The University of Zambia
Department of Mathematics and Statistics
Mat 3110-Engineering Mathematics II

Assignment 1- Submit by Friday, 19th March, 2021.

Find a power series solution to the following ordinary differential equations in powers of

1. (1 —2?)y" — 22y +2y = 0.
2. "+ (14 2%)y = 0.

3.y —dxy + (42% — 2)y = 0.

Solutions

1. Let y = > 7 jana™, then y = >°°°  naza™t and v’ =3 07 ,(n — 1)na,z™ 2 Plugging
these into the equation, we get
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(1—2? in—lnanx —2xinanx”1+2ianx":()
n=2

i(n — Dna,z™" Z(n — Dna,z™ — Z 2na, " + Z 2a,1"

n=2 n=2

i(n + 1)(n + 2)ap 02" — i(n — Dna,a™ — Z 2na,x" + Z 2a,2" =0

n=2 n=2 n=1 n=0

2a9 + 6azx + i(n + 1)(n 4+ 2)ap 22" — i(n — Dnapz™ — 2,2 — i 2na,x"
n=2 n=2 n=2

+ 2ag9 + 2a;x + Z 2a,z" =0

n=2

2(ay — ag) + 6az + i (n+1)(n+2)ap2 — (n(n — 1) +2n+2)a,] 2" =0

2(ay — ag) + 6as + Z [(n+1)(n+2)anss — (N* —n+2)a,] 2" =0

n=2

2(az — ao) + 6az + > [(n+ 1)(n+ 2)an2 — (n = 1)(n + 2)a,] 2" =0

From the above equation, we get the following.

as = ag , az = 0 and

n—1
Apio = Qy,-
2+
Thus,
n=2, a4—%:@
3 3
2(13
n:3, CL5—T:
3
n:4, CLG—&:@
5) 5)
a7—0
5&6 (o5
n:6, CLg——:7
Hence,
y—a0+a1x+a0x—|— + Ot

3 5
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2. Let y =3 7 ja,a™, then ¢/ =3 77 na,z™ ' and y’ = > "7, (n — 1)na,z"* Plugging
these into the equation, we get

Z(n—l)nan + (1 +27) Zan =
n=2
Z(n + 1) (n+2)ap22" + Z a,x" + Z " =0
n=0 n=0 n=0
Z(n + 1) (n + 2)ap02"™ + Z anx" + Z Ap_ox" =0
n=0 n=0 n=2
2a9 + 6azr + Z(n + 1) (n+ 2)ap 02" + ag + a1z + Z apx” + Z Ap_ox" =0
n=2 n=2 n=2
(2ay + ag) + (6as + a; .CEZ [(n+1)(n+2)ani2 + ap + apo2™ =0
n=2

We get the following.

az = =, a3 = =+ and
__an_aan
2 )+ 1)
Thus,
—ay—ag  § —ao Qo
:2 —= = = — —
S ME T3 43 4
—az — ay g_al 50,1
:3 = = = ——
R 5 x4 51
—Qy4 — A9 i_?‘f“%) ].?)CL()
T 6x5 4l
n=5 a:—a5—a3:5a1—|— _25&0
U G 7% 6 7!
Hence,

Qg o CL1 3 ag 4 5(1,1 5 13&0 6

y—a0+a1x+—§x 30 —Zx —Ha: ol

3. Let y = Y 07 jana™, then v/ =3 7 na,z" ! and vy’ = > 2 ,(n — 1)na,z"? Plugging
these into the equation, we get
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Z(n — Dnaa"? — 4 Z na,z" ' + (42% — 2) Z apz” =0

n=2 n=1 n=0

Z(n + 1)(n + 2)ap 02" — Z dna,x" + Z 4anz"t? — Z 2a,2" =0

n=0 n=1 n=0 n=0

2a9 + 6asr + Z(n + 1)(n + 2)ap02"™ — dayx — Z dna,x" + Z da, 22" % — 2a9 — 2011 + Z 20,
n=2 n=2 n=2 n=2

(2a2 + ag) + (6as — 4a; — 2ay)z Y [(n+1)(n + 2)an2 — 4na, + 4an—o — 2a,) 2" =0
=2

n

We get the following.

as = ag , ag = a; and
(4n + 2)a, — 4a, o

(n+2)(n+1)

Apyo2 =

Thus,



