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Problem #1:  Classification of Signal and Systems





Consider the signal and system shown below.  The system is characterized by an input/output relation.  Think of it as follows: when you apply a voltage for the first time, the output starts at zero volts.  As you increase the voltage, the output increases as shown on part A of the curve until you reach a maximum.  As you subsequently decrease the voltage, the output drops along curve B.  As you continue to decrease the voltage, the output varies along curve C, etc.  As you continue to cycle the voltage, the output never returns to curve A, but remains in the cycle B,C,D.  You might consider this a simple model of a magnet.





� EMBED MSDraw.1.01  ���


Classify the system using as many concepts discussed in      Chapters 1-3 as possible.  Be sure to justify your answer.





Fixed/Time Varying -   A system is time invariant or fixed, if its input-output relationship does not change with time.  Otherwise, it is said to be time varying.  A system is fixed if and only if: 


H[x(t-()] = y(t-()





for any x(t) and any (.  From the above curve we notice that the output never returns to curve A, therefore, time varying, output changes with time.





Causal/Noncausal - A system is causal if its response to an input does not depend on future values of that input.  A precise definition is that a continuous-time system is causal if and only if the condition:
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1a)con’t





x1(t) = x2(t) for t( t0





Therefore, this system is causal.  It does not rely on future values of the input, due to the cycle of the curve.





Dynamic/Instantaneous - A system for which the output is a function of the input at the present time only is said to be instantaneous(or memoryless).  A dynamic system, or one which is not instantaneous, is one whose output depends on past or future vales of the input in addition to the present time.  If the system is causal, the output of a dynamic system depends only on present and past values of the input.  Mathematically, the input-output relationship for an instantaneous system must be of the form:





y(t) = f[x(t),t]





where f is a function, possibly time dependent, which depends on x(t) only at the present time, t.  Therefore, from the following system its output depends on past or future values of the input in addition to the present time, therefore dynamic.





Continuous/Discrete - This system is continuous.  The signals are processed by continuous time signals.








Linear/Nonlinear - A precise mathematical definition of a linear system is that superposition holds, where superposition for a system with any two inputs x1(t) and x2(t) is defined as follows:





H[(1x1(t)+(2x2(t)]= (1H[x1(t)]+(2H[x2(t)]= (1y1(t)+(2y2(t) 





y1(t) is the response of the system when input x1(t) is applied alone, and y2(t) is the response of the system when input x2(t) is applied alone; (1 and (2 are arbitrary constants.  Superposition does not hold for the this signal.  Therefore, the following system is nonlinear because from looking at the following equation the theorem of superposition does not hold.





(1x1(t)+(2x2(t) = 2[(1r1(t)+(2r2(t)]-4[(1r1(t-0.5)-(2r2(t-0.5)]+(1u1(t-1)+(2u2(t-1)-(1u1(t-2)+(2u2(t-2)
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Represent the input signal, x(t), as a combination of singularity functions.





An important subclass of aperiodic signals is the singularity functions.  Important examples of singularity functions are the unit impulse, the unit step, and the unit ramp.  For this problem we will deal with the unit step and the unit ramp.  The unit step is defined to be unity for t>0 and zero for t<0,with the value at zero being irrelevant as long as it is infinite.  The unit ramp is a function that is zero for t<0 and that increases linearly with unit slope for t>0.  The unit step is the derivative of the unit ramp.  Therefore the function, x(t), for this problem is as follows:





2r(t)-4r(t-0.5)+u(t-1)-u(t-2)





Compute the power and the energy of the input signal.





Computing the power and the energy of a signal is another way of classifying signals.  The following classes of signals can then be defined:


x(t) is an energy signal if and only if 0<E<(, so that P=0


x(t) is a power signal if and only if 0<P<(, thus implying that E=(


Signals satisfying neither property are neither power nor energy signals.





� EMBED Equation.2  ���				   *Formula of a power signal 


� EMBED Equation.2  ���	   *Integral set up from sing. fnc.


� EMBED Equation.2  ���			   *Performing the integration


� EMBED Equation.2  ���


� EMBED Equation.2  ���					   *We see the limit as T>(


� EMBED Equation.2  ���							   *As T>(, the power goes to 0.
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1c)con’t





� EMBED Equation.2  ���				   *Formula of an energy signal.


� EMBED Equation.2  ���	   *Integral set up from sing. func.


� EMBED Equation.2  ���


� EMBED Equation.2  ���					   *As t>(, signal converges.


By performing the same integration as before (integrating to find the power of the singularity function) we can see that the energy signal converges; P=0, therefore the above function in an energy signal.





d) Compute the DC value of the input signal.� EMBED Equation.2  ���





� EMBED Equation.2  ���





The following formula is the average value(dc component) of a waveform(input signal).  The average dc value of this signal is a0 = 0.  The reason being is that the signal has a finite duration of 0<t<2.0 seconds.  Therefore the average dc value as t>( would be zero.
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Problem #2:  Time Domain Solutions





Consider the signal and system (described by its impulse response) shown below:





� EMBED MSDraw.1.01  ���





2a) Compute the output, y(t), for the above system:





First of all x(t) needed to be found in order to perform convolution.  This equation is as follows:





x(t)=-u(t+1)+2u(t)-u(t-1)


h(t)=u(t+2)-u(t+1)+u(t-1)-u(t-2)





y(t)=x(t)*h(t)





The student then proceeded to solve the problem using the convolution tool.  The output can be seen below.





� EMBED MSDraw.1.01  ���





The above waveform is pertinent to Problem 2a.  The singularity function for this waveform is as follows:





-r(t+3)+3r(t+2)-3r(t-1)-3r(t-2)+r(t-3)
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Is the system causal? Explain?





If H is causal, then h(t-()=0 for t<(.  Therefore, the above system is noncausal because the response to the input depends on future values of that input.





Problem #3:  Fourier Series





One period of a periodic signal is shown below:





� EMBED MSDraw.1.01  ���





Using symmetry arguments, explain which Fourier coefficients of the trigonometric Fourier series will be zero ({an} and {bn}).





From readings of the book and notes we can see that this signal has half-wave symmetry.  There are two types of half-wave symmetry.  1) half-wave odd symmetry and 2) half-wave even symmetry.  Half-wave odd symmetry is defined as:





x(t+To/2)=-x(t)





where To is a period of x(t).  For signals with half-wave symmetry, it turns out that:





Xn=0, n=0,+2,+4,…





The proof is left to the problems.  Thus the Fourier series of a half-wave odd symmetrical signal contains only odd harmonics.  Therefore, half-wave even symmetry is noted by:





x(t+To/2)=x(t)





which simply means that the fundamental period of the waveform is To/2 rather than To.  Therefore, from symmetrical arguments, it can easily be written that bn=0, 
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since the signal is symmetric with the y-axis, and the signal can be closely represented by a cosine wave, x(t)=


-x(t).





Compute the first term in the trigonometric Fourier series, ao.





� EMBED Equation.2  ���				*Formula for finding ao.


� EMBED Equation.2  ���				*Integral setup to find first term.


� EMBED Equation.2  ���				*Equation integrated to find first term.


� EMBED Equation.2  ���			*We see the answer equal 1.5.





Compute the remaining coefficients of the trigonometric Fourier series.





We have already found out that bn is equal to zero.  Therefore we need to compute the remaining coefficients which would be an.


� EMBED Equation.2  ���
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c)con’t





� EMBED Equation.2  ���*n is odd!





When n=1 > ao=2/(


When n=1, all other integers > ao=0








Compute the power of the output signal, y(t).





In computing this problem Parseval’s theorem will be used.  This theorem can be simply written as:





� EMBED Equation.2  ���





The above equation simply states that the average power of a periodic signal, x(t), is the sum of the powers in the phasor components of its Fourier series in which the power in a periodic signal is the sum of the power in its dc component plus the powers in its harmonic components.





� EMBED Equation.2  ���





By performing Parseval’s theorem:


� EMBED Equation.2  ���
























































