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Mastering the PE Exam: A
Deep Dive into Control
Systems Sample Questions

For countless engineers, the Principles and
Practice of Engineering (PE) exam represents
the final, formidable hurdle on the path to
professional licensure. Among the various
disciplines, the Electrical and Computer
Engineering exam, with its focus on Control
Systems, is often viewed as particularly
challenging. The difference between a
passing score and a disappointing result
frequently hinges not just on what you know,
but on how you apply that knowledge under
timed pressure. This is where the strategic
use of Pe Exam Control Systems Sample
Questions becomes absolutely critical. These
tools are more than just practice; they are a
direct line into the mind of the exam writer,
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understanding required. This article provides
a comprehensive guide to navigating this
crucial study resource, offering insights,
example problems, and strategies to ensure
you are fully prepared on exam day.

Why Control Systems
Dominate the PE Exam
Landscape

Control systems are the backbone of modern
industrial automation, robotics, aerospace,
and power systems. The PE exam tests your
ability to design, analyze, and troubleshoot
these systems in a practical, real-world
context. You won't just be solving abstract
equations; you will be asked to interpret
system behavior, select components, and
ensure stability—skills that are directly
transferable to professional engineering
practice. This makes the Pe Exam Control
Systems Sample Questions invaluable, as
they bridge the gap between textbook theory
and applied engineering. They force you to
think like a licensed professional, not just a
student.

What Makes Control Systems



Pe Exam Control Systems Sample
Sample QuesfigAst0Aique?

Unlike general study guides, dedicated
sample question sets for the PE exam are
designed to mirror the specific style,
complexity, and time constraints of the actual
test. They often include:

e Multi-step problems: Questions that
require you to combine multiple
concepts (e.g., block diagram reduction
followed by stability analysis).

e Distractors carefully chosen:
Incorrect answers that result from
common mistakes, such as sign errors in
feedback loops or misapplication of the
Final Value Theorem.

e Realistic parameter values: Numbers
that are not always neat, reflecting
actual engineering calculations.

Practicing with these questions helps you
build the mental stamina and procedural
fluency necessary to succeed. It’s not enough
to understand the theory; you must be able to
execute it quickly and accurately.

Core Concepts You Will
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Encounter in Control
Systems Questions

To effectively use Pe Exam Control
Systems Sample Questions, you must first
have a solid grasp of the foundational topics.
The exam heavily emphasizes the following
areas:

Block Diagram Algebra and
Reduction

You will frequently be asked to simplify
complex block diagrams into a single transfer
function. This involves moving summing
junctions, cascading blocks, and handling
feedback loops. Mastery here is non-
negotiable, as it is a prerequisite for almost
every subsequent analysis.

System Stability: The Routh-
Hurwitz Criterion

Stability is paramount in control design. The
Routh-Hurwitz criterion is a powerful
algebraic tool to determine stability without
solving for poles. Sample questions will test
your ability to construct the Routh array and
interpret the number of right-half-plane
poles.
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Steady-State R¥FoFand System
Type

Understanding how a system responds to
step, ramp, and parabolic inputs is crucial.
You will need to calculate static error
constants (Kp, Kv, Ka) and compute steady-
state errors for various system types (Type O,
Type 1, etc.).

Root Locus and Frequency
Response

While the depth of these topics can vary, you
should be comfortable with the basic rules for
sketching a root locus and interpreting Bode
plots. Expect questions that ask you to
estimate gain margins, phase margins, and
the effect of adding poles or zeros.

Sample Questions: From
Theory to Application

Let's examine a few representative Pe Exam
Control Systems Sample Questions to
illustrate the level of complexity and the
reasoning required.
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Question 1: Block Diagram
Reduction and Transfer Function

Scenario: A control system has two forward
paths and a single feedback loop. The blocks
are G1(s) = 2/(s+1), G2(s) = 5/(s+2), and
H(s) = 0.5. The input R(s) goes into G1,
whose output sums with the output of G2.
The feedback from H(s) takes the output of
the summer back to the input summing
junction. (Assume standard negative
feedback). What is the overall closed-loop
transfer function, T(s) = C(s)/R(s)?

Solution Approach:

1. Identify the paths. The forward path
through G1 and then to the output is
straightforward. The second forward
path goes through G2 directly to the
output. This is a system with two
parallel forward paths.

2. First, combine G1 and G2 in parallel:
The equivalent forward transfer
function is G eq(s) = G1(s) + G2(s) =
2/(s+1) + 5/(s+2).

3. Simplify G _eq(s) by finding a common
denominator: G_eq(s) = [2(s+2) +
5(s+1)]1/[(s+1)(s+2)] = (2s+4+5s5+5) /
(s™2+43s+2) = (7s4+9) / (s™2+3s+2).

4. Now apply the standard closed-loop
transfer function formula for negative
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feedback: T@uestions) / [1 +
G eqS)"rsS)I =1 (/STI)/IS 47F35T4) 17
[1+4 (7s4+9)/(s™2+3s+2) *0.51].

5. Simplify: T(s) = (7s+9) / [ (s™~2+3s+2)
+ 0.5(7s49) 1 = (7s+9) /
(s™24+3s+2+3.58+4.5) = (7s+9) /
(s™2+6.55+6.5).

This problem tests your ability to handle
parallel paths and feedback, a classic
combination found in many Pe Exam
Control Systems Sample Questions.

Question 2: Steady-State Error and
System Type

Scenario: A unity-feedback control system
has a forward transfer function G(s) = 8(s+3)
/ [s™2(s+7)(s+10)]. Determine the system
type and the steady-state error for a unit
ramp input.

Solution Approach:

1. Determine the system type by counting
the number of pure integrators (poles at
s=0) in the open-loop transfer function
G(s). Here, we have s™2 in the
denominator, so there are two
integrators. This is a Type 2 system.

2. For a Type 2 system, the steady-state

error for a ramp input is zero. For a unit
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ramp input, a Type 1 system has a finite
error, Type O has infinite error, and
Type 2 (and above) has zero steady-
state error.

3. Formally, the velocity error constant Kv
= lim(s->0) s*G(s) = lim(s->0) s *
[8(s+3) / (s™2(s+7)(s+10))] = lim(s->0)
[8(s+3) / (s(s+7)(s+10))]. Since the
denominator still has an 's' term, Kv is
infinite.

4. Since Kv is infinite, the steady-state
error for a ramp input (ess = 1/Kv) is
Zero.

This question highlights the importance of
understanding system type and the
relationship between error constants and
polynomial order. Many candidates rush and
misidentify the type, leading to a wrong
answer.

Question 3: Stability Analysis
Using Routh-Hurwitz

Scenario: The characteristic equation of a
feedback control system is given by s™4 +
3s™3 + 5572 + 27s + 36 = 0. Is the system
stable? How many poles are in the right-half
plane?

Solution Approach:
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1. Construct tf@uResiiioasay. The first two

TOWS ale:
©s™4:1,5, 36
©s"3:3,27,0

2. Calculate the s™2 row element: (3*5 -
1*27)/3 = (15-27)/3 = -12/3 = -4.

3. The s™1 row element: [(-4*27) - (3*0)] /
-4 = (-108) /-4 = 27.

4. The s™0 row element: [ (27*0) - (-4*36) ]
/27 = (144) / 27 = 5.33.

5. We observe one sign change in the first
column (from +3 to -4, then from -4 to
+27). Therefore, there are two poles in
the right-half plane, and the system is
unstable.

This is a straightforward but tricky
calculation. Routh-Hurwitz problems are
staple Pe Exam Control Systems Sample
Questions because they test numerical
accuracy and understanding of the sign-
change rule.

Advanced Strategies for
Using Sample Questions
Effectively

Simply working through hundreds of Pe
Exam Control Systems Sample Questions
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strategically to maximize learning retention.
Here are several methods that top-
performing candidates use:

Simulate Exam Conditions

Set a timer for six minutes per question. This
replicates the pressure of the actual exam.
Do not allow yourself to pause or look up
formulas you should have memorized. This
will reveal your weaknesses under stress.

Analyze Your Mistakes
Systematically

When you get a question wrong, do not just
glance at the correct answer. Ask yourself
specific questions: Did I misread the
problem? Did I use the wrong formula? Did I
make a calculation error? Keeping a "mistake
log" is one of the most effective ways to
improve your score. Review this log before
the exam to avoid repeating errors.

Focus on the Process, Not Just the
Answer

Many control systems questions can be
solved using different methods (e.g., using
Mason's gain formula vs. block diagram
reduction). Practice using multiple
approaches for the same problem to deepen
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your understandfdyeFhiemlexibility can be a

during the exam.

Use Sample Questions to Identify
Knowledge Gaps

If you consistently miss questions about Bode
plots or steady-state error, that is a clear
signal to return to the textbook. Use the
sample questions as a diagnostic tool. They
are more valuable for what they reveal about
your weaknesses than for the points they
represent.

Common Pitfalls and How
to Avoid Them

Based on a review of many Pe Exam Control
Systems Sample Questions, several
recurring mistakes plague test-takers. Being
aware of these can save you valuable points.

e Misidentifying Feedback Polarity:
Whether feedback is positive or
negative changes the denominator of
the transfer function. Always double-
check the sign at the summing junction.

e Forgetting the Initial Conditions:
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for them in the



