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FLOWS .
., the —FI@D a TF&LLd, e.g a shallow Tiver

Vefocn‘b/ veckor Vi.y), based at +he pont (=, 9)s
gives e Spead and dwecion of +e Foeeud F@@w

ot that pouLt .
Flaw funchen d(e) = (s=,4) = (fl),9(e)

gives e posm&n of fw@r Pculucle at time t.
Velcz:l’rf;/ —fumchsn V(DC'U) = V(fm’ﬁ(‘”’)) = Q:(t)’ﬁ (&)
/\y /\.|j

= (fle),gte))

> o
>

lLinear Elow V(OC,3> = (Ci:r,-f—by) C:c-l-dj)

: b
Viatrix of flaw A = (S‘ ol.>$
‘ b A = a+d and det A =ad-bc

:>c‘>.: (qx + by

Cx + d ()
-V Jc(b)) (cf/:)-t; (Lt;) (Jac((a

so Hhe fust ovcler ol’ﬁ'—’i:mrrhaﬂ equcmgm are
§(e) = afle) + bg(e) @, g'le) = cFle)+dgle) ©

Herce f'(0) = aftlrbg () (differtiatrg © )
= af(e) + bcf(b)+bd3/c) (ﬁem ® )
_ afl)+ be f)+ dfe)-adfle)  (fom® )
=7 f'(e) - (<3+d)f(t)+(crd bc)f(l;) =0,
so the second- orcler d’fi'ércwha«. eguicThOn
cot=Fied by both fle) and g)) =

Fle) —(r A)F'(6) + (det A)VFE) = O

(F_C?r‘ so/u'hehs) ez Houdkecok F’QO' S LJ..)



= x cumplc ,
\/clody -fumcﬂém \/(Dc&) = (2=x+ ‘03, 33"5)
Flow —ﬁ,mchéﬂ o! sahsﬁe's L)=C(1,1)

Mertnx of flow ! __/-}=(§_(’|>3 so trA =1, det A = -20

I

Second order dl.ﬁ%l'a’)fh( aquahon | Df”(l:)——f'(t-)— ?Of(l:)zo
Auwla%l Charackenshe equahen: No— XN -0=0

() SKETCH: The charactcnshe eguanon s

[ °] =@ o N-Xx-20=0
sSo (>\+,q.)(>\—5)=o) g:'vu’)g ﬂgen\,aaua}:? >\=—Z|_,5,
When X = -4 4he equa“hehs are A

6@0(,0 tovards +Hhe sngm) as x<O.

b +by =0

3:x+3g=o 4T \\ Sy==x
WORIch  § a er Quine Wn —>—

= o \\5 \>’//
Iohen >\=‘5/ +he fquauiensarc / _

-3¢+ oy = O /
%c—éggo}@'?a::x.' : /—-—6\\
Shich 15 G bamer €ne WU |

flow oukiards from e o, as » 7 O. (==

1) SOLUTION: The generst sclutien for +he el equahen
IS £l) = ce™r de™ . swee A= ~4,5.
From +the Ve!oc}‘y f(mc*ngﬂ ,

S = 2fledrbgle) = E9() = £1€) - 257E)
s 2(6) = & [-hc e+ 5™~ 207 - 2ch et ]
= —ce ¥y Fdet
Henee +Hhe -FOLO «ﬁ,:nch@h s

(k) = (Cce-%-f-d. €St, — e 2™
IF d(o) =(41), +en
C+cl, = | -~ - I ‘:""/3
'—C:l+$di=l 3 = /3) <

o  +he Flow 'ﬁ,u’*chen Saﬁsﬁjmg o ©O)=(1,1) <
oA (E) = (—4e™p 5 Lo, :7-‘-65&)
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Veloc ;ﬁxncheh V@cL(j) = (5&—4.39 ay - )
Flow ﬁ,mchsrm % satisfles (o) = (I, 2)

Mamnx of flow A= (7% 3),
Furst order oﬁﬂf eans:

b/(_é\):—-_?) C?(—ob_é::lo

Jie) = - wfE) + 33(&)
9'(e) = - LF () + 2g(k)
Second order diff eqn:  f'(e)+2f'() + IOf(€) = O
The charactenshe ean, is |
/—L+-~>~ 3

I -6 2

=0 or N+ax+ip=0O
SO

N=%(-2xVu-40)= —1 = 3¢ |
As +e roots cre coOmplex Hiere ore no barmer éunes
and as Re(Z\) <o Flow is “4owards +he ©rigen -

The Cw.xihay egn s AN+ aAN+IO=0O SOs.Lhegerszal
s&uhon Of +he secend erdler diff.con is

Fle) = e *(ccos 3t + dsin 3E).
From +4ne velcr

chen, f'lc) = —if(E)+ 3g()
o 3g(k) = F(e)+ uflE) |
= et (- ceas 3t ~dsih 3t —3csin 3¢ + 3dcas 36

+ lec cost + lclsun 3€)
e ( (zc +3d)cos 3t + (3cd - Bc)Iu 3e)
= 5&) =

e ( (c+dl) cas 3t + (d-c)sin 3t).
The Flow 7‘&ncﬂén IS

At) = (€ lc tos 3t +as 3e), €4 (crcl)cos e+ (ct-C)mun 3t ).
I—Fol(O) = (112), +hen

-

no

o l}=7 <=l
c+d 2 ol=|
o the Llouw

- —fz’,«,nc:hsn scrhsﬁdusy
O((O)z (l;:) 1=

X (t:) = {Ie’t(cos 3k +su 3(:>) Qe—'bcosab)_
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(b) Veloé:l:(j ﬁmcﬁ@n V[:’Cy)= (;’x‘y,x“"“‘j)
Flow fumcﬂ@h ol scn‘?s/"'lcs ‘o((O) = (D, 1)
Matrix of flow: A=(7 3), t(A)=6, dec(a)=
- Furst order df-ﬁf.' €9ns f’(t)~= ;)J—‘(L:) -30:)
g'e) = fle) + u-g(b)

J"(e) = bf'te) + afE)= O

Secsnd order d,ﬁz,‘ egn

The chamactenshc egn. s
=X -l 2 o
N O or XN-bh+9 =0

so (\-3)’=0 = ' I=3 (hoice)

As 4+he roots ase mpeafcd and A # RI, +hewe 15 enc kpmer
eune and as » >o, flow 1= ol dzot auday from e ©ngn

The 6‘9@\&69? eans. e _f;l%fg} so y:—oc = the.

The aum'haty egn. is A —GX+ T = O so the geneal SAUNEN
@641’)6 second order eqn, s
Fe) - e3¢(c+dk) - )
From +he veloci ’ﬁmcfﬂ@h) Jcl((f) = ‘;f(t) A
so g(e) = IFE)-£'(e)
= 2e3¢(c+dk)— e’ (3cr2at )
= e (—(crch)—le).
The -Fow fl,mC‘ﬁén =
ALY = (3 (c+de), — (e 4 +dt) )
Ir <l(0)= (2, 1), ten
c = 21 5 c=2
—(C+C’/)= /4 5 o=-3
SO +he fLlow 'fﬂf‘cﬂ&n sah.éf’vm
L(O) = (2,1) is J

AE) = (e2(a- z2e), 21+ 36)).




