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Exercises
Tutorial on June 16

1. Problem
Show that the set of solutions to the homogeneous difference equation w4+ + Zf;ol Yibm+s = 0 1s a
vector space.

2. Problem
Prove the following Theorem.

Theorem (Discrete Duhamel’s Principle). The solution to the inhomogeneous difference equation

Um+2 + V1 Um+1 T YoUm = fm+27 m >0
up =0, wu=fi

m+1 _(j) (4)

s given by Upm4o = Zj:() Qpr1, where qn{ is the solution of the homogeneous difference equation

qfﬁlg + 145k + Yo =0, m>j
qj(J) = fj+1, q](i)l =-nfj+
for each j=0,1,2,...

3. Problem
Solve the difference equation

Um+2 — 3um+1 + 2um =m-+ 27 m > 07
u =0, wu; =1.

Theoretical Homework
Due: June 24, during the lecture

1. Problem (7 Points)
Solve the following linear difference equations

(a) Um+2 — 2u’m+1 — 3y, = 0; Ug = 07 up =1,
(b) wmt2 — 4dUmy1 + 33U =m+2, u =0, u =1.
2. Problem (7 Points)
Consider the inhomogeneous linear difference equation
Um+k + Ye—1Um+k—1 + -+ YoUm = fma
where ug, ..., ux—1, fm € R are given for all m € N.

(a) Show that the above difference equation can be transformed to a system of linear difference equations
of order one of the form
Um+1 = AU,, + F,,.

How are U,,, A, and F,,, defined?
(b) Determine a general formula for the solution U,, depending on Uy using (a).

(c) Solve the difference equation 2 — 4tUm41 — St = 1, ug = 0, u; = 1 using (b).



3. Problem (6 Points)
Show that the characteristic polynomial p(\) = det(AI — M) of the k x k matrix

—ap o —p_y —Qg_y
is given by p(\) = A\ + ap A7+ L+ ag )+ ap.

Total Points: 20
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