
8.261 Duplicate (real) roots

? We found for duplicate roots in 2nd Order ODEs
w/ constant coefficients that we endedip
just addity at" to ye to get ye

? Let try that here: (abe) = a'betabetabé

? Assume X, =ñ, é
d, t

? Add that't'
d, t

X,  =
d,t

?  D i fS ' t  : 1,t.= 1 , ? 1 . e

? Insert this into t h e ODE :

dit A ñ , t e

t ' this is the original
eizenvalue equation (IA-AI)n,=0
So No New informat in. !

t °  :  ? , = 0 bu t  I ,  i s  NOT O

ves n o t  w a What do we
to fix it? (fa, just X, withadded t")

Problem: we had no vedar to counter. N, in thi

t o  e a n .  S o



OLets try a ditferent form- that accomodate
an extravector

dit. call it p

?  D i f f ' t  :

t ' t °

1,t - d,t
h i t  d i e

6  I n s e t  i n t o  D E :
= A X I

i , t e
( e

? Match Powers im

1,.

?

no new into

t ° e

I I

We can now solve for po then for t,
? Strategy If t is a deplicate; we will use

our eigenveter n (A- LI) F=5 to solve
for p them the general solution becomes

X. (t) = cè hit co (te i, + ?*

warni : Do NoT use Ca here , there is no C



3 )
Repeated eiger values

Solve x ' ( t )  = ? (0) = (=5)
- 4

? eigenvalues

?eigenvector

d e t  ( A - A I )  = 0

7-1
- 4 3-11= 0

1°-101+25=0, (1-5) 50,

7 - 4 3-x13)@x=5

2 4 , + 4 2 = 0

- 4 - 2

=5

b u i l d ) : 1 2
2 n ,

=
2

? need extra helpe vector
solve for?

?  1 4  5 1 - 5 ( 1 1 ) ( p )  ( : )
?  . - 4 (Ped (-2).

124-212)3



? Tapegn: 2p, +2 =1
? 8 2 = 1 - 2 0 1 need more info?

fove can use any po wedesire!

so let Pi=0

? buil a vector:.

Bu t  s i nce

= ?.(fizp.)

P= (2)  p+(8))
can be any number, use.

p=(9)|

=  0

5 0

? General Solution

formula:
papulated...

X+) =C, e

gen soluter to

d , t .

n i t e

5 t
- 2 I+Cz t e  - 2 )  t e

st

- 4



BTW who picking P, =0 we could have

just i n s s t e d ?I that we discovered a bore...

5(4) +6.5

pick to be
a  n e w

X= c,est (-2)+62

Now Continre onto

the In i t ia l  Condi tons



' A p p l y  t h e  I C .  @ t = 0 :

C, =2, CE

'specif ic soh

s a t i s f i e s  t h e

? parametriz tam

O D E  a n d  I S .

Ti=(2), 1=5×

? phase-diagram

unstable
oney. the me

sen. ???, 170



E X

Solve
3-D repeating

2

e. values NOT needing a S veter

2

-  2

"e iger  vadue det  (A- I I I
1-*
-  2

2

=

2

1 - x

2

- 2 = 0

2 1-A

1=51, =1, 15-1, 155

?  e v e c t o

(1 11) ° (A-5)=0,

1 - (-1)

1-(-1)

2

-  2

- 2 1-(-1)

2

-  2

*  * - ÷ 2

?  ( ÷ ÷ 1 8 ) 1, -22713=0
1 , = + 2 2 - 1 3

M2 +

a co not needI o heper recher in this case!



2

- 2

1 - 5

- 2

-  1 4 : 4
2

sadd
add : 3 3 8 1 6

? 1 ÷ 9 9 1 0 8 7

come out of matrixspace: 1,=13
12=-13
13=13 _parameter

Build e vector

s u m m a r y

=

X=5 ? 2,54

?(:) ad i. (:)



Ex(cont.)
S t

t e z e

? Azply the IC.let$(0) = (-2)

(=2).=C. 1 + 6 0 + 3 ( 1 )

Sole

°5p. soh

? Xa)(3)
( : :  4 1 ) " "

2-397
*2;*-1

-2
33 )

Jadd; ÷-1

- 3

0

C ,  =  )

( 2 = = 3
6 3 = 3

- 3 e +  3e x, (t) = èt-305€
Xa( t )  =  3è 5€

+ 3 e



3-duplizate evalues needing 2 helper vectors
2

? EVY d e t
2

6

5

2

= 0

?

=

2 - 1

(2-1)(2-X2-1)=0

d=2,2,2
2 - 2

4 = 2 ) 2 - 2

-  L

6

5

2  - 2

6

5

2 - 2

6

0

2 - 2  0  /

4 ,=

?

631 / 5

? gen

X ( t )  = c .

solut i

+63

e
2 t

+  C z

2  €

?  t ' e

Now apply I  .

+

+

I  t e

2 €

+

0

- 6/5

1 5



Of Larger systems

? Consider x
assume produces n

A  - X I I =0

("1)

t hen  the  so lu t i on  fo rms

where lA is an 8X8

1=2, 12 2, 1=2, d=-1ti, 15-11

6=3i, do=-3i, 18=144

C o r k  l i k e

+  ( ye  cos t )  +  Ge tsin (t)

+ C6 COS (37) +C,514 (37)
144t

+ C8 C


