Example 1: Find a solution tai,, = 5a,,_o — 4a,_4 With ag = 3, a; = 2, a; = 6, andas = 8.

Solution : Recall in class that we showed the characteristic polynomial factors as,
rt =5t 4= (r* —4)(r* = 1) = (r+2)(r = 2)(r + 1)(r — 2).

So, since there are four distinct roots of the characteristic of our degree four linear homogeneous
constant coefficient recurrence relation, we know that the general solution will be,

a, = al(ln) + Oéz(—l)n + a3(2”) + Oé4(—2)n.

To find theparticular solution, we will need to use all four of our initial conditions. These
conditions give us the following four equations,

ap =3 =a1(1%) + ao(—1)° + a3(2°) + a4(=2)° = oy + g + az + ay

ar =2 =a;(1") + aa(=1)" + a3(2") + au(—=2)' = a1 — ay + 23 — 20y
az =6 = a1 (1%) + az(—1)* + a3(2?) + a4(—2)* = a1 + g + dag + 4oy
a3 =8 = a1 (1%) + ag(—1)* + a3(2°) + au(—2)* = a1 — as + 8az — 8ay.

Let’s start solving. From the first equation we can solvedfpto obtain
(1) o1 =3 — g — a3 — Qy.
Then, using this value fax; in the second equation and solving foy we get,

2:Oél—Oz2—|—2043—2044

:(3—a2—a3—a4)—a2+2a3—2a4

=3 — 20y + a3 — 3a4. SO,
(2) 2 3 4
1—|'CY3—36Y4
=Ty

Continuing, we will insert the values we have solved for into the third equation and solg. for

6:Oél+062+4063+4064
:(3—a2—a3—a4)+a2+4a3+4a4
(3) =3+ 3as + 3ay. So,

&3:1—014.



Finally, combining all of our information into the last equation, we can solvefoindeed,
8 =a3 —ag + 8ag — 8ay
=(3— s — a3 —ay) — as + 8az — 8y
=3 — 209 + Tag — 9oy

1 -3
:3—2(#)4‘7@3—9@4

=3—1—a3+3a4+ Taz — 9oy

=2+ 6az — 6ay

=246(1 —ay) — 6ay

=8 — 12ay. So,
ay = 0.

Substitutingay, = 0 back into equation (3) we see thaf = 1 — 0 = 1. Continuing, using
ay = 0andas = 1in equation (2) gives us; = (14+1—0)/2 = 1. Finally, usingas = 1, a3 = 1,
anday = 0 in equation (1) we seethat =3 —ay —a3—a;,=3—1—1—-0= 1. Now we can
write down the particular solution.

an, = oy (1) + as(—1)" + a3(2") + ay(—2)"
=1+ (-1)"+2"



Example 2: (#20 in section 6.2) Find the general form of the solutions of the recurrence relation
ay, = 8a,_2 — 16a,,_4.

Solution : Mercifully, the problem is only asking for a general solution. So we will not need
to do as much algebra as in the previous problem. The recurrence relation in question is certainly
linear, with constant coefficients, and homogeneous. So, we need to fact the characteristic polyno-
mial to see which of our theorems we can use. To do this, we need to know what the characteristic
polynomial is. Recall, that when given the recurrence relation of the form,

Ay = C1Op_1 + CoQp_o + -+ + CLAp_p

the characteristic will be,

p(r) =rF —cir" — "2 — i —

So, with our problem we have a fourth degree recurrence relation of the form
a, = 0a,_1 + 8a,_o — 0a,_3 — 16a,,_4 (Don't forget the O coefficients!)
The characteristic polynomial is then,
p(r) =7r* —0r® = 8% — 0r — (—16) = r* — 8% 4 16.
We know that if there are any rational roots then they must be the quotient of some factor of 16
with some factor of 1. So, the possibilities aré, +2, +4, 48, and+16. We can then just check

each of these eight possibilities to find the roots using synthetic division (like I've been doing in
class) or we can notice

r—2)%(r 4 2)%
We see that there are two roots, 2 and -2, each with multiplicity 2. Therefore, the general solution
will be,
an = (ap1 + a2n)2" + (11 + ag9n)(—2)"
whereayg 1, a2, 1.1, anda; 5 are constants dependent on the initial conditions.



