
TOPIC: PARTIAL FRACTIONS
Partial Fraction Decomposition: Distinct Linear Factors

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator.

New

EXAMPLE Find     &     for the partial fraction decomposition above.

Partial Fractions – Distinct Linear Factors

 We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp.▶ 

EXAMPLE Set up the form of the partial fraction decomposition for                            .EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
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EXAMPLE If 𝑦𝑦 = 𝑥𝑥3 and 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 2, find 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑  when 𝑥𝑥 = 4. 

   

    Implicit Diff.      Related Rates Recall New 

 
Intro to Related Rates 

◆ When 2+ related variables are changing w/ time, we use ______-derivatives to see how one affects another.   

● To take the time derivative of EVERY term, use implicit differentiation.  

 

 

   
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Take  
       on both sides using implicit diff. 

2) Isolate the target rate of change 

3) Plug in known values/rates & solve 

  

HOW TO: Solve Related Rates 𝑦𝑦2 + 5𝑥𝑥 = 𝑥𝑥3 
 

𝑑𝑑
𝑑𝑑𝑑𝑑 (𝑦𝑦2 + 5𝑥𝑥 = 𝑥𝑥3) 

2𝑦𝑦 𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅 + 5 = 3𝑥𝑥2 𝒅𝒅𝒅𝒅

𝒅𝒅𝒅𝒅   

𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅 = 3𝑥𝑥2 − 5

2𝑦𝑦  

𝑦𝑦 = 𝑥𝑥3 
 

 
 

EXAMPLE 
As an ice cube melts, each side changes at −3 cm

min. Find the 

rate of change of the ice cube’s volume when each side is 
0.9 cm. 

 
Real World Application 
◆ Recall: Most related rates problems have shapes that grow (+) or shrink (−).  

● For “real world” problems, we need to determine what shapes are formed & how they change over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Draw/label a picture of the scenario 

2) Identify eq’n(s) relating ALL variables 

3) Take 𝒅𝒅
𝒅𝒅𝒅𝒅 on both sides using implicit diff. 

4) Isolate the target rate of change 

5) Plug in known values/rates & solve 

 

HOW TO: Solve Related Rates 

_____ 
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Partial Fractions

EXAMPLE Locate the local extrema of the function 𝑓𝑓ሺ𝑥𝑥ሻ = 𝑥𝑥3 − 3𝑥𝑥2 + 4.  

 
The First Derivative Test: Finding Local Extrema 

◆ Recall: The sign of the derivative tells us whether a function is increasing (𝑓𝑓′ is +) or decreasing (𝑓𝑓′ is −). 

● Local extrema occur where the sign of the derivative 𝑓𝑓′ ____________. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

BIZ REG 

First Derivative Test: 

Suppose 𝑐𝑐 is a critical point of a continuous function 𝑓𝑓. If at 𝑐𝑐, 

• 𝑓𝑓′ changes from ____ → ____, 𝑓𝑓 has a local [ MAX | MIN ] at 𝑐𝑐. 

• 𝑓𝑓′ changes from ____ → ____, 𝑓𝑓 has a local [ MAX | MIN ] at 𝑐𝑐. 

• 𝑓𝑓′ does _____ change sign,   𝑓𝑓  has ____ local extrema    at 𝑐𝑐. 

 

1) Find critical points: 

 

2) Make sign chart intervals based  

    on critical points 

3) Plug value from each int. into 𝑓𝑓′ 
 
 
 
 
 

4) If asked: Find value of max/min by  

   plugging crit. pt. into ______  

HOW TO: Find Local Extrema 
Using First Derivative Test 

If 𝑓𝑓′ changes from: 

   + → −, crit. pt. is local MAX 
 
   − →  +, crit. pt. is local MIN  

𝑓𝑓’ሺ𝑥𝑥ሻ = 0 or  𝑓𝑓′ሺ𝑥𝑥ሻ DNE 

𝒙𝒙 

𝑓𝑓’ሺ𝑥𝑥ሻ = 3𝑥𝑥2 − 6𝑥𝑥 

           = 3𝑥𝑥ሺ𝑥𝑥 − 2ሻ 

Factor the denominator 

Set up fraction for each factor of 

Multiply equation by common denom.

Expand & group like terms
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◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

- Linear factors: use constant
numerators (            …)

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

- Irreduc. quad. factors: use linear

numerators (             …)

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

EXAMPLE A cylindrical tank of radius 4 𝑓𝑓𝑓𝑓 and a height of 12 𝑓𝑓𝑓𝑓 is 8 𝑓𝑓𝑓𝑓 full of oil that weighs 57 𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3 .  
Set up the integral to find the work required to pump the oil to the top of the tank.  

 
Pumping Liquids 
◆ Recall: Work done by lifting an object relies on its weight and the distance it is lifted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
◆ The cross-sectional area function will change depending on the shape of the tank. 
 

 

Pumping Liquids New 

(final height) 

𝑊𝑊 = ∫ (𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 ∗ 𝒂𝒂𝒂𝒂𝒅𝒅𝒂𝒂 ∗ 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒂𝒂𝒅𝒅𝒅𝒅𝒅𝒅) 𝑑𝑑𝑑𝑑
𝑏𝑏

𝑎𝑎
 

(𝑓𝑓𝑓𝑓) 

(𝑓𝑓𝑓𝑓) 

𝑊𝑊 = ∫ 𝐹𝐹(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑏𝑏

𝑎𝑎
 

Recall 

Density: 

Area: 

Distance: 

 
 
 

𝑊𝑊 = ∫ _________________________________  𝑑𝑑𝑑𝑑
____

____
 

1) Sketch picture of tank/liquid 

2) Find density of the liquid: 

    if in 𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3, plug in directly  

    if in 𝑘𝑘𝑘𝑘/𝑚𝑚3, multiply by ______ first 

3) Find area of cross-section (fcn w.r.t. 𝑑𝑑) 

4) Find distance fcn:  ______ − 𝑑𝑑 

5) Determine bounds: 

    lower = bottom of tank (usually ___ )  

    upper = top layer of liquid  

6) Integrate w.r.t. 𝑑𝑑 

HOW TO: Solve Pumping Problems 

(tank top) 

(liquid level) 

(bottom) 

(radius) 

EXAMPLE A cylindrical tank of radius 4 𝑓𝑓𝑓𝑓 and a height of 12 𝑓𝑓𝑓𝑓 is 8 𝑓𝑓𝑓𝑓 full of oil that weighs 57 𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3 .  
Set up the integral to find the work required to pump the oil to the top of the tank.  

 
Pumping Liquids 
◆ Recall: Work done by lifting an object relies on its weight and the distance it is lifted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
◆ The cross-sectional area function will change depending on the shape of the tank. 
 

 

Pumping Liquids New 

(final height) 

𝑊𝑊 = ∫ (𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 ∗ 𝒂𝒂𝒂𝒂𝒅𝒅𝒂𝒂 ∗ 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒂𝒂𝒅𝒅𝒅𝒅𝒅𝒅) 𝑑𝑑𝑑𝑑
𝑏𝑏

𝑎𝑎
 

(𝑓𝑓𝑓𝑓) 

(𝑓𝑓𝑓𝑓) 

𝑊𝑊 = ∫ 𝐹𝐹(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑏𝑏

𝑎𝑎
 

Recall 

Density: 

Area: 

Distance: 

 
 
 

𝑊𝑊 = ∫ _________________________________  𝑑𝑑𝑑𝑑
____

____
 

1) Sketch picture of tank/liquid 

2) Find density of the liquid: 

    if in 𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3, plug in directly  

    if in 𝑘𝑘𝑘𝑘/𝑚𝑚3, multiply by ______ first 

3) Find area of cross-section (fcn w.r.t. 𝑑𝑑) 

4) Find distance fcn:  ______ − 𝑑𝑑 

5) Determine bounds: 

    lower = bottom of tank (usually ___ )  

    upper = top layer of liquid  

6) Integrate w.r.t. 𝑑𝑑 

HOW TO: Solve Pumping Problems 

(tank top) 

(liquid level) 

(bottom) 

(radius) 

Set coefficients equal

Solve system of equations

◆ If a rational function is improper (degree of          ____ degree of         ), then do polynomial division first.

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

Plug             … into fractions from 

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

 
 

EXAMPLE 
As an ice cube melts, each side changes at −3 cm

min. Find the 

rate of change of the ice cube’s volume when each side is 
0.9 cm. 

 
Real World Application 
◆ Recall: Most related rates problems have shapes that grow (+) or shrink (−).  

● For “real world” problems, we need to determine what shapes are formed & how they change over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Draw/label a picture of the scenario 

2) Identify eq’n(s) relating ALL variables 

3) Take 𝒅𝒅
𝒅𝒅𝒅𝒅 on both sides using implicit diff. 

4) Isolate the target rate of change 

5) Plug in known values/rates & solve 

 

HOW TO: Solve Related Rates 

_____ 

     
      

     
      



TOPIC: PARTIAL FRACTIONS

EXAMPLE Find the partial fraction decomposition using a system of equations.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

x 

       EXAMPLE Find the partial fraction decomposition using a system of equations. 

3𝑥𝑥2 + 3𝑥𝑥 − 11
𝑥𝑥2 + 3𝑥𝑥 − 10  

 

       PRACTICE 
Express the rational function as a sum or difference of two simpler fractions. Use a system of 
equations. 

1
ሺ2𝑥𝑥 + 1ሻሺ2𝑥𝑥 − 1ሻ 



TOPIC: PARTIAL FRACTIONS

PRACTICE Express the rational function as a sum or difference of two simpler fractions. Use a system of equations.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

x 

       EXAMPLE Find the partial fraction decomposition using a system of equations. 

3𝑥𝑥2 + 3𝑥𝑥 − 11
𝑥𝑥2 + 3𝑥𝑥 − 10  

 

       PRACTICE 
Express the rational function as a sum or difference of two simpler fractions. Use a system of 
equations. 

1
ሺ2𝑥𝑥 + 1ሻሺ2𝑥𝑥 − 1ሻ 

PRACTICE Express the rational function as a sum or difference of three simpler fractions. Use a system of equations.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE 
Express the rational function as a sum or difference of three simpler fractions. Use a system of 
equations. 

4𝑥𝑥2 − 21𝑥𝑥 − 40
𝑥𝑥3 − 𝑥𝑥2 − 20𝑥𝑥  



TOPIC: PARTIAL FRACTIONS
Partial Fraction Decomposition: Distinct Linear Factors with Shortcut

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp.

EXAMPLE Find the partial fraction decomposition for         .

 Instead of using a system of equations, we can solve for            … by making strategic substitutions for   .▶ 

HOW TO: Decompose into Partial

 
 

EXAMPLE 
As an ice cube melts, each side changes at −3 cm

min. Find the 

rate of change of the ice cube’s volume when each side is 
0.9 cm. 

 
Real World Application 
◆ Recall: Most related rates problems have shapes that grow (+) or shrink (−).  

● For “real world” problems, we need to determine what shapes are formed & how they change over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Draw/label a picture of the scenario 

2) Identify eq’n(s) relating ALL variables 

3) Take 𝒅𝒅
𝒅𝒅𝒅𝒅 on both sides using implicit diff. 

4) Isolate the target rate of change 

5) Plug in known values/rates & solve 

 

HOW TO: Solve Related Rates 

_____ 

     
      

     
      

 
 

EXAMPLE 
As an ice cube melts, each side changes at −3 cm

min. Find the 

rate of change of the ice cube’s volume when each side is 
0.9 cm. 

 
Real World Application 
◆ Recall: Most related rates problems have shapes that grow (+) or shrink (−).  

● For “real world” problems, we need to determine what shapes are formed & how they change over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Draw/label a picture of the scenario 

2) Identify eq’n(s) relating ALL variables 

3) Take 𝒅𝒅
𝒅𝒅𝒅𝒅 on both sides using implicit diff. 

4) Isolate the target rate of change 

5) Plug in known values/rates & solve 

 

HOW TO: Solve Related Rates 

_____ 

     
      

     
      

Fractions Using Strategic Sub.

Factor the denominator 

Set up fraction for each factor of 

 
 

EXAMPLE If 𝑦𝑦 = 𝑥𝑥3 and 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = 2, find 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑  when 𝑥𝑥 = 4. 

   

    Implicit Diff.      Related Rates Recall New 

 
Intro to Related Rates 

◆ When 2+ related variables are changing w/ time, we use ______-derivatives to see how one affects another.   

● To take the time derivative of EVERY term, use implicit differentiation.  

 

 

   
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Take  
       on both sides using implicit diff. 

2) Isolate the target rate of change 

3) Plug in known values/rates & solve 

  

HOW TO: Solve Related Rates 𝑦𝑦2 + 5𝑥𝑥 = 𝑥𝑥3 
 

𝑑𝑑
𝑑𝑑𝑑𝑑 (𝑦𝑦2 + 5𝑥𝑥 = 𝑥𝑥3) 

2𝑦𝑦 𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅 + 5 = 3𝑥𝑥2 𝒅𝒅𝒅𝒅

𝒅𝒅𝒅𝒅   

𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅 = 3𝑥𝑥2 − 5

2𝑦𝑦  

𝑦𝑦 = 𝑥𝑥3 
 

Multiply equation by common denom.

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

- Linear factors: use constant
numerators (            …)

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

◆ This method is sometimes referred to as Heaviside's (or Cover-up) method.

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

Use strategic substitutions for    that:

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

- Make a factor become ________ OR
- Result in an easier system of eqns

EXAMPLE A cylindrical tank of radius 4 𝑓𝑓𝑓𝑓 and a height of 12 𝑓𝑓𝑓𝑓 is 8 𝑓𝑓𝑓𝑓 full of oil that weighs 57 𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3 .  
Set up the integral to find the work required to pump the oil to the top of the tank.  

 
Pumping Liquids 
◆ Recall: Work done by lifting an object relies on its weight and the distance it is lifted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
◆ The cross-sectional area function will change depending on the shape of the tank. 
 

 

Pumping Liquids New 

(final height) 

𝑊𝑊 = ∫ (𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 ∗ 𝒂𝒂𝒂𝒂𝒅𝒅𝒂𝒂 ∗ 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒂𝒂𝒅𝒅𝒅𝒅𝒅𝒅) 𝑑𝑑𝑑𝑑
𝑏𝑏

𝑎𝑎
 

(𝑓𝑓𝑓𝑓) 

(𝑓𝑓𝑓𝑓) 

𝑊𝑊 = ∫ 𝐹𝐹(𝑥𝑥) 𝑑𝑑𝑥𝑥
𝑏𝑏

𝑎𝑎
 

Recall 

Density: 

Area: 

Distance: 

 
 
 

𝑊𝑊 = ∫ _________________________________  𝑑𝑑𝑑𝑑
____

____
 

1) Sketch picture of tank/liquid 

2) Find density of the liquid: 

    if in 𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3, plug in directly  

    if in 𝑘𝑘𝑘𝑘/𝑚𝑚3, multiply by ______ first 

3) Find area of cross-section (fcn w.r.t. 𝑑𝑑) 

4) Find distance fcn:  ______ − 𝑑𝑑 

5) Determine bounds: 

    lower = bottom of tank (usually ___ )  

    upper = top layer of liquid  

6) Integrate w.r.t. 𝑑𝑑 

HOW TO: Solve Pumping Problems 

(tank top) 

(liquid level) 

(bottom) 

(radius) Plug             … into fractions from 

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 

 
 

EXAMPLE 
As an ice cube melts, each side changes at −3 cm

min. Find the 

rate of change of the ice cube’s volume when each side is 
0.9 cm. 

 
Real World Application 
◆ Recall: Most related rates problems have shapes that grow (+) or shrink (−).  

● For “real world” problems, we need to determine what shapes are formed & how they change over time. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1) Draw/label a picture of the scenario 

2) Identify eq’n(s) relating ALL variables 

3) Take 𝒅𝒅
𝒅𝒅𝒅𝒅 on both sides using implicit diff. 

4) Isolate the target rate of change 

5) Plug in known values/rates & solve 

 

HOW TO: Solve Related Rates 

_____ 

     
      

     
      

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

let        ____:

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

let        ____:

EXAMPLE Find the partial fraction decomposition for 𝑓𝑓(𝑥𝑥). 

 

Partial Fraction Decomposition: Distinct Linear Factors with Shortcut 

◆ Recall: We can expand a rational fcn into the sum of multiple simpler fractions using partial fraction decomp. 

▪ Instead of using a system of equations, we can solve for 𝐴𝐴, 𝐵𝐵, 𝐶𝐶 … by making strategic substitutions for 𝑥𝑥. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

◆ This method is sometimes referred to as Heaviside’s (or Cover-up) method.
 
 

𝑓𝑓(𝑥𝑥) = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

(𝑥𝑥 + 3)(𝑥𝑥 + 5) = 𝐴𝐴
(𝑥𝑥 + 3) + 𝐵𝐵 

(𝑥𝑥 + 5) 

 
2𝑥𝑥 + 14 = 𝐴𝐴(𝑥𝑥 + 5) + 𝐵𝐵(𝑥𝑥 + 3) 

 
let 𝑥𝑥 = _______: 
 
 
 
 
 
 
 
let 𝑥𝑥 = _______:  
 
 
 

𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧 

1) Factor the denominator 𝑄𝑄(𝑥𝑥) 

2) Set up fraction for each factor of 𝑄𝑄(𝑥𝑥) 

    Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

3) Multiply equation by common denom. 

4) Use strategic substitutions for 𝑥𝑥 that:  

     - Make a factor become _______ OR 

     - Result in an easier system of eqns 

5) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions Using Strategic Sub. 

- Irreduc. quad. factors: use linear

numerators (             …)

EXAMPLE Set up the form of the partial fraction decomposition for  𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥+14
 𝑥𝑥2+8𝑥𝑥+15 . 

EXAMPLE Find 𝐴𝐴 & 𝐵𝐵 for the partial fraction decomposition above. 

 
Partial Fraction Decomposition: Distinct Linear Factors  

◆ Recall: We can add/subtract MULTIPLE fractions into ONE by using a common denominator. 

▪ We can expand ONE rational fcn into the sum of MULTIPLE simpler fractions using partial fraction decomp. 

   

 
 
 
 
 
 
 
 
 
 

 
 
  
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

◆ If a rational function is improper (degree of 𝑃𝑃ሺ𝑥𝑥ሻ _____ degree of 𝑄𝑄ሺ𝑥𝑥ሻ), then do polynomial division first.  
 

 

Partial Fractions – Distinct Linear Factors New 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥 + 14
 𝑥𝑥2 + 8𝑥𝑥 + 15 = 2𝑥𝑥 + 14

ሺ________ሻሺ_________ሻ =  
ሺ_________ሻ +  

ሺ__________ሻ 

2𝑥𝑥 + 14
ሺ𝑥𝑥 + 3ሻሺ𝑥𝑥 + 5ሻ = 𝐴𝐴

ሺ𝑥𝑥 + 3ሻ + 𝐵𝐵
ሺ𝑥𝑥 + 5ሻ 

 

 

1) Factor the denominator 𝑄𝑄ሺ𝑥𝑥ሻ 

2) Set up fraction for each factor of 𝑄𝑄ሺ𝑥𝑥ሻ 

    - Linear factors: use constant    

    numerators (𝐴𝐴, 𝐵𝐵, 𝐶𝐶, …)    

    - Irreduc. quad. factors: use linear    

Irreduc. quad. factors: use linear       

numerators (𝐴𝐴𝑥𝑥 + 𝐵𝐵, …)    

3) Multiply equation by common denom. 

4) Expand & group like terms 

5) Set coefficients equal 

6) Solve system of equations 

7) Plug 𝐴𝐴, 𝐵𝐵, 𝐶𝐶.. into fractions from 2)  

HOW TO: Decompose Into Partial 
Fractions 



TOPIC: PARTIAL FRACTIONS

PRACTICE Give the partial fraction decomposition for the following expression using strategic substitutions for    . 

PRACTICE Express the rational function as a sum or difference of simpler rational expressions.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE 
Give the partial fraction decomposition for the following expression using strategic substitutions for 
𝑥𝑥.  

4𝑥𝑥2 − 8𝑥𝑥 − 8
𝑥𝑥ሺ𝑥𝑥 − 2ሻሺ𝑥𝑥 + 2ሻ 

 

       PRACTICE 

4
𝑥𝑥3 − 3𝑥𝑥2 − 𝑥𝑥 + 3 

Express the rational function as a sum or difference of simpler rational expressions. 

 

       PRACTICE 

13𝑥𝑥 + 2
2𝑥𝑥2 − 𝑥𝑥 − 1 

Express the rational function as a sum or difference of simpler rational expressions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE 
Give the partial fraction decomposition for the following expression using strategic substitutions for 
𝑥𝑥.  

4𝑥𝑥2 − 8𝑥𝑥 − 8
𝑥𝑥ሺ𝑥𝑥 − 2ሻሺ𝑥𝑥 + 2ሻ 

 

       PRACTICE 

4
𝑥𝑥3 − 3𝑥𝑥2 − 𝑥𝑥 + 3 

Express the rational function as a sum or difference of simpler rational expressions. 

 

       PRACTICE 

13𝑥𝑥 + 2
2𝑥𝑥2 − 𝑥𝑥 − 1 

Express the rational function as a sum or difference of simpler rational expressions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE 
Give the partial fraction decomposition for the following expression using strategic substitutions for 
𝑥𝑥.  

4𝑥𝑥2 − 8𝑥𝑥 − 8
𝑥𝑥ሺ𝑥𝑥 − 2ሻሺ𝑥𝑥 + 2ሻ 

 

       PRACTICE 

4
𝑥𝑥3 − 3𝑥𝑥2 − 𝑥𝑥 + 3 

Express the rational function as a sum or difference of simpler rational expressions. 

 

       PRACTICE 

13𝑥𝑥 + 2
2𝑥𝑥2 − 𝑥𝑥 − 1 

Express the rational function as a sum or difference of simpler rational expressions. 



TOPIC: PARTIAL FRACTIONS

PRACTICE Express the rational function as a sum or difference of simpler rational expressions.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE 
Give the partial fraction decomposition for the following expression using strategic substitutions for 
𝑥𝑥.  

4𝑥𝑥2 − 8𝑥𝑥 − 8
𝑥𝑥ሺ𝑥𝑥 − 2ሻሺ𝑥𝑥 + 2ሻ 

 

       PRACTICE 

4
𝑥𝑥3 − 3𝑥𝑥2 − 𝑥𝑥 + 3 

Express the rational function as a sum or difference of simpler rational expressions. 

 

       PRACTICE 

13𝑥𝑥 + 2
2𝑥𝑥2 − 𝑥𝑥 − 1 

Express the rational function as a sum or difference of simpler rational expressions. 



TOPIC: PARTIAL FRACTIONS
Integration Using Partial Fractions

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for    .

 To integrate a proper rational function w/ a factorable denominator, first try partial fraction decomposition.▶ 

EXAMPLE Evaluate the integral of                     .EXAMPLE Evaluate the integral of 𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥−5
𝑥𝑥2−𝑥𝑥. 

Integration Using Partial Fractions 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ To integrate a proper rational function w/ a factorable denominator, first try partial fraction decomposition. 

 

 

 

 

 

 

 

 

Find a partial fraction decomposition for 𝑓𝑓ሺ𝑥𝑥ሻ. 

Evaluate ׬ 𝑓𝑓ሺ𝑥𝑥ሻ 𝑑𝑑𝑥𝑥. 

ሺ𝑨𝑨ሻ 

ሺ𝑩𝑩ሻ 

EXAMPLE Evaluate the integral of 𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥−5
𝑥𝑥2−𝑥𝑥. 

Integration Using Partial Fractions 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ To integrate a proper rational function w/ a factorable denominator, first try partial fraction decomposition. 

 

 

 

 

 

 

 

 

Find a partial fraction decomposition for 𝑓𝑓ሺ𝑥𝑥ሻ. 

Evaluate ׬ 𝑓𝑓ሺ𝑥𝑥ሻ 𝑑𝑑𝑥𝑥. 

ሺ𝑨𝑨ሻ 

ሺ𝑩𝑩ሻ 

EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 

BIZ REG 

ሺ𝑨𝑨ሻ      𝑓𝑓ሺ𝑥𝑥ሻ = 6𝑥𝑥 ሺ𝑩𝑩ሻ     𝑔𝑔ሺ𝑥𝑥ሻ = 3𝑥𝑥2+4𝑥𝑥 

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝒃𝒃𝒙𝒙ሻ = ____ ⋅ _________

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

Find a partial fraction decomposition for         .

EXAMPLE Evaluate the integral of 𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥−5
𝑥𝑥2−𝑥𝑥. 

Integration Using Partial Fractions 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ To integrate a proper rational function w/ a factorable denominator, first try partial fraction decomposition. 

 

 

 

 

 

 

 

 

Find a partial fraction decomposition for 𝑓𝑓ሺ𝑥𝑥ሻ. 

Evaluate ׬ 𝑓𝑓ሺ𝑥𝑥ሻ 𝑑𝑑𝑥𝑥. 

ሺ𝑨𝑨ሻ 

ሺ𝑩𝑩ሻ 

EXAMPLE Find the derivative of the following functions. 

  
Derivatives of General Exponential Functions  

◆ We can use limits to find a derivative rule that works for all exponential functions 𝑏𝑏𝑥𝑥. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Derivative of 𝒃𝒃𝒙𝒙 New 

BIZ REG 

ሺ𝑨𝑨ሻ      𝑓𝑓ሺ𝑥𝑥ሻ = 6𝑥𝑥 ሺ𝑩𝑩ሻ     𝑔𝑔ሺ𝑥𝑥ሻ = 3𝑥𝑥2+4𝑥𝑥 

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝒃𝒃𝒙𝒙ሻ = ____ ⋅ _________

𝑑𝑑
𝑑𝑑𝑥𝑥 ሺ𝑏𝑏𝑥𝑥ሻ = lim

ℎ→0

𝑏𝑏𝑥𝑥+ℎ − 𝑏𝑏𝑥𝑥

ℎ  

= lim
ℎ→0

                        
   

=          ⋅ lim
ℎ→0

                   
     

𝑏𝑏 ______
𝑏𝑏 ______ 

ln 𝑏𝑏 = lim
ℎ→0

𝑏𝑏ℎ − 1
ℎ    

Limit Definition of ln at h=0 

 𝑓𝑓′ሺ𝑥𝑥ሻ = lim
ℎ→0

𝑓𝑓ሺ𝑥𝑥 + ℎሻ − 𝑓𝑓ሺ𝑥𝑥ሻ
ℎ  

Recall 

Limit Definition of a Derivative 

Evaluate                 .

EXAMPLE Evaluate the integral of 𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥−5
𝑥𝑥2−𝑥𝑥. 

Integration Using Partial Fractions 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ To integrate a proper rational function w/ a factorable denominator, first try partial fraction decomposition. 
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       EXAMPLE 
Determine which method (long division, substitution, completing the square, or partial fraction 
decomposition) is necessary to solve the integral. 
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PRACTICE Evaluate the integral.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Evaluate the integral.  

∫ −6𝑥𝑥2 + 3𝑥𝑥 + 5
𝑥𝑥3 − 𝑥𝑥  𝑑𝑑𝑥𝑥 

 

       PRACTICE Evaluate the integral.  

∫ 3𝑥𝑥 + 10
𝑥𝑥2 + 9𝑥𝑥 + 20  𝑑𝑑𝑥𝑥

3

0
 

 

       PRACTICE Evaluate the integral.  

∫ 4𝑥𝑥2 + 2𝑥𝑥 + 3
𝑥𝑥2 + 𝑥𝑥  𝑑𝑑𝑥𝑥 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Evaluate the integral.  

∫ −6𝑥𝑥2 + 3𝑥𝑥 + 5
𝑥𝑥3 − 𝑥𝑥  𝑑𝑑𝑥𝑥 
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       PRACTICE Evaluate the integral.  

∫ 4𝑥𝑥2 + 2𝑥𝑥 + 3
𝑥𝑥2 + 𝑥𝑥  𝑑𝑑𝑥𝑥 

EXAMPLE 

A boiled potato is 200°F  before being placed on a plate in a room 
that is constantly 68°F. After 10 minutes, the potato’s temperature 
is 140°F.  
 
 

Newton’s Law of Cooling 

◆ The rate of change of an object’s temp 𝑇𝑇 is proportional to the diff. btwn 𝑇𝑇 & temp of the surrounding medium 𝑇𝑇𝑠𝑠. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

𝑘𝑘 

𝐶𝐶 

(𝑨𝑨) 

(𝑩𝑩) 

Solve the initial-value problem to find 𝑇𝑇(𝑡𝑡). 

What is the temperature of the potato after 30 minutes? 

1) Set up DE: plug 𝑇𝑇𝑠𝑠 into 

  

 

 

2) Separate variables & integrate both sides 

3) Find ____  by plugging in initial condition 

(temp of object when 𝑡𝑡 = 0) 

4) Find __ by plugging in other given temp 

of object 

5) Solve for 𝑇𝑇 

  

HOW TO: Solve Newton’s Law of 
Cooling Problems 

𝑑𝑑𝑇𝑇
𝑑𝑑𝑡𝑡 = 𝑘𝑘(𝑇𝑇 − 𝑇𝑇𝑠𝑠) 

New 

(Newton’s Law of Cooling) 
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TOPIC: PARTIAL FRACTIONS

PRACTICE Find the area under the curve of                         between            and           .
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Find the area under the curve of 𝑦𝑦 = 10
ሺ𝑥𝑥+2ሻሺ𝑥𝑥+3ሻ between 𝑥𝑥 = 0 and 𝑥𝑥 = 4. 

 

       EXAMPLE Use substitution to find the integral.  

∫ cos 𝑥𝑥
sin 𝑥𝑥 ሺsin 𝑥𝑥 − 1ሻ  𝑑𝑑𝑥𝑥 

Hint: let 𝑢𝑢 = 𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Find the area under the curve of 𝑦𝑦 = 10
ሺ𝑥𝑥+2ሻሺ𝑥𝑥+3ሻ between 𝑥𝑥 = 0 and 𝑥𝑥 = 4. 

 

       EXAMPLE Use substitution to find the integral.  

∫ cos 𝑥𝑥
sin 𝑥𝑥 ሺsin 𝑥𝑥 − 1ሻ  𝑑𝑑𝑥𝑥 

Hint: let 𝑢𝑢 = 𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Find the area under the curve of 𝑦𝑦 = 10
ሺ𝑥𝑥+2ሻሺ𝑥𝑥+3ሻ between 𝑥𝑥 = 0 and 𝑥𝑥 = 4. 

 

       EXAMPLE Use substitution to find the integral.  

∫ cos 𝑥𝑥
sin 𝑥𝑥 ሺsin 𝑥𝑥 − 1ሻ  𝑑𝑑𝑥𝑥 

Hint: let 𝑢𝑢 = 𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥 



TOPIC: PARTIAL FRACTIONS

EXAMPLE Use substitution to find the integral.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Find the area under the curve of 𝑦𝑦 = 10
ሺ𝑥𝑥+2ሻሺ𝑥𝑥+3ሻ between 𝑥𝑥 = 0 and 𝑥𝑥 = 4. 

 

       EXAMPLE Use substitution to find the integral.  

∫ cos 𝑥𝑥
sin 𝑥𝑥 ሺsin 𝑥𝑥 − 1ሻ  𝑑𝑑𝑥𝑥 

Hint: let 𝑢𝑢 = 𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

 

       PRACTICE Find the area under the curve of 𝑦𝑦 = 10
ሺ𝑥𝑥+2ሻሺ𝑥𝑥+3ሻ between 𝑥𝑥 = 0 and 𝑥𝑥 = 4. 

 

       EXAMPLE Use substitution to find the integral.  

∫ cos 𝑥𝑥
sin 𝑥𝑥 ሺsin 𝑥𝑥 − 1ሻ  𝑑𝑑𝑥𝑥 

Hint: let 𝑢𝑢 = 𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥 



TOPIC: PARTIAL FRACTIONS
Partial Fraction Decomposition: Repeated Linear Factors

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for    .

 When a linear factor is repeated (raised to an exponent    ), add a fraction for each power from 1 to ____.▶ 

EXAMPLE

EXAMPLE Evaluate the integral of 𝑓𝑓ሺ𝑥𝑥ሻ = 2𝑥𝑥−5
𝑥𝑥2−𝑥𝑥. 

Integration Using Partial Fractions 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ To integrate a proper rational function w/ a factorable denominator, first try partial fraction decomposition. 

 

 

 

 

 

 

 

 

Find a partial fraction decomposition for 𝑓𝑓ሺ𝑥𝑥ሻ. 

Evaluate ׬ 𝑓𝑓ሺ𝑥𝑥ሻ 𝑑𝑑𝑥𝑥. 

ሺ𝑨𝑨ሻ 

ሺ𝑩𝑩ሻ 

EXAMPLE Find the partial fraction decomposition of 2𝑥𝑥2−5𝑥𝑥+1
ሺ𝑥𝑥+1ሻሺ𝑥𝑥−1ሻ2 . 

 
Partial Fraction Decomposition: Repeated Linear Factors 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ When a linear factor is repeated (raised to an exponent 𝑛𝑛ሻ, add a fraction for each power from 1 to ______. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2𝑥𝑥2 − 5𝑥𝑥 + 1
ሺ𝑥𝑥 + 1ሻሺ𝑥𝑥 − 1ሻ2 =  

ሺ_________ሻ +  
ሺ_________ሻ +  

ሺ_________ሻ2 

(Partial Fraction Decomposition: Repeated Linear Factors) 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ__________ሻ𝑛𝑛 =  
ሺ_________ሻ +  

ሺ_________ሻ2 + ⋯ +  
ሺ_________ሻ𝑛𝑛 

New 

Find the partial fraction decomposition of                  .EXAMPLE Find the partial fraction decomposition of 2𝑥𝑥2−5𝑥𝑥+1
ሺ𝑥𝑥+1ሻሺ𝑥𝑥−1ሻ2 . 
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ሺ__________ሻ𝑛𝑛 =  
ሺ_________ሻ +  

ሺ_________ሻ2 + ⋯ +  
ሺ_________ሻ𝑛𝑛 

New 

(Partial Fraction Decomposition: Repeated Linear Factors)
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EXAMPLE Use the method of partial fractions to evaluate the integral.
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∫ 𝑥𝑥 − 1
𝑥𝑥2ሺ𝑥𝑥 + 1ሻ  𝑑𝑑𝑥𝑥

4
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       PRACTICE Express the integrand as a sum of partial fractions and evaluate the integral. 

∫ 2
𝑥𝑥3 + 𝑥𝑥2 − 𝑥𝑥 − 1  𝑑𝑑𝑥𝑥 
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EXAMPLE
Find the volume of the solid formed by revolving the region bounded by         ,          ,           , and the 
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TOPIC: PARTIAL FRACTIONS
Partial Fraction Decomposition: Irreducible Quadratic Factors

◆ If the denominator of a rational fcn has irreducible quadratic factors, numerators of decomposition will be linear.

 Like repeated linear factors, for repeated irreducible quad factors, add fractions for each power from 1 to    .▶ 

EXAMPLE EXAMPLE Find the partial fraction decomposition of 2𝑥𝑥2−5𝑥𝑥+1
ሺ𝑥𝑥+1ሻሺ𝑥𝑥−1ሻ2 . 

 
Partial Fraction Decomposition: Repeated Linear Factors 

◆ Recall: To decompose into partial fractions, either use a system of equations or strategic substitutions for 𝑥𝑥. 

▪ When a linear factor is repeated (raised to an exponent 𝑛𝑛ሻ, add a fraction for each power from 1 to ______. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2𝑥𝑥2 − 5𝑥𝑥 + 1
ሺ𝑥𝑥 + 1ሻሺ𝑥𝑥 − 1ሻ2 =  

ሺ_________ሻ +  
ሺ_________ሻ +  

ሺ_________ሻ2 

(Partial Fraction Decomposition: Repeated Linear Factors) 

𝑓𝑓ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ
 𝑄𝑄ሺ𝑥𝑥ሻ = 𝑃𝑃ሺ𝑥𝑥ሻ

ሺ__________ሻ𝑛𝑛 =  
ሺ_________ሻ +  

ሺ_________ሻ2 + ⋯ +  
ሺ_________ሻ𝑛𝑛 

New 

(Partial Fraction Decomposition: Irreducible Quadratic Factors)

New

EXAMPLE Find the partial fraction decomposition of 4𝑥𝑥2−3𝑥𝑥+5
(𝑥𝑥−2)(𝑥𝑥2+1) . 

 
Partial Fraction Decomposition: Irreducible Quadratic Factors 

◆ If the denominator of a rational fcn has irreducible quadratic factors, numerators of decomposition will be linear. 

▪ Like repeated linear factors, for repeated irreducible quad factors, add fractions for each power from 1 to 𝑛𝑛. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4𝑥𝑥2 − 3𝑥𝑥 + 5
(𝑥𝑥 − 2)(𝑥𝑥2 + 1) =  

(______________) +  
(_______________) 

(Partial Fraction Decomposition: Irreducible Quadratic Factors) 

𝑓𝑓(𝑥𝑥) = 𝑃𝑃(𝑥𝑥)
 𝑄𝑄(𝑥𝑥) = 𝑃𝑃(𝑥𝑥)

(𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝑐𝑐)𝑛𝑛 =  
(______________) +  

(_______________) + ⋯ +  
(______________) 

New 

EXAMPLE Find the partial fraction decomposition of 4𝑥𝑥2−3𝑥𝑥+5
(𝑥𝑥−2)(𝑥𝑥2+1) . 

 
Partial Fraction Decomposition: Irreducible Quadratic Factors 

◆ If the denominator of a rational fcn has irreducible quadratic factors, numerators of decomposition will be linear. 

▪ Like repeated linear factors, for repeated irreducible quad factors, add fractions for each power from 1 to 𝑛𝑛. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4𝑥𝑥2 − 3𝑥𝑥 + 5
(𝑥𝑥 − 2)(𝑥𝑥2 + 1) =  

(______________) +  
(_______________) 

(Partial Fraction Decomposition: Irreducible Quadratic Factors) 

𝑓𝑓(𝑥𝑥) = 𝑃𝑃(𝑥𝑥)
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(𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝑐𝑐)𝑛𝑛 =  
(______________) +  

(_______________) + ⋯ +  
(______________) 

New 

Find the partial fraction decomposition of                  .EXAMPLE Find the partial fraction decomposition of 4𝑥𝑥2−3𝑥𝑥+5
(𝑥𝑥−2)(𝑥𝑥2+1) . 

 
Partial Fraction Decomposition: Irreducible Quadratic Factors 

◆ If the denominator of a rational fcn has irreducible quadratic factors, numerators of decomposition will be linear. 

▪ Like repeated linear factors, for repeated irreducible quad factors, add fractions for each power from 1 to 𝑛𝑛. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4𝑥𝑥2 − 3𝑥𝑥 + 5
(𝑥𝑥 − 2)(𝑥𝑥2 + 1) =  

(______________) +  
(_______________) 

(Partial Fraction Decomposition: Irreducible Quadratic Factors) 

𝑓𝑓(𝑥𝑥) = 𝑃𝑃(𝑥𝑥)
 𝑄𝑄(𝑥𝑥) = 𝑃𝑃(𝑥𝑥)

(𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑥𝑥 + 𝑐𝑐)𝑛𝑛 =  
(______________) +  

(_______________) + ⋯ +  
(______________) 

New 



TOPIC: PARTIAL FRACTIONS

EXAMPLE Evaluate the integral.EXAMPLE Evaluate the integral. 

EXAMPLE Use the method of partial fractions to evaluate the integral. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

∫ 𝑥𝑥 − 5
ሺ𝑥𝑥 + 1ሻሺ𝑥𝑥2 + 3𝑥𝑥 − 1ሻ  𝑑𝑑𝑥𝑥

2

1
 

∫ 5𝑥𝑥2 + 6
ሺ𝑥𝑥2 + 1ሻ2 𝑑𝑑𝑥𝑥  

 

       PRACTICE Use the method of partial fractions to evaluate the integral. 

∫ 5𝑥𝑥3 − 𝑥𝑥2 + 7𝑥𝑥 − 2
ሺ𝑥𝑥2 + 1ሻሺ𝑥𝑥2 + 2ሻ 𝑑𝑑𝑥𝑥. 
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TOPIC: PARTIAL FRACTIONS

PRACTICE Evaluate the integral.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

       PRACTICE Evaluate the integral. 

∫𝑡𝑡4 + 𝑡𝑡2 − 2
𝑡𝑡3 + 𝑡𝑡 𝑑𝑑𝑡𝑡 


