
The Root Locus Method

The Root Locus Method is used to graphically display the locus of roots in

the imaginary s-plane. It is useful for measuring sensitivity to a parameter

that is being varied. It also provides valuable information about the stability

and performance of a system as a whole.

Steps for Plotting Root Locus By Hand

0.1 Characteristic Equation

First, examine the closed loop system and determine the transfer function.

Manipulate the transfer function to get it into the form

1 +KG(S) = 0

where G(s) is the transfer function of the system and K is the multiplier, or

gain. This form is often referred to as the characteristic equation.

0.2 Poles and Zeros

The next step is to factor G(s) in terms of poles and zeros, in the form:

1 +K

NQ
i=1

(s+ zi)

MQ
j=1

(s+ pj)

= 0

where N is the number of finite zeros and M is the number of finite
poles. ! Mark the open loop poles and zeros in the s-plane, with poles

denoted by x and zeroes denoted by o.

0.3 Loci: General Rules

After plotting the poles and zeros, one must consider the loci. The loci

represent the poles of the system when varying a parameter, commonly the

gain.

• To determine the number of separate loci, you must compare the num-

ber of poles and zeros. The number of separate loci is M when M�N .

• Loci must always start at a pole and end at a zero.
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• The loci are symmetric with respect to the real axis, due to

complex conjugate roots.

• To locate the segments of root loci that fall on the real axis: the loci

lie to the left of an odd number of poles and zeros.

• If the number of finite zeros of G(s), N , is less than the number of

poles, M , by the value X = M � N , then X sections of loci must

end at zeros at infinity. The loci proceed to the zeros at infinity along

asymptotes centered at a centroid, �, with angle �.

0.4 Asymptote Centroid: �

The asymptote centroid marks the center of the linear asymptotes. To cal-

culate the centroid, use the equation

� =

MP
j=1

(�pj)�
NP
i=1

(�zi)

M �N

To determine the points where the locus crosses the imaginary axis (if it does

so), use the Routh-Hurwitz criterion.

0.5 Asymptote Angle, �

The angle of the asymptote is measured with respect to the real axis. To

calculate this angle, use the equation

� =

2n+ 1

M �N

180

�
, n = 0, 1, 2, . . . (M �N � 1)

0.6 Breakaway Point

For real roots, you will need to solve for breakaway/reentry points. In order to

calculate these points, look back at the characteristic equation, 1+KG(S) =

0. Set K = G(s) and solve for the roots of

dG(s)
ds = 0. As an alternative, you

could use graphical methods to determine the maximum of G(s).

0.7 Angle of Departure

For complex poles and zeros, you will need to calculate the angle of departure

of the locus from the poles (and similarly, the arrival angle at the zeros). The

angle of departure from a pole is the di↵erence between the net angle of the

system due to all other finite poles and zeros. Follow the angle criterion,

where the phase of G(s) = ±180

�
(2k + 1).
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