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Consider the map s>G(s) where G(s) is the transfer function of a system. The
root locus diagram is the values of s in the complex plane that map to the
negative real line under this map, or equivalently it is the inverse image of the
negative real axis. Points on the imaginary axis can be found from the
intersection of the Nyquist diagram of G(s) with the negative real line.
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For a Type 1 system, the steady-state error to a step input is 0, and there is a
steady state error to a ramp input. For a Type 2 system the steady-state error to a
step or ramp input is 0, and there is a steady-state error to a parabolic input.
Feedback systems of type 0 can have a steady state error to a step input. Hence
there are improved steady state properties with an increasing N. However,
feedback systems of type N where N>0 are open loop unstable and hence
problematic behaviour can occur when no feedback is present. Also for large N
systems are more difficult to stabilize and they can have a poor performance.
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ENGINEERING TRIPOS PART IIB 2021
ASSESSOR’S REPORT, MODULE 4F1

Q1. Root locus and Nyquist diagrams

The question was attempted by about half of the students. Many students had difficulties in sketching
the Nyquist diagram in part c(i). There were good attempts for part c(ii) associated with locating closed
loop poles close to the imaginary axis, though mistakes were often made in identifying the grid in the
Nyquist diagram. Parts (a), (b), c(iii) were generally done well.

Q2. Stabilizing a system with an unstable pole

This was the most popular question and was attempted by most students. There were generally good
attempts with common mistakes including wrong signs in the all-pass function, mistakes in the Bode
diagrams, and errors in the root locus diagrams.

Q3. Performance limits

The question was attempted by about half of the students. Many students had difficulties in completing
part () by applying the inequality provided. Most students completed part b(ii) on the design of a 2-
degree-of-freedom control system and there were also good attempts for part (c).
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