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Understanding how to analyze and visualize the frequency response of transfer
functions is vital in control systems and signal processing. Bode plots serve
as powerful tools that graphically represent the magnitude and phase of a
system's transfer function across a range of frequencies. In this article, we
will explore how to draw Bode plots for the transfer function G(s) =
s(s+5)(s+10)(s+2)^2 and also analyze the filter characterized by H(s) = s^2 +
10s + 100s. We will provide detailed steps, explanations, and sketches to
help you grasp the concepts thoroughly.

Introduction to Bode Plots
Bode plots are graphical representations of a system's frequency response,
consisting of two separate plots:

Magnitude plot: Shows how the magnitude of the transfer function varies
with frequency (usually in decibels).

Phase plot: Displays the phase shift introduced by the system as a
function of frequency (in degrees).

These plots are essential for designing and analyzing filters, control
systems, and stability margins.

Analyzing the Transfer Function G(s) = s(s +
5)(s + 10)(s + 2)^2
Before sketching the Bode plot, we need to understand the structure of G(s).

Step 1: Factorize and Identify Poles and Zeros
The transfer function is:

G(s) = s (s + 5) (s + 10) (s + 2)^2

- Zeros:
- At s = 0 (the origin)
- At s = -5
- At s = -10
- Poles:
- At s = -2 (with multiplicity 2)



Step 2: Determine Breakpoints and Asymptotes
Breakpoints occur at the pole or zero locations:

- Zero at s = 0 (DC)
- Zero at s = -5
- Zero at s = -10
- Poles at s = -2 (double pole)

For Bode plots, we consider the magnitude and phase contributions from each
factor.

Step 3: Constructing the Magnitude Plot
The general magnitude contribution:

- Zero at s = 0 (a zero at origin)
- Zeros at s = -5 and s = -10
- Poles at s = -2 (double pole)

Magnitude in dB:
- For each zero at s = -a: magnitude increases by 20 dB/decade at frequencies
above a.
- For each pole at s = -b: magnitude decreases by 20 dB/decade at frequencies
above b.

Asymptotic Approximation:
- Start with 0 dB at very low frequencies.
- Increase by 20 dB/decade after each zero.
- Decrease by 20 dB/decade after each pole.

Calculations:
- Zero at 0: magnitude starts increasing from 0 Hz.
- Zero at 5 rad/sec: slope increases by +20 dB/decade at ω > 5.
- Zero at 10 rad/sec: slope increases by another +20 dB/decade at ω > 10.
- Poles at 2 rad/sec (double pole): slope decreases by -40 dB/decade at ω >
2.

Overall slope:
- For ω < 2: 0 dB/decade
- For 2 < ω < 5: slope = -40 dB/decade
- For 5 < ω < 10: slope = -20 dB/decade
- For ω > 10: slope = 0 dB/decade

Sketch summary:
- Starting at low frequencies, magnitude is near 0 dB.
- At ω = 2: slope changes from 0 to -40 dB/decade.
- At ω = 5: slope increases by +20 dB/decade, becoming -20 dB/decade.
- At ω = 10: slope increases by +20 dB/decade, returning to 0 dB/decade.

Step 4: Constructing the Phase Plot
Phase contributions:
- Zero at s = 0: phase starts at 0°.
- Zero at s = -5: phase increases from 0° to +90° around 5 rad/sec.
- Zero at s = -10: phase increases from 0° to +90° around 10 rad/sec.
- Poles at s = -2 (double pole): phase decreases from 0° to -180° around 2



rad/sec.

Approximate Phase Shift:
- Below 2 rad/sec: ~0°
- Around 2 rad/sec: phase drops from 0° to -180° (double pole)
- Around 5 rad/sec: phase increases from -180° to -90° (zero at -5)
- Around 10 rad/sec: phase increases from -90° to 0° (zero at -10)

Overall phase:
- At low frequencies: 0°
- Near ω = 2: -180°
- Near ω = 5: -90°
- Near ω = 10: 0°

Sketch:
- Phase starts at 0°, drops to -180° at 2 rad/sec, then recovers towards 0°
after 10 rad/sec.

Analyzing H(s) = s^2 + 10s + 100s
Note: The given H(s) appears to be a typo or incomplete. Likely, the intended
transfer function is:

H(s) = (s^2 + 10s + 100) / s

Assuming this, we analyze:

Step 1: Express H(s)
H(s) = (s^2 + 10s + 100) / s

This is a high-order transfer function with a numerator quadratic and
denominator linear.

Step 2: Break Down Components
- Numerator: quadratic polynomial (a second-order polynomial)
- Denominator: first-order (s)

Zeros:
- Roots of s^2 + 10s + 100: using quadratic formula:

s = [-10 ± sqrt(100 - 400)] / 2

s = [-10 ± sqrt(-300)] / 2

s = -5 ± j√75

These are complex conjugate zeros with real part -5.

Pole:
- At s = 0 (from denominator)



Step 3: Magnitude and Phase Approximation
- The zeros are complex conjugates at s = -5 ± j8.66, contributing to a peak
in magnitude and phase shifts.
- The pole at s=0 causes an infinite gain at DC but is usually considered in
practical filters.

Bode Plot Sketch:
- Magnitude: starts high at low frequencies (due to the pole at zero), then
decreases with frequency.
- Phase: shifts from 0° to approximately +90° as frequency increases,
influenced by the zeros.

Note: Since the zeros are complex conjugates, they introduce a resonant peak
around their natural frequency (~8.66 rad/sec).

Practical Steps for Drawing Bode Plots
To effectively sketch Bode plots for complex transfer functions:

Factor the transfer function into zeros and poles.1.

Identify the breakpoints (pole/zero locations).2.

Determine the slope changes at each breakpoint.3.

Calculate the magnitude contribution of each pole/zero and sum them4.
asymptotically.

Estimate the phase contributions and sum for the total phase shift.5.

Plot the asymptotic magnitude and phase curves, then refine with actual6.
data if needed.

Conclusion
Drawing Bode plots for complex transfer functions like G(s) =
s(s+5)(s+10)(s+2)^2 and H(s) = (s^2 + 10s + 100)/s involves understanding the
pole-zero structure, breakpoints, and asymptotic behaviors. By methodically
analyzing each component’s contribution to magnitude and phase, you can
sketch accurate Bode plots that provide valuable insights into system
stability, bandwidth, and frequency response.

Mastering these techniques enhances your ability to design filters, control
systems, and analyze signal processing applications effectively. Whether for
academic purposes or practical engineering, developing proficiency in Bode
plot analysis is an essential skill in electrical and control engineering
fields.

Frequently Asked Questions



What is the transfer function G(s) given in the
problem?

The transfer function is G(s) = s(s+5)(s+10)(s+2)^2.

How do you approach drawing Bode plots for a high-
order transfer function like G(s)?

You factor the transfer function into standard forms, analyze each pole and
zero's magnitude and phase contribution, and then combine these to sketch the
overall Bode plot.

What are the key steps to draw Bode plots for H(s) =
(s^2 + 10s + 100) / s?

Identify the zero and pole locations, determine their magnitude and phase
contributions across frequency, and plot the asymptotic approximations before
refining the actual plot.

What is the nature of the poles and zeros in H(s) =
(s^2 + 10s + 100) / s?

H(s) has a zero of order 2 at high frequencies (from the numerator) and a
pole at s=0 (from the denominator).

How do you determine the cutoff frequencies or
breakpoints for plotting Bode plots?

Breakpoints occur at the pole and zero locations, which can be found from the
factors' roots, e.g., for G(s), at s=0, s=-5, s=-10, and s=-2 (double pole).

What is the phase contribution of each pole and zero
in the Bode plot?

Zeros contribute a +45° phase shift per pole at the corner frequency, while
poles contribute a -45° shift per pole at their corner frequencies, with the
total phase being the sum of individual contributions.

How does the double pole at s = -2 in G(s) affect the
Bode magnitude plot?

A double pole introduces a slope of -40 dB/decade starting at the pole's
corner frequency, with a gradual phase shift from 0° to -180°.

What is the significance of the asymptotic Bode plots
in the analysis?

They provide simplified approximations of the magnitude and phase plots,
making it easier to understand and sketch the overall response, especially at
high and low frequencies.



How do you combine the individual Bode plots of
multiple poles and zeros to get the overall system
response?

By adding the magnitude in dB at each frequency and summing phase
contributions, then adjusting the asymptotic plots to match the actual
magnitude and phase curves.

What are the typical steps to sketch the Bode plot
for the given transfer functions?

1. Factor the transfer function into poles and zeros. 2. Plot the asymptotic
magnitude and phase for each component. 3. Sum the contributions to get the
overall response. 4. Adjust the plot for accuracy near breakpoints.

Additional Resources
Draw Bode Plots for G(s) = s(s + 5)(s + 10)(s + 2)^2, and Sketch the Bode
Plot for H(s) = s² + 10s + 100

---

Introduction

In the realm of control systems and signal processing, Bode plots stand as a
fundamental graphical tool used to analyze the frequency response of linear
systems. These plots provide invaluable insight into how a system behaves
across a spectrum of frequencies, revealing stability margins, bandwidth, and
resonance characteristics. This article delves into the detailed process of
constructing Bode plots for two specific transfer functions: G(s) = s(s +
5)(s + 10)(s + 2)^2, and H(s) = s² + 10s + 100. While the first involves a
rational function with multiple poles and zeros, the second is a quadratic
polynomial often representing a second-order system.

The goal is to not only generate these plots but also to interpret their
features with technical depth, providing clarity on both the methodology and
the significance of the results. Whether you're an engineer designing
filters, control systems, or signal processors, understanding the step-by-
step construction and analysis of Bode plots is essential for system
characterization and optimization.

---

Understanding Bode Plots: Foundations and
Significance

What Are Bode Plots?



Bode plots are a pair of graphs that depict the magnitude and phase of a
system's transfer function as functions of frequency, typically on
logarithmic scales. They are particularly useful because they simplify
complex frequency-dependent behaviors into intuitive visual representations,
allowing engineers to assess stability, gain margins, phase margins, and
bandwidth.

The two main components are:

- Magnitude plot: Shows how the amplitude of the output signal varies with
frequency.
- Phase plot: Indicates the phase shift introduced by the system at each
frequency.

Both plots are plotted against the logarithm of frequency (usually in rad/sec
or Hz), enabling a clear view of system behavior across several orders of
magnitude.

Why Are Bode Plots Important?

- Stability Analysis: Bode plots help determine gain and phase margins, which
are critical for ensuring system stability.
- Design and Tuning: They assist in designing controllers and filters by
adjusting parameters to achieve desired frequency responses.
- Resonance and Bandwidth: They reveal resonant peaks and cutoff frequencies,
guiding choices in system specifications.
- Approximate Analysis: Bode plots can be generated using asymptotic
approximations, simplifying complex calculations.

---

Part 1: Drawing Bode Plot for G(s) = s(s + 5)(s
+ 10)(s + 2)^2

Step 1: Factorization of the Transfer Function

The transfer function G(s) is given as:

\[ G(s) = s(s + 5)(s + 10)(s + 2)^2 \]

Breaking down:

- Zero at \( s = 0 \)
- Zero at \( s = -5 \)
- Zero at \( s = -10 \)
- Zero at \( s = -2 \) with multiplicity 2

This factorization simplifies the plotting process, as each factor
corresponds to a single zero or pole.

---



Step 2: Identifying Poles and Zeros and Their
Locations

- Zeros:
- \( z_1 = 0 \)
- \( z_2 = -5 \)
- \( z_3 = -10 \)
- \( z_4 = -2 \) (double zero)

- No poles: Since G(s) is a purely zero-based numerator, the system is non-
causal in this context, but for Bode plot purposes, we interpret the zeros as
contributing upward slopes in magnitude.

Note: Typically, Bode plots are constructed for transfer functions expressed
as ratios with poles and zeros in the denominator. Since G(s) is a polynomial
(all zeros), the magnitude response will increase with frequency.

---

Step 3: Constructing the Magnitude Plot

The magnitude in decibels (dB) is:

\[ |G(j\omega)|_{dB} = 20 \log_{10} |G(j\omega)| \]

For each zero at \( s = a \), the magnitude slope increases by +20 dB/decade
starting at \( \omega = |a| \). For each pole at \( s = a \), the slope
decreases by -20 dB/decade at \( \omega = |a| \).

Since G(s) has only zeros, the magnitude plot will be a rising slope:

- At low frequencies (\( \omega \ll 1 \)):
- The magnitude is dominated by the zero at zero (i.e., the \( s \) term),
which contributes a slope of +20 dB/decade.
- The overall slope starts at 0 dB at very low frequencies because the
initial gain is 1 (assuming unity).

- At each zero frequency:
- \( \omega = 1 \) rad/sec for the zero at 0 (trivially at zero frequency)
- \( \omega = 5 \) rad/sec
- \( \omega = 10 \) rad/sec
- \( \omega = 2 \) rad/sec (double zero)

The standard approach involves sketching asymptotes:

1. Initial slope: 0 dB/decade at very low frequencies.
2. At \( \omega = 2 \) rad/sec:
- Since there's a double zero here, the slope increases by +40 dB/decade.
3. At \( \omega = 5 \) rad/sec:
- Slope increases by +20 dB/decade.
4. At \( \omega = 10 \) rad/sec:
- Slope increases by +20 dB/decade.
5. At very high frequencies:
- The overall slope is the sum of all zeros’ contributions: +20 dB/decade
(from \( s \)), +40 dB/decade (double zero at 2), +20 dB/decade (at 5), +20
dB/decade (at 10).



Note: Since all are zeros, the magnitude increases with frequency, with slope
steps at each zero.

---

Step 4: Constructing the Phase Plot

Zeros contribute a phase lead, approaching +90° as frequency increases past
each zero. The phase contribution of each zero is:

- For a zero at \( s = a \):

\[
\phi_{zero}(\omega) = +90^\circ \times \frac{\omega}{\sqrt{\omega^2 + a^2}}
\]

- For zeros at negative real axes, the phase contribution is +90°,
approaching +90° at high frequencies.

The cumulative phase is:

- Starting at 0°, at very low frequencies.
- Approaching +90° after passing each zero at its corner frequency.

Specifically:

- Zero at 0 rad/sec: phase jumps from 0° to +90°.
- Zero at 2 rad/sec: phase increases from 0° to +90°, centered around \(
\omega = 2 \).
- Zero at 5 rad/sec: similar transition.
- Zero at 10 rad/sec: same.

The total phase starts near 0° and approaches +360°, given four zeros.

---

Part 2: Sketching the Bode Plot for H(s) = s² +
10s + 100

Step 1: Recognize the Type of System

H(s) is a second-order polynomial:

\[ H(s) = s^2 + 10s + 100 \]

This is a standard second-order system, often representing a bandpass or low-
pass filter depending on its parameters.

---



Step 2: Express in Standard Form

To analyze the Bode plot, express H(s) in terms of a standard second-order
transfer function:

\[
H(s) = \omega_o^2 + 2 \zeta \omega_o s + s^2
\]

Compare:

\[
s^2 + 10s + 100
\]

with

\[
s^2 + 2\zeta \omega_o s + \omega_o^2
\]

Matching coefficients:

\[
2 \zeta \omega_o = 10 \Rightarrow \zeta \omega_o = 5
\]
\[
\omega_o^2 = 100 \Rightarrow \omega_o = 10\, \text{rad/sec}
\]

Thus,

\[
2 \zeta \times 10 = 10 \Rightarrow \zeta = \frac{5}{10} = 0.5
\]

This indicates a second-order system with natural frequency \( \omega_o = 10
\) rad/sec and damping ratio \( \zeta = 0.5 \).

---

Step 3: Constructing the Magnitude Plot

The magnitude response of a second-order system is characterized by a
resonance peak near the natural frequency \( \omega_o \), and asymptotic
slopes:

- At low frequencies (\( \omega \ll \omega_o \)):
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