History of Routh’s Stability Criterion

The first systematic study of the stability of feedback control was apparently
given in the paper “On Governors” by J. C. Maxwell (1868).” In this paper,
Maxwell developed the differential equations of the governor, linearized them
about equilibrium, and stated that stability depends on the roots of a certain
(characteristic) equation having negative real parts. Maxwell attempted to de-
rive conditions on the coefficients of a polynomial that would hold if all the
roots had negative real parts. He was successful only for second- and third-
order cases. Determining criteria for stability was the problem for the Adams
Prize of 1877, which was won by E. J. Routh.® His criterion, developed in his
essay, remains of sufficient interest that control engineers are still learning how
to apply his simple technique. Analysis of the characteristic equation remained
the foundation of control theory until the invention of the electronic feedback
amplifier by H. S. Black in 1927 at Bell Telephone Laboratories.

7 An exposition of Maxwell’s contribution is given in Fuller (1976).

8 E.J.Routhwasfirst academically in his class at Cambridge University in 1854, while J. C. Maxwell
was second. In 1877 Maxwell was on the Adams Prize Committee that chose the problem of
stability as the topic for the year.

Source: “Feedback Control of Dynamic Systems,” 5th ed. Franklin, et al., Pg 12 Chapt 1
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Standard Routh-Hurwitz

Problem Find the number of poles in the left half-plane, the right half-plane, and
on the jw-axis for the system of Figure 6.6.
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- Solution First find the closed-loop transfer function as
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The Routh table for the denominator of Eq. (6.14) is shown as Table 6.10. For
clarity we leave most zero cells blank. At the s! row there is a negative coefficient;
thus, there are two sign changes. The system is unstable, since it has two right-half-
plane poles and two lefi-half-plane poles. The system cannot have jw poles since
a row of zeros did not appear in the Routh table.
“n &
NOTE .

N Seme Sases The coofficients v T fursT
column of The RooTh Teble are zero, These
coses will noT be considered 10 Thes Class
LoT Cen olco be Sofved Vo The ReoT) 7;2/@
QPyp e (&C/l/‘\ )





