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The Asymptotic Bode Diagram

How the Piecewise Linear Approximations are Derived
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Introduction

Given a transfer function, such as

H(s) = 100 s+1 s+1

=1
(s+ 1035 +100) £ +110s+ 1000

the question naturally arises: "How can we display this function?" In the previous document the
argument was made that the most useful way to display this function is with two plots, the first
showing the magnitude of the transfer function and the second showing its phase. One way to do
this is by simply entering many values for the frequency, calculating the magnitude and phase at
each frequency and displaying them. This is what a computer would naturally do. For example if
you use MATLAB® and enter the commands

>> MySys=tf(100*[1 1],[1 110 1000])
Transfer function:
100 s + 100

s"2 + 110 s + 1000
>> bode(MySys)

you get a plot like the one shown below. The asymptotic solution is given elsewhere.

Bode Diagram
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However, there are reasons to develop a method for drawing Bode diagrams manually. By
drawing the plots by hand you develop an understanding about how the locations of poles and
zeros effect the shape of the plots. With this knowledge you can predict how a system behaves in
the frequency domain by simply examining its transfer function. On the other hand, if you know
the shape of transfer function that you want, you can use your knowledge of Bode diagrams to
generate the transfer function.

The first task when drawing a Bode diagram by hand is to rewrite the transfer function so that
all the poles and zeros are written in the form (1+s/@). The reasons for this will become apparent
when deriving the rules for a real pole. A derivation will be done using the transfer function from

above, but it is also possible to do a more generic derivation. Let's rewrite the transfer function
from above.

g+1
(a+ 100(s+100)
00 1+s/1
10-(1+5/10)-100- {1+ s/ 1007
) 1+:/1
(I+2/10)1+=/100)
Now lets examine how we can easily draw the magnitude and phase of this function when s=j@.

H(s) = 100

First note that this expression is made up of four terms, a constant (0.1), a zero (at s=-1), and
two poles (at s=-10 and s=-100). We can rewrite the function (with s=j®) as four individual
phasors.

L 1+ 1m il
HG0) =0 e T as e 100y
(P2 (00)] [+ /1]£{1+joi1}]
' e 102 (1 jo A10) [+ 10 /100)Z (14 jo /100) ]

We will show (below) that drawing the magnitude and phase of each individual phasor is fairly
straightforward. The difficulty lies in trying to draw the magnitude and phase of H(jw). We can
write H(jw) as a single phasor:

_ |t+ jo /1] _ . .
H =01 1010+ 2 (1 1= 201 0= 21 f1o0
(o) [' ||1+jmf1[l||1+jmf1[l[l|( (O1)+ £ (1 jol1)= 21+ jo /10)= £ {1+ jo ))
= [H(jo)|£Hijo)
|H(jm)|=|[l. |1+]mf1|

|
||1+ jof10|L+ jo /100]
ZH(jo) = Z(0.1)+ Z(1+ jo/1)- Z(1+ jo /10)- 2 (1+ jo /100)
Drawing the phase is fairly simple. We can draw each phase term separately, and then simply add
them. The magnitude term is not so straightforward because of the fact that the magnitude terms

are multiplied, it would be much easier if they were added - then we could draw each term on a
graph and just add them. A method for doing this is outlined below.

The Magnitude Plot

One way to transform multiplication into addition is by using the logarithm.
Instead of using a simple logarithm, we will use a deciBel (named for Alexander
Graham Bell). {Why the deciBel?} The relationship between a quantity, Q, and its
deciBel representation, X, is given by:
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X =20logy (Q)
So if Q=100 then X=40; Q=0.01 gives X=-40; X=3 gives Q=1.41; and so on.
If we represent the magnitude of H(s) in deciBels we get

|EI 1| |1+jr:nf1|
U+ g 10|+ e F100]

|1+jmf1| ]

|0.1]— :
L+i@/10[ft+ jo/100]

HE)-

20-logy, (|H(s]l|jl= 29'1'3'%10[

p+jmf1m]+ ng[p+

= 20-logy (j0.1)+ 20 Togy, ([ + jo /1)) - 20 logy, (Jt+ jo /10[)- 20 logy, L+ |

=20logy, |[|IZI.1|)+ 20 -lngm(|1+ jmf1|)+ 20 -lugm[

The advantage of using deciBels (and of writing poles and zeros in the form
(I+s/®)) are now revealed. The fact that the deciBel is a logarithmic term
transforms the multiplication of the individual terms to additions. Another benefit is
apparent in the last line that reveals just two types of terms, a constant term and terms
of the form 20log10(|1+jw/®|). Plotting the constant term is trivial, however the
other terms are not so straightforward. These plots will be discussed below.

However, once these plots are drawn for the individual terms, they can simply be
added together to get a plot for H(s).

The Phase Plot
If we look at the phase of the transfer function, we see much the same thing:
The phase plot is easy to draw if we take our lead from the magnitude plot. First
note that the transfer function is made up of four terms. If we want
ZH(5) = Z{0.1)+ L1+ jo /1) - Z(1+jo /10)- £ {1+ {o /100)

Again there are just two types of terms, a constant term and terms of the form
I+jo/wg|. Plotting the constant term is trivial; the other terms are discussed below.

A more generic derivation

The discussion above dealt with only a single transfer function. Another derivation
that is more general, but a little more complicated mathematically is here.

Making a Bode Diagram

Following the discussion above, the way to make a Bode Diagram is to split the
function up into its constituent parts, plot the magnitude and phase of each part, and
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then add them up. The following gives a derivation of the plots for each type of
constituent part. Examples, including rules for making the plots follow in the next
document, which is more of a "How to" description of Bode diagrams.

A Constant Term
Consider a constant term,

Hisi=H{jmi =K

Magnitude
Clearly the magnitude is constant

HGo)|= K]

Phase

The phase is also constant. If K is positive, the phase is 0° (or any even multiple of
180°). If K is negative the phase is -180°, or any odd multiple of 180°. We will use -
180° because that is what MATLAB® uses.

Expressed in radians we can say that if K is positive the phase is 0 radians, if K is
negative the phase is -7 radians.

Example

Bode Plot for Constant Term

40
o 20
=
0O}
=
=
= .0
T
= -40
H(z) = H{jo) =15 -Eﬂm
[H{jm)|=[15|=15=23.5dB
ZH(jo) = £15=1° ! !
(jo) _ @ } !
z ¥ .
2 - :
[} [ 1
[ak]
= A0 -1 :
ak}
2 100 -1 :
£
= -150 o Z
1 10° 10

Freguency, o (radfsec)

In Brief:

e For a constant term, the magnitude plot is a straight line.
e The phase plot is also a straight line, either at 0° (for a positive constant) or -180° (for a
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negative constant).

A Real Pole
Consider a simple real pole

H(s) = H{jm) =

1+ — 14—
My My

The frequency oy is called the break frequency, the corner frequency or the 3 dB frequency

(more on this last name later).
Magnitude

The magnitude is given by

[H{ja)|=

1+ji
g

)
=-20-log, 12+[i] . in 4B
@y

Let's consider three cases for the value of the frequency:

Case 1) ©<<®,. This is the low frequency case. We can write an

approximation for the magnitude of the transfer function

7
|I—I{jm}|=—2[l-lugm 12+[i] . =<y
Wy
20 log(1)=10

The low frequency approximation is shown in blue on the diagram
below.

Case 2) ®>>0,. This is the high frequency case. We can write an

approximation for the magnitude of the transfer function
¢

2
|H{jm}|=—2|].lngm 12+[WEJ . BBy
0

i 2
s —20-logy, [i] =-20 logy [i]
! Wy iy

The high frequency approximation is at shown in green on the diagram
below. It is a straight line with a slope of -20 dB/decade going through
the break frequency at 0 dB. That is, for every factor of 10 increase in
frequency, the magnitude drops by 20 dB.

Case 3) o=w. The break frequency. At this frequency
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2
|H(jm}|=—2|]-1|:ugm 12+[i] .=

r =20 -logy, (¥2)=-301dB ~ -3 dB

This point is shown as a red circle on the diagram.

To draw a piecewise linear approximation, use the low frequency asymptote up to
the break frequency, and the high frequency asymptote thereafter.

AT T T
O Asympioie i
Approximation ™ i P LA
0 SRR et
a / :
= Low Frequency
Z 0f-
= Asymptote
= :
20 --mmoobooobodhobhdiio- Break frequency, -----o--0
B
o + Exact function (dotted line): : .
40 Lot iy 1
1° 10° Py 10° 10°

Frequency, @ (rad/sec)
The resulting asymptotic approximation is shown highlighted in pink. The
maximum error between the asymptotic approximation and the exact magnitude

function occurs at the break frequency and is approximately 3 dB.

The rule for drawing the piecewise linear approximation for a real pole can be
stated thus:

For a simple real pole the piecewise linear asymptotic Bode plot for
magnitude is at 0 dB until the break frequency and then drops at 20 dB
per decade (i.e., the slope is -20 dB/decade).

Phase

The phase of a single real pole is given by is given by

ZHijm) = - [1+ Ji] =- aru::tan[iJ
My My

Let us again consider three cases for the value of the frequency:

Case 1) ©<<o,. This is the low frequency case. At these frequencies
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We can write an approximation for the phase of the transfer function
ZHi{jo) = —arctan [D) =0%= D radians

The low frequency approximation is shown in blue on the diagram
below.

Case 2) ®>>0,. This is the high frequency case. We can write an
approximation for the phase of the transfer function

ZHijm) s — arctanl[m:l =907 = —g radians

The high frequency approximation is at shown in green on the diagram
below. It is a straight line with a slope at -90°.

Case 3) ©=0,. The break frequency. At this frequency
ZH(1m) = —arctan [1) =—45%= - g radiansz

This point is shown as a red circle on the diagram.

] ] S S RN SO NN S SN SO e

Piecewise Linear

45----- Approximation --m3---a--a--reraoree- Low Frequency
IR to 11 Asymptote, |,
2 O R o
[ — L, i1l P R R W
D_ 1 1 -:-\.-:‘-:-.JI : :: 1 1 1 : ::::: 1 1 1 1 1 LI I |
Lo n - : EiBreakFrequency
a5} SO e ot R Y W BN
oL L k“r/Exact
50 e : s LT
ST R TR R TR R
10° Do, 10’ 0, 10° 106, 10°

Frequency, @ (rad/sec)

A piecewise linear approximation is not as easy in this case because the high and
low frequency asymptotes don't intersect. Instead we use a rule that follows the exact
function fairly closely, but is also arbitrary. Its main advantage is that it is easy to
remember. The rule can be stated as

Follow the low frequency asymptote until one tenth the break
Srequency (0.1 ) then decrease linearly to meet the high frequency

asymplote at ten times the break frequency (10 o).

This line is shown above. Note that there is no error at the break frequency and about 5.7° of
error at one tenth and ten times the break frequency.

In Brief:
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e For a simple real pole the piecewise linear asymptotic Bode plot for magnitude is at 0 dB
until the break frequency and then drops at 20 dB per decade (i.e., the slope is -20

dB/decade). An n'h order pole has a slope of -20*n dB/decade.
e The phase plot is at 0 degrees until one tenth the break frequency and then drops linearly

to -90 degrees at ten times the break frequency. An n' order pole drops to -90*n degrees.

Examples

Example 1: The first example is a simple pole at 10 radians per second. The low

frequency asymptote is the dashed blue line, the exact function is the solid black line,
the cyan line represents 0.

H(s)= ——
1+ —
10
Azpmptotic Bode Plot Hiz) = oo
(Smgle REEll PDIE) Magnitude Plot it
20 . . .
o 0
= ol
10" 10° 10’ 10° 10°
Phaze Plot
45 T T T LB | T T T LB | T T T LB |
T

10 10 10' 10° 10°

Fraguency - m, rad-sec”’

Example 2: The second example shows a double pole at 30 radians per second.
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Note that the slope of the asymptote is -40 dB/decade and the phase goes from 0 to
-180°.

1
A%
1+ —
[ 30}

Azpmptotic Bode Plot
(Repeated Pole)

20

His) =

Magnitude Plot

20F

Magnitude - dB

A0k

-0
10

Phasze Plot
45 —— ——

Phase - degrees

10" 10 10° 10°

Frequency - o. rad-sec”

A Real Zero

The piecewise linear approximation for a zero is much like that for a pole Consider a simple
Zero:

His)=1+—— Hijo)=1+]—
@y @y

Magnitude
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The development of the magnitude plot for a zero follows that for a pole. Refer to
the previous section for details. The magnitude of the zero is given by

[H(jo)|=

1+ji
@y

Again there are three cases:

1. At low frequencies, ®<<®,, the gain is approximately zero.

2. Athigh frequencies, ®>>®, the gain increases at 20 dB/decade and goes
through the break frequency at 0 dB.
3. Atthe break frequency, ®=w, the gain is about 3 dB.

The rule for drawing the piecewise linear approximation for a real zero can be
stated thus:

For a simple real zero the piecewise linear asymptotic Bode plot for
magnitude is at 0 dB until the break frequency and then increases at 20
dB per decade (i.e., the slope is +20 dB/decade).

Phase

The phase of a simple zero is given by:

LZHijm) = i{lﬂ'iJ: arctat [i]
My My

The phase of a single real zero also has three cases:

1. At low frequencies, ®<<w,, the phase is approximately zero.
2. Athigh frequencies, ®>>w,, the phase is 90°.
3. At the break frequency, ®=0, the phase is 45°.

The rule for drawing the phase plot can be stated thus:

Follow the low frequency asymptote until one tenth the break
frequency (0.1 ) then increase linearly to meet the high frequency

asymptote at ten times the break frequency (10 @).

In Brief:

¢ For a simple real zero the piecewise linear asymptotic Bode plot for magnitude is at 0 dB
until the break frequency and then rises at +20 dB per decade (i.e., the slope is +20

dB/decade). An n' order zero has a slope of +20*n dB/decade.
¢ The phase plot is at 0 degrees until one tenth the break frequency and then rises linearly
to +90 degrees at ten times the break frequency. An n'! order zero rises to +90*n degrees.

Examples

This example shows a simple zero at 30 radians per second. The low frequency

asymptote is the dashed blue line, the exact function is the solid black line, the cyan
line represents 0.
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3
Hiz)=1+—
(5] 20

Azymptotic Bode Plot
(Simple Real Zero)

Magnitude Plot
20

Magnitude - dB

10 10 10 10

Fhase Plot
135 —————7 ——

Phasze - degrees

10" 10' 10° 10°

Freguency - o, rad-sec”’

A Pole at the Origin
A pole at the origin is easily drawn exactly. Consider
1 . 1 .
H{s)=-, H{o)= —=-1—
|4 lis}

Magnitude

The magnitude is given by

fiGe)| - |22 20
m

This function is represented by a straight line on a Bode plot with a slope of -20 dB
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per decade and going through 0 dB at 1 rad/ sec. It also goes through 20 dB at 0.1
rad/sec, -20 dB at 10 rad/sec...

The rule for drawing the magnitude for a pole at the origin can be thus:

For a pole at the origin draw a line with a slope of -20 dB/decade that
goes through 0 dB at 1 rad/sec.

Phase

The phase of a simple zero is given by:
ZH(jo) = 2 -128 - _gpe
0

The rule for drawing the phase plot for a pole at the origin an be stated thus:
The phase for a pole at the origin is -90°.
In Brief:

e For a simple pole at the origin draw a straight line with a slope of -20 dB per decade and
going through 0 dB at 1 rad/ sec. An n'h order pole has a slope of -20*n dB/decade.
e The phase plot is at -90° degrees. An n'h order pole is at -90*n degrees.

Examples

This example shows a simple pole at the origin. The black line is the Bode plot,
the cyan line shows zero (dB or degrees).
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Azymptotic Bode Plot
(Pole at origin)
40

hagnitude Plat

20

Magnitude - dB
=

=20

_4|:| L MR | L MR | L MR | L MR
107 10" 10° 10" 10°

FPhase Plat
45 T T L T T L T T L

Phasze - degrees
=9
iy |

-90

10° 107 10" 10° 10°

1

Frequency - @, rad-sec’

A Zero at the Origin
A zero at the origin is just like a pole at the origin but the magnitude increases, and the phase is
positive.

In Brief:

e For a simple zero at the origin draw a straight line with a slope of +20 dB per decade and
going through 0 dB at 1 rad/ sec. An n'" order zero has a slope of +20*n dB/decade.
e The phase plot is at +90° degrees. An n'M order zero is at +90*n degrees.

A Complex Conjugate Pair of Poles
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The magnitude and phase plots of a complex conjugate (underdamped) pair of poles is more

complicated than those for a simple pole. Consider the transfer function:

4
1 .
H(s) = s M ., with 08 <1

=z I
s+ 2lms+m
o [—5] +2|§[—S ]+1
ol Wy

The magnitude is given by

[H(jw)|=

Magnitude

Let's consider three cases for the value of the frequency:

Case 1) ©<<®,. This is the low frequency case. We can write an
approximation for the magnitude of the transfer function
|H(jw)|=-20log, (1) =10
The low frequency approximation is shown in red on the diagram
below.

Case 2) ®>>®,. This is the high frequency case. We can write an

approximation for the magnitude of the transfer function

2
|H(jm]||= —20-logy, [[i] ]= -40-log,, {i]
iy iy

The high frequency approximation is at shown in green on the diagram
below. It is a straight line with a slope of -40 dB/decade going through
the break frequency at 0 dB. That is, for every factor of 10 increase in
frequency, the magnitude drops by 40 dB.

Case 3) o=w,. It can be shown that a peak occurs in the magnitude

plot near the break frequency. The exact height and location can be
determined by differentiating the expression for the magnitude of the
transfer function with respect to frequency and setting it to zero (to make
life easier, square the function before differentiating, since the peak will
be in the same place for a function or its square). The resulting
differentiation shows a peak at the frequency given by

0, = gl - 202

The peak has a magnitude of

|H(jmr}|=—zn-1ngm(2f;h—g2), in dB

The actual peak frequency is not important when drawing Bode
diagrams by hand because if the peak is large enough to draw, the peak
frequency is very near the break frequency. This point is shown as a blue
circle on the diagram.
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Note that the peak only exists for
0= <0707 =1/2
and the frequency of the peak is typically very near the break
frequency. For (=0, the peak is exactly at the resonant frequency but the
peak frequency drops as C increases. However even for a fairly large
€=0.3 (a small peak of only 5 dB), the resonant frequency is

0, = tgaf1- 207 = a,41-0.18 = 0.91n,

which is only a 9% deviation from the break frequency. It is generally
accurate enough to put the peak at the resonant frequency.

To draw a piecewise linear approximation, use the low frequency asymptote up to
the break frequency, and the high frequency asymptote thereafter. Draw a smooth

curve between the low and high frequency asymptote that goes through the peak
value.

For the curve shown below,

His) = o, =10, £=10.1

2 £l
[iJ +2t;[i]+1
Wy 0y

The peak will have an amplitude of 5.02 or 14 dB.

Asymptotic Bode Plot  « - oo

="Z + & = + 100

Magnitude Plat
20 :

" Resonant

Peal

20F

| Low Frequency

40
Asvmptote

Magnitude - dB

Fol Exact Hesponse

High Frequency
ant Asymptote

107 iy 10° 10° 10°

1

Fregquency - @, rad-sec’

The resulting asymptotic approximation is shown in black.

The rule for drawing the piecewise linear approximation for a complex conjugate
pair of poles can be stated thus:

For the magnitude plot of complex conjugate poles draw a 0 dB at low
frequencies, go through a peak of height,
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|H(jmr)|=—zn-1ngm(2f;h—f;3], in dB

at the break frequency and then drop at 40 dB per decade (i.e., the
slope is -40 dB/decade). The high frequency asymptote goes through the
break frequency.

Phase
The phase of a complex conjugate pole is given by is given by

plagiual
S Hijm) = —arctan —mug
o)
gl
Let us again consider three cases for the value of the frequency:

Case 1) ©<<o,. This is the low frequency case. At these frequencies
We can write an approximation for the phase of the transfer function
ZHi{jo) = —arctan [D) =0%= D radians

The low frequency approximation is shown in red on the diagram
below.

Case 2) ®>>0,. This is the high frequency case. We can write an

approximation for the phase of the transfer function
ZH(jn)=—-150°
The high frequency approximation is at shown in green on the diagram
below. It is a straight line at -180°.

Case 3) o=w,. The break frequency. At this frequency
ZH(jw) = —90°
This point is shown as a blue circle on the diagram.

For the curve shown below

H(s) = . @, =10, =01
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Asymptotic Bode Plot «) - e

="z + & = + 100

Phase Plaot
%5 T ow Frequency Asymptote i
1]
o _ L -
@ 4a Piecwise Linear
T Approximation
= onf 1
$
i Exact Hesponse
£ 13| P |
-180 ’i\
-~ . II-[igh Fre quency Asymptote
10" 10" 10’ 10° 10°

Fraguency - m, rad-sec”’

A piecewise linear approximation is not easy in this case, and there are no hard and
fast rules for drawing it. The most common way is to look up a graph in a textbook

with a chart that shows phase plots for many values of {. Another way is to use
connect the low frequency asymptote to the high frequency asymptote starting at

2
logg, [E]

£ =t
0
2

and ending at
2

2
1081 [J

If £<0.02, the approximation can be simply a vertical line at the break frequency.

The rule for drawing phase of an underdamped pair of poles can be stated as
Follow the low frequency asymptote at (° until

(]

2
then decrease linearly to meet the high frequency asymptote at -180°
at
2
o=,

ol

e For the magnitude plot of complex conjugate poles draw a 0 dB at low frequencies, go

through a peak of height,
|H(jmr)|=—2n-lugm(2f;h—g"), in dB

In Brief:

http://www.swarthmore.edu/NatSci/echeevel/Ref/LPSA/Bode/BodeHow.html 29.11.2006



A development of the asymptotic phase and magnitude plots Page 18 of 22

at the break frequency and then drop at 40 dB per decade (i.e., the slope is -40
dB/decade). The high frequency asymptote goes through the break frequency. Note that the
peak only exists for

0t <0707 =1/42

e To draw the phase plot simply follow low frequency asymptote at 0° until

o)

2
then decrease linearly to meet the high frequency asymptote at -180° at
2

(]

If £<0.02, the approximation can be simply a vertical line at the break frequency.

W=,

A Complex Conjugate Pair of Zeros
Not surprisingly a complex pair of zeros yields results similar to that for a complex pair of
poles. The differences are that the magnitude has a dip instead of a peak, the magnitude increases
above the break frequency and the phase increases rather than decreasing.

Example: The graph below corresponds to a complex conjugate zero with

2
H(s)=[miJ +2§[mi]+1, 0y =10, =01
i} i}

The dip in the magnitude plot will have a magnitude of 0.2 or -14 dB.
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0.0l =" + 0.02 =+ 1

Asymptotic Bode Plot ., - 2222002000

Magnitude Plot
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In Brief:

e For the magnitude plot of complex conjugate zeros draw a 0 dB at low frequencies, go
through a dip of magnitude:

Hjo,)|= 2n-lugm(2f;h—g"), in dB

at the break frequency and then rise at +40 dB per decade (i.e., the slope is +40
dB/decade). The high frequency asymptote goes through the break frequency. Note that the
peak only exists for
D2t <0707 =1/2

e To draw the phase plot simply follow low frequency asymptote at 0° until

2
logy, [EJ

2
then increase linearly to meet the high frequency asymptote at 180° at

0=,

http://www.swarthmore.edu/NatSci/echeevel/Ref/LPSA/Bode/BodeHow.html 29.11.2006



A development of the asymptotic phase and magnitude plots

Page 20 of 22

Brief review for all types of terms: This document derived piecewise linear approximations
that can be used to draw different elements of a Bode diagram. These are:

Rules for Drawing Bode Diagrams

The table below summarizes what to do for each type of term in a Bode Plot. This is also
available as a Word Document or PDF

Term Magnitude Phase
c « 20 10g (K] K=0: 0°
onstant: 2 Koed: —120
Pole at Origin .
1 -20 dB/decade passing through 0 90 d
(Integrator) = dB at ©=1 -90 degrees
g
+20 dB/decade passing through 0
Zero at Origin dB at o=1 i ) +90 deg;e::s
(Differentiator) s (Mirror image of Integrator about () (Mirror lmagde of Inte,
egrees)
dB)
1. Draw low frequency
Real Pole 1. Draw low frequency degrees
asymptote at 0 dB :
| . 2. Draw high frequenc
2. Draw high frequency degrees
£ asymptote at -20 dB/decade & . :
0 . 3. Connect with a strai
o 3. Connect lines at m,,.
0 0.1'0, to 10-m,
1. Draw low frequency 1. Draw low frequency
asymptote at 0 dB degrees
2. Draw high frequency 2. Draw high frequenc
Real fero asymptote at +20 dB/decade +90 degrees
—+1 3. Connect lines at . 3. Connect with a strai
0
0 0.1'w to 10-e,
(Mirror image of Real Pole about 0
dB) (Mirror image of Real Pol
1. Draw low frequency 1. Draw low frequency
Underdamped Poles asymptote at 0 dB degrees
(Complex conjugate 2. Draw high frequency 2. Draw high frequenc
poles) asymptote at -40 dB/decade
180 degrees
1 3. Draw peak at the frequency . .
- 3. Connect with a strai
s o2 0, = gl — 20 7
m_u +ek E ¥ with amplitude logy [EJ
. = — t
0<t <l [Fio,)| =20-logy (201 -7 PR E
Note:
o the peak only exists for (If £<0.02 draw phase
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D2t <0707 =1/42

o the peak frequency is
typically very near .

4. Connect lines

Page 21 of 22

to -180 degrees at @

You can also look in a tex
examples

Underdamped Zeros
(Complex conjugate
Zeros)

1. Draw low frequency
asymptote at 0 dB

2. Draw high frequency
asymptote at +40 dB/decade

3. Draw adip in the response at
frequency

with amplitude
[Fiio,)] - 20-logy (2631 -7

Note:
o the dip only exists for
D2t <0707 =1/+42

o the dip frequency is
typically very near o,

4. Connect lines

(Mirror image of Underdamped
Pole about 0 dB)

1. Draw low frequency
degrees

2. Draw high frequenc
+180 degrees

3. Connect with a strai

2
lagy [EJ

M=, ————— 1
2

(If £<0.02 draw phase
to +180 degrees at m)

You can also look in a tex
examples

(Mirror image of Underd.

0 degrees)

For multiple order poles and zeros, simply multiply the slope of the magnitude plot by the order
of the pole (or zero) and multiply the high and low frequency asymptotes of the phase by the order

of the system.
For example:

1.
Second Order

asymptote at 0 dB

Draw low frequency 1.

Draw low frequency
asymptote at 0 degrees

Real Pole
1

S

@,

2. Draw high frequency
asymptote at -40
dB/decade

3. Connect lines at break
frequency.

-40 db/dec is used because of order
of pole=2. For a third order pole,

asymptote is -60 db/dec

2. Draw high frequency
asymptote at -/80 degrees

3. Connect with a straight line
from 0.1'®; to 10-®,

-180 degrees is used because order of
pole=2. For a third order pole, high
frequency asymptote is at -270 degrees.

This page is modeled after the one at
http://lims.mech.nwu.edu/~lynch/courses/ME391/2002/bodesketching.pdf

b Back to Bode Plot Page b
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€ gyck € ¥ Rules for drawing Bode diagrams:")
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