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Notes and Solutions for the Book:Signals And Systems byAlan V. Oppenheim andAlan S. Willsky withS. Hamid Nawab.John L. Weatherwax January 19, 2006 wax@alum.mit.edu1
Chapter 1: Signals and SystemsProblem SolutionsProblem 1.3 (computing P and E for some sample signals)Recall that P and E (the total power and total energy) in the case ofcontinuous and discrete signals are defined asZ X2E x[n] 2 , x(t) dx and E n andP 1 limT 2TZT2 T x(t) dx and P NX1 x[n] 2 . limN 2N 1n NUsing these we can compute each part of the given problem.Part (a): For this signal we findZ e 4t1 4tE e dt , 4 040andP 1 limT 2TZTe 4t01dt limT 2T e 4t 4T lim0T 1(1 e 4T ) 0 ,8Twhich we could have known without any calculation since x(t) has finiteenergy it must have 0 time-averaged power. R Part (b): For this signal we find E 1dt , and P R TlimT T 1dt 1.Part (c): For this signal we findZ Z 2E cos(t) dt cos(t)2 dt . andP 1 limT 2TZ T T11(T cos(T ) sin(T )) .T 2T2cos(t)2 dt lim2
Part (d): For this signal we find XE n 2 x[n] P 0 , nX1n 04 41 1 1/43since E is finite.Part (e): For this signal we find XE n 2 x[n] Xn 01 NX1 x[n] 2N 2N 1n NP lim1(N ( N) 1) 1 .N 2N 1 limPart (f): For this signal we findE Xπ cos( n) 24n Xππ2 cos( (4k 1)) 2 cos( (4k 0)) 44k k X X Xππ2 cos( (4k 2)) cos( (4k 3)) 244k k Xk cos(πk) 2 .To compute P we haveNX1π cos( n) 2 .N 2N 14n NP limNow recall that cos(x) 12 (ejx e jx ), so that cos(x) 2 1 jx(e e jx )(e jx ejx )43
1(1 ej(2x) e j(2x) 1)41 1 cos(2x) .2 2 Thus cos( π4 n) 2 evaluates to12 12cos( π2 n). Now the cos(·) in this later expressionπcos( n) 2 0n odd.m( 1)n even say n 2mWith this then the sum above needed in computing P is given by!TMX1 X111lim x[n] 2 lim(2M) ( 1)m ,T 2TM 2(2M)2 m M2n Tas M Problem 1.4 (when is x[n] zero)Part (a): x[n 3] shifts x[n] to the right by 3 so x[n 3] will be zero whenn 1 and n 7.Part (b): x[n 4] shifts x[n] to the left by 4 so x[n 4] will be zero whenn 6 and n 0.Part (c): x[ n] reflects x[n] about zero so x[ n] will be zero for n 4and n 2.Part (d): Note that x[ n 2] equals x[ (n 2)] which is a right shift ofx[ n] by 2, so this function will be zero when n 2 and n 4.Part (e): Note that x[ n 2] equals x[ (n 2)] which is a left shift ofx[ n] by 2, so this function will be zero when n 6 and n 0.Problem 1.5 (when is x(t) zero)Part (a): Now x(1 t) x( (t 1)) which is a right shift by one of thefunction x( t). The function x( t) is zero when t 3. So shifting thisfunction one unit to the right means that x(1 t) will be zero when t 2.Part (b): Now that x(1 t) x(2 t) x( (t 1)) x( (t 2)). Thefirst function, x( (t 1)), was considered in Part (a) above and is zero whent 2 by the logic above. The second function x( (t 2)) is zero whent 1 so the sum will be guaranteed to be zero for t 1.4
Part (c): In the product x(1 t)x(2 t) the first function is zero whent 2, while the second function is zero when t 1, thus the product willbe zero when t 2.Part (d): If x(t) is zero when t 3 then x(3t) will be zero when 3t 3 ort 1.Part (e): If x(t) is zero when t 3 then x(t/3) will be zero when t/3 3or t 9.Problem 1.6 (are these functions periodic)Part (a): No. The function u(t) in the definition of x(t) is not periodic.Part (b): Note that x2 [n] 2 when n 0 and x2 [n] 1 when n 6 0, whichshows that x2 [n] is not periodic becauseP of the value at n 0.Part (c): For the function x3 [n] k {δ[n 4k] δ[n 1 4k]}, notethatx3 [0] x3 [1] x3 [2] x3 [3] X{δ[ 4k] δ[ 1 4k]} 1k X{δ[1 4k] δ[ 4k]} 1k X{δ[2 4k] δ[1 4k]} 0k X{δ[3 4k] δ[2 4k]} 0 ,k and this cycle of numbers 1, 1, 0, 0 repeats, showing that the sequence x3 [n]is periodic.Problem 1.7 (when is the even part zero)For this problem recall that the even part of a discrete signal x[n] is definedas1Ev{x[n]} (x[n] x[ n]) .(1)2Part (a): For this signal we find11Ev{x1 [n]} (u[n] u[n 4]) (u[ n] u[4 n]) .225
Now the first expression u[n] u[n 4] represents the difference betweenu[n] and a right shift of u[n] by four units. This expression then is onlynon-zero when 0 n 3 where for those four points it has the value 1.The second expression u[ n] u[ (n 4)] represents the difference betweenu[ n] and a right shift of u[ n] by four. This expression will be non-zeroonly for 1 n 3 where it will have the value of 1. When we add thesetwo parts together (and multiply by 1/2) we see that Ev{x1 [n]} is zero forall n but n 0 where it has the value of 1/2 and for n 4 where it has thevalue 1/2. Plotting the functions u[n] u[n 4] and u[ n] u[4 n] canhelp visualize this.Part (b): For this signal we find1ttEv{x(t)} (sin( ) sin( )) 0 ,222for all t.Part (c): For this signal we find! n n111u[n 3] u[ n 3] .Ev{x[n]} 222The first term is zero when n 3. The second term is zero when n 3.Thus the total combined expression is zero when n 3. The given evensignal from x[n] also vanishes as n .Part (d): For this signal we findEv{x(t)} 1 5te u(t 2) e5t u( t 2) .2The first term is zero when t 2. The second term is zero when t 2 sothere is no part guaranteed to be zero but the entire expression goes to zeroas t .Problem 1.9 (finding periods)Part (a): The function jej10t is periodic with a period T that is required tosatisfyπ2π10(t T ) 10t 2π or T .105Part (b): The function e t e jt is not periodic, since e t causes the periodicpart e jt to decay.6
Part (c): For the discrete function x[n] ej7πn to be periodic requires thereexist integers m and N such that27πN 2πm so N m .7If we take m 7 then we get a fundamental period of N 2.Part (d): The given function x[n] can be written as13πx[n] 3ej3π(n 2 )/5 3ej 5 ej3πn5,and will be periodic if there exists integers m and N such that 2π10N m 3π m.35Thus we take m 3 to get a fundamental period of N 10.Part (e): For the signal x5 [n] 3ej(3/5)(n 1/2) 3ej(3/10) ej(3/5)n , to beperiodic we require there exist integers m and N such that33(n N) n 2πm ,55or103N 2πm so N πm .53From this last equation we see that there is no integer value of m that willresult in an integer value of N. Thus the signal x5 [n] is not periodic.Problem 1.10 (the fundamental period of a trigonometric sum)To find the fundamental period of x(t) 2 cos(10t 1) sin(4t 1) welook for the least common multiple of the fundamental periods for each ofthe component terms in x(t). The fundamental period of the first term π5 , while the fundamental period of the second termcos(10t 1) is T 2π10sin(4t 1) is T 2π π2 . If we take five multiples of the first period and4two multiples of the second period the elapsed time of both is π, which is thefundamental period of the combined expression x(t).7
Problem 1.11 (the fundamental period of a trigonometric sum)4π2πnFor the discrete signal x[n] 1 ej 7 n ej 5 the fundamental period for4πnthe function ej 7 is given by the smallest integer value of N such thatN 2π7 m m ,4π27so if we take m 2 we get N 7. In the same way, the fundamental period2πnfor ej 5 is given by selecting a m so that N inN 2π m 5m ,2π5is as small as possible and an integer. Taking m 1 we get a fundamentalperiod N 5. To get the fundamental period of the combined expression wesee the least common multiple of 7 and 5 or 35.Problem 1.12 (summing shifted delta functions)Note that x[n] can be written asx[n] 1 Xk 3δ[n 1 k] 1 Xk 3δ[n (k 1)] ,or the sum of shifted δ[n] functions, each shifted by k 1 to the right of theorigin. Since the Prange of k 1 for the summation values given is 4, 5, 6, · · ·when we view k 3 δ[n (k 1)] as a function n we see that it is equalto u[n 4]. When we add 1 to u[n 4] to get the sum above we getthe function u[ (n 3)] u[ n 3]. To match the given expression ofu[Mn n0 ] we should take M 1 and n0 3.Problem 1.13 (the integral of some delta functions)Note that the given function x(t) δ(t 2) δ(t 2) results in a functiony(t) that can be expressed as Z tt 2 01 2 t 2 .y(t) x(τ )dτ 02 t8
Using this expression we can computeZ Z2E y(τ ) dτ 2dτ 4 . 2Problem 1.14 (the derivative of a discontinuous periodic function)For the given periodic extension of the function x(t) defined over a fundamental period T 2 as 1 0 t 1x(t) , 2 1 t 2by drawing this function over ( , ) we see that the derivative is givenbydx dt 3δ(t)3δ(t 1) 3δ(t 2) 3δ(t 3) · · ·3δ(t 1) 3δ(t 2) 3δ(t 3) · · ·3δ(t)3δ(t 2) 3δ(t 2) 3δ(t 4) 3δ(t 4) · · ·3δ(t 1) 3δ(t 1) 3δ(t 3) 3δ(t 3) · · · XXδ(t 2k 1)δ(t 2k) 3 3k k 3g(t) 3g(t 1) .So to match the expression suggested in the book we need to take A1 3,t1 0, A2 3, and t2 1.Problem 1.15 (serial systems)Part (a): After processing the input signal x[n] by the system S1 the outputy1 [n] isy1 [n] 2x[n] 4x[n 1] ,so that after system S2 processes y1 [n] as an input it produces the outputy[n] given by1y[n] y1 [n 2] y1 [n 3]29
1 2x[n 2] 4x[n 3] (2x[n 3] 4x[n 4])2 2x[n 2] 5x[n 3] 2x[n 4] .Part (b): If we reverse the order of the two systems then after the secondsystem S2 processes the input x[n] we obtain an output y1 [n] given by1y1 [n] x[n 2] x[n 3] .2Passing y1 [n] as an input through the system S1 we get a final output y[n] of11y[n] 2(x[n 2] x[n 3]) 4(x[n 3] x[n 4])22 2x[n 2] 5x[n 3] 2x[n 4] ,which is the same result as obtained earlier.Problem 1.16 (memoryless systems)Part (a): The system x[n]x[n 2] is not memoryless since it depends on apast value in x[n 2].Part (b): The output when the input to this system is Aδ[n] is y[n] 0 forall n.Part (c): This system cannot be invertible since a non-zero input signalgives the zero signal.Problem 1.17 (some properties of the system x(sin(t)))Part (a): This system would not be causal if sin(t) t for any t becausethen we would be observing the input x(t) at a point in time in the future.Since when t π we have sin( π) 0 π this system is not causal.Part (b): This system is linear.Problem 1.18 (the centered averaging system)Part (a): This is a linear system.Part (b): To see if this system is time invariant consider the output producedby the input x[n l] or a time shift by l units of x[n] to the right. The output10
to this system to this input x[n l] is given byn nX0k n n0x[k l] n l nX0k n l n0x[k] y[n l] ,so this system is time invariant.Part (c): We have the following y[n] n nX0k n n0 x[k] B(n n0 (n n0 ) 1) B(2n0 1) .Thus we see that C (2n0 1)B.Problem 1.19 (some more properties of systems)Part (a): This system t2 x(t 1) is linear but not time invariant.Part (b): This system x[n 2]2 is not linear but is time invariant since theoutput from the input x[n n0 ] is x2 [n n0 2] y[n n0 ].Part (c): This system is linear and time invariant.Part (d): Since1y[n] Od{x[n]} (x[n] x[ n]) ,2we see that this is a linear system. To see if it is time invariant, consider theoutput to the time-shifted input x[n n0 ]. We would get (applying Od{·}to the input x[n n0 ])1(x[n n0 ] x[ n n0 ]) .2While the shifted output would be1y[n n0 ] (x[n n0 ] x[ (n n0 )]) ,2which is not the same as the system operating on x[n n0 ] so this system isnot time invariant.11
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Problem 1.20 (using linearity)Part (a): We recognized that x1 (t) 12 (ej2t e j2t ) and then use thelinearity property of our system to get that x1 (t) will be mapped to1x1 (t) (ej3t e j3t ) cos(3t) .2Part (b): We begin by writing x2 (t) as1x2 (t) cos(2t 1) (ej(2t 1) e j(2t 1) )21 j j2t (e e ej e j2t ) .2Again using linearity, we have that the mapping of x2 (t) under our system(denoted as y2 (t)) is given by11 j j3t(e e ej e j3t ) (ej(3t 1) e j(3t 1) )22 cos(3t 1) .y2 (t) Problem 1.21 (shifting and scaling continuously)Part (a): This is a shift of the signal x(t) one unit to the right.Part (b): Since x(2 t) x( (t 2)) which is x(t) flipped about the t 0axis (to produce the function x( t)) and then shifted by two units to theright.Part (c): Since x(2t 1) x(2(t 1/2)) and this later function is x(2t)shifted by 1/2 to the left. The function x(2t) is a contraction of the t axis inthe original function x(t) by two.Part (d): Now x(4 2t ) x( 21 (t 8)) and this later function is a shift by 8units to the right of the function x( 2t ). The function x( 2t ) is an expandedreflection about the t 0 axis.Part (e): Note that (x(t) x( t))u(t) is the scaled even part of x(t) butonly for t 0.Part (f): Note that the given function can be written333333x(t)(δ(t ) δ(t )) x( )δ(t ) x( )δ(t ) ,222222is the superposition of two delta functions.12
Problem 1.22 (shifting and scaling discreetly)Since the support of x[n] is so small most of these example functions canbe plotted by just evaluating the proposed function at several values of n.One thing to note about these examples is that in the discrete case whenwe perform scaling of the time axis via multiplication of the independentvariable n by a constant we may end up getting a signal that is defined forfewer points than the original function. See Part (c) below for an exampleof thisPart (a): This is a shift of x[n] by four units to the right.Part (b): This is a shift of the discrete function x[ n] by three units to theright when we write x[3 n] x[ (n 3)].Part (c): This is a contraction of the time axis by three and will representfewer samples than the original x[n] since points like x[2] in the originaldiscrete function will never be observed by new function x[3n].Part (d): The same comments as for Part (c) hold here.Part (e): Note that x[n]u[3 n] x[n]u[ (n 3)]. Now since u[ (n 3)]is a shift by three units to the right of the function u[ n], which is itself areflection across the point n 0 we see that x[n]u[3 n] represents x[n] forn 3 and is zero for n 4.Part (f): This is a scaled single delta function sincex[n 2]δ[n 2] x[0]δ[n 2] .Part (g): Note that the suggested function11x[n] ( 1)n x[n] ,22will be x[n] when n even and will be zero when n is odd.Part (h): Note that x[(n 1)2 ] will be a nonlinear mapping of the timedomain of x[n] due to the expression (n 1)2 .Problem 1.25 (some fundamental periods)Part (a): This is a periodic function with a fundamental period given by π2 .T 2π4Part (b): This is a periodic function with a fundamental period given byT 2π 2.π13
Part (c): One might think that because cos(x) is periodic with a period 2πthat cos(x)2 would be periodic with period also with a period of 2π. Thefunction cos(x)2 is indeed periodic but with a period that is half the periodof cos(x). To see this recall the identitycos(x)2 1 cos(2x),2(2)where the expression on the right-hand-side has a period ofFor this problem write the given expression ascos(2t 2π2 π as claimed.π12ππ 2 1) (1 cos(2(2t ))) (1 cos(4t )) ,32323From which we see that this is a periodic function with a fundamental periodgiven by T 2π π2 .4Part (d): Since the function we are too consider is given by1(cos(4πt)u(t) cos(4πt)u( t))21cos(4πt) , 2Ev{cos(4πt)u(t)} which is periodic with a fundamental period given byPart (e): Since the given expression is equal to2π4π 21 .1(sin(4πt)u(t) sin(4πt)u( t))2 1sin(4πt) t 02. 1 2 sin(4πt) t 0Ev{sin(4πt)u(t)} We see that this function is not periodic since across t 0 it is not.Part (f): This function cannot be periodic since it is the sum of an infinitenumber of functions of v(t) e 2t u(2t) e 2t u(t) each one individuallyshifted by n units to the right. Note that due to the discontinuous nature ofthe unit step u(t) we have that u(2t) u(t). When the total signal x(t) isviewed in this way we see that because of the unit step u(t) functions in eachof the component functions v(t), there a great number of jump discontinuitiesto the function x(t). For example, at every integer n 1 a new term e (2t n)gets added to the sum resulting in a discontinuity.14
Problem 1.26 (discrete periodic functions)For a discrete signal to be periodic requires that there exist integers N andm such thatω0 (n N) ω0 n 2πm ,orω0 N 2πm .Part (a): For this function N and m must satisfy 6πN 2πm or N 7m.73If we take m 3 then N 7 will be the fundamental period of this function.Part (b): For this function N and m must satisfy 81 N 2πm or N 16πm.Since there are no two integers N and m which will make this an identitythis function is not periodic.Part (c): For this function x[n] cos( π8 n2 ) to be periodic with period Nmeans that x[n N] x[n] for all n. This requiresππcos( (n2 2nN N 2 )) cos( n2 ) ,88which in tern requiresππnN N 2 ,48proportional to 2π for all n. If we take N 8 we see that this is indeed trueand thus x[n] is periodic with fundamental period N 8.Part (d): Use the fact that1cos(x) cos(y) (cos(x y) cos(x y)) .2(3)we can write the given function as13ππx[n] (cos( n) cos( n)) .244n) has a fundamental period given by 3πNThe first function cos( 3π44or N 83 m. If we take m 3 then we get a fundamental period ofThe second function cos( π4 n) has a fundamental period given by π4 Nor N 8m. If we take m 1 then we get a fundamental period ofThus x[n] is periodic with fundamental period of N 8.Part (e): For the functionππππx[n] 2 cos( n) sin( n) 2 cos( n ) .482815 2πmN 8. 2πmN 8.
We will compute the fundamental period of each term. The first term has afundamental period of N 8. The second term has a fundamental periodof N 16. The third term has a fundamental period of N 4. The totalfunction x[n] then will be periodic with a period of 16.Problem 1.27 (some properties of systems)Part (a): This system is not memoryless since it has a term x(2 t) whichindicates that the output depends on the past. This system is not timeinvariant, since the output to a time shifted input x(t t0 ) isx(t 2 t0 ) x(2 t t0 ) ,while the time shifted output would bex(t t0 2) x(2 (t t0 )) x(t t0 2) x(2 t t0 ) ,which is not the same so this system is not time invariant. This systemis linear. This system is not causal since it depends on x(2 t) which forsufficiently negative time requires knowledge of x(t) for t 0. This systemis stable since if x(t) is bounded then y(t) 2 x(t) 2M ,and y(t) is bounded also.Part (b): This is linear, not time invariant, memoryless, causal and stable.Part (c): This system is linear, not memoryless, not time invariant since ifwe consider a time shifted input of x(t t0 ) we get an output ofZ 2tZ 2t t0x(τ t0 )dτ x(v)dv , when we take v τ t. If we compare this to y(t t0 ) we would getZ2(t t0 )x(τ )dτ Z2t 2t0x(τ )dτ , which is not the same. This system is not causal since the output y(1)depends on integrating x(t) up to the time 2 which requires knowing x(t) fort 1. This system is not stable since the lower limit of the integral is .16
Part (d): For the systemy(t) 0t 0x(t) x(t 2) t 0We see that this system is linear, not memoryless, is causal, and is stable.To see if it is time invariant consider what the input x(t t0 ) is mapped to.We see that it is mapped to the function y(t; t0 ) given by 0t 0y(t; t0) ,x(t t0 ) x(t 2 t0 ) t 0while the time shifted output y(t t0 ) is given by 0y(t t0 ) x(t t0 ) x(t t0 2) 0 x(t t0 ) x(t t0 2)t t0 0t t0 0t t0.t t0Since these are not the same this system is not time invariant.Part (e): For this system we can easily see that it is not memoryless, itis causal, and stable. I claim that this system is non-linear. To see thisfirst note that the output to the input x1 (t) 1 is y1 (t) 2 since x1 (t) iseverywhere positive. Next note that the output to the input x2 (t) 2 isy2 (t) 0 since x2 (t) is everywhere negative. If the system was linear thenthe output to the combined system x1 (t) x2 (t) should be y1 (t) y2 (t) 2.The input to this combined system x1 (t) x2 (t) 1, however, maps to thezero function, showing that this system is not linear. To see if this system istime invariant consider the output to the input x(t t0 ), which is 0x(t t0 ) 0y(t; t0) ,x(t t0 ) x(t t0 2) x(t t0 ) 0which is equal to y(t) shifted by t0 to the right showing that this system istime invariant.Part (f): It is easy to see that this system is not memoryless, is linear andis stable. The system is not causal since the value of y( 3) depends on thevalue of x( 1) which indexes a point in time t 1 greater than 3. Tosee if it is time invariant consider the output of x(t t0 ), which is x( 3t t0 ).17
0This is to be compare to the shifted output which is x( t t). Since these two3are not equal the system is not time invariant.Part (g): We can see that this system is linear, not necessarily boundedas the input x(t) t demonstrates, is memoryless, is causal, and its timeinvariant.Problem 1.28 (some properties of discrete systems)Part (a): This system is not memoryless, not causal, is linear and is stable.To see if it is time invariant consider the output of the input x[n n0 ], whichis given byx[ n n0 ] .This is to be compared to the time-shifted output which is given byx[ (n n0 )] x[ n n0 ] ,since these two expression are not equal this system is not time invariant.Part (b): This system is not memoryless, is time invariant, is linear, iscausal and is stable. To show that this system is time invariant consider theoutput to the input x[n n0 ], which would bex[n 2 n0 ] 2x[n 8 n0 ] ,while the time shifted output isx[n n0 2] 2x[n n0 8] ,which is the same showing that they system is time invariant.Part (c): This system is memoryless, it is not time invariant, it is linear, itis causal, but not stable since y[n] Cn ,grows linearly as n .Part (d): For the system y[n] Ev{x[n 1]} 12 (x[n 1] x[ n 1]), wesee that this system is not memoryless, is linear, is stable, and is not causal.To see if it is time invariant consider the output to x[n n0 ], where we get1(x[n 1 n0 ] x[ n 1 n0 ]) .218
The time shifted output y[n n0 ] is given by11(x[n n0 1] x[ (n n0 ) 1]) (x[n n0 1] x[ n n0 1]) .22Since these two expressions are not the same we conclude that the system isnot time invariant.Part (e): For the system n 1 x[n]0n 0 ,y[n] x[n 1] n 1this system is linear, not memoryless since when n 1 the output y[n]depends on x[n 1] which is in the future. This system is not time invariantsince the input δ[n] becomes the output 0, while the input δ[n 1] gives theoutput 0 n 1 1 n 10 n 0 ,S{δ[n 1]} 1 n 1 0 n 2which is not equal to the the zero function (the output of δ[n] shifted byone). This system is not causal and it is stable.Part (f): For the function x[n] n 10 n 0 .y[n] x[n] n 1This system is linear, memoryless, causal, and stable. To see if it is timeinvariant lets consider the time-shifted input x[n] δ[n 1]. The output ofthis system to this signal is 0 n 2 1 n 1S{δ[n 1]} ,0 n 0 0 n 119
while the time shifted result of an input x[n] δ[n] would be 0 n 2 δ[n] n 1 1 0 n 1S{δ[n]}[n 1] 0n 1 0 ,1n 0 δ[n] n 1 1 0 n 1which are not the same functions showing that the system is not time invariant.Part (g): For the system y[n] x[4n 1] this system is linear, not memoryless, not causal, and stable. This system is also not time invariant. Toshow this later fact let the input to the system be x[n] δ[n 1]. Then theoutput is 0 n 6 0S{δ[n 1]} δ[4n 1 1] δ[4n] .1 n 0While the shift of the output to an input of δ[n] would beS{δ[n]}[n 1] δ[4(n 1) 1] δ[4n 4 1] δ[4n 3] 0 ,for all n. Since these two are not equal the given system is not time invariant.Problem 1.29 (linearity and homogeneity)Part (a): I claim that the system y[n] Re{ej 4 x[n]} is additive. To showthis we want to show that for any two inputs x1 [n] and x2 [n] we haveπnRe{ej 4 n x1 [n]} Re{ej 4 n x2 [n]} Re{ej 4 n (x1 [n] x2 [n])} .πππ(4)To show this define x3 [n] x1 [n] x2 [n] and considerRe{ej 4 n x3 [n]} Re{ej 4 n (Re{x3 [n]} jIm{x3 [n]})}ππ Re{(cos( n) j sin( n)(Re{x3 [n]} jIm{x3 [n]})}44ππ Re{cos( n)Re{x3 [n]} sin( n)Im{x3 [n]}44ππ j sin( n)Re{x3 [n]} j cos( n)Im{x3 [n]}}44ππ cos( n)Re{x3 [n]} sin( n)Im{x3 [n]}44ππ20
ππ cos( n)Re{x1 [n]} sin( n)Im{x1 [n]}44ππ cos( n)Re{x2 [n]} sin( n)Im{x2 [n]}44j π4 nj π4 n Re{e x1 [n]} Re{e x2 [n]} ,therefore this system is additive.Part (b-i): This system can be shown to be homogeneous but it is notadditive as the input x(t) x1 (t) x2 (t) at bt would show.Part (b-ii): This system can be shown to be homogeneous but it is notadditive as the input x[n] x1 [n] x2 [n] with x1 [n] n 12 and x2 [n] n 12would show.Problem 1.30 (some system inverses)Part (a): An inverse for this system is given by y(t) x(t 4) as can bechecked by functional composition.Part (b): This system is not invertible due to the many-to-one nature ofthe cosign function. For example, let x1 (t) π and x2 (t) π be constantfunctions, then y1 (t) 1 and y2 (t) 1 but x1 (t) 6 x2 (t). This problemis mitigated if the range of x(t) is restricted to be taken from a principaldomain of cos(·) say 0 x(t) π. Then the system is invertible with aninverse given by y(t) arccos(x(t)).Part (c): This system is not invertible since the inputs x[n] Aδ[n] foreach value of A all map to the zero function.Part (d): This system is invertible with the inverse given by the derivativesystem i.e. y(t) dx.dtPart (e): This system is invertible since the inverse to this system can bewritten as x[n 1] n 0y[n] .x[n]n 1Part (f): This is not invertible since x1 [n] Aδ[n] and x2 [n] Bδ[n 1]both map to the zero function.Part (g): This function is invertible with an inverse given by x[1 n] sinceunder the original system and the proposed inverse an input x[n] will bemapped tox[n] x[1 n] x[1 (1 n)] x[n] .Part (h): For the given system we can solve for the function x(t) in terms ofy(t) explicitly thereby computing the system inverse. From the given system21
we see that y(t) is given byy(t) e torZZteτ x(τ )dτ , teτ x(τ )dτ y(t)et . Taking the derivative of this expression and multiplying both sides by e t wegetdyd,x(t) e t (y(t)et ) y(t) dtdtas the explicit inverse to the given system.Part (i): For this system an inverse can be found by considering n knn 1 n 1 kX11 X 11x[k] x[k]y[n 1] y[n] 2222k k n 1 k n 1 knnXX11 x[n 1] x[k] x[k]22k k x[n 1] .Thus the system y[n] x[n] given by1x[n] y[n] y[n 1] ,2is the inverse of the original system.RtPart (j): For this system y(t) is given by the integral y(t) x(τ )dτ C,where C is an arbitrary constant. Since C can be anything this system isnot invertible.Part (k): This system is not invertible since the function x[n] Aδ[n] ismapped to the zero function irrespective of what the value of A is.Part (l): This system is invertible with an inverse given by y(t) x(t/2).Part (m): This system is not invertible since the domain of y[n] is different than that of x[n]. For example this suggested mapping requires thesemappings (among others)y[ 2]y[ 1]y[ 1]y[ 2] 22x[ 4]x[ 2]x[ 2]x[ 4] ,
so we see that the odd values: x[1], x[3], · · · and x[ 1], x[ 3], · · · of x[n] arenot observable under this mapping. Thus this system cannot be invertible.Part (n): This system is invertible because we can determine its inverse asx[n] y[2n].Problem 1.31 (using LTI properties to determine system output)Part (a): We begin by writing the signal x2 (t) in terms of shifts and multiples of x1 (t). We see thatx2 (t) x1 (t) x1 (t 2) .From which the output to this input (since our system is LTI) is given byy2 (t) y1 (t) y1 (t 2) .Part (b): Again, we begin by writing the signal x3 (t) in terms of shifts andmultiples of x1 (t). We see thatx3 (t) x1 (t) x1 (t 1) .From which we see that the output to this input (since our system is LTI) isgiven byy3 (t) y1 (t) y1 (t 1) .Problem 1.32 (periodicity of time scaling)Part (1): This statement is true and the fundamental period of y1 (t) wouldbe the fundamental period of x(t) divided by two.Part (2): Since x(t) y1 (t/2) and we are told that y1 (t) is periodic withperiod T say then we see that x(t) would be periodic with a period of 2T .Part (3): This is true and y2 (t) is periodic with a period of 2T .Part (4): This is true and x(t) will be periodic with a period of T2 .Problem 1.33 (discrete periodicity of time scaling)Part (1): This statement is true. The easy case to consider is when theperiod of x[n] is N with N is an even natural number then the period ofy1 [n] is N/2. If however N is an odd natural number the period of y1 [n]23
could not be N/2 since this is not a natural number. We could, however,take the period of y1 [n] to be N and obtain a periodic signal.Part (2): This statement is false. The fact that y1 [n] is periodic (andy1 [n] x[2n]) means that the even components of x[n] are periodic. Thishowever does not tell us what the odd components of x[n] are doing. To finda counter example where y1 [n] is periodic and x[n] is not periodic create asignal x[n] who’s odd components are not periodic.Part (3): This is true. If x[n] is periodic with period N0 then y2 [n] will beperiodic with period 2N0 .Part (4): This is true. The signal y2 [n] is the signal x[n
Signals And Systems by Alan V. Oppenheim and Alan S. Willsky with S. Hamid Nawab. John L. Weatherwax January 19, 2006 wax@alum.mit.edu 1. Chapter 1: Signals and Systems Problem Solutions Problem 1.3 (computing P and E for some sample signals)File Size: 203KBPage Count: 39Explore further(PDF) Oppenheim Signals and Systems 2nd Edition Solutions .www.academia.eduOppenheim signals and systems solution manualuploads.strikinglycdn.comAlan V. Oppenheim, Alan S. Willsky, with S. Hamid Signals .www.academia.eduSolved Problems signals and systemshome.npru.ac.thRecommended to you based on what's popular Feedback
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IX. “Can You Buy Me Now?”: The Erratic Closing of the .

2016-2017 Developments in Banking law 547 by both parties, Verizon was supposed to purchase Yahoo’s shares for 4,825,800,000.965 Excluded from the transaction were Yahoo’s holdings in Yahoo Japan and Alibaba.966 The sale will end Yahoo’s twenty 
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