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◆ A first-order DE is separable when      can be written as the ____________ of a function of     times a function of    .
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       EXAMPLE Separate the variables of the following differential equations.  
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(𝑨𝑨) (𝑩𝑩) (𝑪𝑪) 
2𝑥𝑥𝑦𝑦′ − 𝑦𝑦 ln 𝑥𝑥3 = 0 √𝑥𝑥 −√𝑦𝑦

𝑑𝑑𝑦𝑦
𝑑𝑑𝑥𝑥 = 0 
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𝑑𝑑𝑥𝑥 = (𝑥𝑥2 − 3)(6𝑦𝑦3) 
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TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

EXAMPLE Separate the variables of the following differential equations, if possible.

  

EXAMPLE Find the derivative of each function. 

The Power Rule 

◆ To find the derivative of ANY power fcn 𝑓𝑓(𝑥𝑥) = 𝑥𝑥𝑛𝑛, multiply by original exponent, then decrease exponent by ___. 
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𝑑𝑑𝑥𝑥 = 0 
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TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

Separate the variables of the following differential equation.PRACTICE

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
  

  

 

       PRACTICE Separate the variables of the following differential equation. 

𝑦𝑦 sin2 𝜃𝜃 𝑑𝑑𝑦𝑦𝑑𝑑𝜃𝜃 = 1 



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS
Solving Separable Differential Equations

EXAMPLE

◆ We can solve separable DEs by first ____________ and then ____________ both sides.

Find the particular solution of                         that  
satisfies the initial condition                   .

HOW TO: Solve Separable DEs

 
 

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 
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Separate the variables

Integrate both sides

*If solving for general sol'n, skip to 4)

Find ______ by plugging in initial 

condition

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) 

Solve for     (not possible if implicit)

EXAMPLE A tank is in the shape of an inverted cone and is 10 𝑚𝑚 tall and has a radius of 4 𝑚𝑚. If the tank is full of 
gasoline, how much work is required to empty the tank? (Gasoline has weight-density of 6,670 𝑁𝑁/𝑚𝑚3). 
 

TOPIC: WORK 
Pumping Liquids 
 
 
  

  

BIZ REG 

1) Sketch picture of tank/liquid 

2) Find density of the liquid: 

    if in 𝑙𝑙𝑙𝑙/𝑓𝑓𝑡𝑡3, plug in directly  

    if in 𝑘𝑘𝑘𝑘/𝑚𝑚3, multiply by 9.8 first 
3) Find area of cross-section (fcn w.r.t. 𝑦𝑦) 

4) Find distance fcn:  𝐿𝐿 − 𝑦𝑦 

5) Determine bounds: 

    lower = bottom of tank (usually 0)  

    upper = top layer of liquid  

6) Integrate w.r.t. 𝑦𝑦 

HOW TO: Solve Pumping Problems 
 

𝑊𝑊 = න ሺ𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 ∗ 𝒂𝒂𝒂𝒂𝒅𝒅𝒂𝒂 ∗ 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒂𝒂𝒅𝒅𝒅𝒅𝒅𝒅) 𝑑𝑑𝑦𝑦
𝑏𝑏

𝑎𝑎
 

Recall 

(radius) 

(tank top) 

(Tank bottom) 

EXAMPLE 
Find the particular solution of 𝑦𝑦′ = 𝑦𝑦ሺ𝑥𝑥 + 2ሻ that  
satisfies the initial condition 𝑦𝑦ሺ−2ሻ = 1. 

  
Solving Separable Differential Equations   

◆ We can solve separable DEs by first ___________ and then ___________ both sides. 
 

 

 

 

 

 

 

 

 

 
 

 

BIZ REG 

1) Separate the variables 

2) Integrate both sides 

*If solving for general sol’n, skip to 44)) 

3) Find _____ by plugging in initial 

condition 

4) Solve for 𝑦𝑦 (not possible if implicit) 
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BIZ REG 

1) Separate the variables 

2) Integrate both sides 

*If solving for general sol’n, skip to 44)) 

3) Find _____ by plugging in initial 

condition 

4) Solve for 𝑦𝑦 (not possible if implicit) 

   

HOW TO: Solve Separable DEs 

𝑦𝑦′ = 𝑦𝑦ሺ𝑥𝑥 + 2ሻ 



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

EXAMPLE Find the general solution to the differential equation                                  .

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
  

  

 

       EXAMPLE Find the general solution to the differential equation (2 + 𝑥𝑥2)𝑦𝑦′ − 𝑥𝑥𝑦𝑦 = 0. 

 

       EXAMPLE Find the particular solution that satisfies the given initial condition 𝑦𝑦′ = 𝑒𝑒𝑥𝑥−𝑦𝑦 ; 𝑦𝑦(0) = 2. 

EXAMPLE Find the particular solution that satisfies the given initial condition                                  .
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       EXAMPLE Find the general solution to the differential equation (2 + 𝑥𝑥2)𝑦𝑦′ − 𝑥𝑥𝑦𝑦 = 0. 
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TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

PRACTICE

PRACTICE

Find the particular solution that satisfies the given initial condition                                            ;

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
  

  

 

       PRACTICE 
Find the particular solution that satisfies the given initial condition  
(𝑦𝑦2 + 𝑦𝑦)𝑒𝑒𝑥𝑥𝑦𝑦′ = 𝑦𝑦3 + 𝑒𝑒𝑥𝑥𝑦𝑦3 ;  𝑦𝑦(0) = 1.  

 

       PRACTICE Find the general solution to the differential equation  𝑑𝑑𝑑𝑑
𝑑𝑑𝑥𝑥 = 𝑦𝑦√𝑥𝑥. 

               .

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
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       PRACTICE 
Find the particular solution that satisfies the given initial condition  
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       PRACTICE Find the general solution to the differential equation  𝑑𝑑𝑑𝑑
𝑑𝑑𝑥𝑥 = 𝑦𝑦√𝑥𝑥. 



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

Find the particular solution that satisfies the given initial condition                                              .PRACTICE

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
  

  

 

       PRACTICE Find the particular solution that satisfies the given initial condition 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = sin 𝑥𝑥 ∙ sec 𝑦𝑦 , 𝑦𝑦 ቀ𝜋𝜋2ቁ =
𝜋𝜋
4. 

  



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS
Exponential Growth and Decay

New Exponential Growth & Decay Model

◆ Exponential change occurs when the ____________ of     w/ respect to time    is proportional to the ______ of    .

◆ Exponential growth occurs if    is _________ and exponential decay if    is _________.
EXAMPLE 

Suppose a population of mice increases according to the law of exponential growth. The initial population of 
mice is 100 mice and after 6 days passed, the population had grown to 300. Approximately how many mice 
would there have been after only 3 days? 

Exponential Growth and Decay 

◆ Exponential change occurs when the _____________ of 𝑦𝑦 w/ respect to time 𝑡𝑡 is proportional to the ______ of 𝑦𝑦.  

 

 
 
 
 

 

 

 

 

 

 

 
 

◆ Exponential growth occurs if 𝑘𝑘 is _______ and exponential decay if 𝑘𝑘 is _________. 
 
 

 

 

 

 

 

 

 

 

 

Exponential Growth & Decay Model New 

Solve for 𝒚𝒚 to get  
general solution:    

Integrate both sides: 

Separate variables: 

𝑦𝑦 = ____________

𝑑𝑑𝑦𝑦
𝑑𝑑𝑡𝑡 = 𝑘𝑘𝑦𝑦  

_______ value (𝑡𝑡 =__) _______ constant 
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Separate variables:

Integrate both sides:

Solve for     to get 
general solution:

EXAMPLE 

Suppose a population of mice increases according to the law of exponential growth. The initial population of 
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Exponential Growth & Decay Model New 

Solve for 𝒚𝒚 to get  
general solution:    
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______ value (          )

EXAMPLE 

Suppose a population of mice increases according to the law of exponential growth. The initial population of 
mice is 100 mice and after 6 days passed, the population had grown to 300. Approximately how many mice 
would there have been after only 3 days? 
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Exponential Growth & Decay Model New 

Solve for 𝒚𝒚 to get  
general solution:    

Integrate both sides: 

Separate variables: 

𝑦𝑦 = ____________
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_______ value (𝑡𝑡 =__) _______ constant 
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Suppose a population of mice increases according to the law of exponential growth. The initial population of 
mice is 100 mice and after 6 days passed, the population had grown to 300. Approximately how many mice 
would there have been after only 3 days? 

Exponential Growth and Decay 
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◆ Exponential growth occurs if 𝑘𝑘 is _______ and exponential decay if 𝑘𝑘 is _________. 
 
 

 

 

 

 

 

 

 

 

 

Exponential Growth & Decay Model New 

Solve for 𝒚𝒚 to get  
general solution:    

Integrate both sides: 

Separate variables: 

𝑦𝑦 = ____________

𝑑𝑑𝑦𝑦
𝑑𝑑𝑡𝑡 = 𝑘𝑘𝑦𝑦  

_______ value (𝑡𝑡 =__) _______ constant 

Suppose a population of mice increases according to the law of exponential growth. The initial population of mice is 100 

mice and after 6 days passed, the population had grown to 300. Approximately how many mice would there have been 

after only 3 days?

EXAMPLE



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

A population of fruit flies increases exponentially in an experiment. There were 300 flies on the fourth day of the 

experiment, and 750 flies on the eighth day of the experiment. Approximately how many flies were there at the start of 

the experiment? 

EXAMPLE



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

PRACTICE

The scent of a certain air freshener evaporates at a rate proportional to the amount of the air freshener present. Half of 

the air freshener evaporates within 2 hours of being sprayed. If the scent of the air freshener is undetectable once 80% 

has evaporated, how long will the scent of the air freshener last?



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

PRACTICE

$2,000 is invested in an account that earns interest at a rate of 8.5% and is compounded continuously. Find the 

particular solution that describes the growth of this account in dollars     after    years. Hint: When interest is compounded 

continuously, it grows exponentially with a growth constant equivalent to the interest rate.

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
  

  

 

       PRACTICE 

$2,000 is invested in an account that earns interest at a rate of 8.5% and is compounded continuously. Find 
the particular solution that describes the growth of this account in dollars 𝐴𝐴 after 𝑡𝑡 years.  Hint: When interest is 
compounded continuously, it grows exponentially with a growth constant equivalent to the interest rate. 
   

TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS   
  

  

 

       PRACTICE 

$2,000 is invested in an account that earns interest at a rate of 8.5% and is compounded continuously. Find 
the particular solution that describes the growth of this account in dollars 𝐴𝐴 after 𝑡𝑡 years.  Hint: When interest is 
compounded continuously, it grows exponentially with a growth constant equivalent to the interest rate. 
   



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS
Newton's Law of Cooling

◆ The rate of change of an object's temp    is proportional to the diff. between    & temp of the surrounding medium    .

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.

EXAMPLEEXAMPLE 

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) 

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.  
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HOW TO: Solve Newton's Law 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 
 

 
 

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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_____ 

     
      

     
      

Cooling Problems

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 Set up DE: plug     into

Separate variables & integrate both sides

Find ___ by plugging in initial condition

Find ___ by plugging in other given temp 

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) Solve for 

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 
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What is the temperature of the potato after 30 minutes?



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

A glass vase has just been formed and is removed from a furnace where it was heated to a temperature of 1250°F. It 

is placed in a room where the air is a constant temperature of 74°F. After 10 minutes, the temperature has dropped to 

900°F. Assuming the glass cools according to the Newton’s Law of Cooling, how long will it take for the vase to cool to 

200°F?

EXAMPLE



TOPIC: SEPARABLE DIFFERENTIAL EQUATIONS

PRACTICE

A pie is removed from an oven and its temperature is 175°C and placed into a refrigerator whose temperature is 

constantly 3°C. After 1 hour in the refrigerator, the pie is 90°C. What is the temperature of the pie 4 hours after being 

placed in the refrigerator?


