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1. PROBLEM STATEMENT 
Solve Inductance and capacitance system using analytical and numerical method. For 

analytical use Eigen values and Eigen vector system and numerical solve by Euler’s method 

using matlab coding. 

                           

In the above LC network. 

No of component - 

Inductor =2 

Capacitor =2 

Voltage source=1 

 

2. Analytical solution 

The network consists of inductor and capacitor with voltage source. There are two loops in the 

given network.  

Applying KVL in both the loops –  

Current i1 and i2 are following the network respectively. 

Applying KVL in the 1st loop- 

−𝐿1

𝑑𝐼1

𝑑𝑡
−

1

𝐶1
∫ 𝐼1𝑑𝑡

𝑡

−∞

= 0 

 

Applying KVL in the 2nd loop- 

−𝐿2

𝑑𝐼2

𝑑𝑡
−

1

𝐶2
∫ 𝐼2𝑑𝑡

𝑡

−∞

−
1

𝐶1
∫(𝐼2 − 𝐼1)𝑑𝑡

𝑡

−∞

= 0 
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𝐼𝑗 = 𝐴𝑗 sin 𝜔𝑡    … … … … … (𝐼) 

𝑉𝐶 =
1

𝐶
∫ 𝐼 𝑑𝑡

𝑡

−∞

 

𝑑𝐼𝑗

𝑑𝑡
= 𝐴𝑗𝜔 cos 𝜔𝑡 

𝑑2𝐼𝑗

𝑑𝑡2
= −𝐴𝑗𝜔2 sin 𝜔𝑡 = −𝐼𝑗𝜔2 

 

 

Differentiate equations 

−𝐿1

𝑑2𝐼1

𝑑𝑡2
−

𝐼1

𝐶1
= 0 

 

−𝐿2

𝑑2𝐼2

𝑑𝑡2
−

𝐼2

𝐶2
−

(𝐼2 − 𝐼1)

𝐶1
= 0 

 

Rearranging the equations 

𝐿1

𝑑2𝐼1

𝑑𝑡2
+

𝐼1

𝐶1
= 0 

     

𝐿2

𝑑2𝐼2

𝑑𝑡2
+

𝐼2

𝐶2
+

(𝐼2 − 𝐼1)

𝐶1
= 0 

     

 

 

(
1

𝑐1
− 𝑤2𝐿1) 𝐴1 = 0   -----1 

 

 

−
𝐴1

𝑐1
+ (

1

𝑐1
+

1

𝑐2
− 𝑤2𝐿2) 𝐴2 = 0  -------2 

 

Solving equation 1 and 2 by Eigen value and Eigen vector 

A =   
1 0

−1 2
 

 

 

 

[1 − 𝜆 0
−1 2 − 𝜆

]
𝐴1
𝐴2

= 0 
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Finding Eigen value and Eigen vector by MATLAB:- 

 

 
𝜆 = 𝐿𝐶𝑊2 

 
𝜆

𝐿𝐶
= 𝑊2

 

 

√ 𝜆
𝐿𝐶

2
= 𝑊 
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3. SOLVE USING EULER’S METHOD 

In order to solve above problem using Euler’s method, the equations are rearranged as follows: 

Lets consider equation, 

 𝐿1
𝑑2𝐼1

𝑑𝑡2 +
𝐼1

𝐶1
= 0 

 

Let, 
𝑑𝐼1

𝑑𝑡
=  𝐼1

∗   ---------------------- 3 

𝑑𝐼1
∗

𝑑𝑡
=  

𝑑2𝐼1

𝑑𝑡2 = −
𝐼1

𝐿1𝐶1
  ----------------------4 

 

Lets consider another equation, 

𝐿2

𝑑2𝐼2

𝑑𝑡2
+

𝐼2

𝐶2
+

(𝐼2 − 𝐼1)

𝐶1
= 0 

 

Let, 
𝑑𝐼2

𝑑𝑡
=  𝐼2

∗   ---------------------5 

𝑑𝐼2
∗

𝑑𝑡
=  

𝑑2𝐼2

𝑑𝑡2 = −
1

𝐿2
[

𝐼2

𝐶2
+

(𝐼2−𝐼1)

𝐶1
] -------------6 

 

Let 𝐿1, 𝐿2, 𝐶1,𝐶2 = 1 

 

Substituting values in equations 3, 4, 5 & 6 
𝑑𝐼1

𝑑𝑡
=  𝐼1

∗   ---------------------7 

𝑑𝐼1
∗

𝑑𝑡
= −𝐼1   ---------------------8 

𝑑𝐼2

𝑑𝑡
=  𝐼2

∗   ---------------------9 

𝑑𝐼2
∗

𝑑𝑡
= −2𝐼2 − 𝐼1  ---------------------10 

 

Equations 7 & 8 and 9 & 10 can be solved using Euler’s method. 

 

Consider initial conditions 𝐼1 = 1, 𝐼2 = 2, 𝐼1
∗ = 2, 𝐼2

∗ = 1, Step = 0.1 

50 iterations are performed using Matlab programs. 
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4. MATLAB CODE AND SOLUTIONS 

4.1 Matlab code to solve equations 7 & 8 
%Program to solve Differential equation using Euler's method  
%The euation is: dI1/dt = I1* 
%Mapping with the equations from network to the program: 
%I = I1* 
%Consider initial value of I as 2 and performing 50 iterations to solve the 
%equation. 

  
clear all; 
I0= 2; %Initial value of I 

  
iterations = 50; 
dt = 0.1; %Delta t as Step Size 

  
I = zeros(iterations,1); % this initializes the vector I to being all zeros 
t = zeros(iterations,1); 

  
I(1) = I0; % the initial condition 
t(1) = 0.0; 

  
for step=1:iterations-1 % Performing iterations 
I(step+1) = I(step) + dt*(I(step)); 
t(step+1) = t(step) + dt; 
end 

  
I %print values of I 

  
plot(t,I,'b'); %Plotting the result 
title('Solution of First Differential Equation') 
xlabel('Time') 
ylabel('Current') 
hold on; %keep the previously plotted lines 

  
%Program to solve Differential equation using Euler's method  
%The euation is: dI1/dt = -I1 
%Mapping with the equations from network to the program: 
%I = I1 
%Consider initial value of I as 2 and performing 50 iterations to solve the 
%equation. 

  
Iini= 1; %Initial value of I 

  
I1 = zeros(iterations,1); % this initializes the vector I to being all zeros 
t = zeros(iterations,1); 

  
I1(1) = Iini; % the initial condition 
t(1) = 0.0; 

  
for step=1:iterations-1 % Performing iterations 
I1(step+1) = I1(step) - dt*(I1(step)); 
t(step+1) = t(step) + dt; 
end 
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I1 %print values of I 

  
plot(t,I1,'r'); %Plotting the result 
title('Solution of First Differential Equation') 
xlabel('Time') 
ylabel('Current') 
hold on; %keep the previously plotted lines 

 

Output of the Program 

Values of   𝐈𝟏
∗
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Graph of  𝐈𝟏
∗
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Values of I1 
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Graph for I1 
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Combined Graph of  𝐈𝟏
∗
 and I1 
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4.2 Matlab code to solve equations 9 & 10 
%Program to solve Differential equation using Euler's method  
%The euation is: dI2/dt = I2* 
%Mapping with the equations from network to the program: 
%dI2*/dt = -2I2-I1 
%Consider initial value of I as 2 and performing 50 iterations to solve the 
%equation. 

  
clear all; 
clc; 

  
%Find vector I representing I1 

  
I0= 1; %Initial value of I 

  
iterations = 50; 
dt = 0.1; %Delta t as Step Size 

  
I = zeros(iterations,1); % this initializes the vector I to being all zeros 
t = zeros(iterations,1); 

  
I(1) = I0; % the initial condition 
t(1) = 0.0; 

  
for step=1:iterations-1 % Performing iterations 
I(step+1) = I(step) + dt*(I(step)); 
t(step+1) = t(step) + dt; 
end 
I %print values of I 
% Find current vector I1 representing I2 using vector I 
% dI/dt = -2I1-I 

  
Iini= 1; %Initial value of I1 

  
%Program to solve Differential equation using Euler's method  
%The euation is: dI2/dt = -2I2-I1 
%Mapping with the equations from network to the program: 
%dI2*/dt = -2I2-I1 
%Consider initial value of I1 as 1 and performing 50 iterations to solve the 
%equation. 

  

  
I1 = zeros(iterations,1); % this initializes the vector I to being all zeros 
t = zeros(iterations,1); 

  
I1(1) = Iini; % the initial condition 
t(1) = 0.0; 

  
for step=1:iterations-1 % Performing iterations 
I1(step+1) = I1(step) + dt*((-2*I1(step))-I(step)); 
t(step+1) = t(step) + dt; 
end 

  
I1 %print values of I1 

  
plot(t,I1,'b',t,I,'r'); %Plotting the result 
title('Solution of Second current loop Differential Equations') 
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xlabel('Time') 
ylabel('Current') 

OUTPUT OF THE PROGRAM 

Values of I=𝐈𝟐
∗  and I1 
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Graph 
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5. CONCLUSION: 

 

In the project, we have solved LC network using analytical and 

numerical method. 

In the analytical method we have used Eigen value and Eigen vector 

method to calculate current in the given network.  

For numerical method we have used Euler’s method in the MATLAB 

to calculate the current in the given network. In the MATLAB program 

we also calculated graph between current and time. 
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