
ME 1020 Engineering Programming with MATLAB  

Chapter 9b Homework Solutions: 9.22, 9.23, 9.24, 9.25, 9.28 

Problem 9.22: 

 

Use the ode45 Solver for this problem.  
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Problem 9.22: Scott Thomas 



 

  



Problem 9.23: 

 

Use Euler’s Method to solve this problem.  

 

Problem setup: 

Solve the differential equation for �̇�: 

�̇� =
𝑑𝑦

𝑑𝑡
= [−

1

𝑅𝐶
𝑦 +

1

𝑅𝐶
𝑣(𝑡)] = 𝑔(𝑡, 𝑦) 

Approximate the derivative as follows: 

𝑑𝑦

𝑑𝑡
≈

(𝑦(𝑡 + ∆𝑡) − 𝑦(𝑡))

∆𝑡
=  𝑔(𝑡, 𝑦) 

where ∆𝑡 is called the time step size. Solve for 𝑦(𝑡 + ∆𝑡): 

𝑦(𝑡 + ∆𝑡) =  𝑦(𝑡) + 𝑔(𝑡, 𝑦)∆𝑡 

Put this equation into a form appropriate for computer solution. This is called the Difference Equation: 

𝑦(𝑡𝑘+1) =  𝑦(𝑡𝑘) + 𝑔[𝑡𝑘 , 𝑦(𝑡𝑘)]∆𝑡;    where   𝑡𝑘+1 = 𝑡𝑘 + ∆𝑡 

The expression for the forcing function is 𝑣(𝑡) = 10. This results in the following expression for 𝑔: 

𝑔(𝑡, 𝑦) = −
1

𝑅𝐶
𝑦 +

1

𝑅𝐶
𝑣(𝑡) = −

1

𝑅𝐶
𝑦 +

10

𝑅𝐶
=

1

𝑅𝐶
(10 − 𝑦) 

Substitute this expression into the difference equation: 

𝑦(𝑡𝑘+1) =  𝑦(𝑡𝑘) + [
1

𝑅𝐶
(10 − 𝑦(𝑡𝑘))] ∆𝑡 

In the problem statement, the initial condition is 𝑦(0) = 2. The resistance-capacitance product is 𝑅𝐶 = 0.2. 

Let ∆𝑡 = 0.01. 

For 𝑘 = 0: 



𝑦(𝑡1) =  𝑦(𝑡0) + [
1

𝑅𝐶
(10 − 𝑦(𝑡0))] ∆𝑡 = 2.0 + [

1

0.2
(10 − 2.0)] (0.01) = 2.4 

For 𝑘 = 1: 

𝑦(𝑡2) =  𝑦(𝑡1) + [
1

𝑅𝐶
(10 − 𝑦(𝑡1))] ∆𝑡 = 2.4 + [

1

0.2
(10 − 2.4)] (0.01) = 2.78 

For 𝑘 = 2: 

𝑦(𝑡3) =  𝑦(𝑡2) + [
1

𝑅𝐶
(10 − 𝑦(𝑡2))] ∆𝑡 = 2.78 + [

1

0.2
(10 − 2.78)] (0.01) = 3.141 

 

 

This shows that the code is working correctly. The next process is to do a time-step independence study, 

where the time step ∆𝑡 is varied until the solution becomes independent of ∆𝑡. 



 

 



 

  



Problem 9.24: 

 

Use Euler’s Method to solve this problem.  

 

Problem setup: 

Solve the differential equation for 𝑑𝑇/𝑑𝑡: 

𝑑𝑇

𝑑𝑡
= −

1

10
𝑇 +

1

10
𝑇𝑏 =

1

10
(𝑇𝑏 − 𝑇) = 𝑔(𝑡, 𝑇) 

Approximate the derivative as follows: 

𝑑𝑇

𝑑𝑡
≈

(𝑇(𝑡 + ∆𝑡) − 𝑇(𝑡))

∆𝑡
=  𝑔(𝑡, 𝑇) 

where ∆𝑡 is called the time step size. Solve for 𝑇(𝑡 + ∆𝑡): 

𝑇(𝑡 + ∆𝑡) =  𝑇(𝑡) + 𝑔(𝑡, 𝑇)∆𝑡 

Put this equation into a form appropriate for computer solution. This is called the Difference Equation: 

𝑇(𝑡𝑘+1) =  𝑇(𝑡𝑘) + 𝑔[𝑡𝑘, 𝑇(𝑡𝑘)]∆𝑡;    where   𝑡𝑘+1 = 𝑡𝑘 + ∆𝑡 

Substitute the expression for 𝑔(𝑡, 𝑇) into the difference equation: 

𝑇(𝑡𝑘+1) =  𝑇(𝑡𝑘) +
1

10
(𝑇𝑏 − 𝑇(𝑡𝑘))∆𝑡 

In the problem statement, the initial condition is 𝑇(0) = 70. Let ∆𝑡 = 0.1. 

For 𝑘 = 0: 

𝑇(𝑡1) =  𝑇(𝑡0) + [
1

10
(𝑇𝑏 − 𝑇(𝑡0))] ∆𝑡 = 70.0 + [

1

10
(170 − 70.0)] (0.1) = 71.0 



For 𝑘 = 1: 

𝑇(𝑡2) =  𝑇(𝑡1) + [
1

10
(𝑇𝑏 − 𝑇(𝑡1))] ∆𝑡 = 71.0 + [

1

10
(170 − 71.0)] (0.1) = 71.99 

For 𝑘 = 2: 

𝑇(𝑡3) =  𝑇(𝑡2) + [
1

10
(𝑇𝑏 − 𝑇(𝑡2))] ∆𝑡 = 71.99 + [

1

10
(170 − 71.99)] (0.1) = 72.9701 

 

 

 

 



 



 

  



Problem 9.25: 

 

Use the ode15s Solver for this problem.  

 

Problem 9.25: Scott Thomas 

Sled Velocity at t = 10 seconds: v = 148.997458 



 

 

  



Problem 9.28: 

 

Use the Euler Method to solve this problem.  

 

Problem setup: 

Solve the differential equation for 𝑑ℎ/𝑑𝑡: 

𝑑ℎ

𝑑𝑡
= −

𝐶𝑑𝐴√2𝑔ℎ

𝜋(2𝑟ℎ − ℎ2)
 

Approximate the derivative as follows: 

𝑑ℎ

𝑑𝑡
≈

(ℎ(𝑡 + ∆𝑡) − ℎ(𝑡))

∆𝑡
= −

𝐶𝑑𝐴√2𝑔ℎ

𝜋(2𝑟ℎ − ℎ2)
 

where ∆𝑡 is the time step size. Solve for ℎ(𝑡 + ∆𝑡): 

ℎ(𝑡 + ∆𝑡) = ℎ(𝑡) −
𝐶𝑑𝐴√2𝑔ℎ

𝜋(2𝑟ℎ − ℎ2)
∆𝑡 

Put this equation into a form appropriate for computer solution. This is called the Difference Equation: 

ℎ(𝑡𝑘+1) = ℎ(𝑡𝑘) −
𝐶𝑑𝐴√2𝑔ℎ

𝜋(2𝑟ℎ − ℎ2)
∆𝑡;    where   𝑡𝑘+1 = 𝑡𝑘 + ∆𝑡 

In the problem statement, the initial condition is ℎ(0) = 5.0 m, 𝑟Tank = 3.0 m,   𝑟Drain = 2.0 cm = 0.02 m. 
Let ∆𝑡 = 100.0.  
 
For 𝑘 = 1: 

ℎ(1) = 5.0 

𝑡(1) = 0.0 



𝐴 = 𝜋𝑟Drain
2 = 𝜋(0.02)2 = 1.2566 × 10−3 m2 

ℎ(2) = ℎ(1) −
𝐶𝑑𝐴√2𝑔ℎ(1)

𝜋[2𝑟ℎ(1) − ℎ(1)2]
∆𝑡 

ℎ(2) = (5.0) −
(0.5)(1.2566 × 10−3)√2(9.81)(5.0)

𝜋[2(3.0)(5.0) − (5.0)2]
(100.0) = 4.9604 

𝑡2 =  𝑡1 + ∆𝑡 = 0.0 + 100.0 = 100.0 

 

For 𝑘 = 2: 

ℎ(3) = ℎ(2) −
𝐶𝑑𝐴√2𝑔ℎ(2)

𝜋[2𝑟ℎ(2) − ℎ(2)2]
∆𝑡 

ℎ(3) = (4.9604) −
(0.5)(1.2566 × 10−3)√2(9.81)(4.9604)

𝜋[2(3.0)(4.9604) − (4.9604)2]
(100.0) = 4.9221 

𝑡2 =  𝑡1 + ∆𝑡 = 100.0 + 100.0 = 200.0 

 

 



 

 



 

 

 


