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Classification of basic automatic systems

Element name Transfer function
proportional k
k
first order (inertial) To+ 1
| k
Integrator —
)
differentiator ks
KS
differentiator with inertia Tot 1
delay o
k
second order (oscillator) T?SZ +T,5+1
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Proportional element
C</P\ - input, y(¢) - output

1. Element equation: y(

2. Static characteristic (steady state): y=ku  for cg =0n % 0

oV
/;u for k>0

3. Transfer function: [E(_S_)’:k |

4. Step response:  y(t)=ku,1(¢) for u(t)=u,1(t)
u(t)] y(t)y
& kug
) S, — ~
....... g t
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Proportional element

5. Frequency response: @ P(w)=k, O(w)=0

6. Nyquist plot:

AN

[

) Plo)

for k>0

7. Bode plot: !A(oo)z VP + 0O’ =|k]|
L(w)=20log A(w)

L(w) [dB]

-
20log k| =

P

Q
— t — =
cp(oo) arcidn {n, dla k<0

0, dla kzO}

w [rad/s]

w [rad/s]
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Proportional element
Examples

GEARBOX:
input — angular velocity w,(t)
output — angular velocity w,(t)

w,(t)

GEARBOX:
input — rotation angle @.(t)
output — rotation angle @,(t)

P,(t)
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Proportional element
Examples

R

2

OPERATIONAL AMPLIFIER:
input — voltage v, (t)
output — voltage v.,(t)

R,
tlI=v, ][ 1+—
Vz( ) Vl() Rl

BEAM in steady state:
@ r 2 input — force F,
% output — force F,
7
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Proportional element

Examples

® |17 i

@ X(t)
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HYDRAULIC LEVER:
input — displacement x, (t)
output — displacement x,(t)

PRESSURE ACTUATOR:
input — pressure p,(t)
output — displacement x(t)



Erst-order inertial element b

/ .
1. Element equation: Tdy—(t) ( ) ku( ) /é( u(¢) - input
. dt ) /7&+ y(t) - output
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First-orde@r inertial element

1. Element equation: T

2. Static characteristic (steady state): g\ = Const
%)
SN o3
6 < AR
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First-order inertial element

- dy [t) () - input
1. Element equation: 77— +y (¢ |=kult u Inpu
’ / dt y( ) u( ) y(t) - output
' i C dy du
2. Static characteristic (steady state): y=ku  for ” =0n e =0
for k>0

3. Transfer function:\4 (\rg \’{(3} Y \{(53 =
bl k

- e
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First-order inertial element

1. Element equation: Td);,—it) +y (t)zku (t)

u(t) - input
y(t) - output

2. Static characteristic (steady state): y=/ku
v

/}/l

for

dy _o  du_
a’t_oA dt
for k>0

=0

k
Is+1

3. Transfer function: H(S)z

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes

12



First-order inertial element

4. Step response: (/k(t) = /IFQ %(“(‘L/;f U, 4 <
7

M) = Ws)H S :“ofﬁk\: Lo o

-
S TS
s(Ts+1) 7 (s ) 5(@4&7
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First-order inertial element
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4. Step response: .
input: u(¢)=u,1(z)
Laplace of input: U(S):uol | -
S
k
Laplace of output: Y (s)=H (s) U (s)= s(Tsu-l(jl)

output: y(z)=L" I{Y(S)}Zkuo(l— e—t/T)

y(?)
) } 0-9.§r

g 0.865k u,”,

0.632kuy| |

—

't

t,
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First-order inertial element

5. Frequency response: HQM) ) P/—_jo[j\*j:/)(o) U Q@Q)

e i;d To e K k1

/(+’)Tu. 4'JT“ 110 z?L
+
| |7
.k . >
W@\ AT Q@J (R R
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First-order inertial element

5. Frequency response: [ ( jm)=

6. Nyquist plot:

tloA)- 7
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First-order inertial element

5. Frequency response: H(j m)z k
Tjo+1
k - kT w
Plow)= , m )=
() T’ +1 Olo) T’ +1
6. Nyquist plot: Q(m)“
for £>0 W= oo w=0

1o A

w=1/T
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First-order inertial element
7. Bode plot: k - kT w
ode pO E)((D): T , Q((D): 5
(63 (6}

Ak p0" = Ty 7 1418
()V N L m

(M@\EMX” OLJ)VW% = wjr% (“T(«)\ S - (s)rt%\ (’Tw}
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First-order inertial element

7. Bode plot: A(u))z VP + O’ =|k|/I VT o’ +1

\L(w)=20log A(w 2010&201%\/1*@”
\cp(m):arctan%Zarctan - Tw)
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First-order inertial element

7.Bode plot: 4 (w)= VP +O =k VT o' +1
L(w)=20log A(w 2010@ 20log VI o +1

¢(w)=arctan % =arctan (- /m

zg\oq\\u\ a L %} :7/0\4@ | - %WSQ\
~ T -t 3
| A = Lol
2 wor % [RESER RN
B :b‘O%\\”\“ %% 0
~hV L) 71)7_} :Q/O]o&&\\t\— ZO(\“@_OJ
17 oT) _ ’Lo\oxg )\L\
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First-order inertial element

7.Bode plot: A4 (w)=vP*+Q*=|k|/ VI 0’ +1
L(w)=20log A(w)=201log|k|- 20log VT*w’+1

cp(m):arctan% arctan (— Too) for k>0
V2010g|k| 201og k|- 3
10/T |
— o [rad/'s]
M
.
~ 201og k|- 20
20log k|- 40
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First-order inertial element

7.Bode plot: A4 (w)=vP*+Q*=|k|/ VI 0’ +1
L(w)=20log A(w)=201log|k|- 20log VT*w’+1

m(m)zarctan%Zarctan (— T@) for £>0
20log|k| 201log k|- 3 .,
E
| 10/T 3
1 1 "o [rads] =
) 10T s
o, T n
3 4
= 201log|k|- 20
o
2
201og|k|- 40
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First-order inertial element

Examples
F(t) ég LINEAR MOTION OF A MATERIAL
@ POINT WITH LINEAR DAMPING:
v(t) input — force F(t)
é\NZ output — velocity v(t)
A O% X C,\/(JV\C ﬂg

example: car is driving on a’flat surface with air resistance proportional
To its velocity, described using machine equation of motion, with assumption
of constant reduced mass.
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First-order inertial element
Examples

LINEAR MOTION OF A MATERIAL

@ F(t) O POINT WITH LINEAR DAMPING:
Yy input — force F(t)
—_— output — velocity v(t)

example: car is driving on a flat surface with air resistance proportional
To its velocity, described using machine equation of motion, with assumption
of constant reduced mass.

K M(t)) ANGULAR MOTION OF A RIGID BODY
@ WITH LINEAR DAMPING:
input — torque M(t)
output — angular velocity w(t)
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First-order inertial element

Examples

@ P,(t) AIR CONTAINER:

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes

input — pressure p,(t)
output — pressure p,(t)
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First-order inertial element
Examples

@ P,(t)

p,(t)
— =

L

T(t)

ﬁh(t)

’V"\_

~~

—~—

A

AIR CONTAINER:
input — pressure p,(t)
output — pressure p,(t)

HEATED OBJECT WITH SMALL
INERTIA:
input — heater power h(t)

mtﬁut— object teWe T.(t)

—_—

[ o
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Integrator

dy(t
1. Element equation: J;,g ):ku(f)

—_—
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é
@({)7 %jwf:}c/@
0 u(t) - input
y(t) - output
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Integrator

#)

1. Element equation: — 7~ =ku(r)

u(t) - input
y(t) - output

2. Static characteristic (steady state):

-wﬂsf

(j (—ohg

=0y ey
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Integrator

dy(¢) ¥
1. Element equation: ,~ 7— = (z) u(t) - input
4 y(t) - output
dy du
2. Static characteris tlc (steady state): u=0 for E—O/\ = =0
3. Transfer function: 5 [/( ( )

H M @ /sw«/x\\\es {

U\/s S ( QS
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Integrator

dy(t
1. Element equation: %:k”(f)

u(t) - input
y(t) - output

2. Static characteristic (steady state): y=0
vt

D _opd_g

f
oz dt

3. Transfer function: H (s)= k
S
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Integrator

input: u(¢)=u,1(¢) |

Laplace of input: U (s)=u,—
{ | k \_S)
M5k F\&s\’\ﬂ(\/% o =5

5(1‘)/’9[][&“5)1] { } \<u\ A[Jﬂ@wﬂ

4. Step response:




Integrator

4. Step response:

input: u(¢)=u,1(¢)

Laplace of input: U(s):uOl
S

ku,

Laplace of output: Y (s)=H (s)U(s)=

2
S

output: y(t)=L '{Y(s)|=ku,t

u(t)

U

for k>0

1/k ¢
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Integrator

_ f(,\> :_ﬁ,_/;(_/
5. Frequency response: Hg\( ) s
koo gk
i) L J o <100

P(@)éo ]- Q(Q\ ..



Integrator

5. Frequency response: H(joo):i

Jw

P(0)=0, 0(0)=- 4

6. Nyquist plot: Q L}

>0

W >/
— QO
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Integrator

5. Frequency response: H(joo):i
Jw
_ _k
6. Nyquist plot: Q(w)“
for k>0 0= co
o] P(o)
A
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Integrator
7. Bode plot; . (}i@)):o, O(w)=- &
o) = {regr / | —
L (o) [o\0] - Loboyl &
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Integrator

7.Bode plot:  A(w)= \/P2+Q2=|%|

L(m):zologA(m):zolog|%| ¢(o)
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Q

—arctan 5 —arctan

(- o)
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Integrator

7.Bode plot:  A(w)=vP+Q’=|x] for k>0

L( ) ZOlogA 2010g@| cp(m)zarctan%:arctan(— oo)

JON/M\L. L(w’:\ \O\@gK \ 0
L( -4o\> ?p\p%\m\‘“w

201

100k “ 10\ )
ﬁo : Q) [rad/s] L W B g\(\\
% -0 tw = 1%\ ICZO\/DjMO\ ) 9
\'8/ \L \ \’_ ({ U
=149 [0 =700)" Wy vl
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Integrator

7.Bode plot:  A(w)=vP+Q’=|x] for k>0
k _ Q_
L(w)=20log A(w)=20log|e| @(w)=arctan o —arctan (- «)

- 20dB/dek

10k 100k
" [rad/lsj
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Integrator

7.Bode plot:  A(w)=vP+Q’=|x] for k>0
Q

L(w)=20log A(w)=20log| % ¢(w)=arctan —-=arctan (- o)

- 20dB/dek

W [rad/ s]

=)

o
10 k 100 k /5 i i i i
o [rad/lsj =
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Integrator
Examples

[~
lg) ! PRISM LIQUID TANK:
input — liquid inflow f(t)

output — liquid level h(t)

h(t)
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Integrator
Examples

- PRISM LIQUID TANK:
input — liquid inflow f(t)
output — liquid level h(t)

OPERATIONAL AMPLIFIER:
input — voltage v, (t)
output — voltage v.,(t)

t

wpéjo v, (t)dt
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O = ﬁ)@ Integrator

o\ = Examples

w(t)
GEARBOX:

@ /\\\ input — angular velocity w(t)

output — rotation angle o(t)

o) Y — gwm al
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Integrator

Examples

GEARBOX:
@ | iInput — ang

output — rotation angle o(t)

®(t)

ular velocity w(t)

HYDRAULIC CYLINDER:
input — volume inflow f(t)

- = " output — displacement x(t)

&
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Differentiator

o dule) | e

1. Element equation; V\?
yw

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes

u(t) - input
y(t) - output
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Differentiator

dult)es—
1. Element equation: y(t)=k d(t )

u(t) - input
y(t) - output

= Comg‘l‘
2. Static characteristic (steady state): do
.
(’T) — ﬁ ()L{

J
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Differentiator
du(t)

1. Element equation: J’(f):k r u(t) - input
/ ! y(t) - output
2. Static characterisﬁc (steady state): y =0 for Zg =0 % 0

Y1

3. Transfer function:x \/((3\5 kS U\M
)

4[] ey C ko |
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Differentiator

dult
1. Element equation: y(t)=k d(t )

u(t) - input
y(t) - output

2. Static characteristic (steady state): y =0
v

D _opd_g

f
oz dt

3. Transfer function: H (s)=ks

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes

48



Differentiator

nput: u(t)=u,l(¢
4. Step response: mpy Z( J=u1(7) |
Laplace of input: U (s)=u,—

MERTIEY AR Sy s
ﬂ@” 0(4{\%3& =Kok /{4(] “ku. 5@&)

o




( f DGAL\ Differentiator

N
4. Step response:

input: u(¢)=u,1(¢)

Laplace of input: U(s):uOl
S

Laplace of output: Y (s)=H (s)U (s)=k u,

output: y(¢)=L '{Y (s)}=ku,5(¢)

———

ult)y y(e)

:

~ t
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Differentiator

5. Frequency response: H6 (/J) - k J(A)
f@)‘ 0 QW) - ko

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes
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Differentiator

5. Frequency response: H(jw)=jkw

P(w)=0, O(w)=kw

6. Nyquist plot:

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes
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Differentiator

5. Frequency response: H(jw)=jkw

P(w)=0, O(w)=kw

6. Nyquist plot: Q(w) [pg

for k>0
K_J
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Differentiator

7. Bode plot: Plw)=0, O(w)=kw

A AFRT= k) L Bl o) e

go) = atom 7 =ade,(0] 7 D
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Differentiator

7.Bodeplot: 4 (w)=vP’+0’=|k w]
L(w)=201log A(w)=201log |k m| cp(m)zarctan%Zarctan(oo)
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Differentiator

7.Bode plot:  4(w)= \/P2+Q2:|koo|

L(w)=20log A(w)=20log |k w| cp(w):arctan%:arctan(oo)

+20dB/dek

401

L(w) [dB]

- 201

_ 40
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Differentiator

7.Bode plot:  4(w)= \/P2+Q2:|koo|

L(w)=20log A(w)=20log |k w| cp(w):arctan%:arctan(oo)

+20dB/dek for £>0
401
I
2
m
= —_
— =
— (qe)
3 = w [rad/s]
—_ — ] } —
- 201 =l
=
- 40
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Differentiator (NGCNC

Examples

GEARBOX:
input — rotation angle ¢(t)
output — angular velocity w(t)

OuTIVT
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Differentiator
Examples

GEARBOX:
input — rotation angle ¢(t)
output — angular velocity w(t)

w(t)

OPERATIONAL AMPLIFIER:
input — voltage v, (t)
output — voltage v.,(t)

dv1(t)
dt

v,(t)=- RC
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Real differentiator (derivative+1st order) /éé R

E—————— -
- dy(1) du(t) u(t) - input
1. Element equation: T — pu
H %-FM ﬁ dt y(t) - output
TER,
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Real dlfferentlator (derlvatlve+1st order)

// _ ()
y 2 u - input
- output

1. Element equation: T

2. Static characteristic (steady state):

\j(é)t()

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes
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Real differentiator (derivative+1st order)

1. Element equation: T dy (1) +y(t)=k du(1) u(¢) - input
/ dt dt y(t) - output
. | .. o dy du
2. Static characteristic (steady state): y =0 for r— =0n—-=0

4

3. Transfer function:

T+ Yfs) =l s W)

HH?@ :Ts y 1
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Real differentiator (derivative+1st order)

1. Element equation: T dy(t) +y(t):k du(t) u(t) - input

dt dt y(t) - output

. _y o dy du
2. Static characteristic (steady state): y =0 for r— =0n—-=0
A
u
T ks
3. Transfer function: ()=
Is+1
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Real differentiator (derivative+1st order)

input: u(¢)=u,1(t) |

Laplace of input: U (s)=u,—
S

4. Step response:
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Real differentiator (derivative+1st order)

4. Step response:
input: u(¢)=u,1(z)

Laplace of input: U(S):uol
S

k
Laplace of output: Y (s)=H (s)U(s)= z :t_ol
8

output: y(t):L_l{Y(S)}:@
for £>0

0368 k“o\L

0.135 k ug [\

0020 k uo\: Y S N S :

U/ ! 9
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Real differentiator (derivative+1st order)

e K Jw
5. Frequency response: H(Jw) TJ o
;L\g« M kaﬂde

Ayt AN TR
P _ K o )/ \
)= — Qo)==
/] +|1w1 /. —’—1(/\)'1,
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Real differentiator (derivative+1st order)

5. Frequency response: H(j u)): kjo
Tjo+1
kT o’ k
P — . —
() T°w’+1 0() 7?0’ +1

6. Nyquist plot:

10.12.2019 TM&AC, Lecture 10, Sebastian Korczak, only for educational purposes
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Real differentiator (derivative+1st order)

5. Frequency response: H(j u)): kjo
Tjo+1
kT o km
Plow)= , m)=
() T? 0w +1 Olw) T’ 0 +1
6. Nyquist plot: Q(w)1
w=1/T

for k>0 ~k/2.
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Real differentiator (derivative+1st order)

/. Bode plot: P((D)— kT o’ Q((x))‘ kw

CTrel+l] T+
AW
L)

Pl
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Real differentiator (derivative+1st order)

7.Bode plot:  4(w)=vP’+0’=|k |/ VI’ 0’ +1
L(w)=20log A(w)=20log|k w|- 20log VI*w’+1

Q
37 for k>0

1
W )=arctan —=arctan | ——
¢(w) o (T w)

‘ 20 k/iT|- 3 J
e s 1 Ny /S A 2
| IOI/T

| W [rad/'sj Fr'é

0
: 5
- =
=l 20log|k/T|- 20
— w [rad/s]
10 100
20log|k/T|- 40 T T
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Real differentiator (derivative+1st order)

Examples
0]
| |
@ N | | ° RC CIRCUIT:
C input — voltage u.(t)
]Ul(t) R Ug(t) output — voltage Lz(t)
o ' 0
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k_//_\———
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Delay

1. Element equation: y(¢)=u(z- 1)

2. Static characteristic (steady state): (A= Gush. fj =G

] U =

T —
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Delay

u(t) - input

1. Element equation:
y(t) - output

D _opd_g

2. Static characteristic (steady state): y=u for ” 7

w
_|
-
Q)
S
24
)
-
=
-
Q
o)
>

—<
T~
N
-
[
NG
N
~
(O
C
WA
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Delay

1. Element equation: y(¢)=u(z- 1)

u(t) - input
y(t) - output

2. Static characteristic (steady state): y=u

>

D _opd_g

f
oz dt

- TS

3. Transfer function: H (s)=e
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Delay

4. Step response;  nput: u(t)=u,1(t) |
Laplace of input: U (s)=u,—
S
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Delay

4. Step response:
input: u(¢)=u,1(z)
Laplace of input: U(S):uol
S

Laplace of output: Y(S)ZH(S) U(s):—e' TS

output: y(¢)=L '{Y(s)=u,1(t- 1)

I S

{
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Delay

5. Frequency response: H(jw)=e /¢

P(w)=cos(tw),

\»

e ”'=cosx- jsinx

(w)=- sin(Ttw)

6. Nyquist plot:
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Delay

. . . - TjW .
5. Frequency response: H (jw)=e ¢ "=cosx- jsinx

P(w)=cos(tw), O(w)=-sin(tw)

\»

6. Nyquist plot:
for £>0
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Delay

/. Bode plot:

Q\m_] 405[0\) +5’R/Uwi
() @) <o o)

wsb

=-sin(Ttw)

= =0 |
‘/M = Lol = ()




Delay

7.Bode plot:  4(w)= VP +0’=1
L(w)=20log A(w)=20log1=0

cp(oo):arctan%Zarctan - tan(to))=- Tw

— 1 Fig 10x
5 |
,5 =TT Jtmenerenne ; 4 o [rad/s]
~ i w [rad/s]
0 ; >

a1l i s 10

10T T T

¢(w) [rad]
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Delay

Examples
AN AV
@ WIRELESS TRANSMISSION:
iInput — sent data
output — received data
data pocket data pocket
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Second-order inertial element
46—_—'Z-¢Q>

1. Element equation: 2d () dy( ) y(t)=ku(t)

di
T Al v
\& el

Se—
—
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Second-order inertial element

A O Con $E
P d (1) (o)
Lod 7 dt

1. Element equation:

+y/(t)=ku(t)

Z XN S+
/

2. Static characteristic (steady state):

\7:’<'u\
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Second-order inertial element

2
1. Element equation: de y(t)+T2 d{i(tt)+y(t):ku(t)

/ dt’
2. Static characteristic (steady state): y=ku  for
v

"

dy _o  du_
a’t_oA dt =0

- v L
3. Transfer function: (L“{(S = T '~7
1L VC) S V( (A()
w(s)(ﬂsﬂlsw) - ut()
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Second-order inertial element

2
1. Element equation: 24 y(t)+T2 dy(t)+y(t):ku(t)

bdr? dt
. _y o dy du
2. Static characteristic (steady state): y=ku  for dt—O/\E 0
v
/ u
3. Transfer function: H ()= — k
Tis+T,s+1
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Second-order inertial element

4. Step response:
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Second-order inertial element

4. Step response:
input: u(¢)=u,1(z)
Laplace of input: U (s)=u,—

Laplace of output: Y (s)=H (s)U (s)

e ——
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Second-order inertial element

4. Step response:
input: u(¢)=u,1(z)

Laplace of input: U(S)Zuol
S
ku
Laplace of output: Y (s)=H (s)U(s)= s
P ? (5 ) S(T?S2+T2S+1)

ou}put: ylt)=L 'Y s)=

@ kuomé(l— e‘ht(cosmH%sinwt)), for h< w,
2 ([ W —we Wy
oku,w,|1+e - lle - e ||, for h> w,

\ 2w 2w

A

h . h= Tz . 1 . 2 hz . 2 2
where: h=—, ooo—T—, w=+w,- h™, w=+vh"- o,
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Second-order inertial element

4. Step response:
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Second-order inertial element

5. Frequency response:
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Second-order inertial element

k
T2 2 .
- kT,

5. Frequency response: H (jm)=

k(1- T7 o)

P(w)= O(w)=

(1- Tfu)2)2+T§u)2, (1- T° )’ +T50°
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Second-order inertial element

//\
5. Frequency response: [ (jw)= Q\k/)
- Ti0°+T, jo+1
k(1- T?w’) - kT,
P(w)= 2 22 2 27 O(w)= 2 2\2 ., 2 2
(1- T ) +T;w (1- T 0 ) +T:w
6. Nyquist plot: Q(w) 1
for k>0 0P = w=0
— for h<w,
— for h=w,
— for h>w,
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Second-order inertial element

/. Bode plot: A((D):\/P2+Q2 — for@«oo
L(w)=20log A(w) — for h=w,

0 — for h>w,
¢(w)=arctan =

A

\ for k>0
w [rad/s]

o [rad/s] — 1
10 |

_ NG 10 = 100T 1
% Ty T1 n
E 20log|k|- 20 i
I~
o ) PR U AT 1 1 111 0 R A 11 R
20log|k|- 40
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Second-order inertial element
Examples

@ VIBRATING SYSTEM:
input — force F(t)
output — displacement y(t)

material point of mass m 1 F(t)

o -l
NG

I y(t)

linear damper
with damping ¢

linear spring with

stiffness k\ L

/ g
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Second-order inertial element
Examples

@ F(t) LINEAR MOTION OF A MATERIAL
POINT WITH LINEAR DAMPING:
X(t) input — force F(t)
output — displacement x(t)
N Yty Q%

example: car driving on a flat surface with air resistance proportional to
velocity, described using machine equation of motion, with assumption of
constant reduced mass.
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Second-order inertial element

Examples
@ F(t) LINEAR MOTION OF A MATERIAL
O POINT WITH LINEAR DAMPING:
X(t) input — force F(t)
- output — displacement x(t)

example: car driving on a flat surface with air resistance proportional to
velocity, described using machine equation of motion, with assumption of
constant reduced mass.

M(t) ANGULAR MOTION OF ARIGID BODY
@ WITH LINEAR DAMPING:
input — torque M(t)
output — angle (t)
o(t)
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Second-order inertial element
Examples

@ HEATED OBJECT WITH HIGH

~—_ [INERTIA:
Ti(t) input — heater power h(t)
~ —~~—. output — object temperature T(t)
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Classification of basic automatic systems

Element name Transfer function
proportional ko V
k
first order (inertial) Te+1 } m
k
integrator — \ \
S
differentiator ks / / /
| | o ks )% /
differentiator with inertia T+ 1
/
delay -
k
cond order (oscillator
>¢ _;\ ) T:s*+T,s+]1
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10.12.201

Nyquist plot

Bode Plot (example)
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Nyquist plot

Bode Plot (example)
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