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Systems of Ordinary Differential Equations > Linear Systems of Two Equations
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11 xy, + a1y + biy, + cix + diy = k1™, y,, + axx; + by, + cox + doy = kot

Similar systens are frequentin the theory of oscillations(e.g., movementof a ship or a seaborne
gyroscope). The generalsolution of this linear nonhomogeneousystemof constant-codicient
differentialequationds given by the sumof its particularsolutionandthe generalsolutionof the
correspondindiomogeneousystem(with k1 = k, = 0).

1°. A particularsolutionis soughtby the methodof undetermineaoeficients:

T = A*eiwt, y= B*eiwt_
On substitutingtheseexpressionsnto the original systemof differentialequationspnearrivesat a
linearnonhomogeneousystemof algebraicequationdor the coeficients A and B.

2°. The generalsolutionof the homogeneousystemof differentialequationss determinecby a
linearcombinatiorof linearlyindependenparticularsolutionssoughby themethodof undetermined
coeficientsin theform of exponentials:

r=Ae*, y=DBeM.

On substitutingtheseexpressiondnto the original systemand collecting the coeficients of the
unknovns A and B, oneobtains

(A2 +at)\ +c1)A+ (by\ +d1)B =0,
(a2 + ) A+ (N2 + by) + dp) B = 0.

Thedeterminanbf this systemmustvanishfor nontrivial solutionsA, B to exist. Thisrequirement
resultsin the following characteristi@quatiorfor A:

(A2 + a1\ +c1) (A2 + b + d) = (b1 ) + di)(a2) + ¢2) = 0.

If all roots, k1, ..., ks, Of this equationare distinct, the generalsolution of the original systemof
differentialequationshastheform

z = =Cy(bih1 +dy)e™ = Co(bip + dr)e™’ = Ca(bihy + di)e™! = Calbrda + di)e,

y = C1(M +aghy + e’ + Co(A3 + arhz + cy)e™”

+ 03()\:2;, +aiA3 + 01)6>\3t + 040\‘21 +aiAg + cl)e)“‘t,
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