Signals and Systems
Getting a function out of a graph
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	u1(t)
= m*t+b



= (dy/dx)*t+b



= [(u1-u2)/t1]*t+u2


with 0 =< t =< t1


u2(t)
= u1


with t1 =< t =< t2


u3(t)
= -[u1/(t3-t2)]*t+u1


with t2 =< t =< t3


… but this is BUBU (so don’t work on this like a hamster in a wheel)
Laplace
	Time Domain
	Picture Domain

	
	With stored energy
	Without stored energy
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	u(t) = R * i(t)


	U(p) = R * I(p)
	U(p) = R * I(p)
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	U(p) = (1/pC) * I(p) + (Uc(-0)/p)

	U(p) = (1/pC) * I(p)
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	u(t) = L * (di / dt)


	U(p) = pL * [I(p) - ic]
	U(p) = pL * I(p)


Look up the list for the needed Laplace transformation formulas

Fourier

Transformation from the time-domain to the frequency-domain and back
Let u(t) be the function in the time domain and S(ω) the function in the frequency domain.


From time to frequency


S(ω) = ∫ u(t) * e-iωt dt

From frequency to time



u(t) = 1/2π * ∫ S(ω) * eiωt dω
We have to integrate from –infinity to infinity

	
	Exitation
	*
	System
	=
	Response


	System as a BlackBox
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	Time domain
	u1(t)

	*
	g(t)
	=
	u2(t)

	Fourier transformation
(formulas are above)
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	Frequency domain
	S1(ω)
	*
	F(ω)
	=
	S2(ω)


Dirac Pulse
Every exitation of a system leads to a system response – depending on the frequency of the exitation.
A fourier transformed dirac pulse is a constant, i.e. it is a signal that contains all frequencies with an amplitude of zero and this signal is transmitted at once.

The definition of the dirac pulse is

∫δ(t)dt = 1
and we have to integrate t from -0 to +0

We use the dirac pulse to get a fingerprint (a unique identificatior) of the system behavior. We get it only in the frequency domain and call it F(ω). The fourier retransmission of F(ω) is called g(t).

General signals in systems
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	Exitation in the time domain
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	Freeze the time axis to T (Theta) and flip the time axis (we are going from the past to the future – and we are going nuts)

	
[image: image18.emf]T

u(

T

)

T

u(

T

)

T

u(

T

)



	Shift the exitation t-T and weight the shifted exitation with a dirac pulse (multiplication).
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	This results in weighted direc pulses. In the end we will have infinite weighted dirac pulses in T=0
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	This is the result of the action above. The numbers indicate the order in t (NOT in T)
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The weighted dirac pulse is sent through a system
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	One weighted dirac pulse (Sendeimpuls) and send it trough the system


	The system is again described by g(t).

All pulses are transmitted in their real time domain order (t).


	The response is the weighted system response (Empfangsimpuls).
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	The integral of the weighted system response (Empfangsimpuls) gives a specific value in the time domain at a certain point in time (the same point in time similar to the exitation).
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	The exitation signal is transformed into an response signal.

The response signal is formed by all transmitted weighted system responses.

The shape of the response is transformed by the system specific behaviour g(t).


With this technique it is possible to compute the transmission and transformation of any (non periodic) signal through a system only by knowing the system response g(t).
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