ℎ2 − 𝑥2

ℎ
 

=  lim
ℎ→𝑜

2𝑥ℎ + ℎ2

ℎ
 

=  lim
ℎ→𝑜

ℎ(2𝑥 + ℎ)

ℎ
 

=  lim
ℎ→𝑜

(2𝑥 + ℎ) 

=  2𝑥 

 

ℎ′(1) =  lim
𝑥→1

(𝑥3 − 4) − (1 − 4)

𝑥 − 1
 

=  lim
𝑥→1

(𝑥3 − 4) + 3

𝑥 − 1
 

=  lim
𝑥→1

𝑥3 − 1

𝑥 − 1
 

=  lim
𝑥→1

(𝑥 − 1)(𝑥2 + 𝑥 + 1)

𝑥 − 1
 

=  lim
𝑥→1

𝑥2 + 𝑥 + 1 

= (1)2 + (1) + 1 

= 3 

 

𝑔′(−2) =  lim
𝑥→−2

𝑥
𝑥 + 1 −

(−2)
(−2) + 1

𝑥 + 2
 

=  lim
𝑥→−2

𝑥
𝑥 + 1 − 2

𝑥 + 2
 

=  lim
𝑥→−2

𝑥 − 2(𝑥 + 1)
𝑥 + 1
𝑥 + 2

 

=  lim
𝑥→−2

𝑥 − 2(𝑥 + 1)

(𝑥 + 1)(𝑥 + 2)
 

=  lim
𝑥→−2

𝑥 − 2𝑥 − 2

(𝑥 + 1)(𝑥 + 2)
 

=  lim
𝑥→−2

−𝑥 − 2

(𝑥 + 1)(𝑥 + 2)
 

=  lim
𝑥→−2

−1

𝑥 + 1
 

=
−1

(−2) + 1
 

= 1 

𝑓′(−3) = 2(−3) 

= −6 

𝑓(−3) = (−3)2 

= 9 
ℎ(1) =  −3 

𝑦 − 9 = −6(𝑥 + 3) 

𝑦 − 9 = −6𝑥 − 18 

𝑦 = −6𝑥 − 9 

𝑦 + 3 = 3(𝑥 − 1) 

𝑦 + 3 = 3𝑥 − 3 

𝑦 = 3𝑥 − 6 

  

𝑔(−2) = 2 

 

𝑦 − 2 = 1(𝑥 + 2) 

𝑦 − 2 = 𝑥 + 2 

𝑦 = 𝑥 + 4 
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2. What is the slope of the tangent line to the functions, at the given point, using the definition of the 

derivative. 

a.  𝑓(𝑥) = √𝑥 (4, 2) b.  
𝑔(𝑥)

=
1

𝑥 − 2
 

(3, 1) c.  ℎ(𝑥) = 5𝑥2 − 4 (2, 16) 

𝑓′(𝑥) =  lim
ℎ→𝑜

√𝑥 + ℎ − √𝑥

ℎ
 

= lim
ℎ→𝑜

√𝑥 + ℎ − √𝑥

ℎ

×
√𝑥 + ℎ + √𝑥

√𝑥 + ℎ + √𝑥
 

= lim
ℎ→𝑜

(𝑥 + ℎ) − 𝑥

ℎ(√𝑥 + ℎ + √𝑥)
 

= lim
ℎ→𝑜

ℎ

ℎ(√𝑥 + ℎ + √𝑥)
 

= lim
ℎ→𝑜

1

√𝑥 + ℎ + √𝑥
 

=
1

2√𝑥
 

 

𝑓′(4) =
1

2√4
 

=
1

4
 

𝑔′(3) =  lim
𝑥→3

1
𝑥 − 2 −

1
3 − 2

𝑥 − 3
 

=  lim
𝑥→3

1
𝑥 − 2 − 1

𝑥 − 3
 

=  lim
𝑥→3

1 − (𝑥 − 2)
𝑥 − 2
𝑥 − 3

 

=  lim
𝑥→3

3 − 𝑥
𝑥 − 2
𝑥 − 3

 

=  lim
𝑥→3

3 − 𝑥

(𝑥 − 3)(𝑥 − 2)
 

=  lim
𝑥→3

−1

(𝑥 − 2)
 

=
−1

(3 − 2)
 

= −1 

 lim
ℎ→0

5(𝑥 + ℎ)2 − 4 − (5𝑥2 − 4)

ℎ
 

=  lim
ℎ→0

5(𝑥2 + 2𝑥ℎ + ℎ2) − 4 − 5𝑥2 + 4

ℎ
 

=  lim
ℎ→0

5𝑥2 + 10𝑥ℎ + 2ℎ2 − 5𝑥2

ℎ
 

=  lim
ℎ→0

10𝑥ℎ + 2ℎ2

ℎ
 

=  lim
ℎ→0

2ℎ(5𝑥 + ℎ)

ℎ
 

=  lim
ℎ→0

2(5𝑥 + ℎ) 

=  10𝑥 

 

ℎ′(2) = 10(2) 

= 20 
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3. Find the derivative using the definition of the derivative. 

a.  ℎ(𝑥) =
1

𝑥2
  b.  𝑔(𝑥) = 8𝑥 − 1  c.  𝑓(𝑥) = 7𝑥2  

ℎ′(𝑥) =  lim
ℎ→𝑜

1
(𝑥 + ℎ)2 −

1
𝑥2

ℎ
 

=  lim
ℎ→𝑜

𝑥2 − (𝑥 + ℎ)2

𝑥2(𝑥 + ℎ)2

ℎ
 

=  lim
ℎ→𝑜

𝑥2 − (𝑥 + ℎ)2

ℎ𝑥2(𝑥 + ℎ)2
 

=  lim
ℎ→𝑜

𝑥2 − 𝑥2 − 2𝑥ℎ − ℎ2

ℎ𝑥2(𝑥 + ℎ)2
 

=  lim
ℎ→𝑜

−2𝑥ℎ − ℎ2

ℎ𝑥2(𝑥 + ℎ)2
 

=  lim
ℎ→𝑜

−ℎ(2𝑥 + ℎ)

ℎ𝑥2(𝑥 + ℎ)2
 

=  lim
ℎ→𝑜

−(2𝑥 + ℎ)

𝑥2(𝑥 + ℎ)2
 

=  
−2𝑥

𝑥4
 

=  
−2

𝑥3
 

=  lim
ℎ→𝑜

8(𝑥 + ℎ) − 1 − (8𝑥 − 1)

ℎ
 

=  lim
ℎ→𝑜

8𝑥 + 8ℎ − 1 − 8𝑥 + 1

ℎ
 

=  lim
ℎ→𝑜

8ℎ

ℎ
 

=  lim
ℎ→𝑜

8 

= 8 

𝑓′(𝑥) =  lim
ℎ→𝑜

7(𝑥 + ℎ)2 − 7𝑥2

ℎ
 

=  lim
ℎ→𝑜

7(𝑥2 + 2𝑥ℎ + ℎ2) − 7𝑥2

ℎ
 

=  lim
ℎ→𝑜

7𝑥2 + 14𝑥ℎ + 7ℎ2 − 7𝑥2

ℎ
 

=  lim
ℎ→𝑜

14𝑥ℎ + 7ℎ2

ℎ
 

=  lim
ℎ→𝑜

7ℎ(2𝑥 + ℎ)

ℎ
 

=  lim
ℎ→𝑜

7(2𝑥 + ℎ) 

= 14𝑥 

 

 


