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Welcome to the Signals and Systems course!

Course code: EE2S1

Lecturers:
I Rob F. Remis

Room 18.060
EEMCS building
Email:R.F.Remis@TUDelft.NL

I Alle-Jan van der Veen
Room 17.040
EEMCS building
Email: A.J.vanderVeen@TUDelft.NL
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I Exam:
1 Partial exam 1: 30-09-2024
2 Partial exam 2: 07-11-2024
3 Resit exam: 17-12-2024

For each (partial) exam you are allowed to bring one A4 (2 sides)
with handwritten notes

I Book:
Signals and Systems Using Matlab
Third edition
Luis F. Chaparro
Aydin Akan
Available as an e-book at the TU Delft library
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Lectures part 1
Weeks 1 – 4

I Weeks 1 and 3
> Monday, 13:45, lecture hall Boole
> Wednesday, 08:45, lecture hall Boole

I Weeks 2 and 4
> Monday, 13:45, lecture hall Boole
> Wednesday, 08:45, lecture hall Boole
> Friday, 08:45, lecture hall Boole
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Course labs
I Three lab sessions in the Tellegen hall after the midterm
I Lab sessions are on Wednesday
I You complete a lab session in a group of two students

You can define your own group
I Lab sessions consist of programming exercises (Python)
I Each exercise has to be signed off (pass/fail)
I You need passes on all exercises to pass the course
I In case you already passed the course labs of EE2T11 then you do

not need to do the course labs.
Please contact Alle-Jan van der Veen

I Details can also be found on Brightspace
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I Course content
> Indicated chapter and sections from the book
> Slides

I Note: Starting this academic year (24/25), results, methods, and
techniques from complex analysis are no longer used in our
treatment of the Laplace transform
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List of topics

Part 1
I Standard signals and the Dirac distribution
I Linear and time-invariant systems (LTI systems)
I The Laplace transform
I Fourier series

Part 2
I The Fourier transform
I Sampling and reconstruction
I Discrete time LTI systems
I The Z-transform
I The discrete time Fourier transform
I Analog and digital filter design
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I Linear algebra and analysis
I Linear circuits
I Differential equations
I Complex numbers and Euler’s formula
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I Circuit analysis
I Filter design
I Stability analyses
I Signal processing
I Image processing (image = 2D signal)
I ...
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Fourier transform
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MRI scanner MR images and their spatial Fourier transform 
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1.1. WAVES AS TOOLS FOR PROBING INSIDE OBJECTS 21

Surface induction methods

Electromagnetic induction methods use a time-varying magnetic field to induce electrical
currents (by Faraday’s law) to flow in conductive regions of the earth (Fig. 1.12). The
source is usually a loop of wire (or solenoid) through which is passed a controlled time-
varying electrical current. Often the current loop is small enough to be modelled as an
ideal magnetic dipole. The receivers are magnetometers (or induction coils) which measure
the total magnetic field (or its rate of change). The total magnetic field consists of the
magnetic field of the source in free-space and the magnetic field of any secondary currents
that are induced in the ground. Again, there are many variations of the electromagnetic
method, which depend on the areal survey patterns and on the size and relative orientation
of the magnetic field sources and receivers (see Nabighian, 1991). In addition, induction
measurements can be made with a harmonic (sinusoidal) source operating at one or more
discrete frequencies, which is called the frequency-domain or “harmonic” electromagnetic
method (HEM), or with a transient source, which is called the time-domain or transient
electromagnetic method (TEM). Since direct electrical contact does not have to be made
with the ground, surveys can be made with induction sources and receivers carried by
helicopters or small airplanes (airborne electromagnetic methods). Induction surveys, like
resistivity surveys, are usually done for specific reasons—such as mineral, groundwater, or

3-axis induction coils

helicopter system

large fixed-loop

i(t)

H = (Hx, Hy, Hz)

i(t) H(t)

Figure 1.12: Surface transient electromagnetic (TEM) surveys. (Top) Large fixed-loop TEM sur-

veys: a steady current flowing through a large loop is switched off rapidly to induce currents in the

earth. The decaying magnetic field generated by the induced currents is measured along survey lines

with induction coils or magnetometers. The entire configuration is then moved to a new location

and the process is repeated. Small transmitter and receiver coils can also be mounted into a package

that is towed beneath a helicopter or small plane.

 
 

3. Modeling and Imaging of Diffusive Electromagnetic Fields  

“EM methods are hot!” as 

ontacts:  
ley, Wave Geophysics, USA    

In the Subsurface of the Earth 
 

we were recently told by a 
researcher from Shell. 
Electromagnetic fields are 
used for geophysical 
prospecting and nowadays 
for reservoir monitoring as 
well (how much oil or gas 
is left in the reservoir?). A 
fast and accurate forward 
modeling code is of great 
help (in sensitivity studies, 
for example) and it is well 
known that model-order 
reduction techniques are 
the methods of choice 
here. Much research is 
still going on in this area an
electromagnetic fields with all recently obtained improvements included.  Another 
interesting topic in this area is the development of imaging algorithms for diffusive 
electromagnetic fields. Given the measured field, we want to obtain an image of the 
subsurface of the Earth. Imaging algorithms are fast (as opposed to full inversion 
methods) and are very important in different disciplines in geophysics. For example, 
imaging algorithms can be used for oil and gas exploration, reservoir monitoring, 
inspection of archeological sites, and one can even look for gold or diamonds with such 
methods. We have already developed a basic imaging algorithm and applied it to data 
measured by a GEOTEM and a NANOTEM measurement system. Moreover, we also 
applied our algorithm to data which was measured by an antenna mounted on a helicopter 
while flying over a certain region in Alaska. Gold was expected to be present in this 
region. Some of our imaging results are shown in the figure. One of our objectives is to 
improve the existing imaging algorithms using the results that we will obtain in our 
research programs.  
 

d we plan to develop a full 3D EM solver for diffusive 

C
Craig Bease
 
 
 
 
 
 

Imaging in geophysics
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Signal processing: How to mount  an audio/video or other data signal 
on some carrier that can easily be transmitted over great distances? 
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