
1. 
 
y(t) = [u(t-1) – u(t-2)]*[u(t) – u(t-1) + u(t-2)] 
       = r(t-1) – 2r(t-2) + r(t-3) – r(t-2) + 2r(t-3) – r(t-4) 
       = r(t-1) – 3r(t-2) + 3r(t-3) – r(t-4) 

 
 
2. 
 

a) y_s (t) = r(t) – r(t-1) 
s(t) = d(y_s (t))/dt = u(t) – u(t-1) 
 

 
b) h(t) = d(s(t))/dt = δ(t) – δ(t-1) 

H(jω) = ∫-∞,∞ [δ(t) – δ(t-1)]*exp(-jωt)*dt 
          = 1 – exp(-jω) 

     c) H(jω) = exp(-jω/2)*2j*(exp(jω/2) – exp(-jω/2))/(2j) 
                   = 2jexp(-jω/2)sin(ω/2) 
         |H(jω)| = |2j| |exp(-jω/2)| |sin(ω/2)| = 2|sin(ω/2)| 
         arg[H(jω)] = arg(2j) + arg(exp(-jω/2)) + arg(sin(ω/2)) 
                           = π/2 – ω/2 + {0 if sin(ω/2) > 0, -π if sin(ω/2) < 0 
                           = -ω/2 + {π/2 if sin(ω/2) > 0, -π/2 if sin(ω/2) < 0 
     H(jω) seems to be periodic with period 4π, so plot for  
     0 ≤ ω < 4π. We find that period is actually 2π. 



 
 
3. 
 
a) y[n] + ½ y[n–1] = x[n] + x[n-1] 
b) By inspection, H(exp(jΩ)) = (1 + exp(-jΩ))/(1 + ½ exp(-jΩ)) 
c) x[n] = cos(Ω0n)  
     y[n] = |H(exp(jΩ0))| cos(Ω0n + arg[H(exp(jΩ0))]) 
    Want Ω0 such that |H(exp(jΩ0))| = 0. Look at numerator. 
    |1 + exp(-jΩ0)| = |2*exp(-jΩ0/2)*( exp(jΩ0/2) + exp(-jΩ0/2))/2| 
                            = |2| |exp(-jΩ0/2)| |cos(Ω0/2)| 
                            = 2|cos(Ω0/2)| 
    For 0 ≤ Ω0 < 2π,  cos(Ω0/2) = 0  Ω0 = π 
d) Assume x[n] = u[n] = 1, n ≥ 0 
                  y[n] = s[n] 
                  y[-1] = 0 
Homogenous 
   (h)                                       (h)                                                   (h) 

y   [n]    +    (1/2)y  [n – 1] = 0              y  [n]    =    c1(r^n), n >= 0 
 
                                                             (h) 
r + ½ = 0         r = -½                          y  [n]    =    c1((-½)^n), n >= 0 
 
Particular 



                                                    
      (p)      

x[n] = 1, n >= 0                           y  [n] = b, n >= 0 
 
   (p)                       (p)                

 y  [n] + (½)y [n – 1] = x[n] + x[n – 1] 
 
                                                         (p)                

b + ½ b = 1 + 1             b = 4/3      y  [n] = 4/3, n >= 0 
 
Translate IC 
y[-1] = 0        Find y[0] 
y[n] = - ½ y[n – 1] + x[n] + x[n – 1] 
At n = 0 
y[0] = - ½ y[-1] + x[0] + x[-1] 
y[0] = - ½ (0) + 1 + 0  =  1 
 
Match IC 
y[n] = c1(- ½)^n + 4/3, n >= 0 
y[0] = c1(- ½)^0 + 4/3 = c1 + 4/3 = 1 
c1 = -1/3 
y[n] = -1/3(- ½)^n + 4/3, n >= 0 
s[n] = [-1/3(- ½)^n + 4/3]     y[n] 
 
4. 
 
a) By inspection: h(t) = δ(t) – α δ(t-τ) + α² δ(t-2τ) - … 
                                   = ∑n=0,∞ (-α)ⁿ δ(t-nτ) 
b) Stable if ∫-∞,∞ |h(t)|dt < ∞ 
    ∫-∞,∞ |h(t)|dt = ∫-∞,∞ |∑n=0,∞ (-α)ⁿ δ(t-nτ)|dt 
                         = ∫-∞,∞ ∑n=0,∞ |α|ⁿ δ(t-nτ)dt 
                         = ∑n=0,∞ |α|ⁿ ∫-∞,∞ δ(t-nτ)dt 
                         = ∑n=0,∞ |α|ⁿ 
If |α| < 1, sum converges to 1/(1 - |α|) and system is stable.  


