Fall 2019

Vi i 2
Differential Equations

Unit 07.6
Systems of Linear Differential Equations

Figures and images used in these lecture notes are adopted from
Differential Equations with Boundary-Value Problems, 9th Ed., D.G. Zill, 2018 (Metric Version)
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= 7.1: Definition of Laplace Transform
= 7.2 Inverse Transforms and Transforms of Derivatives
= 7.2.1: Inverse Transforms
s 7.2.2: Transforms of Derivatives
= /.3: Operational Properties |
= 7.3.1: Translation on the s-Axis
= 7.3.2: Translation on the t-Axis
= /.4: Operational Properties Il
= 7.4.1: Derivatives of a Transform
= 7.4.2: Transforms of Integrals
= 7.4.3: Transform of a Periodic Function
= /.5: The Dirac Delta Function
= /.6 Systems of Linear Differential Equations




7.6: Systems of Linear Equations: Networks et L ® 2015
" (L% 4+ R = E(t)
13 Z2 -

RCdZQ—l—ZQ—Zl = 0

i1(0) =0, »(0)=0

E =60V, L=1h,

By Laplace Transform 2
R=50L2, C=10""f



7.6: Systems of Linear Equations et L ® 2015



7.6: Systems of Linear Equations: Spring/Mass & Pendulum ~ PEo/S-Systinealb - 5
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(a) equilibrium (b) motion (c¢) forces
2
ml% = —hx; + k(= x). (m, + mz)lfﬁf' + myl 1,07 cos (0, — 6,) + ’1'?2""1172(95)2 sin (6, — 6,) + (m; + my)l g sin 6, = 0
2 myl30y + myl 1,0 cos (6, — 05) — myl,,(8))? sin (8; — 0,) + myl,g sin 6, = 0.
mzd_tzz = —k(x, — xy).
_ 2an " o
mx|] = —kx; + ky(x, — x)) (my + m)l{0] + myli 1,0, + (m; + my)l,g6, = 0

"

My XH = _kz(x2 — xl). mzlzzgzﬂ + mzlllzei” + m212g92 = ().
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Summary - 7.6: Systems of Linear Equations

kyx,

ky(xy = x1)

X kz(Xz - Xl)

(a) equilibrium (b) motion (c) forces
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(a) plot of x,(f) vs. t
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(b) plot of x,(1) vs. ¢

mxy| = —kx + ky(x, — xp)
myxy = —ky(xy — xp).
Solve X7+ 10x, —4x, =0

—dx + x5+ 4x, =0
subject to x,;(0) = 0, x{(0) = 1, x,(0) = 0, x5(0) = —

2X,(s) — sx,(0) — x}(0) + 10X,(s)
—4X,(s) + s°X,(s) — 5x,(0)

— 4X,(s) = 0
= x5(0) + 4X,(s) = 0,
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di
?‘ + 50i, = 60

4 diy . .
S0(10H—+i,—i;,=0
( )dt |

i1(0) = 0, i»(0) =
sli(s) + 500(s) = —
—2001,(s) + (s + 200),(s) = 0,
1) 60s + 12,000 6/5 6/5 60
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i(n = g ge_'w’ — 60z~ 100
() = g - ge'lm‘ — 120te 109,




