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Outline 

●  Efficient Characterization of  the Dynamics of  Systems 

●  L-C Resonator 

●  R-C Low-Pass / C-R High Pass Filters  

●  Example: Fast Timing Signal from a Slow Rising Signal 

●  Digitized Front-End 

●  Summary 

– Thoughts by a Physicist – 

→ …hiskp.uni-bonn.de → lectures → archive 

• Electronics for Physicists (in SS) 

• Advanced Electronics and Signal Processing (in WS) 
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Water  

tank 

Reservoir 

W
a

te
r 

le
v
e

l 
h
 

Filling 

(Rise) 

Drain (Drop) 

– Efficient Characterization of  the Dynamics of  Systems – 

Time t 



Electronics II 

3 D.Eversheim      Autumn Lectures-2, Tiblisi 2015 

 Oscillator Torsion Pendulum        String Oscillatory Circuit     Echo Chamber     Pendulum 

       

Excitation Pull down mass 
and release it 

Turn disk and let 
loose  

Pluck spring Close switch, 
after that open. 
Charge oscillates 
through the coil 
and between the 
disks of the 
capacitor 

Make a banger 
explode in a 
chamber 

Move mass and 
let loose 

 
 
Eigen frequency 

      

Rigidity Spring constant k Torsion constant τ 

of the wire 
Pulling force Z in 
the string 

Reciprocal of the 
capacity 1/C 

Adiabatic volume 
elasticity E of the 
gas inside the 
chamber 

Restoring force 
per 
displacement, 
mg/l 

Inertia Mass Moment of inertia I 

of the disk 
Lengths density 
μ of the string 

Inductivity of the 
coil 

Density ρ of the 

gas in the chamber 
Mass 
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System 
In Out 

Refinery 

Aeroplane 

Musical instrument 

Electronic Circuit 

Nucleus 

f(t) 
Ain(t) Aout(t) 
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in outA (t ) f( )d A (t    
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The Laplace Transform 

− Is a „generalized“ Fourier Transform f(t)  F(s);   s = iω + ρ 

− „Algebraizes“ linear differential equations (that represent the dynamics of 

systems with concentrated energy „reservoirs“ like L, C,  . . .) 

− A convolution in the time domain corresponds to a multiplication of the 

Laplace transform 

 

Scheme: f(t)   F(s) 
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P/N-Scheme of a system with frequency sensitive behaviour: 

Small bandwidth approximation1 1
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Examples Q 

L-C oscillator circuit 100 

Soil for earthquake waves 250-1400 

Tuning fork 4,5 10
4
 

Plucked violin string 10
3 

Cavity resonator 10
4 

Quartz crystal 10
6 

Excited atom 10
7 
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θlab=168,3° 

From: Nucl. Phys. A263 (1976) 460 

0 11193 2,3 
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E keV
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• Excitation function of  16O(p,p)16O;   Resonance in 17F. 

• The solid curve is the the theoretical fit. 

• Expanding the small band approximation of the standard form of 

a resonance by ћ leads to the Breit-Wigner resonance equation: 
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log ε`` 

log f in Hz 

-1 

 1 

 3 

 5 

~3 Orders of magnitude 

 1         3         5        7          9        11       13 

Ice Free water 

Dielectric Absorption of  Water and Ice 

(Microwave Oven) 

2,45 GHz 

– L-C Resonator – 

Dipol-Rotation 
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Nuclear Magnetic Resonance  →  Magnetic Resonance Tomography 

y 

Lamor frequency for protons:  42.577 478 92(29) MHz / Tesla = γp/2π 

γp, the gyromagnetic ratio of  a proton, is a fundamental constant. 
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– L-C Resonator – 

../CDF/MagneticResonanceAndBlochEquations.cdf
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– R-C Low-Pass / C-R High Pass Filters – 

C 
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C-R Highpass R-C Lowpass           .  .  .  2nd order    .  .  . 3rd order 
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– Fast Timing Signal from a Slow Rising Signal – 

CsJ Signal 

µs 

~10µs 
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Task: 

Generate a fast timing signal within 300ns by a C-R – (R-C)n Filter 



Electronics II 

16 D.Eversheim      Autumn Lectures-2, Tiblisi 2015 

– Fast Timing Signal from a Slow Rising Signal – 

Define Figure of  Merit (FM) 

• The noise should be reduced substantially :                 Reduce bandwidth (BW) 

• The slope should be as steep as possible 

 to become insensitive to noise :                                   Trigger at maximum steepness within 300ns 

/
=

BW

outdU dt
FM
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– Fast Timing Signal from a Slow Rising Signal – 

Code Examples 
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– Fast Timing Signal from a Slow Rising Signal – 
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– Fast Timing Signal from a Slow Rising Signal – 

Results 

CR = 50ns Uout dUout/dt   

    
Ampl. tmax [ns] Ampl. tmax [ns] Fmin Fmax Bandwidth FM 

CR – CR 
  

0.013 0.327 0.099 0.050 1.320 7.693 6.373 0,016 

CR -CR2 
  

0.013 0.412 0.072 0.099 0.998 4.504 3.506 0,021 

CR - CR3 
  

0.013 0.488 0.060 0.149 0.836 3.445 2.609 0,023 

The trigger time should be set @ ~150ns for a C-R – (C-R)3 filter to be most insensitive to noise. 
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– Digitized Front-End – 

Tasks of  Digitized Front-End: 

• Shapes signals (reduce noise) 

• Amplifies signal 

• First level trigger (Discriminator) 

• Provides timing signal 

• Provides time stamp 

• Suppresses Zeros 

Necessary for Digitized Front-End: 

• Fast Analogue → Digital Converter 

• Real Time (Kernel) operating system 

• Special (Harvard) processor architecture, that allows 

 summing & multiplication within 1 clock cycle with: 

 –  Digital Signal Processor Slices 

 –  Gigabit Tranceivers 

 –  Dual ported memory 

  –  Ring buffers 

• Calculations utilize special Laplace Transform: 

 z-Transform:  

 For a stable system → Poles inside unit circle 



Electronics II 

21 D.Eversheim      Autumn Lectures-2, Tiblisi 2015 

b = -0.5 

b = 1 b = -1 

b = -0.7 

b = 0.5 

b = 0.7 

Low- Highpass High- Lowpass 

Resonators Notch Filter 

3-Tap  

Moving Average 

– Digitized Front-End – 
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Hardware Realization 

ASIC 

Application Specific 

Integrated Circuit 

 

FPGA 

Field Programmable 

Gate Array 

– Digitized Front-End – 
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– Digitized Front-End – 
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– Digitized Front-End – 
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– Summary– 

• The dynamics of  systems with concentrated energy reservoirs is represented by 

Linear Differencial Equations (LDE). 

• The Laplace Transform is a standard means to solve LDEs & convolutions. 

• Poles & Zeros in the complex s-plane represent concisely the dynamics of  a system. 

• MRI is based on the precise knowledge of  the gyromagnetic ratio γ of  particles. 

• The z-Transform accomplishes in the digitized world what the Laplace Transform 

does in the analogue world. 

• Digitized signal processing is governed by the hardware performance of  fast ADCs, 

ASICs, FPGAs & DSPs. 


