
First order linear eq. y0+p(t)y= g(t).Multiply by the integrating fa
tor � = e Rp dt to get ddt�y��=�g and integrate.Separable eq. f(y)dy=dx = g(x)Formally multiply by dx: f(y)dy = g(x) dx and integrate R f(y) dy = R g(x) dx.Autonomous eq. y0 = f(y). Equilibrium points: f(z) = 0.Stable if limt!1 y(t) = z for y(0) suÆ
iently 
lose to z. Unstable otherwise.Se
ond order linear eq. with 
onst. 
oe�. Homogeneous: ay00+ by0+ 
y =0.Chara
teristi
 equation ar2 + br + 
 = (r � r1)(r � r2) = 0Distin
t roots r1 and r2. Then y = 
1er1t + 
2er2t.Complex 
onjugate roots r1; r2 = �� i�. Then y = Ae�t 
os (�t) + Be�t sin (�t).Repeated roots r1 = r2. Then y = 
1er1t + 
2ter2t.Undetermined 
oeÆ
ients To �nd a solution to ay00+ by0+ 
y =g(t) try with:g(t) = a0tn + :::+ an; y(t) = ts(A0tn + :::+ An)g(t) = (a0tn + :::+ an)e�t; y(t) = ts(A0tn + :::+ An)e�tg(t) = (a0tn + :::+ an)e�t 
os �t y(t) = ts(A0tn + :::+ An)e�t 
os �t+(b0tn + :::+ bn)e�t sin�t; + ts(B0tn + :::+ Bn)e�t sin �twhere s=0;1;2 is the smallest integer so y is not a solution to the homogeneous eq.Lapla
e transform Lff(t)g = F (s) = Z 10 e�stf(t) dtLff 0(t)g = sF (s)� f(0), Lff 00(t)g = s2F (s)� sf(0)� f 0(0),Lf(�t)kf(t)g = dkdskF (s), Lfebtf(t)g = F (s� b)Lfeatg = 1s� a , Lfteatg = 1(s� a)2Lfeat sin btg = b(s� a)2 + b2 , Lfeat 
os btg = s� a(s� a)2 + b2 , when s > a.Partial fra
tions Multiply up and equate the 
oeÆ
ients:a1+ks1+k + � � �+ a0�(s� a)2 + b2�(s� r)k = b1s+ b0(s� a)2 + b2 + 
1s� r + � � �+ 
k(s� r)kFirst order linear systems: Homgeneousx 01 = a11x1 + a12x2x 02 = a21x1 + a22x2 , x 0 = Ax; where x = �x1x2 � ; A = � a11 a12a21 a22 �Chara
teristi
 eq. det(A�rI)= ���� a11 � r a12a21 a22 � r ���� =r2�(a11+a22)r+a11a22�a12a21=(r�r1)(r�r2)=0.Eigenve
tors, for i=1; 2: Ax(i)=rix(i) , (A�riI)x(i)=� a11�ri a12a21 a22�ri � �x(i)1x(i)2 �=� 00 �Distin
t roots: x = 
1er1t x(1) + 
2er2t x(2).Complex 
onjugate roots use e(��i�)t=e�t(
os�t� i sin�t) to get in real form.Repeated roots: (i) If there are two nonparallel eigenve
tors: x = 
1er1tx(1)+
2er1t x(2).(ii) If only one eigenve
tor x(1) solve (A�r1I)y = x(1); x = 
1er1tx(1)+
2er1t(tx(1)+y).Undetermined 
oeÆ
ients Same as for se
ond order eq. above but with the 
on-stants a0; A0 et
. repla
ed by 
onstant ve
tors.
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