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Instructions: This question paper has four question, spread over two pages. Answer all four 
questions. A two-page formula sheet is attached at the end of the paper.  

You may write your answers in blue or black ink. Do not write in pencil or any colour of ink other than 
the two colours advised, otherwise such work would not be marked. 

Plots not made using the appropriate graph sheets will not be marked. 

No programmable calculators allowed during this examination.  

 

QUESTION ONE  [26 Marks] 

An RLC circuit with three current loops is shown in Figure 1. The parameters  𝑅ଵ, 𝑅ଶ, 𝑅ଷ and 𝑅ସ are 
resistors. 𝐿ଵ is an inductor, and 𝐶ଵ, 𝐶ଶ are capacitors.    The current in Loop 1 is 𝑖ଵ(𝑡) . The currents  
𝑖ଶ(𝑡) and 𝑖ଷ(𝑡) flow in Loop 2 and Loop 3 respectively. 

 

 Figure 1: An RLC circuit containing two capacitors and one inductor 

 

1.1 Derive the dynamic equations for the RLC circuit.      [7] 
 

1.2  Using the state assignment 𝑥் = [𝑖ଵ 𝑉௖ଵ  𝑉஼ଶ] ,𝑦 = 𝑖ଷ  and the input  𝑢 = 𝑉௜௡, express the model 
of the RLC circuit in the state-space form.       [19] 
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QUESTION Two  [37 Marks] 

You are required to convert the third-order control system having the transfer function 

 𝐺ଵ(𝑠) =
௦మା଼௦ାହ

௦యାଵ଻௦మାଽଶ௦ାଵ଺଴
  into equivalent state-space representations: 

2.1 Derive the observability canonical state-space representation of  𝐺ଵ(𝑠).   [12] 

2.2 Derive the Cascade state-space representation of the system.    [13] 

2.3 Derive the parallel state-space representation of the system.    [12] 

 

QUESTION THREE  [22 Marks] 

3.1 Derive the impulse response of the system  𝐺ଶ(𝑠) =
௦మାଶ௦ା଼

௦యାଽ.ହ௦మାଶଷ.ହ௦ାଵହ
 .     [10] 

3.2 Derive the step response of the system  𝐺ଷ(𝑠) =
ଵ

௦మାଶ௦ାସ
.     [12] 

 

QUESTION FOUR  [15 Marks] 

The dynamic of the nonlinear system given by ௗ௬

ௗ௧
 = 𝑦 + 𝑡 + 𝑡𝑦   is to be simulated numerically. Given 

the system’s initial condition   𝑡଴ = 0; 𝑦଴ = 1 , and the simulation interval of h=0.05 sec, use the Euler 
method to obtain the value of y when t=0.15 sec. 

  

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 


