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Mods of failure for the solution to an ODEto exist

Intervals of existence

Ex cost L a in order for solutionto

be real

Application Orthogonal trajectories

If Flayc O defiles a family ofsmooth
curves then these corns satisfy II gf 0

f
Orthogonal perpendicular

corn satisfies 1 THIITH
Exact differential Equations
Thesehave the form 414g 0

and therefore the solution is qlt.gl
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theorem Let MN be continuously differentiable in Lab x Gd

Thereexists a function y St M Hat and N d
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if and only if 21 2 in lab x ud

Proof M 291st if and only if arbitraryfunction

9147 May dt hly
dT

so that 3 Mt 2 90



Then we have that 39g Iy dt th

Therefor 39g N if and only if Nltyl JdMgty dtth.ly
or rather hily Nlty JYlt.gl dtfunction

ofy
functionof y and t

This only makes sense if the RHS is a function of
only 7 so that
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so if 2M_ then no 9 exists
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If INI 3mg then hly INdy fffIydt dy

and g Mdt t Indy f Yy dt dy fromabout

Definition The ODE MItiyltN t.gl If is exact
if 2M IN
dy Tt

MtNff is the exact derivative of some functorcfqlt.gl

Note tgf flt.gl can always bewritten in the above

form by fIty 1.4 0
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How do we compute 9 for exact ODEs
Option 1 startwith M 2912 This determines 4 up to

an arbitrary function of y
M 3 of 1Mdt t hly

Next solve lily N JIy dt
Option2 Vice versa N d

y implies that

q SNdy t 144
then since M dust M Iff dy t k
compute k IMdy f d t dy dt t C

Option3 By inspection note that

qltiyl fmlt.yldtth.lyF

INHy dy kit

Exainple Find general solution to

3ytet Htt cosy y O
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check exactness thy 3
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Option We have gltry fMdt thly
3ty et thly

so lily 3T

N 3T cosy hly sing
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By inspection
414g Mdt thly

INdy t Htt

ylt.gl 3ty t et thlyX relationship is

3ty sing t htt obvious

Choose whatever method is easiest based on abilityto
integrate M N etc

Example
3T't 4ty t 12g 2E y O
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IntegratingFactorsforExactDiff.EI
If an equation is not exact can it bemade exact

Examine Mltiyl t Nlty y 0

Multiply though by µ yields the condition

MM µNy 0

This is exact if and only if

ybuMl Elam

Ifmtrying YIN MINI

Ingrrrl we cannot find an explicit solution tothis

If however we assume µ µltl lie doesn'tdepend onyl
then
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Andvice versa when assuming µ p y
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NOTEXACT

But f Fy Ff ynet et Yffet

Integrity factor exists

uh effulfIy If dt et
Theseexamples are rather contrived www.z very specialcase
scenarios Not very physically relevant


