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Misc 

Proper​ ​Function 
Degree​ ​of​ ​numerator​ ​does​ ​not​ ​exceed​ ​that​ ​of​ ​denominator 
 
Strictly​ ​Proper​ ​Function 
Degree​ ​of​ ​denominator​ ​exceeds​ ​degree​ ​of​ ​numerator 
 
Block​ ​Diagrams 
 

 
 
Linearization 
 

 
y (y eq) , etc.......Δ =  − y   
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Gain​ ​and​ ​Phase​ ​Margin 
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Second​ ​Order​ ​Dynamics 

ζω xx2 + 2 n + ωn
2 = 0  

 
Damping 

atural Frequencyωn = N  
amping Ratioζ = D  

 ωd = ωn√1 − ζ2  
 
Settling​ ​Time 
ts ≈ 4

(ψω )n
 

 
Peak​ ​Time 
T p = π

ωn√1−ζ2
 

 
Overshoot 
OS 100e% =  −(ζπ/√1−ζ2
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Laplace​ ​Table 
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Other​ ​Mathematical​ ​Tables 
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Final​ ​Value​ ​Theorem​ ​and​ ​Error 

 
 

 
 
Where​ ​the​ ​type​ ​is​ ​the​ ​number​ ​of​ ​pure​ ​integrators​ ​in​ ​a​ ​system​ ​G(s)C(s) 
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With​ ​Disturbance 
https://www.ee.usyd.edu.au/tutorials_online/matlab/extras/ess/ess.html 
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Matching​ ​Output​ ​Responses​ ​with​ ​Time​ ​Domain​ ​Plot 

 
In​ ​order 

1. Stability​ ​(LHP​ ​Poles) 
2. Final​ ​value 

○ G(0)​ ​multiplied​ ​by​ ​whatever​ ​the​ ​time​ ​domain​ ​input​ ​is 
3. Poles 

○ Complex​ ​poles 
i. damped​ ​frequency​ ​is​ ​magnitude​ ​of​ ​imaginary​ ​part​ ​of​ ​poleωD  
ii. complex​ ​conjugate​ ​pole​ ​pair​ ​in​ ​the​ ​left​ ​half​ ​of​ ​the​ ​s-plane​ ​combines± jωσ  

to​ ​generate​ ​a​ ​response​ ​component​ ​that​ ​is​ ​of​ ​the​ ​form​ ​ e sin(ωt )A −σt + Φ  
iii. ​ ​is​ ​the​ ​period​ ​of​ ​oscillation,​ ​match​ ​to​ ​plot2π

ωD
 

iv. When​ ​the​ ​damped​ ​frequency​ ​ ​ ​is​ ​small​ ​<0.1?​ ​The​ ​frequency​ ​ofζ  
oscillation​ ​ωd ≈ ω0  

○ Check​ ​for  
4. Zeroes 

○ Undershoot​ ​when​ ​RHZ​ ​(Positive/Unstable) 
○ Overshoot​ ​when​ ​LHZ​ ​(Negative/Stable)​ ​and​ ​small​ ​(close​ ​to​ ​imaginary​ ​axis) 

relative​ ​to​ ​dominant​ ​pole 
5. Time​ ​Constant 

○ Typically​ ​the​ ​dominant​ ​stable​ ​pole​ ​ ​ ​goes​ ​to​ ​ ​ ​where​ ​s )( + a e−at τ = a
1  

○ Expect​ ​almost​ ​full​ ​decay​ ​after​ ​5​ ​time​ ​constants 
 
 

 
 
Bode​ ​Plots 

 
Checklist 
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1. Initial​ ​value​ ​ 0log (|G(0)|2 10  
2. Final​ ​magnitude​ ​rate​ ​of​ ​change​ ​is​ ​equal​ ​to​ ​ n ) 0dB/dec( − m * 2  
3. Total​ ​Phase​ ​Change 
4. Existence​ ​and​ ​location​ ​of​ ​peak​ ​consistent​ ​with​ ​ ​ ​when​ ​there​ ​are​ ​conjugate​ ​pair​ ​polesω0  

and​ ​ .5ζ < 0  
5. Location​ ​of​ ​magnitude​ ​changes​ ​(usually​ ​a​ ​decade​ ​to​ ​either​ ​side​ ​of​ ​ )ω0  
6. Location​ ​of​ ​phase​ ​changes​ ​(usually​ ​a​ ​decade​ ​of​ ​less​ ​to​ ​either​ ​side​ ​of​ ​ )ω0  

 

Term Magnitude Phase 

Constant:​ ​K 20log​10​(|K|) 
K>0:​ ​​ ​0°  

K<0:​ ​​ ​​ ​±180° 

Pole​ ​at​ ​Origin 

(Integrator)​ ​  

-20​ ​dB/decade​ ​passing 
through​ ​0​ ​dB​ ​at​ ​ω=1 

-90° 

Zero​ ​at​ ​Origin 
(Differentiator)​ ​  

+20​ ​dB/decade​ ​passing 
through​ ​0​ ​dB​ ​at​ ​ω=1 

(Mirror​ ​image​ ​of​ ​Integrator 
about​ ​0​ ​dB) 

+90°  
(Mirror​ ​image​ ​of​ ​Integrator 

about​ ​0°) 

Real​ ​Pole 

 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0​ ​dB 

2. Draw​ ​high​ ​frequency 
asymptote​ ​at​ ​-20 
dB/decade 

3. Connect​ ​lines​ ​at​ ​ω​0​. 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0° 

2. Draw​ ​high​ ​frequency 
asymptote​ ​at​ ​-90° 

3. Connect​ ​with​ ​a​ ​straight 
line​ ​from​ ​0.1·ω​0​ ​ ​to 
10·ω​0 

Real​ ​Zero 

 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0​ ​dB 

2. Draw​ ​high​ ​frequency 
asymptote​ ​at​ ​+20 
dB/decade 

3. Connect​ ​lines​ ​at​ ​ω​0​. 
(Mirror​ ​image​ ​of​ ​Real​ ​Pole 

about​ ​0​ ​dB) 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0° 

2. Draw​ ​high​ ​frequency 
asymptote​ ​at​ ​+90° 

3. Connect​ ​with​ ​a​ ​straight 
line​ ​from​ ​0.1·ω​0​ ​ ​to 
10·ω​0 

(Mirror​ ​image​ ​of​ ​Real​ ​Pole 
about​ ​0°) 
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RHP​ ​Real​ ​Zero 
s )( − 1  Same​ ​as​ ​above 

1. Phase​ ​change​ ​of​ ​-90° 
in​ ​frequencies​ ​a 
decade​ ​either​ ​side​ ​of 
w=1​ ​rad/sec 

Underdamped​ ​Poles 
(Complex 

conjugate​ ​poles) 

ω0
2

s +2ζω s+ω2
0 0

2  

 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0​ ​dB 

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

3. If​ ​ζ<0.5,​ ​then​ ​draw 
peak​ ​at​ ​ω​0​​ ​with 
amplitude 
|H(jω​0​)|=-20·log​10​(2ζ), 
else​ ​don't​ ​draw​ ​peak 

4. Connect​ ​lines 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0° 

2. Draw​ ​high​ ​frequency 
asymptote​ ​at​ ​-180° 

3. Connect​ ​with​ ​straight 
line​ ​from 

 
 

LHP​ ​Underdamped​ ​poles 
(Complex​ ​Conjugate​ ​Poles) 

Same​ ​as​ ​above 

1. Phase​ ​change​ ​of​ ​-180 
around​ ​natural 
frequency​ ​ (half​ ​aω0  
decade​ ​to​ ​either​ ​side) 

Underdamped​ ​Zeros 
(Complex 

conjugate​ ​zeros) 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0​ ​dB 

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

3. If​ ​ζ<0.5,​ ​then​ ​draw 
peak​ ​at​ ​ω​0​​ ​with 
amplitude 
|H(jω​0​)|=+20·log​10​(2ζ), 
else​ ​don't​ ​draw​ ​peak 

1. Draw​ ​low​ ​frequency 
asymptote​ ​at​ ​0° 

2. Draw​ ​high​ ​frequency 
asymptote​ ​at​ ​+180° 

3. Connect​ ​with​ ​straight 
line​ ​from 
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 4. Connect​ ​lines 
(Mirror​ ​image​ ​of 

Underdamped​ ​Pole​ ​about​ ​0 
dB) 

 
(Mirror​ ​image​ ​of 

Underdamped​ ​Pole​ ​about​ ​0°) 
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Routh​ ​Criterion 

 
If​ ​degree​ ​of​ ​characteristic​ ​polynomial​ ​is​ ​1,2​ ​then​ ​you​ ​can​ ​just​ ​check​ ​if​ ​there​ ​are​ ​any​ ​negatives. 
For​ ​higher​ ​order​ ​polynomials​ ​Routh​ ​Criterion​ ​can​ ​be​ ​used. 
 
Special​ ​cases: 

1. A​ ​zero​ ​in​ ​a​ ​row​ ​with​ ​at​ ​least​ ​one​ ​non-zero​ ​appearing​ ​later​ ​in​ ​the​ ​same​ ​row. 
○ This​ ​means​ ​that​ ​there​ ​will​ ​be​ ​a​ ​sign​ ​change​ ​i.e​ ​an​ ​unstable​ ​pole 
○ If​ ​you​ ​still​ ​want​ ​to​ ​know​ ​how​ ​many​ ​unstable​ ​poles,​ ​replace​ ​zero​ ​with​ ​epsilon​ ​and 

take​ ​the​ ​limit​ ​of​ ​epsilon​ ​going​ ​to​ ​zero,​ ​so​ ​it​ ​is​ ​still​ ​positive​ ​but​ ​very​ ​small. 
2. Entire​ ​row​ ​is​ ​zeros​ ​-​ ​results​ ​in​ ​three​ ​possibilities 

○ Two​ ​real​ ​roots​ ​equal​ ​and​ ​opposite​ ​in​ ​sign​ ​(Unstable) 
○ Two​ ​imaginary​ ​roots​ ​that​ ​are​ ​complex​ ​conjugates​ ​(Marginally​ ​Stable) 
○ Four​ ​roots​ ​that​ ​are​ ​all​ ​equal​ ​distance​ ​from​ ​the​ ​origin​ ​(Unstable) 
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Root-Locus 

 
1. There​ ​are​ ​n​ ​lines​ ​(loci)​ ​where​ ​n​ ​is​ ​the​ ​degree​ ​of​ ​Q​ ​or​ ​P​ ​(whichever​ ​is​ ​greater)  
2. As​ ​K​ ​moves​ ​from​ ​0->​∞​ ​the​ ​roots​ ​move​ ​from​ ​the​ ​poles​ ​of​ ​G(s)​ ​to​ ​the​ ​zeroes​ ​of​ ​G(s) 
3. When​ ​roots​ ​are​ ​complex​ ​they​ ​occur​ ​in​ ​conjugate​ ​pairs 
4. At​ ​no​ ​time​ ​will​ ​the​ ​same​ ​root​ ​cross​ ​over​ ​its​ ​own​ ​path 
5. The​ ​portion​ ​to​ ​the​ ​left​ ​of​ ​an​ ​odd​ ​number​ ​of​ ​open​ ​loop​ ​poles/zeroes​ ​are​ ​part​ ​of​ ​the​ ​loci 
6. Lines​ ​leave​ ​(breakout)​ ​and​ ​enter​ ​(breakin)​ ​the​ ​real​ ​axis​ ​at​ ​90​ ​degrees 
7. If​ ​there​ ​are​ ​not​ ​enough​ ​poles​ ​or​ ​zeroes​ ​to​ ​make​ ​a​ ​pair​ ​then​ ​the​ ​extras​ ​go​ ​to​ ​or​ ​come 

from​ ​infinity 
8. Lines​ ​go​ ​towards​ ​infinity​ ​along​ ​asymptotes​ ​dictated​ ​by​ ​the​ ​equation​ ​where 

Angle: 80ΦA = n−m
(2q+1)

* 1 deg  

Centroid:​ ​ n−m

inite poles − inite zeroes∑
 

 
f ∑

 

 
f

 
Poles #Zeroesn − m = # −   

9. If​ ​there​ ​are​ ​at​ ​least​ ​two​ ​lines​ ​to​ ​infinity,​ ​the​ ​sum​ ​of​ ​all​ ​roots​ ​is​ ​constant 
10. K​ ​going​ ​from​ ​0​ ​to​ ​negative​ ​infinity​ ​can​ ​be​ ​drawn​ ​by​ ​reversing​ ​rule​ ​5​ ​and​ ​adding​ ​180 

degrees​ ​to​ ​the​ ​asymptote​ ​angles 
11. Phase​ ​condition:​ ​the​ ​angle​ ​of​ ​a​ ​point​ ​on​ ​the​ ​root​ ​locus​ ​to​ ​all​ ​zeros​ ​minus​ ​the​ ​angle​ ​to​ ​all 

poles​ ​is​ ​equal​ ​to​ ​ 2l )π( + 1
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Nyquist​ ​Plots 

 
The​ ​system​ ​is​ ​only​ ​stable​ ​if:  
#​ ​Anticlockwise​ ​Encirclements​ ​of​ ​-1​ ​=​ ​#​ ​Unstable​ ​RHP​ ​Poles 
 
Plotting 
 

1. Put​ ​ ​ ​into​ ​the​ ​transfer​ ​functionωs = j  
2. Sweep​ ​ from​ ​0​ ​to​ ​ω ∞  
3. Draw​ ​reflection​ ​about​ ​real​ ​axis 

 
There​ ​are​ ​4​ ​points​ ​needed​ ​in​ ​order​ ​to​ ​do​ ​this 
 

1. ω = 0  
Plug​ ​0​ ​into​ ​the​ ​transfer​ ​function​ ​and​ ​evaluate,​ ​the​ ​Nyquist​ ​plot​ ​starts​ ​here 

2. ω = ∞  
Plug​ ​infinity​ ​into​ ​the​ ​transfer​ ​function​ ​and​ ​evaluate,​ ​the​ ​Nyquist​ ​plot​ ​ends​ ​here 

3. Imaginary​ ​intercepts 
Plug​ ​ into​ ​the​ ​transfer​ ​function​ ​and​ ​split​ ​into​ ​the​ ​real​ ​and​ ​imaginary​ ​parts.​ ​Set​ ​theωs = j  
real​ ​part​ ​to​ ​zero​ ​and​ ​solve​ ​for​ ​ ,​ ​and​ ​then​ ​plug​ ​that​ ​into​ ​the​ ​imaginary​ ​partω  

4. Real​ ​intercepts 
Same​ ​as​ ​above,​ ​but​ ​set​ ​the​ ​imaginary​ ​part​ ​to​ ​zero​ ​and​ ​plug​ ​the​ ​frequency​ ​into​ ​the​ ​real 
part 

 
No​ ​Poles​ ​at​ ​the​ ​Origin 
 

1. For​ ​a​ ​Proper​ ​transfer​ ​function,​ ​entire​ ​Nyquist​ ​contour​ ​for​ ​the​ ​infinity​ ​region​ ​maps​ ​to​ ​a 
single​ ​point​ ​with​ ​a​ ​finite​ ​magnitude​ ​on​ ​the​ ​positive​ ​real​ ​line. 

2. For​ ​a​ ​strictly​ ​proper​ ​transfer​ ​function,​ ​entire​ ​Nyquist​ ​contour​ ​for​ ​the​ ​infinity​ ​region​ ​maps 
to​ ​zero 
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Poles​ ​at​ ​the​ ​Origin 
 

1. Instead​ ​of​ ​going​ ​to​ ​the​ ​pole​ ​at​ ​the​ ​origin,​ ​encircle​ ​it​ ​with​ ​a​ ​very​ ​small​ ​radius​ ​ ε  
2. As​ ​this​ ​encirclement​ ​happens,​ ​the​ ​gain​ ​will​ ​tend​ ​to​ ​infinity 

a. If​ ​the​ ​encirclement​ ​is​ ​done​ ​on​ ​the​ ​right,​ ​it​ ​will​ ​exclude​ ​this​ ​pole​ ​and​ ​gain​ ​will​ ​be 
+ ∞  

b. If​ ​the​ ​encirclement​ ​is​ ​done​ ​on​ ​the​ ​left,​ ​it​ ​will​ ​include​ ​the​ ​pole​ ​and​ ​gain​ ​will​ ​be​ ​  − ∞  
3. Phase​ ​will​ ​sweep​ ​from​ ​-90​ ​to​ ​90 
4. The​ ​infinity​ ​part​ ​of​ ​the​ ​Nyquist​ ​contour​ ​should​ ​always​ ​be​ ​going​ ​clockwise? 
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