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Today:
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• Repetition Session 3

• Theory Recap

− Time Response

− Similarity Transform

− Stability

• Q&A Session / Done 



Repetition Session 3
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When is a system considered to be causal?
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A) Input only depends on past

B) Input only depends and past and present

C) Input only depends on present

D) Input only depends on future
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Linear or Nonlinear

For a System Σ to be linear, we need to have the following properties:

Summarized, this leads to the following:
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Causal or Noncausal

A system is called casual, iff (if and only if) the output depends only on past and current inputs, 

but never on future inputs (future does not change the present).

Only causal systems are physically realizable
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Static (memoryless) or Dynamic

In static systems, the output only depends on the current input (no past, no future)
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Time invariant or Time variant

A time invariant system will always have the same output to a certain input, independent of 

when the input is applied. We can shift the input in time and the output will also be shifted by 

the same amount.

General rule of thumb:The system is time-invariant if the system equations do not contain time t 

as a summand, factor or exponent. Time t only appears in u(t).

Mathematically: 



HS 2023
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C) Time-invariant

D) StaticB) Causal

A) Linear



FS 2022 
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FS 2022
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LTI SISO
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For LTI SISO Systems, we can represent out state space model in 

the following new form:



Linearization
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For non linear systems to be represented in the state space model, the general procedure 

looks like this:

• Find equilibrium point by solving

• Linearize around the equilibrium point using Jacobian-Linearization-Procedure, which is 

basically Taylors-series. More precisely, our matrices will look like this:



Theory Recap
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Time Response
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Time Response

• Remember our general LTI SISO State space system, 

which analytically describes our system’s behaviour.

• However, it does not yield an explicit input–output relation. 

For this, we will explicitly have to solve this system and obtain an expression 

y(t), basically the Σ from block diagrams.

• We also call y(t) the time response. And it tells us how the system responds to 

a specific initial condition and input over time
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Compute Time Response

• First we need to find the expression for the state x(t)

This we can then plug into the second equation for y(t)

• We use a similar approach as dividing an ODE into a homogenous and particular solution. 

We divide the response into initial condition response (IC) and forced response (F).

This is possible, because we are looking at linear systems (superposition).

(For more precise derivation, see lecture, or just take it as granted)

10.10.2025Johannes Schulte-Vels 18



Interjection: Different Systems

We are gonna differentiate between the LTI SISO cases below.

First we we look at first order systems for simplicity, then we’ll transition to the general case
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First Order System:

n - Order System:

a,b,c,d are scalars

A,B,C,D are Matrices



Initial Condition Response

• With our framework, our state space representations becomes:

• The solution to this system can be seen below. Remember this

•  from Ana II / LinAlg II
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Forced Respone

• For the forced response it is not so easy anymore…

• The solution to this system can be seen below. See lecture for derivation.
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Complete Response First Order

• By combining the initial condition response and forced response, 

we get our complete response!

• But wait, this was only for the simple first order systems! How does it change for n - order??
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IC F



Complete Response for n - Order Systems

• The only thing that really changes are scalars. They now become matrices:

• But now how de we compute the terms with the Matrix A in the exponent?   and

LinAlg again!!
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Similarity Transform
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Similarity Transformation

• Computing the exponentials of a matrix is quite complicated. 

One way is to go via the taylor expansion. However there infinitely many terms… 

But there are matrices which drastically simplify the calculation:

- Diagonal Matrix:  

- Jordan Form Matrix:
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Similarity Transformation

• But just as most physical systems are not linear (therefore we had to linearize the matrices),

most of the matrices are not diagonal or in Jordan form. Therefore we need to find some 

transformation to get A into a desired form. 

• For this we introduce an invertible matrix T for a coordinate transformation: 
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Quizz

• When applying the similarity transformation, do we change the systems response??
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Diagonalization

• Okay, but why did we do this again?

Remember from LinAlg, when a matrix 𝐴 ∈ 𝑅𝑛×𝑛 has n linearly independent eigenvectors, it 

is called diagonalizable. In that case, we can find:
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Remember? ➞



Example

10.10.2025Johannes Schulte-Vels 29



Example Complex Eigenvalues
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, A = 
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Stability
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Stability Classification

Remember that the real part of our eigenvalues represents the exponential term of the response.

Therefore, we can classify our stability by looking at them:

• Asymptotically Stable: State converges to zero for bounded initial conditions and zero input.

     Re 𝑠 < 0 for all 𝜆𝑖 .

• Lyapunov Stable: State will remain bounded for bounded initial conditions and zero input.

     Re 𝑠 ≤ 0 for all 𝜆𝑖 .

• BIBO Stable: Output remains bounded for every bounded input.

• In Linear Systems: Asymptotically stable ➞ Lyapunov stable

Asymptotically stable ➞ BIBO stable

10.10.2025Johannes Schulte-Vels 33



HS 2022
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HS 2022
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https://n.ethz.ch/~jschul/Feedback

https://n.ethz.ch/~jschul/Feedback

Feedback
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https://n.ethz.ch/~jschul/Feedback


Q&A Session / Done

09.10.2025Johannes Schulte-Vels 37


	Folie 1
	Folie 2
	Folie 3: Today:
	Folie 4: Repetition Session 3
	Folie 5: When is a system considered to be causal?
	Folie 6: Linear or Nonlinear
	Folie 7: Causal or Noncausal
	Folie 8: Static (memoryless) or Dynamic
	Folie 9: Time invariant or Time variant
	Folie 10: HS 2023
	Folie 11: FS 2022 
	Folie 12: FS 2022
	Folie 13: LTI SISO
	Folie 14: Linearization
	Folie 15: Theory Recap
	Folie 16: Time Response
	Folie 17: Time Response
	Folie 18: Compute Time Response
	Folie 19: Interjection: Different Systems
	Folie 20: Initial Condition Response
	Folie 21: Forced Respone
	Folie 22: Complete Response First Order
	Folie 23: Complete Response for n - Order Systems
	Folie 24: Similarity Transform
	Folie 25: Similarity Transformation
	Folie 26: Similarity Transformation
	Folie 27: Quizz
	Folie 28: Diagonalization
	Folie 29: Example
	Folie 30: Example Complex Eigenvalues
	Folie 31
	Folie 32: Stability
	Folie 33: Stability Classification
	Folie 34: HS 2022
	Folie 35: HS 2022
	Folie 36
	Folie 37: Q&A Session / Done

