Selected Solutions, Section 5.3

We determine the derivatives by simply differentiating and evaluating at the given
point. We will go ahead and use y(x) in place of ¢(x). Technically speaking, these are
not the same thing (¢ is the series approximation to the true solution y):

y(0)=1 ¢ (0)=0

v'=—xy —y =¢"(0)=-1
y/// — _y/ _ l/L_y// _ y/ — _2y/ _ :Cy// :> y///(o) — O
y" = =2 —y" =y = =3y’ —xy" =y (0) =3
Similar to (1):
y)=2 y(1)=0
2y + (1+2)y +3In(z)y =0=y"+2(0) +3(0)(2) =0=y" =0

Probably best to just differentiate in place, simplify, then evaluate at x = 1:

2.1

3
20y + 27y + o + (1 +2)y" + ;y+3ln(x)y’ =0=
3y _
=
Y +4(0) +0+6=0=y"(1) = —6

Similarly, for the fourth derivative:

22" 4+ (14 32)y” + (1 + 31In(z))y + 0=

. 3 3
Qxy”'—l—waw—i—?)y"—l—(1+3x)y’”—l—gy’—i-(l—l—Sln(m)) /" ;y_'_fy =

so that y™(1) = 42.

In this case, p(z) = 4 and ¢(z) = 6x. These functions have a “radius of convergence”
of 0o (since they are finite sums), so we expect that, no matter the base point, the
solution will also have a radius of convergence of oc.

In this case,

x T 4

p(x):xQ—Qx—3:($—3)(fE+1) q<x):(x_3)($+1)

Both p and q fail to exist at x = 3 and x = —1. Therefore, we expect that these points
will not be included in the interval of convergence for y(x). It is perhaps easiest to
construct a number line:

]30:—4 —1 I‘OIO 3 LEO:4



10.

e For xyo = —4, the closest “bad point” is —1, which is 3 units away. Therefore, in
this case we expect the radius of convergence to be 3.

e For xy = 0, the closest bad point is —1, which is 1 unit away. The radius of
convergence would be 1.

e For zy = 4, the closest bad point is 3, which is again 1 unit away, so the radius of
convergence is 1.
The Chebyshev Equation comes up in some applications. In place of the instructions,
just find the recurrence relation.

We assume the usual ansatz, and substitute into the DE to get:

o0

(1-2%)> n(n—1aa™ —xZnanx”1+oz2Zan =
n=2

The first sum should be split into two so that we have 4 sums total:

[e.o] o0

Z (n—1)ayz" Z (n—1)a,z" Znanx —i—Zozanx
n=2

In order for all sums to begin with 2°, we could simply start the middle two sums at
n = 0, since we would just be adding “0” to the sum:

Z n(n — 1a,z" 2 — Z n(n —1)a,z Z na,x" + Z a‘a,x”
n=2 n=0

Substitute k£ = n — 2 into the first sum, the rest take n — k to get:

i ((k +2)(k + 1)agio + (a* — kz)ak) ¢ =0

From which we get the recurrence relation (for k =0,1,2,3,--)

/{32 _ 062
2= k)™

(and that’s as far as you need to take this one).

Problems 11 and 12 are very similar to Problems 1 and 3. The series is found
by differentiating and substituting in the particular values of x. Notice that, to get
the linearly independent functions, first set y(0) = 1, ¢/(0) = 0, then y(0) = 0 and
y'(0) = 1 (this is equivalent to setting ag = 1,a; = 0, then taking ap = 0,a; = 1 from
the previous section).



11. For the radius of convergence, we expect oo, since p(x) = 0 and ¢(z) = sin(z) are
analytic for all z.

We differentiate a few times, then evaluate at x = 0:

1/

y" = —sin(z)y

" = — cos(z)y — sin(x)y’

% "

y" = sin(x)y — 2 cos(x)y’ — sin(x)y

"

y" = cos(x)y + 3sin(z)y’ — 3cos(x)y” — sin(z)y

" v

— sin(x)y
— 5cos(x)y”™ — sin(z)y’

y"" = —sin(x)y + 4 cos(z)y’ + 6sin(z)y” — 4 cos(x)y
Y = — cos(z)y — 5cos(x)y’ + 10sin(z)y” + 10 cos(x)y"”
Cool! Do you see Pascal’s Triangle?

We'll simplify (a lot) by taking z = 0:

y(0) =1,4(0) =0]y(0) =0,4(0) =1
y' =0 0 0
y/// — _y _1 0
y(4) = _2y/ 0 -2
y(5):y_3y”:y 1 0
y(6) — 4y/ _ 4y/// 4
y(D = —y +10y" — 5y = —y — 5y® —1 10
SO:
(x) —1——x3+—x5+£x6—lx7+
s st TET et T
2 4
yo(z) =z — Ea:‘l + axﬁ + 7 z’ +

12. In this case, we also expect the radius of convergence to be infinite, since ¢(z) = xe™*
is analytic for all x.

As in problem 11, differentiate and evaluate the derivatives at the origin:

x, I

e’y +axy =0

x, "M x, I

ey + ey +ay +y=0
e:z:y(4) + Qea:y/// + eacy// + xy// + 2y/ -0
exy(S) + 3exy(4) _'_Sexy/// +exy// + xy/// + 3y// -0



15.

16-18

Evaluating at x = 0,

y(0) =1,y'(0) =0 | y(0) = 0,4'(0) = 1
y' =0 0 0
y/// _ _y// —y -1 0
y(4) — _2y/// . y// . 2y/ ) —9
y(5) — _3y(4) . 3y/// o 43/” -3 6
so that: . 9 3
y1(x) :1—§x3+am4—am5—l—...

2 6
yg(as):x—ax4+ax5+...

Using a different argument from the text, if , 2% are solutions to the differential equa-
tion, we can substitute them in and see what we get.

For y =z, P(z)y" + Q(z)y' + R(x)y = 0 becomes:
Q(x) = —2R(x)

For y = 22, the differential equation becomes:

2

2P(x) 4+ 20Q(x) + 2’R(z) =0 = 2P+ 2z(—zR)+2*R=0 = p:_%R

Substituting these in,
Q(z) 2zR(z) 2

P2 = 50 = 2R "=

and
R(z) —2R(z) 2

P(z)  #?R(z) a2

so that the point x = 0 is a singular point (not an ordinary point).

q(z) =

These are kind of fun- And a little simpler, since they are only first order. Number 18
is more difficult and would require us multiplying the Maclaurin series for e and the
series for y(z) together (that’s why they only ask for three terms)- If we only need three
terms, use the method from the first part of this set (computing y'(0), %" (0), v (0), etc).



