
Consider the system below: 

 

You observe that the output of the system y[n] is as given below: 

 

y[n] 

 

a. Plot one period of x[n].  Show all work 
b. Give the Fourier Series Coefficients ck for x[n]. 
c. Using your answer from b give the Fourier Series Coefficients, dk, for x[6+n] in terms of ck.  Put 

your answer in simplest form. 

 

 

 

 

 

 

 

 



 

Solution 

 

𝑦[𝑛] = 𝑥[𝑛] + 𝑦[𝑛 − 1] + 𝑦[𝑛 − 2] 

Over the points n=0 to n=4, we have 

[0, 1, 2, 3, 4 ] = ൣ𝑥[0], 𝑥[1], 𝑥[2], 𝑥[3], 𝑥[4]൧ + [4, 0, 1, 2, 3] + [3, 4, 0, 1, 2] 

𝑠𝑜 𝑥[𝑛] = [0 − 3 − 4, 1 − 0 − 4, 2 − 1 − 0, 3 − 2 − 1, 4 − 3 − 2] = [−7, −3, 1, 0, −1] 

 

We see that x[n] has a period of N=5, so the Fourier series coefficients become: 

𝑐௞ =
1

𝑁
෍ 𝑥[𝑛]𝑒

ିଶ௝గ௞௡
ே

ேିଵ

௡ୀ଴

 

𝑐଴ =
1

5
൬(−7)𝑒

ିଶ௝గ(଴)(଴)
ே + (−3)𝑒

ିଶ௝గ(଴)(ଵ)
ே + (1)𝑒

ିଶ௝గ(଴)(ଶ)
ே + (0)𝑒

ିଶ௝గ(଴)(ଷ)
ே + (−1)𝑒

ିଶ௝గ(଴)(ସ)
ே ൰ 

𝑐ଵ =
1

5
൬(−7)𝑒

ିଶ௝గ(ଵ)(଴)
ே + (−3)𝑒

ିଶ௝గ(ଵ)(ଵ)
ே + (1)𝑒

ିଶ௝గ(ଵ)(ଶ)
ே + (0)𝑒

ିଶ௝గ(ଵ)(ଷ)
ே + (−1)𝑒

ିଶ௝గ(ଵ)(ସ)
ே ൰ 

𝑐ଶ =
1

5
൬(−7)𝑒

ିଶ௝గ(ଶ)(଴)
ே + (−3)𝑒

ିଶ௝గ(ଶ)(ଵ)
ே + (1)𝑒

ିଶ௝గ(ଶ)(ଶ)
ே + (0)𝑒

ିଶ௝గ(ଶ)(ଷ)
ே + (−1)𝑒

ିଶ௝గ(ଶ)(ସ)
ே ൰ 

𝑐ଷ =
1

5
൬(−7)𝑒

ିଶ௝గ(ଷ)(଴)
ே + (−3)𝑒

ିଶ௝గ(ଷ)(ଵ)
ே + (1)𝑒

ିଶ௝గ(ଷ)(ଶ)
ே + (0)𝑒

ିଶ௝గ(ଷ)(ଷ)
ே + (−1)𝑒

ିଶ௝గ(ଷ)(ସ)
ே ൰ 

𝑐ସ =
1

5
൬(−7)𝑒

ିଶ௝గ(ସ)(଴)
ே + (−3)𝑒

ିଶ௝గ(ସ)(ଵ)
ே + (1)𝑒

ିଶ௝గ(ସ)(ଶ)
ே + (0)𝑒

ିଶ௝గ(ସ)(ଷ)
ே + (−1)𝑒

ିଶ௝గ(ସ)(ସ)
ே ൰ 

 

Apply time shift property: 



𝑑௞ = 𝑒
ି௝ଶగ௞(ି଺)

ହ 𝑐௞ = 𝑒
ି௝ଶగ௞(ିଵ)

ହ 𝑐௞ = 𝑒
ି௝ଶగ௞(ସ)

ହ 𝑐௞ 

 

 

The important part here is that 𝑒ି௝ఠ is periodic with a period of 2𝜋, so we can always express it in 

simplest form as  𝑒
షೕమഏೖ೙

ಿ  where n is no larger than N.  Another way of stating this is that a shift of n 
where n > N is can more simply be written as a shift of n mod N. 


