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 its characteristic equation is, by (16.51),
. s+ 6rhi14r? L 16r+8=0 :
] " *‘;.m Jhi can be factored into the form | y

{r + ﬁ,‘u(r 2 4+ 2r+2)=0 1

From th!-ll'tl_"rﬂ twa parenthetical expressions, we can obtain the dﬂl.lhl? rools r = 3 =<2,
- but the fast (quadratic) expressicn yields the pair of complex roots rs, rg = -1 L/, with
e <1 and v = |, Consequently, the complementary function is :

Vo= A€ + Ajte® 4 2 '(Aycost + Agsint)
and the general salution is
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high-degree character:

: slic equation ; ) i | 3
reason, 1 should be of tremendauye help cvan ot "0t always an tasy task. For this

. - | i Lol |
~+  Bence or divergence of 3 time path witho Tk
ha FOI'II.IH ll:l}'-. there does EXI51 such 2 method

£ " _.'__,: | grq:].?:} analysif of a differentia) equation,
% This method is o e found in the Routh thearem t

| J“Iml_pm of all of the 10015 of the Mh-degree

y(!]rme':'*-A;:r ol ’{_43rngr+ Agsint) + 3 '

s The four Constants 4y, 4;, A;, and A, can be definitized - - ;

A it + N2, N3, i nitized, of course, if we

G nitia! conditions. g are given fog

P Note [hat éll the Characteristic roots in this exsmple either are real and regative st
e ‘1 - complex and with 2 nsgacive real part. The time path myst therefore be “onvergent, and |
R the intertem paral equilibrium s dynamically stable. {

-~ Convergence and the Routh Theorem
et - The solution of a

ide a qualitative (though non- h.
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P .h.,; ve should s
ke *t.ﬁ\l“ 3-# m'ﬂnhth | H-r ' o
M itl order for the time pltl! v oe regardless of what
tions happen to be, all the chlruumtil rnm ifferential equat
1“’“‘“’ real parts. Since the characteristic equation (15.51") is an mth-deg
Gﬂ‘ equation, with ag = 1, the Routh theorem can be of direct help in the ﬂlﬂl'li
- vergence. In fact, we note that t'. coeficients of the characteristic equnﬁm[lﬁ 8 l') ﬁ "?
wholly identical with those of the given differcntial equation (16.51), so it is perfectly
acceptable to substitute the coefficients of (16.51) directly into the sequence of determi-
nants shown in the Routh theorem for testing, provided that we always take ap = 1.

~ Inasmuch as the condition cited in the theorem is given on the “if and only if"* basis, it
obviously constitutes a necessary-and-sufficient condition.
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- Test by the Routh theorem whether the differential equation of Example 1 has a convergert

time path. This equation is of the fourth order, so n = 4. The coefficient are gy = 1, & = 6,
B @ =14, a3 = 16, as = 8, and 05 = 0 = 0y = 0. Substituting these into the first four deter-
% minants, we find their values to be 6, 68, 800, and 6,400, respectively. Because they are all
| * positive, we can conclude that the time path is convergent.
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fe 1. Find the pam{u ar integral of each of the faliowing:
k. (@) y"(f) + 2y (D + y' () +2y=8
(B y (0 + y" (0 +3y' (0 =1

(@) 3y"(0+9y" () =]

T d) yO(t) + y (1) = 4 3
2. E;:dythg yp and the ¥ (and hence the general solution) of:
= 4 :
() -2y (f) y(t)+2y=
. {Hrnr d_2or 2= (=1 - 2)]

9y =0

st 15y (DY
(b) y™(t) + 7y (0 +15¥ LT

[Hint: r’+?r1+1$r+9=3 5

megy 6y (0) + 10y (D +BY =
. {C) 4 fﬂ :] .:6[1 4+ 10r = B=(r+ 4:‘("2 + 2r+ 2)]
_} [Hint: f the signs of the characteristic roots obtained in Prob. 2, analyze the -
" S the h‘:;;f laf quwlibnum Then check your answer Dy the Routh theorem. 3
s dr“l““ ; Imth:lf ch'r.;uliﬂl{. roots, determine whethar the‘lﬂloﬂil'lg "1,;

s will nl'u- rise t0 convergent time paths:
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