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4.1 First-Order Systems and Applications

Example 0 Derive the equations

miz" = —kiz + ke (y — )
may’ = —ko(y — z) + £(t)

for the displacements (from equilibrium) of the two masses shown in the following figure.
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Consider the single nth-order equation
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We introduce the independent variables 1, z2, - - -, ,, as follows:
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Example 1 Transform the given differential equation into an equivalent system of first-order
differential equations.

2" 4+ 22" 4+ 262 = 34 cos4t

ANS: Jet X=X X.=X'=X", So Xi = X7
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Example 2 Transform the given differential equation into an equivalent system of first-order
differential equations.

@ 132" + 2 = e sin 3t

ANS: Let =%, %x.=x/=X", Xs=% =%, Xgq= xs= %"
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Example 3 Transform the given differential equation into an equivalent system of first-order dif-
ferential equations.

320 — 2¢22" + 3tz’ + 5z = Int
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Example 4 Transform the given differential equation system into an equwalent system of first-order
differential equations.

2 =3z —y+22 o =z+y-—4z

ANS: ot X=X, %=X  Hhen x/=x”
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Example 5 Solve the two-dimensional system
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ANS:. From +he ‘t\‘rs'l noddion, we howe ,g: S
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In Mathematica, we can type > C OOé)Z’f—D‘) +C n (‘é’O‘> = XA l't)‘f 4’Cfd)
(
StreamPlot[{-2*y, (1/2)*x}, {x, -5, 5}, {y, -5, 5}] c?*
2 2 2
In Matlab, we use = X + 4’3 = C
[x,y] = meshgrid(-3:0.3:3,-3:0.3:3); x* >
£1 = -2%y; ‘>—*—1'-+C/l:i
£2 = (1/2)%x; C ( 2.)

RS Thue b solution curves (drmjectonie:)
Chre @((/}Dses,



Example 6 Find the general solution of the following problem. Show that the trajectories of this
system are hyperbolas.
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