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�
Problem 1:


An ordered basis for the vector space ((4[x], (), where (4[x] is the set of all real polynomials of degree less than 4 is B={1, x, x2, x3}. Consider the linear map (: (4[x]( (4[x] defined by 





		((f(x)) = D2(f(x)) - 4D(f(x)) + f(x)  		for f(x)( (4[x]





where D2(f(x)) and D(f(x)) denote the second and first derivatives of the polynomial f(x) respectively. Find the representation of the linear map ( with respect to the given base.


�
Problem 2:


If A is an n ( n nilpotent matrix (i.e., Ak = 0 for some k > 0), then prove that zero is the only eigenvalue.


�
Problem 3:


Find the solution of 


		x(k+1) = A x(k),		y(k) = C x(k)


where the n ( n matrix A is given by





	�EMBED Equation.3���





and the 1  (  n  matrix C





	�EMBED Equation.3���





with x1(0) = x2(0) = x3(0) = ... = xn(0) .


�
Problem 4:


Find the state transition matrix ((t, to) of





	�EMBED Equation.3���= e-At B eAt x(t)





What happen if AB=BA?�
Problem 5:


Let P be a nonsingular matrix such that 





	�EMBED Equation.3���		�EMBED Equation.3���





where B1  is an n1 ( p matrix and (B = (B1 = n1. The matrices A21 and A22 have dimensions (n - n1) ( n1 and (n - n1) ( (n - n1), respectively. Show that {A, B} is controllable if and only if {A22, A21} is controllable. 


�
Problem 6:


Approximate equations of motion for a hot air balloon (see the figure) are





	�EMBED Equation.3���





	�EMBED Equation.3���





	�EMBED Equation.3���





where ( = temperature change of air in balloon away from equilibrium temperature, u is proportional to change in heat added to air in balloon (control), v = vertical velocity, h = change in altitude from equilibrium altitude, and w = vertical wind velocity (disturbance).





1- Determine the transfer function from u to h and from w to  h. Is the system completely controllable by u? Is the system completely controllable by w?





2- Can the temperature  change ( and a constant wind velocity w  be observed by a continuous measurement of altitude change h?(Assume, w  is a state and  u is the control.)








	


