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Solution of Problem 1: 
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2. Cross multiplying, 
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3. A system with a pole in the right half-plane is not stable, and so the concept of DC gain is not applicable. A 
constant input will not result in a finite, constant output. 
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5. Choosing  pxandpx &== 21  as shown above, 
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Solution of Problem 2: 
 
1.  
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2. Redraw the block diagram in the s-domain, and because we are finaly a transfer function, set the initial 
conditions to zero: 
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3. The transfer function in part 2 is identical to that in problem 1 part 2. The state space models in problem 1 
represent the same physical system. As a result, these two problems show that state-space models are not 
unique. As will be seen in future, a given physical system has an infinite number of state-space representations. 
 
 
 
Solution of Problem 3: 
 
1. The laplace transform of both sides of the ODE yields 
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Use a partial fraction expansion to find )(tyzs and )(tyzi . 
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2. If we set yx &=1 and yx =2 , then from the ODE 
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The resulting state-space model is 
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3.  
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Find the inverse laplace transforms using partial fraction expansions 
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3. Note that )(2)( 2112 ss Φ−=Φ , and so 
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As a check, I=Φ )0(  as expected. 
4. )0()()( XttX zi Φ=  and )()( tCXtY zizi = . It follows that 
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Solution of Problem 4: 
 
1. )()1( 2 tuyyy ++−=&& . Let yxandyx &== 21 , then  
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 Non-linear state-space representation 
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Using the MATLAB command roots, the roots of 021
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As yx =1 , the only physically meaningful equilibrium state is 
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Solution of Problem 5: 
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Solution of Problem 6: 
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