First order linear eq. y' + p(t)y = g(t).
d
Multiply by integrating factor u = e Jpdt g get ¥ (y,u) = g.

Separable eq. f(y)dy/dz = g(z)
Formally multiply by dz: f(y)dy = g(x) dz and integrate [ f(y)dy = [ g(x) d.

Autonomous eq. y' = f(y). Equilibrium points: f(z) = 0.
Stable if lim;_, o y(t) = z for y(0) sufficiently close to z. Unstable otherwise.

Homogeneous equations ay” + by’ + cy =0

Characteristic equation ar? +br +c= (r —r1)(r —re) =0

Distinct real roots rq and ro. Then y = c1e™' + coe’?,

Complex conjugate roots r1, 7o = A 4 iu. Then y = AeM cos (ut) + Ber sin (ut).
Repeated roots r; = r5. Then y = cie”'t + cote™?.

Undetermined coefficients To find a solution to ay” + by’ + cy =g(t) try with:

g(t) = agt™ + ... + an, y(t) = t*(Agt" + ... + Ap)

g(t) = (apt™ + ... + ay)e™, y(t) = t*(Apt™ + ... + A,)e”

g(t) = (agt™ + ... + a, )e™ cos Bt y(t) = t°(Apt™ + ... + A, )e® cos Bt
+(bot™ + ... + by, )e™ sin Bt, + t5(Bot™ + ... + By)e* sin Bt

where s=0,1,2 is the smallest integer so y is not a solution to the homogeneous eq.

Variation of parameters To find a solution to ay” + by’ + cy = g(t) try
Yy = u1y1 + u2y2, where y; and y; are solutions to the homogeneous eq. and
uiy1 + uhys = 0 and wiy) + uhys = g.



