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1INTRODUCTION

The objectives, methodology and contents of this course are aimed at VET students or 

graduates, especially those with obstacles, who are going to start their professional 

career in a technology company, perhaps through their curricular internships or with a 

first employment contract. We want to put ourselves in the place of this student or 

professional. They have a background that includes the study of different subjects, some 

of them on basic scientific topics and others more specialized in a specific area (for 

example, among the most technological, electricity and electronics, energy and water, 

manufacturing mechanics, image and sound, computers and communications, 

installation and maintenance, chemistry, transport and maintenance of vehicles, glass 

and ceramics …).

This student gets their first job in a small or medium-sized company in a technology 

sector.  In order not to speak in general terms, let's imagine it is a company that uses 

additive manufacturing and is open to production in different industrial sectors. Among 

the job functions, this professional will find the production and characterization of 

materials from different families: polymers, metals, ceramic materials, and will have to 

prepare specific formulations in solutions and reagent systems. They will handle 3D 

printing machines, which implies the use of machine control software. On the other hand, 

they will be involved in quality control tasks and many others. Furthermore, in any of 

these tasks they will work within a team to which they will inform orally and in writing of 

their results, and they will listen and propose solutions to problems that appear every day. 

It is easy to accept that perhaps it will be the first time that the student meets 90% of the 

concepts and technologies involved in the job.  It is logical that this is the case since it is 

not possible for the study center to foresee the first job that each student will have and 

,even less, the following ones that they will access in their professional life. It would be 

absurd to try to put in the head of the students the whole possible range of professional 

jobs from which they can choose. 
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On the other hand it would be very limiting to pretend that VET studies train the students 

for a small window of professional activities. If it was so the student or their parents and 

teachers would take decisions at the age of 14 to 16 that would mark their future 

professional life.

Imagine that the job that we have described, with these functions, in this technology 

company, has been offered to our student, who has taken VET studies related to the 

sector of electricity and electronics (for example). Should they say: I cannot accept this 

job, I have not studied materials, I have not handled 3D printing machines, I have no 

experience in numerical control machines, I have never seen three-dimensional design 

software ...? Obviously, the answer is that they shouldn't think of it that way.

The first objective of our course is to convince our student that, just as he has passed 

dozens of different subjects throughout their studies, they now have to study the new 

subjects they are meeting in the new job. Everything studied so far should serve to 

overcome these new issues. But the way to study, learn new concepts, use new 

technologies, react efficiently to problems that arise, is not like in previous studies. Now is 

the time to learn in a different, autonomous way and that requires technique. It is 

necessary to learn to learn autonomously and that is what this course is about.

We are going to propose around a hundred exercises, which place the student or 

professional in specific situations or problems that they must analyze and, in some 

cases, resolve. We classify them into three blocks: the first one deals with critical thinking 

skills, the second one with how to apply those skills to scientific or technical issues, and 

the third one with how to apply them to specific situations in technology companies. The 

exercises are examples chosen for the possibilities we believe they have for learning, 

analyzing situations and solving problems. They do not pretend to cover a study plan, 

they deal with scattered topics and we could choose others, completely different, to 

reach our teaching objectives. The examples we give are not selected with the aim of 

teaching, for example, electromagnetism. We would fall into the opposite of what is our 

intention. No matter how broad we did the course, how many exercises we put into it, the 

problem that our student would have to face in the company would be another. We 

propose exercises thinking that what the student is going to acquire with them is a series 

of skills to face new situations and problems.
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2MOTIVATION. 
OBJECTIVES. CONTENTS.

This course is designed to support VET students or graduates who join a technology 

company at the beginning of their professional career. It has been developed within the 

framework of the Erasmus + project "VET STUDENTS İNTO TECHNOLOGY 

COMPANİES: A VET student mobility network in the technological sector through a 

virtual environment with specific materials for critical thinking" with a personalized digital 

course format to take into account both the previous training of the VET student or 

graduate and the type of company they will join. The course tries to adapt to the level of 

the background of VET students. The exercises focus on scientific and technical topics 

that may be of interest in different technological sectors. There are also exercises related 

to the specific companies that will receive students in internships in this project. But 

above all, the course has in its sight to give another point of view on how to address 

problems in the company. That point of view is based on critical thinking.
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Only with a glance at the wide variety of professional groups of VET studies in Spain, one 

can have an idea of   the range of possible professional opportunities for students. 

Throughout their career, the professional will change companies several or even many 

times and will have to adapt to new ways of working and new technologies. Even those 

who have held the same job in the company for many years have to adapt to 

technological changes, which in these times are very fast and will be more and more so. 

We aim with our training projects, within the Erasmus + program, to convince students 

that they are capable of going further and further in the development of their professional 

skills and make their work increasingly valuable for their own personal development, for 

that of the company in which they work and for society. But for this certain skills are 

required, and one of the most important is learning to learn autonomously and to 

accurately analyze the information received and the decisions that are made from it. It is 

generally true that the problems that one encounters in professional practice are not 

going to be the ones that you were taught in your VET studies. 

Vocational training has to head for  equipping students with the necessary tools to face 

the new problems that they will face in their job and to grow professionally every day. In 

this sense, in this course, a series of exercises will be posed as problems to which a 

solution must be found and those who follow the course will be encouraged to seek the 

information they need to do so with the means they have at their reach; most of the time it 

will be digitally. We intend to show how valuable critical thinking skills are in analyzing our 

way of thinking and making decisions. In each exercise we will try to relate the processes 

that have led to a solution with the standards of critical thinking.
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In the day-to-day work in a technology company, new situations will constantly appear to 

which you have to react positively to get the most out of them. Sometimes they will have to 

do with a problem that has to be solved, other times it is a new idea that arises from carrying 

out an experiment or reading a document or observing a commercial product, others it will 

be an order from a client with a specific need and others a legal or administrative 

procedure.

The company's team is made up of people with different training, knowledge and 

experience who can contribute their skills to the challenge that arises, and situations are, in 

general, complex and requiring the contribution of more than one. Moreover, it is more than 

likely that facing a new problem requires learning new concepts, techniques or tools 

because the previous knowledge and experience of the components of the company's 

team is not enough. Contributing effectively to this work and enjoying it requires a 

particularly positive attitude and a combination of communication skills and autonomous 

learning, of basic knowledge that allows understanding new information and new concepts 

and communicating effectively with the group and specific knowledge of the area in which 

one has specialized within the company.

To contribute to the achievement of these skills and knowledge, this course uses concepts 

and tools for the development of critical thinking. Our methodology aims to approximate 

the company environment. It is based on a long series of examples or situations about 

which one has to think, seek information, face a problem and make decisions. Above all, 

we intend to induce a reflection on the way in which one has come to take a position on the 

case and evaluate one's own thinking, the sources of information and the chain of 

reasoning that they have developed. We hope that this objective, which we recognize, is 

now rather abstract, will become clearer as we move forward. As in real work, many 

problems do not have a single solution, and the contrast and discussion of the result with 

other participants in the course or with tutors can be extraordinarily rich for the training and 

objectives of the course.

3METHODOLOGY
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Each example begins with a statement or an approach that requires making a decision, 

taking a position, or presenting a state of the art. The resolution of the case presented 

must be expressed clearly many times in a few lines, in other cases they require the 

elaboration of a more extensive document. If help is required to advance in the 

understanding of the case or problem raised and in the elaboration and evaluation of the 

answer, it is possible to go to different pieces of additional information that appear when 

the student requests it and it is suggested not to do so at first. The development of one's 

own reasoning is the richest part for training, rather than knowing the "correct" answer 

(apart from as mentioned before, in many cases there will not be a "correct" answer but 

rather an opinion or taking a position).

 We will follow this scheme in the section corresponding to the basic competences that 

are essentially critical thinking competencies, but we also consider that it is a very 

appropriate methodology for the acquisition of basic knowledge and specific knowledge 

that will be organized in the same way.

We classify the examples in different sections, but, as will be seen in a moment, each of 

them could fit well in several of them. Some times the exercise requires a mixture of basic 

critical thinking skills and basic scientific and technical knowledge or in specific 

knowledge. For example: adressing the knowledge about the properties of the filaments 

used in three-dimensional printing, that we would classify within a specific competence, 

will require the search for conceptual information, of a basic nature, about the polymers 

from which they are made, and technical data that are really more specific. It will also 

require the understanding and evaluation of the information found and the effective 

written expression of the conclusions, which are basic critical thinking skills. In this 

sense, it is not necessary to go through the course from beginning to end in an orderly 

manner, you can jump forward or backward to address the examples that you find most 

attractive or suggestive.

We will not stop in this course in the writing of large texts to study, not even for the general 

or specific contents of a specific area. The sources of information will be those existing 

and accessible through digital means. Developing effective routines to find the 

information that is needed, understand it, elaborate it and draw conclusions from it 

should be the main achievement in this course.



3.1. An initial test to customize the course

The selection of the course contents for each of the students will be based on a self-

evaluation of the student himself, who will be asked if they feel confident about their 

knowledge in a series of areas that they may have studied in their VET studies or maybe 

not, or did it superficially. In this way we will select the exercises related to general 

scientific and technical knowledge. The critical thinking exercises will be assigned to all 

students; the different critical thinking standards are closely related to each other and 

doing all the exercises will give an overview of what critical thinking is. The specific 

contents will be selected according to the company in which the student is going to carry 

out the internship. Each company has proposed a series of basic scientific and technical 

knowledge exercises that they want their assigned students to do.

3.1.1. Introduction to the initial test (aimed at the student).

Throughout your vocational studies, you have studied a variety of subjects, and you have 

learned many things that you will apply in your professional career. However, when facing 

the problems that are going to arise in your professional life, you will find yourself in a 

multitude of situations that do not correspond to any of the lessons you have studied 

before. Each specific problem requires combining a lot of common sense with knowledge 

that you will have acquired in different subjects, and many times you will have the feeling 

that you studied what you need but you no longer remember it well. 

07
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In this course we intend to review many basic questions necessary to act in the world of 

science and technology and to do so from an approach that resembles professional 

practice as much as possible. We are going to raise specific problems and we will ask you 

to solve them by searching for the information you need with the means you have at your 

fingertips, which will be more often on web pages than by reviewing notes from your 

previous studies. You will be able to ask for help when you need it and at the end of each 

exercise you will have some comments that will sometimes be the solution to the problem 

and other times they will be just indications to expand your knowledge on the subject of 

the exercise if you are interested.

The course has a large number of exercises and we will try to select for you those that 

best suit you according to your answers to a simple survey. The program will 

automatically select the exercises based on your answers. Nevertheless, you can 

always check with your tutor at any time if you think that in some field they are not enough 

or if there is a topic that has interested you especially and you want to expand. You must 

also ask your tutor for help if you are not satisfied with the way you have been able to face 

the problems proposed.

You must answer each question with a number between 1 and 4, according to the 

following classification

I have never studied this. I would not know how to start 1

I remember studying similar things, but I don't know how to approach it. 2

I have to review it but I will know how to do it 3

Yes, I know how to do it 4
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Initial test

1. Do you remember how you prepare formulations or solutions, for example, could 

you calculate how many grams of sodium chloride you have to add to 25 g of water 

to form a 12% solution by weight?

2. Are you confident in handling the concepts and equations related to electrical 

installations? For example, an electrical equipment, powered at 220V, has a 10 A 

fuse. What is the maximum electrical power it can develop?

3. You will have studied the general concepts of risk prevention at work. Do you 

know what the safety data sheet of a chemical product is?

4. Do you know the basic concepts of electromagnetism? An example: A magnet 

adheres to a metal surface with a force of 3kg, if we separate it a millimeter from 

that surface will it exert the same force, a slightly less force or a much less force?

5. About mechanical properties of materials: Could you explain what a brittle 

material is?

6. Regarding computer applications, do you know how to represent data with the 

Microsoft Excel application or another similar one?

7. Some mathematical concepts. Can you explain what the slope of a function is?
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4COMPETENCES

4.1. BASIC SKILLS OF CRITICAL THINKING 

We have selected a set of basic critical thinking skills that we consider relevant for 

vocational training students who are going to develop internships in high-tech centers.

In this digital course we are going to advance in the development of these nine 

competencies through a series of problems, in which we will reflect on the relationship 

between the path traveled to find a solution and the standards of critical thinking.

4.1.1. Assess your own way of reasoning. 

This is one of the most important critical thinking skills, since it teaches us not to accept 

any idea, procedure or result without having carried out a prior analysis and evaluation 

based on logical reasoning.

During the internship in a technology company, it is important for the student to 

understand that their ability to be informed and understand all the information they 

receive, as well as their ability to ask questions, are essential for their training and 

learning.

Therefore, it is important that the student learn to:

- Thoroughly understand each topic, dedicating the necessary time and effort before 

making a decision. It is important to make sure that what is being analyzed is clearly 

understood and formulated in a specific way.

- Accept that yourself may be wrong, accepting that constructive criticism of a procedure 

is a valuable way of learning.

- Consider the opinions of others, being willing to discuss the procedure and / or result if 

necessary.

- Verify the relevance, depth and breadth of thought (ensure that the reasoning extends 

to the entire complexity of the matter in question, that no available aspect or information 

is overlooked, that all points of view have been taken into account).
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4.1.2. Raise relevant questions.

One of the keys to critical thinking is learning to ask questions, since they not only help to 

solve your doubts, but they are essential to promote reflective thinking. Asking a question 

requires reflecting on what is important, allowing you to advance your understanding of a 

topic. Furthermore raising questions encourages curiosity, sets challenges and expands 

thinking skills.

Consequently, it is important that the student learns to:

- Express their doubts in their own words.

- Find alternatives to ask the same question.

- Distinguish the most relevant questions.

- Distinguish those questions that they can solve by themselves.

4.1.3. State hypothesis.

When performing any experimental task, one of the principles of scientific thinking is the 

need of stating a hypothesis that will be contrasted with the results obtained to be 

confirmed or not. The reasons behind this principle can be extended to other fields of 

thought. When looking for information on a specific topic (scientific, technical, social or 

political) if you have a prior personal idea about it (a hypothesis) you will have a more 

critical attitude about the information you receive, you will be comparing it with your 

hypothesis and analyzing it, possibly modifying or reformulating your initial idea. How 

different is this attitude from looking for information as if one were a blank sheet: the 

tendency then is just to store, collect information.  

 A professional should not accept any idea, any 

procedure of work or production, no experimental 

result without having valued it using his logical 

reasoning and having arrived through reason to be 

convinced that what is being done is correct, or what 

they are accepting is true.
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Thus, proposing a hypothesis becomes a key learning element, as it teaches the 

student to generate a previous idea from the knowledge available, encouraging them to 

analyze and evaluate the expected results, and then actively contrast the final result with 

the expected one.

Formulating a hypothesis is an effective tool to stimulate the student to reflect on 

possible errors that they may have made in the course of the task, as well as a self-

evaluation of his own knowledge on the subject.

In this sense, the main objective for the student when formulating a hypothesis is to 

develop its ability to:

- Reflect on any task to be carried out to anticipate the result.

- Evaluate the previously acquired knowledge that is related to the task to be carried 

out.

- Reflect before looking for information on the subject.

-Analyze the problems that they may encounter during the process and the possible 

solutions.

4.1.4. Learn to learn, searching for information.

Having the ability to acquire knowledge on your own is a required skill in the workplace. 

Develop this capacity requires to train certain skills that probably are not intuitive or 

innate to people. New technologies and the digitization of a large number of documents 

can overwhelm the student in the search for information on a specific topic. In this sense, 

the abilities that the student should develop, related to this critical thinking standard are:

- Ability to express clearly using their own words.

- Select the most reliable documents, being able to contrast the different sources.

- Ability to assess when it is worth investing time to read certain documents.

- Know how to differentiate which is the relevant information.

- Draw conclusions based on information supported by facts and logical and proven 

reasoning.

- Ability to gather all the information regarding a specific topic even though they are 

not in favor of one's own opinion.
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4.1.5. Have an open mind. 

Within critical thinking guidelines, we can find a series of attitudes that stand out in 

reference  to having an open mind. In this sense, we want to emphasize here the 

intellectual humility (listening and accepting the opinion of others, recognizing mistakes), 

intellectual courage (willingness to defend one's ideas) and intellectual empathy (ability 

to put oneself in someone else´s place  to understand their point of view).

Thus, some of the main skills that students must acquire to work in a team are:

- Ability not to judge about what you do not know.

- Assess whether you should acquire more knowledge about a topic.

- Evaluate all the ideas that are presented, both those that predominate more in the 

team and those that do not.

- Confidence to defend your own ideas.

- Ability to admit mistakes.

- Know how to put oneself in the place of others.
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4.1.6.  Have intellectual integrity.

In professional life, especially in a technology company, honesty becomes very 

important, since hiding information from the team or exposing false results for your own 

benefit, can have very negative effects, both for team tasks and for personal 

relationships within the team itself. In this sense, some of the main skills that the student 

must acquire are:

- Be able to admit their own mistakes.

- Identify inconsistencies in their work.

- Seek objectivity.

4.1.7. Express yourself well, effectively, both orally and in 

writing.

The ability to express yourself and defend your own ideas and conclusions is one of the 

basic competencies of critical thinking, since it is not only a fundamental communication 

tool for teamwork, but it also allows you to discover the points of inconsistency in your 

own discourse.

Thus, the main skills that the student must acquire are:

- Ability to assess the quality of your oral and written expression.

- Ability to detect if it is necessary to add more information in your speech so that the 

rest of the team members be able to understand it.

- Ability to recognize that your speech requires a more precise explanation or 

conclusion.

- Ability to organize the content of a text, highlighting the most relevant concepts.

· Admit in the debates that one can be wrong and express it that way.

· Put yourself in the place of others.
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4.1.8. Be persistent 

Persistence is a critical thinking skill necessary to be able to face a professional career. 

Developing in the profession requires being able to face new concepts and procedures, 

face problems that may arise, as well as work in multidisciplinary teams with established 

deadlines.

We understand that it does not seem easy. However, being persistent implies optimism, 

self-esteem and confidence to overcome the obstacles that you may encounter.

Thus, the main skills that the student must acquire are:

- Cope with complex tasks or problems without giving up.

- Be able to decompose a complex task into others more accessible to you.

- Allow the appropriate amount of time to solve a problem or understand a problem.
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4.2. SCIENTIFIC AND TECHNICAL COMPETENCES

This part of the course is intended to train how to address technical problems that may 

arise at work in a technology company. We are going to do it by reviewing fundamental 

concepts of Physics, Chemistry, Mathematics, Computer Science or Drawing, concepts 

that you will surely remember with greater or lesser precision because you have had to 

meet them in your professional training studies. Naturally we do not intend to review them 

all, they would not fit in a course like this and it would not make sense to go back to 

everything that has already been studied. Also, it would take enormous time and possibly 

be ineffective. Then, when a problem really appears at work in the company, it would 

surely be one that was not in that refresher course and was not even in your vocational 

training studies.

What is much more profitable is learning a procedure: how do I act when a scientific or 

technical concept appears in my work that I do not remember or that nobody has 

explained to me before? Of course, the solution is not to stand still and say: I can't do 

anything with this, give me instructions. There is no manual or a self-help book to deal 

with this, our idea is to raise situations of this style and hope that by facing them, with help, 

in the end you will develop your own method to study new problems, seeking help in the 

means that you have available, many times it will be the internet, it will be your co-

workers, the manuals of the equipment you use and others.

Consequently, we are not going to cover all aspects of vocational studies, but we are 

going to concentrate on a series of concepts trying to force ourselves to reflect on them. 

The strategy is not to settle for memorizing a definition or an equation, memory is fragile, 

nor to settle for not understanding why a certain type of problem is solved in a certain way, 

those problem-solving methods are also forgotten. The tool is your ability to reason. You 

do not have to settle for anything that you do not understand for yourself and to train that 

ability to reason, to understand and learn for yourself, it is necessary to go in depth in 

each exercise or problem that arises. 
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That is why the exercises will ask you to calculate things, but above all to interpret, to 

explain why what comes out comes out. You will have to remember or look for concepts 

and equations and before applying them you will have to make the effort to understand 

them thoroughly. It is important to flee from that way of acting that consists in that I have 

seen how a problem is solved and, when other similar is raised to me, I do the same as was 

done there. With this type of procedure, you can never tackle something new:” In a 

situation that I have not encountered before, I am not able to do anything”. We seek just the 

opposite. We seek to be able to grow professionally and increase our knowledge and 

capabilities throughout life.
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5.1. CONTENTS FOR THE DEVELOPMENT OF 

CRITICAL THINKING

D.U.1: ASSESSING YOUR OWN WAY OF THINKING. ESTABLISH YOUR 

GOALS

PILL 1. AN ORDER RECEIVED BY E-MAIL

Approach:

Put yourself in situation: In your work in the company one of your tasks is the 

management of customer orders, there are customers who place their orders through the 

company's website, but in many cases you receive messages by email in which you are 

asked for a product or they ask you a question regarding the invoice.

You have received the e-mail that we copy below. What steps do you think you must take 

to manage it? Could you write a series of instructions that could be used to act on these 

messages?

If you need help 1 go to page 104

5CONTENTS & MICROPILLS

 

From Albert.Solgar@hki.com  

Subject: urgent request 

Annex 234852.img 

 

Dear Sirs, 

Please, take the order for the material contained in the attachment 

confirming the availability, delivery time and sending us a binding offer as soon 

as possible. 

Yours sincerely 

Albert Solgar 

HKI Co. 

Avda Libertadores 2356, ZIP 1636 Buenos Aires, Argentina 

Phone +54 13 2746-1588 Fax +54 13 2746-1589 
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PILL 2. WHAT DO YOU INFER FROM A TEXT? HOW DO YOU ANALYZE IF 

YOUR INFERENCES MAKE SENSE?

Approach:

The following text collects data taken from a newspaper article, but the texts and opinions 

have been altered to achieve the effect that is intended with this example.

In a digital newspaper we read the news that an engineer has been taking data from the 

different types of vehicles that circulate on the bike lane that runs under his window, in a 

neighborhood of Barcelona. Thus, from home he has counted around 1000 vehicles 

throughout the day and it has been found that on average private bikes are 51%, rented 

bikes are 23% and electric scooters are 26%. It is interesting because there is data from 

two years ago from an official body that gave a 10% percentage of electric scooters. In 

other words, in just two years the use of electric scooters has almost tripled. As additional 

data on the increase in the use of the scooter, the data of the number of fines in 2020 were 

8124, December not included, compared to 6546 that the local police gave in the year 

2019. Half are fines for going through places where scooters cannot navigate run, such as 

the sidewalk, and the other half for risky traffic, such as going through a red light. 

The study is used as a starting point to discuss whether bikes and scooters can share the 

city's bike lane. We read opinions that say that bikes and scooters circulate at a similar 

speed, the maximum speed of the scooter is 25km / hour  and, in that sense, they do not 

bother too much, but scooters can make more abrupt changes of direction to overtake and, 

in that sense, they are in more danger. The problems come when the bike lane is narrow, in 

some cases it is only 1 m wide. The city council defends that all the bike lanes in the city are 

at least 1.5 m wide, and in many streets of the city there is no room for it to be otherwise. 

Cyclists' collectives defend that bike lanes should be one-way and at least 5 m wide.

After reading the text, do you think that the author has an objective point of view or that he is 

on the side of one or the other (of those who go by bike or those who go on scooters or the 

City Council)?

Can you form an opinion on the subject? How do you think things will continue to evolve in 

the coming years? Do you think things can be improved so that everyone can circulate at 

ease? Do you see a danger of scooters invading the city?

If you need help 1 go to page 104
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PILL 3. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION.

Approach:

What do you think if you hear from a colleague or friend the following reasoning: "They 

say that tobacco causes lung cancer and it is not true because my aunt died of lung 

cancer and she had not smoked in her life" or this other " The insistence in that tobacco 

causes cancer is annoying, my grandfather has not stopped smoking all his life and there 

he is at 90 years old. ”Can you argue against them?

If you need help 1 go to page 104

PILL 4. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION, 

PSEUDOSCIENCE. 

Approach:

AntiVaccines handle a variety of arguments, some look very irrational when you think 

about them, others seem more reasonable. Take the example of a comment that is heard 

with some frequency from people who do not generally speak out against vaccines. A 

friend tells you: "I am not going to get vaccinated against COVID-19, I have heard that 

there have been cases of people who have had an allergic response and, in some cases, 

very serious side effects." What would be your argument for or against this comment?

If you need help 1 go to page 104
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PILL 5. ANALYZE THE INFORMATION OF A PRODUCT

Approach:

One of the laptops was bought a little over two years ago, it is from the Lenovo brand, it cost 

around 1000 euros, it is in good working condition except that the battery that initially 

ensured the computer's operation for at least 8 hours working on applications of office 

automation, now it runs flat much earlier. The computer has a self-test application that tells 

us that indeed the 4-cell battery originally stored 53 Wh at full charge and that currently it 

only charges up to 41Wh. We consider the convenience of replacing the battery, either in a 

technical service or in the company itself and in the latter case an internet search allows us 

to find these four options to buy the replacement:
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Three issues:

1. Do you think it is worth changing the battery?

2. Do you dare to change it yourself or is it better to find a technical service that does it?

3. In the event that we buy the replacement, which of the four above would you choose? 

Do you need more information or can you make a decision now?

If you need help 1 go to page 104

PILL 6. WHY DO I LIKE WHAT I LIKE?

Approach:

Think for a moment about the last sneakers you bought, what made you decide on them? 

If it was the price, what you could afford, think about which ones you would have liked to 

buy. What did you base your choice on? How do you compare one and the other? After 

some time, to what extent do you think you were influenced by your environment: 

advertising, group of friends, fashions...?

If you need help 1 go to page 104
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D.U.2: RAISE RELEVANT QUESTIONS 

PILL 1. 3D PRINTING

Approach: 

The production of a short series of parts by 3D printing is going to start. A 3D filament 

deposition printer will be used. The production department has prepared the printing 

program, and has decided to use 1.5mm diameter ABS filament as the printing material. 

You are going to take care of the printer operation. What are you interested in knowing 

before starting? Or what aspects of the 3D printing process arouse your curiosity?

If you need help 1 go to page 104

PILL 2. A SHYRINGE PUMP 

Approach. 

You are going to work with a syringe pump 

like the one in the figure. It is a system that 

can drive a small flow of liquid through a 

conduit with great precision. This device is 

to be used in a microfluidic circuit in which 

1ml / hour of a reagent circulates. 

What do you find interesting to know about this equipment? 

Put in writing the questions that you would like to be answered.

If you need help 1 go to page 104
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PILL 3. PREPARING ALIQUOTS OF A PROTEIN

Approach:

Often, certain substances are supplied in aqueous solution at a relatively high 

concentration and aliquots at a lower concentration must be prepared to use it. We have 

in the refrigerator, at 4ºC, a vial containing 30 mg of lyophilized collagen. We are going to 

prepare 10 ml aliquots of aqueous solution at pH 4 with a concentration of 0.1 mg / ml. 

You have a protocol that tells you the amounts of ultrapure water and acetic acid that you 

are going to use to dissolve the entire content of the vial at the desired concentration and 

the procedure to pipet 10ml of this solution into each of the vials that will contain the 

aliquots. What additional questions do you ask yourself? What are you interested in 

knowing in relation to this procedure, in addition to the specific steps you need to take to 

complete the job? Put in writing the questions that you would like to be answered.

If you need help 1 go to page 104

PILL 4. QUALITY CONTROL 

Approach:

Your company manufactures products for greenhouse crops. One of these products is 

porous, biodegradable sponges, in the shape of spheres of 1 mm in diameter, which 

contain a nutrient that they gradually release after mixing them with the culture substrate. 

What properties of the product do you think it would be important to measure in each 

batch of the product as a quality control?

If you need help 1 go to page 104
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D.U.3: MAKE A HYPOTHESIS. 

PILL 1. WHAT WILL BE THE RESULT?

Approach

The following problem arises: A stepper motor turns a modulus 1 worm gear at a constant 

speed at a rate of 30 revolutions per minute. The worm gear meshes with a 40 tooth gear, 

which in turn meshes with a rack, as seen in the figure. At what speed will the rack move in 

mm / min? The tooth dimensions of a modulus 1 gear are seen in the figure.

Before doing any calculations think and 

note whether the rack will move up or down 

and an approximate value of the travel 

speed, for example 0.1, 1, 10 mm / min. 

Then do the math. Were you right in terms of 

the order of magnitude or were you wrong a 

lot? Think why. Your initial idea was fine and 

you have made the wrong calculations? or it 

is the calculations that are right and your 

initial estimate that was wrong?

If you need help 1 go to page 104
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PILL 2. LENGTHENING OF A THREAD WHEN HANGING A WEIGHT.

Approach:

We want to hang a piece from a thin thread, 500 microns in diameter and 1 m long. The 

piece weighs 1 kg. When hanging the piece the thread lengthens, we can allow it to 

lengthen a maximum of 1mm. Can we put a nylon or polyester wire or do we have to put 

an aluminum or steel wire? Before doing any calculations, try to answer based on 

intuition and what you know about these materials, for example, fishing lines are made of 

nylon, many fabrics are made of polyester. Then do the math and see if you were right or 

not.

If you need help 1 go to page 104

PILL 3. HOW MUCH ARE WE GOING TO SPEND ON HEATING?

Approach:

What is the monthly cost in electrical energy of an electric radiator that has a power of 

1400 W and is plugged in for 8 hours a day?

First, based on what you know about the monthly electricity bill for your house or by 

intuition, raise, without fear of being wrong, what you think will be the solution to this 

question: XXX euros per month.

If you need help 1 go to page 104

PILL 4. HOW LONG WILL IT TAKE WATER TO BOIL?

Approach:

A pot contains 3 liters of cold water, at room temperature, 20ºC. We put it on an electric 

heating plate at the maximum power, which is 800 W. If we assume that all the heat that 

the heating plate transmits is absorbed by the water, how long will it take to boil?

First, before doing calculations, just with your intuition, think if that is going to take a few 

minutes or rather something more, half an hour?

If you need help 1 go to page 104
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PILL 5. FRESH WATER FROM SEA WATER.

Approach: 

In the chemistry laboratory, it is common to see how water is distilled for a multitude of uses. 

You may have seen a still where a heating plate or blanket heats a flask containing the 

water to bring it to boil. The steam 

rises towards a refrigerant whose 

walls are kept cold by making 

water circulate around the wall, 

there are jacketed refrigerants 

that have a double outer wall and 

cold water circulates between the 

two walls. In the refrigerant, the 

vapor condenses and what it is 

collected on the other side is distilled water. One can think of distilling seawater in the same 

way to obtain fresh water. Does it seem viable to you? At the price of domestic electricity, 

how many euros would it cost you to distill a liter of water that you initially have at 20ºC? 

How much would it cost per cubic meter of water?

If you need help 1 go to page 104
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D.U.4. LEARN TO LEARN, SEARCHING FOR INFORMATION.

PILL 1. CREDIBILITY OF THE INFORMATION CONTAINED IN WEB 

PAGES.

Approach: 

Information and communication technologies, ICT, allow fast access on the Internet to a 

large amount of information that other users of the network have shared. For the most 

part, this information has not been verified by anyone, the author may simply be wrong, or 

have biased intentions, and piracy and alteration of the content of web pages or 

redirection to replace a link with a different page is frequent. All this makes it necessary to 

have discretion when selecting a web page.

There are some indications that can be useful in order to initially trust the veracity and 

reliability of an internet site:

 Institutional websites such as public bodies, universities, professional associations 

should be the places where the information is more verified and more interested in not 

letting false or biased information pass. However, they are not free from errors and 

sometimes public bodies themselves may be interested in manipulating citizens.

 Links recommended by institutional sites have usually been previously checked for 

credibility.

Updated sites. It is important that the website shows the date of its update, the 

information is often changing, and we may be consulting data that has already been 

modified. In some websites, the update date is at the bottom of the page or on the side, in 

the media it is usually at the beginning of the news and in others it is not even explicit and 

you have to track it.
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As an example, what can you comment on the contents of these three web pages about the 

use of masks to protect and protect yourself from COVID-19 (web pages assessed in nov 

2021)?:

https://www.antena3.com/noticias/salud/oms-alerta-que-uso-mascarillas-puede-dar-

f a l s a - s e n s a c i o n - s e g u r i d a d - f r e n t e -

coronavirus_202003315e83701f59d39d0001e463ce.html

· 

https://www.elperiodico.com/es/sociedad/20200520/mascarillas-obligatorias-mayores-

coronavirus-pandemia-sanidad-7968199

· 

https://www.metropoliabierta.com/b-magazine/betrending/videos-mascarillas-tela-

casa_26312_102.html

· 

If you need help 1 go to page 104

PILL 2. SEARCH FOR A PROVIDER

Approach: 

We need to buy three units of a 10mm 

diameter trapezoidal thread spindle with its 

corresponding nut. We will need it to be 850 

mm long. We want to know if there is a 

supplier that can send it to us already cut to 

the exact dimension or what tool we need to 

cut it in the company. Also the thread 

pitches available.

If you need help 1 go to page 104

https://www.antena3.com/noticias/salud/oms-alerta-que-uso-mascarillas-puede-dar-falsa-sensacion-seguridad-frente-coronavirus_202003315e83701f59d39d0001e463ce.html
https://www.antena3.com/noticias/salud/oms-alerta-que-uso-mascarillas-puede-dar-falsa-sensacion-seguridad-frente-coronavirus_202003315e83701f59d39d0001e463ce.html
https://www.antena3.com/noticias/salud/oms-alerta-que-uso-mascarillas-puede-dar-falsa-sensacion-seguridad-frente-coronavirus_202003315e83701f59d39d0001e463ce.html
https://www.elperiodico.com/es/sociedad/20200520/mascarillas-obligatorias-mayores-coronavirus-pandemia-sanidad-7968199
https://www.elperiodico.com/es/sociedad/20200520/mascarillas-obligatorias-mayores-coronavirus-pandemia-sanidad-7968199
https://www.metropoliabierta.com/b-magazine/betrending/videos-mascarillas-tela-casa_26312_102.html
https://www.metropoliabierta.com/b-magazine/betrending/videos-mascarillas-tela-casa_26312_102.html
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PILL 3. INKJET PRINTER

Approach:

We need an inkjet color printer to replace one that has failed and is not worth fixing. 

Would you be able to suggest which one to buy and where? To decide between those 

available, keep in mind that we use it in office work, very rarely documents of more than 

20 pages are going to be printed, although it may be necessary to print images in 

photographic quality since many reports have photos of our products.

If you need help 1 go to page 104

PILL 4. FIND A GLUE

Approach:

Find a suitable glue for poly(methyl 

methacrylate) plates, PMMA. We try 

to compose a chamber based on 

pieces obtained by cutting plates of 

this polymer. Look for available 

commercial products, suppliers and 

how to use it.

If you need help 1 go to page 104
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PILL 5. FIND A SUITABLE SOLVENT

Approach:

To make a coating with polyvinyl chloride, PVC, on a metallic part, we start from 

commercial PVC, in powder form. We have the option of preparing a dilute solution of the 

polymer in a suitable solvent, it will be a kind of paint that we will distribute on the surface 

with an airbrush. As the solvent evaporates, a very thin film adheres to the surface. Make a 

list of good solvents for PVC. What characteristics of the solvents seems to you the most 

important to choose one of them for this application?

If you need help 1 go to page 104
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D.U.5. HAVE AN OPEN MIND. 

PILL 1. THE OPINIONS OF OTHERS ABOUT MY WORK

Approach:

You have been doing some measurements on the elastic modulus of some plastic 

samples prepared in the company. It is intended to use the material, ABS, to make parts 

by 3D printing. You have made the measurements on a tensile testing machine. 

Following the protocol that exists in the company to carry out these tests, you have 

adjusted the samples provided by a colleague in the clamps of the machine, 

programmed the test with the standard parameters, and repeated the measurement in 

five different samples. The machine gives you the result of the elastic modulus: 5.0 ± 0.2 
8 2

10  N / m . It is your turn to present the results at the group meeting and there is the head 

of research and development of the company, there is also your direct supervisor, who 

has commissioned you to do the tests, also the colleagues who are designing this 

material and who have prepared the test samples. I write some opinions:

▭ This value is wrong, there should be an error, it would correspond to a sample that is 

too soft, too deformable. ABS is stiffer than that.

▭ Could there have been a problem tightening the clamps on the machine?

▭ We should be confident with the measurement of the machine and it has to be the test 

tubes that have been poorly prepared.

▭ How will the specimens be poorly prepared? I can't imagine how.

▭ I think it is the plastic that has degraded in some way.

▭ For me it has become porous.

Now you have to react and give your opinion on the previous comments and what should 

be done next.

If you need help 1 go to page 104
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PILL 2. TERMS RELATED TO EQUAL OPPORTUNITIES BETWEEN MEN 

AND WOMEN IN THE COMPANY

Approach:

In a document of the European Commission of more than 20 years ago "100 words for 

equality" made by the General Directorate of Employment, Labor Relations and Social 

Affairs in 1998, it is said that Equal Opportunities is the absence of any sexist barrier for the 

economic, political and social participation of women and men.

Equal opportunities for women and men in society is a significant issue and promoting it in 

the company is not only a right of women, it is also a way of making the most of the capacity 

of all the people who represent the main capital of a company.

To understand the regulations approved by the different administrations, the documents 

issued by the different socially involved organizations and by the media in general, it is 

necessary to have clear ideas about the meaning of the terms that are used. Terms like:

·  Sex (male / female)

·  Gender (male / female)

·  Sexual choice

·  Gender roles

·  Gender stereotypes

·  Empowerment

·  Conciliation

·  Analysis with a gender perspective

·  Invisible barriers

·  Discrimination on the basis of sex

·  Positive discrimination

 Find the meaning of each of these terms and try to describe them with a couple of lines.

If you need help 1 go to page 104
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PILL 3. MEASURES FOR EQUALITY BETWEEN MEN AND WOMEN IN THE 

COMPANY

Approach:

In Spain, Organic Law 3/2007 for effective equality between women and men sets the 

objective of “… making effective the right to equal treatment and opportunities between 

women and men, in particular by eliminating discrimination against women, whatever her 

circumstance or condition, in any of the spheres of life and, uniquely, in the political, civil, 

labor, economic, social and cultural spheres for, in the development of articles 9.2 and 14 

of the Constitution,  achieving a more democratic, fairer and more caring society. "

Regarding private companies, Law 3/2007 says:

Companies are obliged to respect equal treatment and opportunities in the workplace 

and, for this purpose, they must adopt measures aimed at avoiding any type of 

employment discrimination between women and men, measures that must be 

negotiated, and where appropriate, agreed, with the legal representatives of the workers 

in the manner determined in the labor legislation.

For this, in medium and large-sized companies and in certain situations provided by law, 

the company may have to develop and apply an "equality plan”

What measures do you suggest that the company takes in this regard?

To read the final comment go to page 200
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PILL 4. EMPLOYMENT DISCRIMINATION

Approach:

In the selection processes to occupy a job in a company, personal information is asked to 

the candidates both in the requested documentation, the curriculum vitae, CV, or through 

questions in a personal interview. This information can be the basis for selecting the 

candidate not so much for their training, experience and ability but for their sex, age, 

physical appearance, skin color, ethnic origin, if they have children or are thinking about 

having them, etc. For example, they ask you for a photo on your CV, they ask for your age, 

they ask you about your state of health, or about your family, not to mention that there are 

those who can ask you about your sexual option, religion or if you have belonged to a 

political party or a union or youth association.

Explain in a few lines your position regarding the consideration of these types of aspects 

when they select you or not for a job. As a guide, the following options could be considered:

1. These types of questions violate my right to privacy and they have no right to ask 

them in any case, it is outrageous.

2. These types of questions are illegal.

3. There are cases in which it is justified to select a person based on their physical 

appearance for certain jobs.

4. There are cases in which age may be important to perform a certain job.

5. It is admissible to favor candidates from my country over those who come from 

abroad.

Your considerations and your answer are only for you, you do not have to write them 

anywhere. This exercise is only intended to make you reflect on an issue that is essential in 

the relationship between a worker and their company.
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PILL 5. RELATIONSHIPS IN THE WORK ENVIRONMENT.

Approach: 

Following the exercise on "employment discrimination", we are going to turn the situation 

around to think about your own prejudices when interacting with your colleagues and 

bosses. Now you are the one who can consciously or unconsciously discriminate against 

other people. To what extent aspects of your partner such as sex, skin color, country of 

origin, ethnicity to which they belong, color of skin, age, their degree ... will affect you 

when it comes to

1. Accept from him or her teachings, instructions, guidance or orders if 

applicable.

2. Contradict them.

3. Establish a personal relationship apart from work, take an interest in their 

problems, try to understand them.

4. Share information. Offer help in the tasks of the company to the best of your 

knowledge.

Your considerations and your answer are only for you, you do not have to write it 

anywhere. This exercise is only intended to make you reflect on an issue that is essential 

in personal relationships in the company and in teamwork.

If you need help 1 go to page 104
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D.U.6. HAVE INTELLECTUAL INTEGRITY.

PILL 1. AVERAGE VALUES   AND VALUES   THAT ARE OUT OF THE 

AVERAGE.

Approach:

You are doing a test in which you measure the density of a liquid following a protocol 

established in the company, using a precision balance and equipment called a pycnometer. 
3The values   you get are 0.92; 0.94, 0.85, 4.32, 0.96 g / cm . What value would you say the 

density of this liquid has?

If you need help 1 go to page 104

PILL 2. ORGANIC REMAINS CLEANING SOLUTION

Approach:

Imagine that by filtering, with a ceramic 

filter, a solution of a polymer in an 

organic solvent, the filter has been 

clogged, you start cleaning it with the 

solvent so that it dissolves the remains 

that may remain in the pores and 

although it does something, you realize 

that you cannot ensure that they have 

been completely removed. What to do? 

You are looking for information about 

this situation, you find different forums on the internet in which they talk about using the 

piranha dissolution. What do you think?

If you need help 1 go to page 104
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PILL 3. HALF UNDERSTAND

Approach:

Possibly for a well-established manufacturing process to be maintained day by day, it is 

enough to follow closely the protocols established for each of the necessary operations. 

However, to go further: to do new things or to identify the reasons for a failure and correct 

it, it is necessary to understand as thoroughly as possible everything related to the 

materials, devices, processes with which you are working. It is important to differentiate 

what we really know from that we only have an intuitive or very superficial idea. 

For example: everyone has an idea of what viscosity is, an idea that comes from common 

language and the sensation that a liquid gives you when you see it flow or touch it with 

your fingers. 

Do you really know the definition of viscosity of a fluid and what parameters does it 

depend on? Explain it briefly in writing. 

If you need help 1 go to page 104

PILL 4. CHANGING YOUR MIND

Approach:

It is not easy to give examples of this, because it is a personal attitude, it is about being 

open to recognizing what is well known and what is not. In fact, scientific knowledge and 

technology are changing. Facts and theories that have been taken for granted for 

centuries, are corrected or even fall by new discoveries. Much more happens with what 

has been learned. Training has to be something dynamic and this requires the attitude of 

being open to delve into what has been learned, and to recognize what is not known 

enough or that was misunderstood. In this example we simply ask for a personal 

reflection in relation to the concepts that are handled in this course.
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D.U. 7: EXPRESS YOURSELF WELL, EFFECTIVELY, BOTH 

ORALLY AND IN WRITING.

PILL 1. DESCRIBE A PROBLEM THAT AROSE WHILE BUILDING A PART

Approach:

A piece has been manufactured that had to have a rectangular section, like the blue one in 

the figure. The piece has been somewhat deformed, like the yellow one. In the figure on the 

right, the two are superimposed so that you can see more clearly the difference between 

one and the other. You have to explain to someone on the phone what happened. Write a 

few lines with what you would say to them so that they have as accurate an idea as possible 

of the problem.

If you need help 1 go to page 104

PILL 2. GIVE DIRECTIONS TO GET TO A SPECIFIC PLACE.

Approach:

A meeting is going to be held at the company. One of the attendees has just arrived in the 

city, he is at the airport, he does not have at hand the documentation that was sent in its day 

with the information on how to get to the meeting place and calls for directions. Write a few 

lines with what you would say.

If you need help 1 go to page 104
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PILL 3. THE MAIN IDEA OF   A TEXT.

Approach:

Read the next FOLLOWING text:

5G is the name of the new generation of mobile technology, which significantly improves 

the performance (bandwidth, latency, capacity of connected devices) of mobile Internet 

access compared to previous generations. Its special characteristics make it a key piece 

to accelerate the digital transformation of society and the economy.

5G networks and services are not only a new generation of mobile technology, but they 

will allow the development of new services that will benefit the economy and society as a 

whole. The ability to manage millions of devices in real time on 5G networks is an 

essential element for the development of services that until now were not within our 

reach, such as intelligent manufacturing in distributed manufacturing environments, 

remote control of devices in real time that will facilitate the connected car and later the 

autonomous car, as well as the intelligent management of transport and energy 

resources. Likewise, 5G will make it possible to expand broadband coverage at high 

speeds in rural and isolated areas of the Spanish territory, contributing to the reduction of 

the digital divide and the availability of digital public services throughout our geography.

Government of Spain,

Ministry of Economic Affairs and Digital Transformation, Secretary of State for 

Telecommunications and Digital Infrastructures 

https://avancedigital.gob.es/5G/Paginas/Index.aspx accessed on 22-7-2020 

A colleague asks you, What is that you are reading about? Answer them in one sentence, 

no more than one or two lines.

If you need help 1 go to page 104

https://avancedigital.gob.es/5G/Paginas/Index.aspx%20accessed%20on%2022-7-2020
https://avancedigital.gob.es/5G/Paginas/Index.aspx%20accessed%20on%2022-7-2020
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PILL 4. GREEN ECONOMY.

Approach:

Read the following text about the green economy

[https://economipedia.com/definiciones/economia-verde.html acceso el 29-12-2020]

"The green economy is an economic model that is committed to sustainable and profitable 

development, seeking situations that generate economic, social and environmental 

benefits. Thus, the green economy argues that social well-being is achievable, while 

reducing environmental risks and ecological threats. For this reason, the green economy 

consists of a long-term vision in which companies, markets and investors are committed to 

sustainable development that guarantees long-term profitability. In this sense, those 

companies that act with respect for nature and are characterized by low carbon emissions 

will be called "green companies". These “green companies” will be generators of jobs, 

known as “green jobs”. 

Many companies are developing green marketing campaigns, creating greener products 

and highlighting the sustainability of their products.

The main objectives of the green economy are:

· Improvement of social welfare, fight for equity in society, combat scarcity and 

reduce threats to the environment.

· Efficient use of resources, reduction of carbon emissions and social responsibility.

· Increase in public resources allocated to the fight against carbon emissions, as well 

as the creation of green jobs.

· Strong commitment to energy efficiency and biodiversity.

By influencing social, economic and environmental aspects, it will be essential to ensure 

that the objectives of job creation, economic growth and the efficient use of resources fit in.

If you need help 1 go to page 104
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Therefore, the green economy allows:

·  Assess the level of economic transformation and growth in “green companies”.

·  Analyze the impact of the level of development according to the extraction and use of 

available resources.

·  Assess the social impact according to the population's access to basic resources, 

health and education.

In order for the green economy to take place, a series of circumstances must exist. For 

this, it will be necessary a legislation that is committed to this type of economy, an 

increase in public investment and private companies by the so-called green sectors and 

policies from the public administrations that encourage the green economy. Many banks 

are promoting investment in projects aimed at protecting the environment, they are 

known as green banks. "

Try to summarize what you have read in a couple of sentences to tell someone who asks 

you what the green economy is.

If you need help 1 go to page 104

PILL 5. GREEN ECONOMY AND CIRCULAR ECONOMY.

Approach:

Search the internet for information about what is meant by green economy and circular 

economy. Once you have a clear idea of what those two terms mean, try to explain them 

simply.

If you need help 1 go to page 104
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4.5. SCIENTIFIC AND TECHNICAL CONTENT. 

D.U.1: DIMENSIONS. MEASUREMENTS

PILL 1. LENGTH: HOW BIG IS A MICRA? WHAT DIAMETER IS A HAIR?

Approach:

In the international system of units, SI, the unit of length is the meter. This exercise is to try 

to understand small dimensions. The thousandth part of the meter is the millimeter: 1mm = 
-30.001m that we can also put, in powers of 10, 1mm = 10 m. One thousandth of a millimeter 

-6
is the micrometer or micron 1mm = 0.001mm = 0.000001m = 10 m.

To get an idea of how big a micron is, we can note that the human eye appreciates 

dimensions of 100 µm. Based on that, what diameter do you think a hair can have? How 

thick can a sheet of paper be? Look for examples of objects or beings sized about 1 µm.

If you need help 1 go to page 104

PILL 2. LENGTH HOW LARGE IS A NANOMETER?

Approach:

In the international system of units, SI, the unit of length is the meter. This exercise is to try 

to understand small dimensions. The thousandth part of the meter is the millimeter: 
-31mm = 0.001m that we can also put, in powers of 10; 1 mm = 10  m. The thousandth part of 

-6
the millimeter is the micrometer or micron 1 µm = 0.001 mm  =  0.000001  = 10 m. One 

thousandth of the micron is the nanometer
-91 nm = 0.001 µm  = 0.000001 mm = 0.000000001 m = 10  m

 With what can we compare a nanometer to get an intuitive idea of   its dimension? Is it the 

size of a molecule such as water, or is it somewhat larger?

If you need help 1 go to page 104
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PILL 3. SPEED.

Approach:

In a rigid body that moves, the velocity is the quotient between the space traveled and the 

time taken to travel it. That is, a body moves at a constant speed if it goes through equal 

spaces at equal time intervals throughout time. In the international system of units, SI, the 

unit of velocity will therefore be the meter per second m/s. As we have mainly associated 

the concept of speed with that of the movement of cars, the speed values   that we have in 

our heads are in kilometers per hour: thus, in Spain, a scooter can go a maximum of 

25km/h, on the motorway a car can go max 120km/h, a high speed train can go more than 

300km/h, a plane in commercial flight can go 900km/h. Find what is the speed of sound in 

air and what is the speed of light in SI units and in kilometers per hour. Is the speed of 

sound very different in salty water, fresh water, and in air?

If you need help 1 go to page 104

PILL 4. MASS AND WEIGHT

Approach:

Mass is an intrinsic property of matter, a body has a certain mass that is the same 

wherever it is, moving or still. The SI unit of mass is the kilogram, kg. Weight is somewhat 

different: it is the force with which the Earth attracts a body located more or less away 

from its surface or on it. Two masses m and m' separated by a distance d, atract each 

other with a force that can be expressed, according to Newton's Law of Universal 

Gravitation, as 

When we talk about our weight, the mass m would be our mass and the mass m' would be 

that of the Earth, ours is tiny compared to that of the Earth. The unit of force, and therefore 

the unit in which the weight is measured is the Newton, N. Look, the same mass, yours for 
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for example, on the ground will have a weight, which you can measure on a balance. If you 

fly at an altitude of 10,000m, you will still have the same mass, but you will weigh less. If you 

go even higher, to the international space station, in orbit around the Earth, you will weigh 

almost nothing, but you still have the same mass. We see the astronauts floating inside the 

station (although more factors are involved for that to happen). The greater the distance to 

the Earth, the lower the force with which it attracts you, as seen in the above equation.

So, find out how many Newtons do you weigh on the ground if your mass is 60kg? How 

many Newtons would you weigh on the Moon? Why is it less? If the Moon is much further 

away than the International Space Station, why does the Earth keep pulling it into its orbit 

and it does not escape into space? 

If you need help 1 go to page 104
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D.U.2: EQUATIONS AND FUNCTIONS.

PILL 1. SIMPLE EQUATION.

Approach:

Solving a technical problem often involves solving mathematical equations. 

Mathematics is a resource to find a solution and equations are a way of translating the 

problem into terms that can be handled in a practical way. The first step is to translate our 

problem into an equation, then how to find the solution of that equation will come. Let's go 

to an example:

In a digital thermometer, we have a metal probe that we insert in the medium where we 

want to measure the temperature. The thermometer gives us the value of the 

temperature on a display. But we may have errors in the probe itself or in the electronics 

of the equipment. To calibrate the thermometer, we place the probe in a bath with ice 

water. The temperature that the thermometer should give is 0ºC. However, let's say it 

gives 0.3. Then we put the thermometer in boiling water. The reading should be 100ºC 

and we read 100.7ºC. That is, we have an error when we read the temperature, but with 

these two fixed points, we can correct the reading and calculate the correct temperature 

from the one given by the device. Create an equation that gives us the actual 

temperature, T, when the temperature the thermometer reads is x. Check that the 

equation is fulfilled when the thermometer reads 0.3ºC and when correcting it gives 0ºC 

and when the thermometer reads 100.7ºC and when correcting it gives 100ºC. Calculate 

the correct temperature when the thermometer reads 74.5ºC. 

If you need help 1 go to page 104
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PILL 2. TWO ELECTRICAL RESISTORS IN PARALLEL

Approach:

In the electrical circuit of the figure, the potential difference in the generator is 10 V, the 

resistance R2 is 5 Ω, the R3 is 10 Ω. The resistance R1 is variable. Derive an equation that 

allows 

us to calculate the current through R3 as a function of the value of R1. Apply that equation 

to calculate the value of the resistor R1 so that the current through R3 is 2A.

If you need help 1 go to page 104

PILL 3. GRAFIC REPRESENTATION OF STRAIGHT LINES 

Approach:

Graph a straight line on an x-y diagram using a spreadsheet. Make a graph of the line that 

passes through the points (x = 1, y = 2) and (x = 4, y = -4) and find its equation.

If you need help 1 go to page 104
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PILL 4. GRAPHIC RESOLUTION OF SYSTEMS OF LINEAR EQUATIONS

Approach:

This exercise tries to analyze the meaning of the solution of a system of equations. The 

system is as follows

The two equations are two straight lines that can be represented on an x-y diagram. You 

can solve the system analytically or you can represent the two lines and see directly the 

point of intersection.

Explain in your words why the solution of the system is the point of intersection of these 

two lines.

If you need help 1 go to page 104

PILL 5. SECOND ORDER EQUATIONS

Approach:

Let's solve the equation

Explain first what it means to solve that equation and what you hope to find as a result? 

Then look for the result graphically, and finally solve it analytically and check the result.

If you need help 1 go to page 104
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PILL 6. DRAWING PARABOLES ON A WORKSHEET. SECOND-GRADE 

EQUATION SOLUTIONS

Approach:

Explain what it means to say that a quadratic equation can have two solutions, one or none. 

Help yourself with graphical representations in a spreadsheet.

If you need help 1 go to page 104
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D.U.3: Graphic representation. Functions 

PILL 1. CHARTS PREPARED WITH EXCEL

Approach: 

In one of the company's machines we have a heating 

system that increases the temperature of a part. We want 

to know the effective heating rate and for this, a 

temperature probe has been placed inside the part, the 

heating element has been activated and you have noted 

the temperature measured at different instants of time 

measured from the moment the system has started to 

heat up. The table collects this data and with it you have to make a representation. The 

graphs are prepared with the Excel application, in which you enter the data in 

consecutive cells, choose the type of graph and automatically prepare it, then all the 

characteristics of the graph can be modified: character sizes, colors, scales…. With your 

data, the four graphs in the Figure have been prepared. They all represent the same data 

and yet they look very different from each other. What happens? Are there some that are 

right and others that are wrong? Did you make a mistake when putting the values   in the 

table? Explain what is good and what is bad for each of the others. 

If you need help 1 go to page 104

A B

C D
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PILL 2. THE SLOPE OF A FUNCTION

Approach:

In the previous example, we may be interested in giving the data of the heating rate. How is 

it calculated? What units does it have? Discuss the heating rate corresponding to the red 

and blue lines in the figure.

If you need help 1 go to page 104

PILL 3. THE FUNCTION THAT FITS A SERIES OF EXPERIMENTAL DATA

Approach:

In your technology company, you need to foresee the behavior of a 

cylindrical piece subjected to a tension force.  For that, you 

perform a “stress-strain” test in which the sample is strained at 

constant rate while the force required for that is recorded. The 

results give the values of the stress measured (Force divided by 

the cross-section area) as a function of the deformation (see the 

table). 

Make a plot of the stress against the strain, infer, where appropriate, whether it is a linear, 

quadratic or inverse proportionality relationship, and deduce the formula. Looking to these 

results, do you think this material is stiff or compliant? 

If you need help 1 go to page 104
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PILL 4. OSCILLATING SIGNAL

Approach:

In your company, a new device that you have created has been causing problems. 

Theoretically, the difference in electric potential between two points in the circuit should 

correspond to the function:

where V is the potential difference in Volts and t is the time in seconds.

When doing a test in which the voltage of the circuit is measured as a function of time with 

an oscilloscope, you obtain the following data:

Make a comparative graph between theoretical values and the results of the test putting 

the tension on the ordinate axis. Is the real value equal to the theoretical one? Can you 

say why? What type of current does the device use? 

If you need help 1 go to page 104
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D.U. 4: GRAPHIC REPRESENTATION. MANUFACTURING 

DRAWINGS

Pill 1. DRAWING IN CAVALIER PROJECTION

Approach:

Drawing a piece in cavalier projection can give you a clear idea of   its shape. It can help you 

quickly explain to another what you want to do using a hand drawing. Then possibly more 

precise forms of representation are needed when defining the manufacture of that piece. 

We are going to see how to represent in perspective a piece that we define by means of its 

front, lateral and top view in a diedric system. If you have not encountered these 

representation systems before, look for information about them, you will see on different 

web pages that understanding the key aspects of cavalier projection is a matter of a few 

minutes, deeping into the details may cost more. Look in particular at the orientation of the 

depth axis and what the reduction ratio means.

We have a part defined in figure 1 in diedric system representation. Make an approximate 

drawing of this piece in cavalier projection, with the axes that we represent in the diagram of 

figure 2 and with a reduction coefficient ½. We have drawn a cube in this representation as 

a guide.

If you need help 1 go to page 104
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PILL 2. DIMENSIONAL DRAWING

Approach:

In the previous activity we have 

been making an approximate three-

dimensional drawing of the piece 

that we schematized in front, lateral 

and top views in the diedric system. 

Surely you have the question of 

how to know the exact dimension of 

each part of the piece. One cannot 

measure lengths directly on the 

drawing, a dimension must be set 

for each length of interest. In this 

exercise we are going to dimension 

the piece of the previous activity. In 

figure 1 we repeat the diagram of 

the piece in the dihedric system. We have drawn a dimension in one of the edges and for 

this exercise you can deduce the rest from it by measuring on the drawing.

If you need help 1 go to page 104
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PILL 4. ANALYZING A COMPLEX DEVICE TO DEFINE THE PARTS THAT 

COMPOSE IT.

Approach:

In your technology company, your boss needs to generate in 3D a reliable model (that is, 

identical to the real one) of the mechanical assembly that can be seen in the attached 

image, which you have physically at your disposal. Through 3D software, he intends to 

make a 3D recreation of this piece with such a level of veracity that it allows her to carry out 

thermal and mechanical tests in a virtual way. What would you have to prepare him so that 

he could do it?

Figure 1. Mechanism assembly drawing

If you need help 1 go to page 104
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PILL 4.  THE SIZE OF A PICTURE IN A DOCUMENT. 

Approach:

Images in text documents take up much more memory than the text itself. The level of 

detail of the image is measured in pixels per inch dpi, the greater the detail, the more 

memory the file occupies. What happens is that above a certain size the difference may 

not be noticed and increasing the detail is multiplying the occupied memory. If many 

heavy images are incorporated into a text file, the document can become an 

unmanageable file. If it is a presentation, you may have to wait a long time to go from one 

slide to another. If it is a web page, it will take a long time to load. The fact is that it is 

important to know how to choose the size of each image according to the way it is going to 

be presented. Next, we copy the same image several times with different sizes. 

Originally, they are .tif files. For each of them we indicate the size of the image itself in 

pixels and the size of the image file.

300 ppp, 1772 x 1239 pixels, 2170 KB

150 ppp, 886 x 619 pixels, 562 KB
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75ppp, 443 x 309 pixels, 161 KB

37ppp, 219 x 153 pixels, 60KB 

Which one would you choose for this text? Probably there is no difference in the quality of 

the image between the first two, it does not seem that it makes much sense to insert a 2MB 

image into our text file when it will look more or less the same as a 560KB image.

In this exercise we suggest that you look for any image of good quality and choose an 

application that allows you to change the size to adjust it to what you find convenient for a 

text file

If you need help 1 go to page 104
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D . U . 5 :  E L E C T R I C I T Y  A N D  E L E C T R O N I C . 

ELECTROMAGNETISM. 

PILL 1. ELECTRICAL TESTING OF A SINGLE-PHASE TRANSFORMER

Approach:

It is intended to carry out two electrical tests (functional tests) to a single-phase 

transformer, a test in no load conditions and another one in short circuit. The objective is 

to check its operational status, and its eventual need for maintenance. Search in the web 

how to carry out each of the two tests, the measuring instruments necessary for the 

experiment, how to connect them, and the operating values expected. What conclusions 

do you expect to reach from these tests?

Fuente Empresa: TORYTRANS.

If you need help 1 go to page 104
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PILL 2.  TESTING OF A PHOTOVOLTAIC SOLAR MODULE.

Approach:

We want to plan a test of operation of a photovoltaic solar module, in order to check its 

electrical characteristics, and to obtain the different operating parameters of the solar 

module. Once the operating characteristics have been measured, at different values of 

solar radiation, we will compare the results obtained with the specifications given by the 

manufacturer. Find an example of a commercial module and look at its specifications. 

Which of these parameters do you think should be checked? Draw a schematic of the 

circuits that would be used to measure them.

Figure 1.  Photovoltaic solar panel, source Damia Solar y Giosolar.

If you need help 1 go to page 104
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PILL 3. STARTING OF THREE-PHASE ASYNCHRONOUS MOTORS.

Approach. We want to find the different procedures used to start one type of electrical 

motors: asynchronous three-phase motor. You can find different electric circuits used to 

start this kind of electric motors, and located the different devices used in these circuits. 

Each one of the circuits have advantages and disadvantages like torque, speed, electric 

consumption, etc. It is necessary to describe all of components used, and the nominal 

characteristics of them (voltages, currents, powers, time, etc) , according of the nominal 

characteristics of the electric motor used to start it.

If you need help 1 go to page 104
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PILL 4. SQUARE WAVE OSCILLATOR ELECTRONIC CIRCUITS 

(ASTABLES).

Approach. Developing of the exercise consists to obtain different electronic circuits used 

to build an oscillator circuit, with one square wave form in its output. It will be necessary to 

find different electronic circuits, with different components, used to this function. The 

circuits will be composed by single components (resistors, capacitors, transistors, etc), like 

integrated circuits developed to this specific function. We hope that the student identify all 

the components necessary in each circuit, defining the characteristics (values, limits, etc) 

of them. Also how to select these parameters to obtain different characteristics of the circuit 

output signal: voltage, frequency, current, impedance, power, etc.

Fuente: http://www.learningaboutelectronics.com/.

If you need help 1 go to page 104
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D.U.6: MACHINES AND TECHNICAL EQUIPMENT. BASIC 

CONCEPTS.

PILL 1. ELECTRICAL CONSUMPTION COST CALCULATION

Approach:

Create a spreadsheet that allows you to calculate the cost of electricity consumption, of 

one and more computer equipment, depending on the work mode (Full load, Low load, 

Suspend, Off) the time of use in each mode and the period of use (day, month and year).

If you need help 1 go to page 104

PILL 2. UPS (UNINTERRUPTED POWER SUPPLY SYSTEM)

Approach:

Make a diagram in which the different internal parts of the UPS are represented and how 

they interconnect between them.

If you need help 1 go to page 104
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PILL 3. ELECTRONIC and ELECTRICAL SYMBOLS

Approach:

 Find out which components represent the following symbols:

If you need help 1 go to page 104

PILL 4. CONSTRUCTION AND OPERATION OF A CIRCUIT

Approach:

We want to build a “vumeter”, LEDs that glow to the beat of 

the music. The components needed to create the circuit are:

  - 3 LEDs

  - 1 TIP31 transistor

  - 1 9Vdc power supply

  - 1 audio source (stereo, smartphone, etc.)

Describe the mounting on a protoboard of the following diagram, with the components 

provided, and find out how it works.

If you need help 1 go to page 104



04

64

D.U.7: ELECTROMECHANICS. BASIC CONCEPTS. 

PILL 1. METALLIC FRAME TO BUILD A FLOOR CASE.

Approach:

It is intended to make a metal piece, built from metal profiles. The union of the profiles 

would be made by welding them. The piece has the functionality of being used as a metal 

casket (only the frame of the casket) on the ground, to be used as a register for 

underground pipelines (sanitation, electricity, etc.). It must have dimensions of 40x40 cm 

(length and width).

The entire manufacturing process must be described, from the selection of the material 

to be used, its shape and size, the cutting process and the preparation of the profiles for 

welding, the process of carrying out the welding phase, as well as final checks of the 

correct size and shape of the piece made.

If you need help 1 go to page 104
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PILL 2. TABLE STRUCTURE MADE OF STEEL STRUCTURAL SQUARE 

TUBE 20X20 MM SIZE

Approach:

The metal structure of a table should be made of steel structural tube of 20x20mm cross 

section and thickness of 1.5 mm. The profiles would be joined by MAG welding between 

them. The table structure will serve to arrange a 20 mm wooden plank, screwed from the 

bottom. Dimensions should be  2000x900x750 mm (width x depth x height).

The entire manufacturing process must be described, from the design of the structure, 

shape and arrangement of crossbars, exploded view of the structure and request for 

material from the supplier, drilling to screw the wooden board, cutting and preparing the 

profiles for welding, welding parameters, weld cleaning and final checks of the dimensions 

and deformations produced by welding.

If you need help 1 go to page 104
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PILL 3. DIE OF STEEL SHEETS WITH ADJUSTMENTS WITH A MILLING 

MACHINE 

Approach:

You are asked to carry out a steel piece that consists of 6 pieces of 10 mm thick carbon 

steel plate, with rectangular recesses that, once they are machined and put together, will 

form a die. This will have final measurements of 50x50x50 mm.

To prepare it, before starting the manufacture, prepare a 

protocol that describes the entire manufacturing, cutting, 

drilling, milling and assembly process, with final checks of the 

dimensions.

If you need help 1 go to page 104

PILL 4. GARBAGE COLLECTOR MADE WITH 2 MM GALVANIZED SHEET.

Approach:

The work proposed consists of the elaboration of a collector 

made of 2 mm thick galvanized sheet as that of the figure. 

You have to start from a 205 x 205 mm rectangular sheet.  

The final collector will have dimensions of 140x160x30 mm, 

and will carry a riveted pole to the back of the catcher.  You 

can make decisions on the details of the shape of the piece. 

Look for information on the processes of cutting and bending 

the sheet. What tools do you need? How are the pieces going to be joined once they are 

cut?

If you need help 1 go to page 104



67

D.U.8: CHEMICAL ELEMENTS AND COMPOUNDS. SOLUTIONS. 

FORMULATIONS.

PILL 1. PREPARE A SOLUTION.

Approach:

Explain in a simple protocol how you would prepare 10 ml of a solution of sodium chloride in 

water with a concentration of 1% by weight, which has to be added in a production process: 

what products would you use, what amounts of salt and water, how would you measure 

those quantities, how would you mix to obtain a homogeneous solution, what equipment do 

you need to do it. How does the protocol change if what we want is a 1% w / v solution? How 

does it change if what I want is a saturated solution at room temperature?

If you need help 1 go to page 104

PILL 2. SULFURIC ACID

Approach:

Confirm the statement that sulfuric acid is a strong acid and explain in your own words why 

it is so. Look up its chemical formula. Are there other acids stronger than this one?

If you need help 1 go to page 104
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PILL 3. SODIUM HYPOCHLORITE

Approach:

What is sodium hypochlorite? Look up its chemical formula. What applications does it 

have? Does it behave like an acid or a base? What other products should you never mix it 

with?

If you need help 1 go to page 104

PILL 4. DISSOLVE SULFURIC ACID IN WATER

Approach:

What precautions must be taken to prepare a solution of sulfuric acid in water? Why?

If you need help 1 go to page 104

PILL 5. SOLVENTS

Approach:

When looking for a solvent for a compound, you have seen that for a polar substance a 

polar solvent will be suitable while for an organic substance organic solvents may be 

suitable. Do you understand these terms: polar solvent, organic solvent, organic 

substance? Find their meaning and explain it with your own words. Why can acetone be a 

suitable solvent for a wide variety of substances?

If you need help 1 go to page 104
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PILL 6. HOW TO CLEAN THE LABORATORY GLASS?

Approach:

Find the procedure for washing and drying laboratory glassware. Try to understand why 

things are done the way they are done.

If you need help 1 go to page 104
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D.U.9: MATERIALS. PROPERTY CHARACTERIZATION.

PILL 1. PHASE TRANSITION: MELTING AND CRYSTALIZATION.

Approach:

When heating a solid, that is, when it receives a flow of heat, if the pressure is kept 

constant, the temperature increases. At the moment it reaches the melting temperature, 

the first drop of liquid appears, and the temperature will remain constant until all the solid 

melts. When all the solid has disappeared, the temperature of the liquid will rise again if it 

continues receiving heat. The "normal" behavior of solids and liquids is that as the 

temperature increases their density decreases, also that liquids are less dense than 

solids. Since density is the quotient between the mass of a body and the volume it 

occupies, ρ = m⁄V, that means that as the body temperature increases, it expands. It is 

also normal that when melting a solid, the resulting liquid occupies more volume. There is 

an exception to this general behavior, and it is precisely water. Ice is less dense than 

liquid water. For this reason, when a bottle full of water is frozen, the container bursts, it 

does not resist the pressure that the water makes when it expands when it becomes ice. 

To finish understanding this behavior, draw a schematic diagram of the density of water 

as a function of temperature during a process in which ice starts at -150ºC and heat is 

transmitted until it becomes liquid water at 60ºC, all at a pressure of 1 atm. Compare that 

diagram with the one for ethyl alcohol.

If you need help 1 go to page 104
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PILL 2. HEAT OF PHASE TRANSITION

Approach:

Calculate how much heat was required in the process of the previous example to heat 1 

kilogram of water from -150ºC to 60ºC at a constant pressure of 1 atm.

If you need help 1 go to page 104

PILL 3. SURFACE TENSION

Approach:

The wettability of a solid surface is important in many applications. A material is said to be 

hydrophobic when it repels water, a drop of water deposited on the surface of the solid 

remains in the form of a drop, it does not spread on the surface. An example of 

superhydrophobic material is the leave of the lotus, also in other plants you can see the 

perfectly spherical dewdrops on the leaves. By contrast, a hydrophilic material is a material 

with the ability to absorb water. On a wet material, the water spreads, wets it. The 

phenomenon depends on the 

surface tension of the solid. Which material is more wettable, the one with high or low 

surface tension?

If you need help 1 go to page 104
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PILL 4. OPTICAL PROPERTIES

Approach:

White light is the superposition of electromagnetic waves with different wavelengths, as 

outlined in the attached drawing, each color has a particular wavelength. Among the 

colors perceived by the human eye, violet or blue waves have a short wavelength, while 

at the other end of the rainbow, red light has the longest wavelength perceived by the 

human eye. There are also waves of shorter 

length than violet (ultraviolet) and longer than 

red (infrared) but the eye is not able to perceive 

them. When white light collides with the particles 

of a gas, a liquid or a solid, they partly disperse, 

partly are absorbed by the material and partly 

are reflected. The interaction of light with the 

material depends on its wavelength, that is, on 

its color. We see objects of different colors 

because they selectively reflect some waves 

more than others. For example, do you know 

why the sky looks blue and why you see orange 

and red lights at sunset?

If you need help 1 go to page 104
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PILL 5. STRESS – STRAIN DIAGRAM. YIELD AND FRACTURE. 

Approach:

In a stress-strain test, in traction mode, a specimen of a material is subjected to a force in 

the longitudinal direction, stretching from its ends. Increasing force is applied and the 

sample lengthens. Stress is defined as the applied force divided by the cross-section area. 
2

It is measured, in the international system of units in Newton per square meter N/m  or 

Pascal, Pa. The deformation is the elongation of the sample divided by the initial length so, 

it is dimensionless

The experiment ends when the cylinder breaks. Look for examples of stress-strain 

diagrams of different materials. Explain the meaning of the following terms: Elastic 

modulus or Young's modulus, rigid material, soft material, elastic limit, yield stress, 

breaking stress.

If you need help 1 go to page 104

PILL 6. BRITTLE AND DUCTILE MATERIALS.

Approach:

Find an example of a polymer that has brittle fracture and another that has ductile behavior. 

Draw the stress-strain diagrams for these two materials. Explain the process of material 

fracture.

If you need help 1 go to page 104
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D.U.10: INFORMATICS

PILL 1: COMMUNICATION BETWEEN TWO PCS

Approach:

You are in a company where you want to connect 2 computers to share their data, but 

communication is not possible. After executing, what steps should you follow to solve the 

problem?

If you need help 1 go to page 104
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PILL 2

Approach: 

 The Company "PETROCHEILOS SA" has 10 sellers all over the country who promote the 

company's products and sell them to various customers. The exercise for computer 

science graduates and especially in the field of programming can be implemented in C 

programming language, Python, Turbo Pascal free code language. We will implement the 

solution of the exercise in Pascal language because it is considered a structured and easily 

understood programming language to everyone. The sellers (their names) are stored in a 

table of 10 places with the name NAMES. In a 2-dimensional table are stored the sales of 

the 10 sellers in the 12 months of the year with the name SALES. We want to calculate the 

annual sales of each seller and show the 3 sellers with the best sales and the seller with the 

worst sale 

Let the NAMES table with the following elements 

 The processing of the SALES table results in a SUM1 table that includes the total sales 

throughout the year for each of the 10 sellers 
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This table must be sorted in descending order so that in the first 3 places the 3 best sellers 

appear and in the 10th place the worst seller 

The solution you propose is the following: 

BEGIN 

FOR I :=1 TO 10 DO 

READLN NAMES[I] 

FOR I:=1 TO 1O DO 

BEGIN 

S:=0; 

FOR J:=1 TO 12 DO 

S:=S + SALES[I,J]; 

END; 

SUM1[I]:=S; 

END 

The SUM1 table contains the total sales of all sellers Now it has to be sorted in 

descending order so that the 3 best sellers go to the top 3 of the SUM1 table 

The SUM1 table will be sorted by the bubble sort method 

begin 

For i:= 2 to 10 do 

For j:=10 to I down to -1 do 

If SUM1[J-1] < SUM1[J] THEN 

begin 

TEMP:= SUM1[J-1] 

SUM[J-1]:=SUM[J] 

SUM[J]:=TEMP 

End; 

End. 

Table SUM1is sorted as follows:

It is agreed that the above solution solves the problem, if not what is wrong and how it can 

be solved to give the right results  

If you need help 1 go to page 104
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PILL 3

Approach.  The exercise involves solving an algorithm that reads an array named A1 

that contains 100 integers. Exercise calculates 

a) the average of the elements of the table 

B) the number of integers that are multiples of 3 and 5 at the same time 

c) find the minimum element of the table 

d) to show the results 

the finding of the average and the minimum element of the array will be done using 2 

functions which will be called by the main program 

The solution of the exercise deliberately contains some errors that the student must identify 

to correct them and explain their use algorithm 

The exercise for computer science graduates and especially in the field of programming 

can be implemented in C programming language, Python, Turbo Pascal free code 

language. We will implement the solution of the exercise in Pascal language because it is 

considered a structured and easily understood programming language to everyone. 

 PROGRAM ASK1; 

VAR 

I,min,mo,count : integer; 

A1 :array[1..100] of integer; 

Function average (K:integer;):integer; 

Var 

avg,I,sum:integer; 

K array [1..100] of integer; 

Begin 

For I:=1 to 100 do 

Sum:=sum + K[i]; 

avg:=sum/100; 

end; 

Function minimum ( K:integer;):integer; 

Var 

I,Min:integer; 

K array [1..100] of integer; 
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Begin 

Min:=K[1]; 

For I:=1 to 100 do 

IF K[i]<Min then 

Min:=K[i]; 

Minimum:=Min; 

End; 

BEGIN {program} 

Count:=0; 

For I:=1 to 100 do 

Readln(A[I]); 

MO:=average (A); 

Min :=minimum(A,100); 

For I:=1 to 100 do 

begin 

IF (A[I] mod 3=0) OR (A[I] mod 5=0) then 

Count:=count +I; 

End; 

Writeln ('the average is=',MO); 

Writeln ('the minimum is=',Min); 

Writeln ('the multiple count is=',Count ); 

END.{PROGRAM} 

If you need help 1 go to page 104
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D.U.11: COMPUTERS

PILL 1. CHARACTERISTICS OF PCI-EXPRESS 

Approach:

PCI_Express,  PCIe or PCI-e, is a high-speed serial computer expansion bus. Find out the 

characteristics and speed of the different versions and types of PCI-Express connectors. 

If you need help 1 go to page 104

   

PILL 2. MOTHERBOARD CONNECTOR IDENTIFICATION

Approach:

Identifies the motherboard connectors shown in the Figure .

If you need help 1 go to page 104

1 2 3 4

5 6 7 8

9 10 11 12

13 y 14 15 16 17 y 18
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PILL 3. REAR PANEL CONNECTOR IDENTIFICATION

Approach:

 Identify the connectors on the back panel of a computer motherboard. 

If you need help 1 go to page 104

1 2, 8, 11 3 4

5 6 7 9

10 12 13 

15 16 17

14
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PILL 4. POWER SUPPLY PC

Approach:

Describe how to create a switch to start a power supply by bridging, avoiding to manipulate 

the connector with the consequent risk of electric shock. Write short step-by-step 

instructions to measure various voltages from a power supply. Write step-by-step 

instructions for the connection of all cables to the motherboard and peripherals.

If you need help 1 go to page 104
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D.U.12: PREVENTION OF LABOR AND ENVIRONMENTAL 

RISKS. 

PILL 1. IF YOU DISCOVER A FIRE

Approach:

Do you know what you have to do if you discover that there is a fire in a company room? 

Ask yourself what you should know to be prepared for this eventuality.

If you need help 1 go to page 104

PILL 2. MEDICAL EMERGENCY

Approach:

Think of a colleague injured in an accident or who has lost consciousness. Do you know 

how to act? Ask yourself what you should know to be prepared for this eventuality.

If you need help 1 go to page 104
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PILL 3. REAGENT SPILL

Approach:

A situation in which one never expects to find oneself, but which unfortunately happens 

from time to time. Imagine that you are working with a bottle of a toxic reagent, or perhaps 

not even working with it, taking it from the cabin in which you were working to the closet 

where it is stored and it drips and falls to the floor or on the table spilling the reagent. What to 

do in that situation?

If you need help 1 go to page 104

PILL 4. SAFETY DATA SHEETS OF CHEMICAL REAGENTS 

Approach:

You are going to use dimethylformamide as a solvent. Look for its safety data sheet and see 

if you understand its content. In particular, look at its toxicity, safe storage conditions, 

precautions for working with this reagent. What individual protection elements should you 

use when handling it?

If you need help 1 go to page 104
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D.U.13: AGRICULTURE AND ENVIRONMENT

PILL 1. MEASURE SOIL pH.

Approach:

Soil pH is a critical chemical factor of the soil that plays an important role in the plant's 

development. Each plant prefers a certain pH zone in soil fr optimum development. It is 

important to know the soil pH before the establishment of a crop. In case the soil pH is not 

in the optimum zone for the crop the plants will not develop well and the yield will be lower 

as well as the production quality.

Some nutrients are not available in the soil for the plants in certain pH values. The 

nutrient is in deficiency for the plants even if there is in the soil in adequate concentration 

but it is strongly bound in the soil and not available in the soil solution where the plants 

roots can absorb it. 

How the soil pH can be measured? What means are available for a quick and safe 

measurement? What are the symptoms of improper soil pH value to the plants? How 

accurate the measurement must be? In case of low accuracy how important it is?

If you need help 1 go to page 104
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PILL 2. FERTIGATION 

Approach: 

Fertilizers are the materials used to replace the nutrients the plants remove from the soil to 

support their development. It is very important for the plants to the nutrients they need in the 

soil to achieve high development temp and produce high quality products. It is important to 

choose the right type of fertilizer the enrich the soil with the nutrients in demand. Potted 

plants are usually irrigated with spike drippers. To apply fertilizers a fertilizer closed tank 

must be used that will be connected to the drip line by a by-pass. A valve is placed in the 

mail drip line that is located between the inlet and the outlet of the tank. The partial closure 

of this valve leads a part of the water that moves in the mainline to enter into the fertilizer 

tank and mix with the fertilizer solution. As water enters the fertilizer tank through the inlet, 

equal quantity of fertilizer solution returns to the mainline through the outlet adding fertilizer 

to it that will be delivered to the plants through the irrigation system. The concentration of 

the fertilizer solution is high at the beginning and is getting lower as time passes. It is 

important to leave the system working for the necessary period to ensure that the total 

quantity of the fertilizer in the tank has been replaced by water. So there are many 

questions that arise regarding the type of fertilizer will be used and the way the procedure 

will be monitored to achieve high-quality results. How the quantity of the fertilizer in 

demand will be calculated? When the application can stop? 

In the case of 1000 pots of young seedlings that must take 5 grams of fertilizer which one 

you have to choose from the following three available fertilizers in stock. 12-48-8, 0-46-0, 0-

0-50. How the quantity of the selected fertilizer can be applied to the pots? How you can 

calculate the total quantity of the fertilizer that will be used?

If you need help 1 go to page 104
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PILL 3. PROPAGATE PHOTINIA PLANTS BY CUTTINGS WITH POWDER 

HORMONE.

Approach: 

Photinia frasseri ʹRed Robinʹ is a very nice bush with many uses in landscape 

architecture. Although it is a common plant it is not easy to propagate it with seeds. So the 

only way it is available for the plant producers, either amateurs or professionals is the 

propagation by cuttings. Propagation by cuttings is not so simple and easy as the 

propagation by seeds. There re many issues that must be configured to achieve a high 

percentage of rooted cuttings. Some critical questions are.

 What type of cuttings must be prepared? 

What period of the year id the best to take cuttings? 

What vegetative parts of the plants are suitable to take cuttings. 

What is the hormone concentration must be used? 

What is the proper environment for the cuttings? 

What will happen is the environmental conditions will not proper? 

Is there any danger for the cuttings during the period before they start to root. 

How environmental conditions could be configured? 

What are the proper means to do that? 

If you need help 1 go to page 104
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PILL 4. FERTILIZATION

Approach: 

Fertilizer has to be delivered to a vineyard. The directions from the agronomist who has 

done the soil analysis, are to supply 21 units of Nitrogen per 1.000 sq m. The total surface of 

the vineyard is 10.000 sq. m. The available Nitrogen is Ammonium Phosphate (21-0-0) 

packed in sacks of 25 kgr. The fertilizer will be added to a fertilizer tank and will be delivered 

to the plants through the drip lines. What is the quantity of the fertilizer (21-0-0) that must be 

added to the fertilizer tank to cover the nutritional needs of the vineyard?

A) 21 kgr

B) 25 kgr (1 sack)

C) 100 kgr

D) 1.000 kgr

If you need help 1 go to page 104



04

88

5.3. SPECIFIC CONTENTS. PROPOSALS FROM THE 

CENTERS THAT WILL RECEIVE VET STUDENTS

D.U.1. IKASIA TECHNOLOGIES PROPOSALS

PILL 1. THE POLYMERS FROM WHICH THE FILAMENTS FOR 3D 

PRINTING ARE MADE

Approach:

How do you imagine a molecule of a polymer? They are long chains of atoms in which a 

unit is regularly repeated hundreds, thousands or hundreds of thousands of times. To 

know how to interpret phenomena that we encounter when printing parts with the 

polymer filament extrusion 3D printer, it is necessary to have an image of what the 

structure of these materials is like. Draw outlines of the different forms that the chain can 

take in space and explain what depends on whether one or the other depends. Identify 

what the chemical structure is like and what the structure should be like for polyethylene, 

PE, polycarbonate, PC, polylactic acid PLA and polyethylene terephthalate, PET.
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PILL 2. THERMOPLASTICS. SOLVENTS

Approach:

Polymers that can be made to flow by increasing the temperature sufficiently are called 

thermoplastics. They are polymers. Their molecules are in the form of chains closely 

intertwined with each other, but that can slide over each other and flow like a conventional 

liquid, although very viscous. These polymers can be dissolved by finding the right solvent. 

This possibility can solve problems of cleaning parts to which traces of a polymer have 

stuck, also in cases where a duct or a printing nozzle is clogged. Find a good solvent for 

ABS (acrylonitrile-butadiene-styrene copolymer).

If you need help 1 go to page 104

PILL 3. THERMOSTABLE POLYMERS

Approach:

Polymers whose molecules in the form of a network are often called thermosetting 

polymers,  resins or thermosets. In these materials, all the polymer chains are linked to 

each other by chemical or physical bonds. This molecular structure means that the polymer 

cannot be dissolved or made to flow by increasing the temperature. To make a part, deposit 

a coating film or use them as an adhesive, the precursors of the polymer are mixed and the 

chemical reaction is carried out in a mold with the shape of the part or spread like a paint or 

a glue. When the chemical reaction occurs and the polymer is formed, which is called the 

curing or crosslinking process, it is already in its final form and often strongly adhered to the 

surfaces with which it is in contact. Examples of these materials are epoxy or polyurethane 

resins or two-component silicones. But despite this fixed structure, they are still plastic and 

are more or less deformable depending on the temperature. We want to make a 100 x 50 x 

2 mm epoxy resin plate, which has to be formed by filling a gap in a machine, to reinforce a 

joint. It has to resist mechanically up to at least 70ºC. Find a commercial epoxy resin that we 

can use for it and write the manufacturing protocol of the plate.

If you need help 1 go to page 104
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PILL 4. FILAMENTS FOR 3D PRINTING. GLASS TRANSITION 

TEMPERATURE AND MELTING TEMPERATURE.

Approach:

In the polymer extrusion printing process, the flexible filament is melted at the printing 

nozzle, to re-harden when deposited as a thin layer on the part being built to which it 

adheres. The temperature of the nozzle depends on each polymer. There are two 

essential properties in softening the polymer so that it can pass through the die: glass 

transition and melting. This section tries to clarify these two concepts. Specifically, in 

printing with PLA polylactic acid the recommended nozzle temperature is between 200 

and 220ºC, in the acrylonitrile-butadiene-styrene copolymer ABS, a somewhat higher 

temperature is recommended, between 230 and 250ºC, what happens to these 

polymers when they reach these temperatures.

If you need help 1 go to page 104

PILL 5. THE PIECES PRINTED ON THE FILAMENT 3D PRINTER BOW 

WHEN THEY PASS A CERTAIN SIZE.

Approach-.

The photo in the figure shows a piece printed using PETG polyester filament. It is a piece 

of relatively large dimensions, at the base the longest side is 16 cm. What happens is that 

the printed part has a great curvature at the base, the corners of which rise upwards 

making the part useless. Make a hypothesis about the origin of this phenomenon, does it 

occur to a greater or lesser extent with some polymers than with others? Check your 

hypothesis by looking for information on manufacturers' websites or 3D printer user 

forums. Depending on what you find, confirm or modify your hypothesis and write a brief 

report on the causes and propose possible solutions to print this piece.

If you need help 1 go to page 104
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PILL 6. COMPOSITES

Approach:

The plastics used in many applications are not pure polymers, they are mixed with certain 

additives that protect them from degradation by the action of the environment or by 

temperature and mechanical stresses during processing. They are also frequently mixed 

with inorganic fillers in the form of dispersed particles of micrometric or nanometric size 

(calcium carbonate, carbon black, ceramic particles ...) or fibers (fiberglass, polymeric 

fibers, carbon fiber) including nanofibers (nanofibers or carbon nanotubes). Those fillers 

give the composite material mechanical strength or other specific properties such as some 

electrical conductivity that can help release electric static charge. Composite materials are 

also used in molten filament 3D printing. Look for commercial polylactic acid, PLA, 

nanofiber-reinforced filaments. Look for information on the advantages and disadvantages 

of using this material compared to a conventional PLA, that is, what indications the 

composite material would have.

If you need help 1 go to page 104
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D.U. 2. UNIVERSIDADE DO MINHO PROPOSALS

 PILL 1. HOW DOES AN ELECTRIC BATTERY WORK? 

Simplified scheme of a button type battery 

Approach: 

A battery can provide an electric current, consisting of electrons (negatively charged 

particles) flowing through electric conductors (wires) and devices. The electrons are 

available at the negative electrode (the anode) and make an external path to the positive 

electrode (the cathode). 

Why do electrons have to travel outside the battery to go from one electrode to the other?

If you need help 1 go to page 104
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PILL 2. LEAD-ACID VS LI-ION RECHARGEABLE BATTERIES 

Approach: 

Since the dawn of automobiles, rechargeable (or secondary) batteries have been 

incorporated to assist the functioning of the vehicles, from providing power to start the 

engine to put electric devices to work (lights and radio, for instance). The most common 

batteries used in vehicles are the lead-acid, in which the plates are made from the very 

heavy lead and lead oxide, using sulfuric acid as the electrolyte. 

In last two decades, the use of rechargeable batteries to propel vehicles has been growing 

fast due to the development of batteries presenting a much higher performance than the 

traditional ones, namely offering higher ratios of stored energy per kg of the battery. Among 

these new technologies, Li-ion is the most promising to achieve denser, lighter and more 

environmental friendly batteries. 

Why the long used technology of lead-acid rechargeable battery is not suited to propel 

electric vehicles? 

If you need help 1 go to page 104
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PILL 3 – PRIMARY VS SECONDARY BATTERIES

Approach:

There are two types of electric batteries: those which are used only once (primary), and 

those which can be recharged (secondary).

Complete the table below, where some electric and electronic daily use devices are 

listed; point out what type of battery is used by each device and how often they need to 

replace or recharge its battery.

In the near future, do you think that both types of batteries will coexist in the market, or P 

type will definitely be extinct?

If you need help 1 go to page 104
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PILL 4 – INCANDESCENCE LIGHT BULBS ARE TO BE BANNED SOON

Approach:

Incandescence, luminescence and fluorescence, are the main forms of artificial light 

emission used in our daily life. These processes are used in light bulbs, LED and 

fluorescent tube lamps, respectively.

Figure – Incandescence light bulb, LED and compact fluorescent lamp.

For decades the most used form of domestic illumination were the incandescence light 

bulbs, but recently they were banned, and only in a few applications are they still allowed 

(for example, in vehicles).

Find the main reasons for the ban of luminescence light bulbs in domestic use.

If you need help 1 go to page 104
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PILL 5 – CONDUCTORS, INSULATORS AND OTHERS

Approach:

Applying a battery or connecting to an outlet plug at home will make an electric current go 

through a device causing some effect: a light is on, a radio emits sounds or a doorbell 

rings.

In these processes at least two kinds of materials are involved: those which drive the 

electric current – the conductors – to the parts that transform electric energy into heat, 

light or other form of energy; and those which block the electric current – the insulators –  

which prevent the conductors to leak the current to unwanted parts and allow people to 

grab the device without being electrocuted.

Every ordinary conductor presents a small resistance to the passage of an electric 

current and that resistance consumes a small amount of the energy conveyed by the 

current. An ideal conductor would drive an electric current without consuming any energy 

at all.

There are other materials that can be designed to be applied in devices which, under 

special conditions, drive low intensity electric currents. These may act as controls to 

activate or inhibit other devices to operate. They are most used in electronics.

Search for the main categories of materials concerning their ability to drive or to block the 

flow of an electric current.

If you need help 1 go to page 104
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D.U.3. SOMÁTICA, MATERIALS & SOLUTIONS PROPOSALS

PILL 1. TECHNOLOGIES USED IN INDUSTRIAL KEYBOARDS/KEYPADS.

Approach:

There are many technologies applied to industrial input devices, which are selected 

depending on several aspects such as price, technical specifications, reliability, etc. 

Indicate 5 of the most common technologies used in industrial keypads, capable of 

detecting the key stroke, and

specify the pros & cons each one of them.

If you need help 1 go to page 104

PILL 2. OVERCOMING EXTREME ENVIRONMENTS USING THE RIGHT 

TECHNOLOGY AND ARCHITECTURE.

Approach:

In some applications, it is necessary to have keyboards or 

keypads capable of handling extreme environments. For 

example, when using these devices on outdoor, for public 

access, it is preferable to have them vandal proof. What 

technology would you choose to have a vandal proof 

keyboard with an Ip68?

If you need help 1 go to page 104
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PILL 3. MOUNTING SOLUTIONS

Approach:

There are different installation methods for attaching an input device (keypad, monitor, 

keyboard, etc.). In industry, these devices must be fixed to the structure of the equipment 

/ machine so that they can be used without compromising its functionality. List the 3 types 

of mounting used to attach an input device and what are their advantages and 

disadvantages?

If you need help 1 go to page 104

PILL 4. DIFFERENT MATERIALS FOR DIFFERENT APPLICATIONS

Approach:

Keyboards and keypads are made with different materials, depending on the application 

that these devices will be exposed. The most common material used in the production of 

these devices is plastic, however there are other materials which they are made. Indicate 

the 4 main materials used to build keyboards and keypads, and which industries used 

them?

If you need help 1 go to page 104
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PILL 5. POINTING DEVICES

Approach:

A pointing device is a human interface device that allows a user to input spatial (i.e., 

continuous and multi-dimensional) data to a computer. The most known pointing device is 

the computer mouse, that most of us use it every day. There are other pointing devices, 

very well known, which are embedded on some keyboards. Identify 3 pointing devices in 

addition to the computer

mouse.

If you need help 1 go to page 104

PILL 6. CREATING A BETTER INPUT DEVICE

Approach:

At this point you have some knowledge about the different types of keyboard that exist in 

the market. In your opinion, what you would improve in order to have a superior keyboard 

regarding all the competitors in the market?

If you need help 1 go to page 104
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D.U.4. UNIVERSITAT POLITÈCNICA DE VALÈNCIA 

PROPOSALS

PILL 1. WASHING THE CELLS. SALINE SOLUTIONS FOR CELL 

CULTURES.

Approach:

In cell culture laboratories, it is necessary to keep cells in culture in plastic plates for long 

periods (weeks or months) in order to allow cell division and thus increase cell number. 

These periods are called cell expansion and are routinely performed to prepare cell lines 

before their use in experiments. During the periods of cell expansion, it is necessary to 

detach the cells (they grow attached to the surfaces of these plates) and transfer them to 

new plates that can be larger if the cells have grown in number. This process is called 

trypsinization because it uses a reagent called trypsin.

In the trypsinization process, in addition to trypsin, it is necessary to use saline solutions 

to wash the cells before using trypsin. This previous washing is necessary to clean the 

culture medium well (which is the substrate in which the cells are kept during the 

expansion stage and which provides them with nutrients).

These saline solutions for washing are used routinely in cell culture laboratories and it is 

necessary to prepare them from the different salts. The saline solution that is most 

commonly used is phosphate buffer saline, more commonly known by its acronym PBS. 

Search in the website of a university, cell culture unit or research center the salts that are 

necessary to prepare it and the concentration of each of them. Since it is used in cell 

cultures and under sterile conditions, once we have prepared the PBS, it is necessary to 

sterilize it. Also find out what is the sterilization method used to make the PBS ready for 

use in cultures.

If you need help 1 go to page 104
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PILL 2. pHMETERS ALWAYS READY. PH MEASURING INSTRUMENTS AND 

THEIR BASIC MAINTENANCE

Approach:

The pH meter (or potentiometer) is the instrument used to measure the pH of solutions 

using the electrochemical method. This equipment is used daily in many laboratories 

(chemical, molecular biology, polymers…) it basically has two parts that you can see in the 

image below: the pH meter and the electrode. The electrode is immersed in the solutions to 

perform the measurements. To carry out the measurements, an initial calibration step is 

necessary in which solutions of known pH are used and subsequently the sample of 

interest is measured. Always, between measurement and measurement, it is necessary to 

wash the electrode with distilled water. The electrode is the most sensitive part of this 

equipment and its maintenance is key so that the measurements are correct, among other 

things the maintenance includes that the electrode must always be submerged and at a 

certain pH. First of all, it is important that you check that you know and understand the 

concept of pH and its importance. Next, look for the different solutions that need to be 

prepared in a laboratory to be able to use the pH meter (indicate their composition and pH).

If you need help 1 go to page 104
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PILL 3. FEEDING THE CELLS. CELL CULTURE MEDIA PREPARATION

Approach:

In cell culture laboratories,  scientists work with different cell types, that is, cells that come 

from different species and different tissues. When cells are kept in culture conditions for 

their expansion (to increase cell number) it is 

necessary to feed them with a liquid medium. This 

culture medium must contain various nutrients that 

will allow cells to obtain the energy to carry out 

their functions. Depending on the cell type, the 

medium will be required to contain different 

nutrients, however, some elements of the culture 

medium are basic and common for all cell types.

The main component of culture media is usually 

DMEM. It is a red liquid that contains mineral salts, 

vitamins, glucose and some aminoacids. 

Why does the media have this characteristic red colour?

Find what this red color corresponds to.

This medium is considered the basis, but a few more components are usually added. 

Look on the website of a university or a commercial supplyier in charge of distributing 

culture media which supplements would be necessary to add to obtain a complete 

culture medium. 

If you need help 1 go to page 104
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PILL 4. MICROPIPETTE CALIBRATION. EXACT VOLUMES FOR 

SUCCESSFUL EXPERIMENTS 

Approach:

A micropipette is a common yet an essential laboratory instrument used to accurately and 

precisely transfer volumes of liquid in the 

microliter range. 

They are used in labs that perform research 

related to molecular biology, microbiology, 

immunology, cell culture, analytical chemistry, 

biochemistry and genetics. The success and 

reproducibility of the experiments carried out in 

these laboratories is based on micropipette 

calibration. Due to repeated use micropipettes 

deregulate and do not dispense the exact 

volumes. 

Micropipettes can be calibrated in the laboratory applying what is known as gravimetric 

method. It basically consists in weighting a known volume of water dispensed by the 

micropipette and with the given weight calculate the real volume we are dispensing. If this 

volume fits between the precision limits of the micropipette it is calibrated, if not, we will 

need to adjust it and weight the volume again. 

¿Which parameters should we take into account when calculating the real volume we are 

dispensing using the weight? ¿How would we modify the volume we are dispensing to 

make it fit in the limits of precision of our micropipette?

If you need help 1 go to page 104
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6.1. CONTENTS FOR THE DEVELOPMENT OF CRITICAL 

THINKING

D.U.1: ASSESSING YOUR OWN WAY OF THINKING. ESTABLISH 

YOUR GOALS

PILL 1. AN ORDER RECEIVED BY E-MAIL

Help 1. The case is tricky, in fact we must be extremely careful with these messages that can 

introduce a malicious program (malware) in the computer that can act by stealing essential 

information from the company, or damaging or causing a malfunction in your computer 

equipment. The first attitude is to stay alert, suspicious. The indications requested in this case 

could be organized into several groups

1.- What things should never be done, first of all, when faced with a message like this?

2.- How would you distinguish if it is a malicious message or a real order from a customer?

3.- What security measures would you suggest that the company take to prevent a distraction 

from making malicious software enter a computer?

If you need help 2 go to page 154

PILL 2. WHAT DO YOU INFER FROM A TEXT? HOW DO YOU ANALYZE IF 

YOUR INFERENCES MAKE SENSE?

Help 1. Do you find the data given in the article credible or do you think that before coming up 

with ideas you would have to confirm them with other sources? It seems to be inferred from 

the article that the number of people who choose to ride a scooter to circulate run around the 

city is growing a lot, but it could be approached in another way, it could be something that has 

happened this year due to all the problems of the pandemic that makes many people prefer to 

move without using enclosed vehicles such as public transport. It could be that evolution from 

now on is not the same. Another thing, what has been seen on that street in Barcelona must be 

representative of what is happening throughout the city?

If you need help 2 go to page 154

6HELP 1
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PILL 3. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION.

Help 1. How many times do you hear someone smash an argument or a theory based on 

a counter-example. It is true that not everyone who smokes dies of lung cancer, and also 

that not everyone who dies of lung cancer is because they have smoked. In this, as in many 

things, many factors are involved. Just as an example, living with a smoker or living in a city 

with high levels of pollution by smoke from traffic or industry makes you have many 

chances to get lung cancer. Also, as an example, there are people who are more resistant 

than others to an aggression as strong as inhaling tobacco smoke or pollution.

If you need help 2 go to page 154

PILL 4. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION, 

PSEUDOSCIENCE. 

Help 1. Do you think we have been biased in asking you this question? Is it noticeable that 

we are very in favor of the vaccine? Let's see what you think of this argument: It is true that 

drugs can have side effects, but the benefit they produce far outweighs the problems they 

can cause. In the case of vaccines, before starting to distribute them, they are tested in a 

large number of people, two groups are made, one of the groups is given the vaccine and 

the other, the control group, is given a placebo, that is, something that has no effect, such 

as distilled water. They study how one and the other group evolve over time, let's say three 

months. Do problems appear in the group that receives the vaccine? Surely it is so in some 

cases, there will be people who contract different diseases at that time or allergic reactions, 

derived or not from the vaccine, but in any case it has been observed that a lot fewer than in 

the group given the placebo, which is the control group, there are people who have the 

same problems, but there are also those who contract the coronavirus by not being 

vaccinated. The key is to trust that a careful study has shown that the vaccine is safe and 

that adverse reactions have been found to be very unlikely and of course to ensure that in 

the event of an adverse reaction, all measures have been taken to resolve it.

But, of course, if you agreed with the comment in favor of not getting vaccinated, don't 

hesitate making an argument against ours.

If you need help 2 go to page 154
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PILL 5. ANALYZE THE INFORMATION OF A PRODUCT

Help 1. Analyze how long a computer can last in use, the relationship between the time 

it has left and the purchase price will tell you if it is worth repairing. As for doing it yourself, 

it is your decision, look for a tutorial and assess if it is very difficult, it needs special tools or 

knowledge or it is within your reach. You can also check the price of the repair.

If you need help 2 go to page 154

PILL 6. WHY DO I LIKE WHAT I LIKE?

Help 1. The tastes have more to do with the emotions than with the rational and it is not 

necessary to pretend that it is otherwise. As such, emotions are largely influenced by our 

environment and social relationships. It is not easy to distinguish what is authentically 

ours and what has more to do with fitting into the group.

If you need help 2 go to page 154
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D.U.2: RAISE RELEVANT QUESTIONS 

PILL 1. 3D PRINTING

Help 1. Two types of questions could be suggested, some rather operative, what points do 

you think you need to know to carry out the work effectively? Other questions have more to 

do with the principles on which the process is based and that interest you especially.

PILL 2. A SHYRINGE PUMP 

Help 1. You may be interested in knowing how it works, how it manages to propel such 

small amounts of liquid with precision and with apparently so simple equipment. It may also 

be interesting to know the flow limits and the precision and reproducibility of the flow.

If you need help 2 go to page 154

PILL 3. PREPARING ALIQUOTS OF A PROTEIN

Help 1. It may be important to know the storage conditions, for example how long can the 

samples be out of the fridge while you do all the work. You may also be interested in 

knowing why the collagen solution has to be stored at 4ºC.

If you need help 2 go to page 154

PILL 4. QUALITY CONTROL 

Help 1. The first thing would be to consider what are the essential properties for the 

product to fulfill its function: deliver the nutrient to the soil in a controlled way.

If you need help 2 go to page 154

If you need help 2 go to page 154
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D.U.3: MAKE A HYPOTHESIS

PILL 1. WHAT WILL BE THE RESULT?

Help 1. Think about how many turns the sprocket makes for each turn the motor makes 

and how much the rack advances for each turn the sprocket makes.

If you need help 2 go to page 154

PILL 2. LENGTHENING OF A THREAD WHEN HANGING A WEIGHT.

Help 1. The question is what parameter of the material determines how much the thread 

will deform when we apply a force to it. This is the elastic modulus or Young modulus. 

Find the elastic modulus values   for different materials. In the case of plastics, you will find 

approximate values   because there are different types of nylon and different types of 

polyester, in addition, the deformation of plastics is a very complex phenomenon, they do 

not deform instantly when the weight is hung but they lengthen over time.

If you need help 2 go to page 154

PILL 3. HOW MUCH ARE WE GOING TO SPEND ON HEATING?

Help 1. The first thing is to look for the electricity rate on a receipt. We read that the price   

is 0.171 euros / kWh. In addition, there is an electricity tax of 5.11% (the data may vary 

from one company to another, from one country to another and from one month to 

another, the day and even the hour; the calculation of the electricity rate is very complex). 

There are other fixed expenses in the electricity contract and that we may not have an 

impact here. In addition, we will have VAT of 21%. Total 0.218 euros / kWh. Notice that we 

express the numbers here with three decimal places. The numbers that appear on the 

invoice are very precise because they apply to consumptions that can be enormous but, 

in our case, we don't need to be so precise. Then we analyze it basing on the result.

If you need help 2 go to page 154
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PILL 4. HOW LONG WILL IT TAKE WATER TO BOIL?

Help 1. The first thing to do will be to determine how much heat the water has to receive so 

that its temperature rises to 100ºC, which will be when it starts to boil. That depends on the 

specific heat of the water, if you are not sure, find what it is, its units and what its value is.

If you need help 2 go to page 154

PILL 5. FRESH WATER FROM SEA WATER.

Help 1. First calculate the amount of heat you need. It would be the heat necessary to 

increase the temperature of the liquid water up to 100ºC, when it begins to boil and then the 

heat you need to evaporate it.

where c  is the heat capacity of liquid water and         vaporisation heat. You can find these p

data in internet: 

Look at the unit of heat, it is the Joule in the International System of Units, as the work unit.

If you need help 2 go to page 154
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D.U.4. LEARN TO LEARN, SEARCHING FOR INFORMATION.

PILL 1. CREDIBILITY OF THE INFORMATION CONTAINED IN WEB 

PAGES.

Help 1. Throughout the evolution of the disease, the departments responsible for health 

in governments and international organizations were modifying their approaches as the 

disease became better known or even as circumstances changed. For example, the 

change of opinion regarding whether or not a mask was useful to protect against the 

disease or to avoid infecting others is clearly seen; it went from considering it only 

relatively useful to making its use mandatory. Look at the update date of the first two sites.

If you need help 2 go to page 154

PILL 2. SEARCH FOR A PROVIDER

Help 1. There are many pages on which these spindles are offered. To make a decision 

we need to know a series of technical characteristics: Material, thread pitch, availability in 

stock, price.

If you need help 2 go to page 154

PILL 3. INKJET PRINTER

Help 1. The choice is a combination of the speed and quality of printing and the price of 

both the printer and the ink cartridges that will have to be used. There is a wide range of 

printers, from very simple to very sophisticated; choosing one or the other depends on 

the use that is going to be given. You have to look at the resolution, how many pixels per 

inch, (how much do we need?) And the printing speed (how much do we need?)

If you need help 2 go to page 154
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PILL 4. FIND A GLUE

Help 1. There are many pages on the Internet that offer glues for different materials. 

Possibly you can find specific glues for PMMA, also others that are suitable for different 

materials and among them PMMA is mentioned. They are also in different formats. To 

make a decision we need to know the amounts we will need, and it would be important to 

understand how they are applied to obtain something similar to what is in the image that we 

attach.

If you need help 2 go to page 154

PILL 5. FIND A SUITABLE SOLVENT

Help 1. There are quite a few solvents for PVC, you can find them on web pages or in 

books that collect physical and chemical properties of polymers (Polymer Handbooks). 

They will be organic solvents from different families.

If you need help 2 go to page 154
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D.U.5. HAVE AN OPEN MIND. 

PILL 1. THE OPINIONS OF OTHERS ABOUT MY WORK

Help 1. Do you want me to tell you who made each of the previous comments?

To read the final comment go to page 200

PILL 2. TERMS RELATED TO EQUAL OPPORTUNITIES BETWEEN MEN 

AND WOMEN IN THE COMPANY

Help 1. In the reference cited in the approach of this exercise you can find very 

thoughtful definitions for each of the terms, although they may have a language that is 

difficult for you and you prefer to use your own words.

If you need help 2 go to page 154

PILL 3. MEASURES FOR EQUALITY BETWEEN MEN AND WOMEN IN THE 

COMPANY

Help 1. Think about the real or hypothetical situations that can occur in the company 

and in which there is sexual discrimination, salaries, distribution of tasks, positions of 

responsibility, differences in treatment on a day-to-day basis ... How could they be 

avoided?

To read the final comment go to page 200
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D.U.6. HAVE INTELLECTUAL INTEGRITY.

PILL 1. AVERAGE VALUES   AND VALUES   THAT ARE OUT OF THE 

AVERAGE.

Help 1.- It is clear that one of the values   you have measured is out of the general trend. 

Can you just forget about it and calculate the mean value of the rest of the measurements?

If you need help 2 go to page 154

PILL 2. ORGANIC REMAINS CLEANING SOLUTION

Help 1. Of course, to answer this question, the first step is that you understand well what 

the piranha dissolution is. Immediately, with its name, you will find in Wilkipedia and on in 

many other pages information about its composition and how it is prepared. It is an 

extremely oxidizing acid mixture which removes organic remains and also does not 

contaminate laboratory equipment with metal remains. It looks good, but you realize that 

there are many warnings about its danger, both when preparing it and when handling it.

If you need help 2 go to page 154

PILL 3. HALF UNDERSTAND

Help 1. The viscosity of a fluid is defined from Newton's Law. Imagine a layer of a fluid 

spread over a surface, with a thickness d, and on it another plate of surface A. Viscosity 

relates the force F that must be exerted on the upper plate to move at a speed v. A fluid is 

called Newtonian if it satisfies that

Where  m is the viscosity. Find in what units it is measured and what value it has in a known 

fluid: water, an oil, moisturizer. 

If you need help 2 go to page 154
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D.U. 7: EXPRESS YOURSELF WELL, EFFECTIVELY, BOTH 

ORALLY AND IN WRITING.

PILL 1. DESCRIBE A PROBLEM THAT AROSE WHILE BUILDING A PART

Help 1. First, see if it is possible to define the shape of the yellow section, is it a definite 

geometric shape? Can it be said in one word? If not, you will have to try to define what 

happens to each of the sides of the piece, for example: They are straight, but they are not 

perfectly parallel or other indications.

If you need help 2 go to page 154

PILL 2. GIVE DIRECTIONS TO GET TO A SPECIFIC PLACE.

Help 1. Do you know what is the best means of transportation to get from the airport to 

the meeting place? If you are not sure, ask or look for that information on your computer 

or on your mobile phone. Tell them the exact address so that they can enter it themselves 

in a search engine on their mobile phone or give it to a taxi driver. It is interesting to give a 

rough indication of the neighborhood where you have to go or how long it will take you to 

get there.

To read the final comment go to page 200

PILL 3. THE MAIN IDEA OF   A TEXT.

Help 1. Try to be concise, but give enough information about what 5G is. You could ask a 

question like this first: It's about 5G, do you know what it is? And after a negative answer, 

explain it.

To read the final comment go to page 200
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PILL 4. GREEN ECONOMY.

Help 1. Try to ensure that what you say is not a repetition of what you have read, for 

example, do not repeat the first paragraph of the text that is after all a definition, but it seems 

very technical, it is not easy to understand on its own. Try to make yourself a clear idea of 

what the green economy is and explain it in a way that you consider understandable.

To read the final comment go to page 200

PILL 5. GREEN ECONOMY AND CIRCULAR ECONOMY.

Help 1. Try not to look for the shortcut of directly copying some phrases that you read on 

an internet page. Do not try to explain an idea if you yourself are not convinced that you 

have understood it. Then comes the difficulty of putting the idea you have in your head into 

a few lines.

If you need help 2 go to page 154
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5.2. SCIENTIFIC AND TECHNICAL CONTENT. 

D.U.1: DIMENSIONS. MEASUREMENTS

PILL 1. LENGTH: HOW BIG IS A MICRA? WHAT DIAMETER IS A HAIR?

Help 1. Both the hair and the thickness of a sheet of paper seen with the naked eye will 

be in the order of magnitude of 100 µm. Look for that data on the internet.

If you need help 2 go to page 154

PILL 2. LENGTH HOW LARGE IS A NANOMETER?

Help 1. If you are looking for molecular sizes, for example, the length of the chemical 

bond between the oxygen atom and the hydrogen atom in a water molecule, you will find 

values   that are expressed in Anstrong, 1 Å = 0.1 nm. That is, only quite large molecules 

reach the dimension of the nanometer.

If you need help 2 go to page 154

PILL 3. SPEED.

Help 1. When looking for these values   you will have found that sound does not move at 

the same speed in a vacuum as in a gas or liquid medium such as air or water. Thus, in the 

air the sound travels at 344 m/s which, changing units, are 1238.4 km/h. Light travels at 

300,000 km/s in a vacuum, that is, 1,080,000,000 km/h: 1,080 million kilometers per 
9

hour, 1.08 10  km/h.

If you need help 2 go to page 154
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PILL 4. MASS AND WEIGHT

Help 1. The relationship between mass and weight is given by Newton's Second Law:

A force constantly applied to a rigid body of mass m causes its velocity to increase 

continuously with an acceleration a. The units of acceleration are speed divided by time, 
2.that is, meter per second squared, m/s  

Then

The acceleration with which a body falls on the surface of the Earth if it is in an enclosure in 
2

which a vacuum has been created is g = 9.81 m/s  (the value of the acceleration depends 

slightly on the point on the surface of land on which it is measured). Therefore, the weight is

If you need help 2 go to page 154
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D.U.2: EQUATIONS AND FUNCTIONS.

PILL 1. SIMPLE EQUATION.

Help 1. The thermometer is making an error (welet 

us put it like that) that we have to subtract from the 

value of the reading to find the real value:

But this error is not the same at all temperatures, it is 

0.3 at 0⁰C and 0.7 at 100⁰C, at intermediate 

temperatures it will also have an intermediate value, 

which we think depends linearly on the temperature, as in the figure. To solve the 

problem, you have to express the line on the graph as an equation.

If you need help 2 go to page 154
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PILL 2. TWO ELECTRICAL RESISTORS IN PARALLEL

Help 1. Ohm's law establishes the relationship between voltage, electrical resistance, 

and current intensity in a direct current circuit

In this case R is the electrical resistance equivalent to the association of the three 

resistances R1, R2 and R3.

When you have two resistances in parallel, such as RA and RB, the equivalent resistance is 

given by

While in the association in series of two resistances

If you need help 2 go to page 154
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PILL 3. GRAFIC REPRESENTATION OF STRAIGHT LINES 

Help 1. This is very easy using an Excel sheet (or another similar one): you enter the x 

and y values   of the two points in a table. With the cells where the values   are selected 

(they are highlighted in yellow in figure 1) in the insert menu, ask to insert a graph, with the 

graph type "(x, y) Dispersion ". You will see the graph in figure 1. Have you done it well? 

We are going to see the series that it is representing and that the program has chosen 

automatically. With the right button of the mouse, on the graph, we ask to select data, 

there we choose the only series that appears and click on modify. We get the window that 

appears on the right in Figure 1. There it tells you what the program has selected as the x-

axis and as the y-axis. And it's wrong, it is not what we wanted! The x values   are in cells A5 

and A6 and the y values   are in cells B5 and B6. You should have put X Values   of the series 

= Sheet1! $A$5: $A$ 6 and Y Values   of the series = Sheet1! $B$5: $B$6. We change 

them by hand. And the graph comes out as in Figure 2.

Figure 1. The wrong graph.

Figure 2. Now it is correct.

Excel has automatically chosen the scales, labels etc, you may want to change them. In 

Figure 3 we have changed the fonts to make them more visible, we have named the axes 

and the graph. If you need help to customize the graph, you can look for a tutorial, but by 

simply trying in the program menus you will find everything you need.
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   Figura 3. Now it looks more clear and the equation is displayed in the graph. 

If you need help 2 go to page 154

PILL 4. GRAPHIC RESOLUTION OF SYSTEMS OF LINEAR EQUATIONS

Help 1. To represent the two straight lines, it is convenient to clear the y and in the two 

equations, the first one is already there, we isolate y in the second equation and the system 

becomes:

The two lines are represented in the attached graphic.

The point of intersection is given by x=0 and y=2. This 

point (x, y) = (0,2) pertains to both lines and thus meets 

both equations, that is why it is the solution of the 

system. 

If you need help 2 go to page 154 
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PILL 5. SECOND ORDER EQUATIONS

Help 1. The left side of the equation is a function of x, we can put

y takes on different values depending on the value we give to x. We can represent that 

function in an x-y diagram, it is the figure on the left. The solution to the equation is the 

value or values of x that make the function y take the value 0.

In the figure it can be seen that these values are x  = -2.5 and x  = 0.5. It depends on the 1 2

values, you may need to expand the scale near 0 to determine the intersection point more 

precisely. We show it in the figure on the right. Even you can use the Excel tools to find the 

solution very precisely. In this example we have chosen an equation whose results are 

quite round numbers, but in general it will not be like that. Excel has a tool called Solver 

that solves the equation in one second. 

If you need help 2 go to page 154
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PILL 6. DRAWING PARABOLES ON A WORKSHEET. SECOND-GRADE 

EQUATION SOLUTIONS

Help 1. As in other examples in this section of the course, we are going to use the Excel 

spreadsheet or another similar. In this spreadsheet we can represent any function in a 

simple way. We show it in Figure 1, cells in Excel can contain a number, a text or an 

equation and should not mix one and the other. To represent the function

We place the values   of the coefficients a, b and c in cells C5, C6 and C7 respectively, in 

cells C11 through C32 we put values   of the variable x, whatever we want, according to the 

interval we want to represent, in the cells D11 to D32 we edit the function. We write the 

equation in cell D11, like this: = $C$5 * (C11^2) + $C$6 * C11 + $C$7. As you can see, the 

numbers that appear in the equation, the coefficients, are not written   directly in the equation 

in this cell. We introduce them as a reference to the cells in which they are, we immediately 

see why. The $ symbol means that copying this equation to another cell will not change the 

references to these cells. So when we copy cell D11 into cell D12, what appears to us is = 

$C$5 * (C12 ̂  2) + $C$6 * C12 + $C$7. It has not changed the references to the cells where 

the coefficients are, but the reference to the cell that has the value of x has changed, now it 

calculates with the value that is in cell C12, because before the 11 of C11 there was no the $ 

symbol. Thus, by editing the equation correctly in one cell, you only have to copy it into the 

others and it involves little work. Find in the help how to copy and paste by dragging with the 

mouse. The type of graph is an "x-y dispersion" on the x-axis we have put cells C11 through 

C32 and for the y axis cells D11 through D32. Search in the Excel help how this data can be 

entered in a simple way when constructing the graph. With this tool we are going to analyze 

what the problem poses: what it means that the quadratic equation has two solutions, one 

solution or none.
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Figura 1. Parabola represented by the equation 

If you need help 2 go to page 154
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D.U.3: Graphic representation. Functions 

PILL 1. CHARTS PREPARED WITH EXCEL

Help 1. In the graph A all the points appear perfectly aligned, in fact, the straight line that 

joins all the points has been represented. However, in diagrams B and D the points are not 

aligned but the data are the same as in Figure A, what happens? The format of chart B is 

that of a bar chart and D is a line chart, what does Excel represent on the x-axis of those 

charts?

If you need help 2 go to page 154

PILL 2. THE SLOPE OF A FUNCTION

Help 1. When we talk about heating speed we 

mean how many degrees the temperature rises 

per unit of time, those would be the units of 

measurement, for example, ºC / min. It is the 

slope of the curve. In a straight line, it would be 

calculated from any two points on the curve by 

dividing the difference in temperature by the 

difference in time between those two points. 

Formally express an equation and do the 

calculation for the blue line in the figure.

If you need help 2 go to page 154
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PILL 3. THE FUNCTION THAT FITS A SERIES OF EXPERIMENTAL DATA

Help 1. 

Novadays, it makes no sense to draw the plot by 

hand even to get a first look of the shape of the 

curve. Probably you would nol find in the shops 

the appropriate sheets to do those graphs. To 

represent the results graphically, you should use 

a spreadsheet such as Excel, or other similar. You 

will just need to copy the table and choose the 

format of the graph that suits you best, as we 

made in other exercises.  What type of chart are 

you going to select? The Figure 1 shows how the 

data looks in a stress-strain plot 

If you need help 2 go to page 154

PILL 4. OSCILLATING SIGNAL

Help 1: For now, regardless of the meaning of the property that is being measured, what 

the statement asks for is a graphic representation to compare the values that are 

measured experimentally with those that 

were theoretically expected. In these plots, 

the experimental values are represented 

with points, since they are discrete values, 

one should even avoid joining the points with 

straight lines, and when it is done to facilitate 

the reading of the graph it is clearly said that 

the lines are only for that. On the contrary, the 

theoretical values are represented with solid 

lines, because there you do have a function 

that gives you as many points as you want. The figure shows this representation. What 

can you conclude from it?

If you need help 2 go to page 154
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D.U. 4: GRAPHIC REPRESENTATION. MANUFACTURING 

DRAWINGS

Pill 1. DRAWING IN CAVALIER PROJECTION

Help 1. It can help you to start by representing the 

front view on the Z-X plane. In cavalier projection, 

what is in the Z-X plane is represented in true 

dimension, that is, we only have to copy the front view 

in any position, we have placed it on the origin of 

coordinates. The top view is distorted according to the 

angle that we have given to the Y axis, the depth axis, 

and the distances on that axis are affected by the 

reduction coefficient. The measurements in this axis 

are half of those of the plan of the diagram in diedric 

system, as seen in figure 3. 

If you need help 2 go to page 154
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PILL 2. DIMENSIONAL DRAWING

Help 1. Dimensions are always set in millimeters. Search the internet for the basic rules 

of dimensioning, you will see that there are some rules that are essential, for example, 

the total size of the piece is dimensioned, so that 

it is not necessary to add partial dimensions to 

have the total, the piece must be completely 

defined (in this exercise you have had to 

measure on the drawing, once the part has been 

dimensioned, it should not be necessary to 

measure anything). You should not repeat 

dimensions, for example, you should not place a 

dimension on an edge that appears both in the 

front view and in the lateral one. Other rules are 

more aesthetic and in order to give clarity to the 

plan, the numbers must be read from below and from the right, placed on the dimension, 

usually all possible dimensions are taken out of the drawing of the piece, the dimensions 

must not intersect the lines that define the part, dimensions must not intersect and so on. 

Some examples of dimensions that should be placed differently has been shown in figure 

2, what is wrong with dimensions A, B and C? 

If you need help 2 go to page 154
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PILL 3. ANALYZING A COMPLEX DEVICE TO DEFINE THE PARTS THAT 

COMPOSE IT.

Help 1.Notice that what your boss is asking you is to define not only all the pieces that 

make it up (complete breakdown), but how 

they are assembled and how they are all 

related. For this, you will require several 

graphic documents such as an explosion 

diagram and a view plan of each of the 

pieces. To make the explosion plan, you 

must first understand very well each of the 

pieces that make up the set and how they 

are assembled, establishing the assembly 

order. Look at the attached image how the mechanical assembly is divided.

If you need help 2 go to page 154

PILL 4.  THE SIZE OF A PICTURE IN A DOCUMENT. 

Help 1. Any imaging program allows you to do this. From the simplest to the most 

sophisticated. Search the internet simply saying what you want to do, they will suggest 

several of these applications and give you instructions to make the changes. Possibly on 

your computer you have installed a program like "Paint" which is more than enough for this.

If you need help 2 go to page 154 
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D . U . 5 :  E L E C T R I C I T Y  A N D  E L E C T R O N I C . 

ELECTROMAGNETISM. 

PILL 1. ELECTRICAL TESTING OF A SINGLE-PHASE TRANSFORMER

Help 1.A connection diagram of the transformer must be made, both primary and 

secondary, and identify all the instruments that must be used to measure all the electrical 

parameters that need to be identified, in order to obtain the final conclusions. Special 

attention must be paid to the nominal operating values of the transformer, as well as to 

the measurement ranges of the instruments to be used, and their connection to the 

circuit.

If you need help 2 go to page 154

PILL 2.  TESTING OF A PHOTOVOLTAIC SOLAR MODULE.

Help 1. It will be necessary to consider which are the nominal values of the electrical 

parameters of the photovoltaic module that is being tested, in order to later be able to 

compare the results obtained in the test.

Examples of the specifications of a photovoltaic solar collector can be found on the 

suppliers' web pages, in the attached figure 2 we give you an example. 

Figure 2. Electrical specifications of a commercial solar panel. 
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It seems obvious that any measured parameter will depend on the existing solar radiation 

at the time of making measurements. How should it be measured? Measurements of the 

different electrical parameters must be carried out considering three operating conditions 

of the photovoltaic module: no-load conditions vacuum, short circuit and load, at different 

values. 

A list must be made of all the components to be used, with their characteristics. The 

measuring and connection instruments will be indicated, as well as the electrical load to be 

connected. Draw a schema of the electrical connection diagram to be used in the 

photovoltaic module test, including this one. Write a short protocol of the process to carry 

out the electrical measurements.

If you need help 2 go to page 154

PILL 3. STARTING OF THREE-PHASE ASYNCHRONOUS MOTORS.

Help 1. You will need to find the different procedures to start the Three-Phase 

Asynchronous type electric motors. There are different electric circuits used to start this 

kind of motor. These methods provide advantages and disadvantage in the procedure to 

start the motor, like increase the start torque, reduce the electric consumption, reduce the 

star time, etc. According with the nominal characteristics of the motor used, and the 

requirements (mechanical, electrical, etc), its necessary to choice the best method used to 

start the motor.

If you need help 2 go to page 154



04

132

PILL 4. SQUARE WAVE OSCILLATOR ELECTRONIC CIRCUITS 

(ASTABLES).

Help 1. It will be necessary to study the different electronic components and 

connections used to this kind of electronic circuits. We expect the identifications of the 

possible electronic circuits, component, and connections of them. Also, the student 

should find the characteristics (nominal values) of the different components used in the 

circuits, regarding to obtain the output electrical signal, with the according specifications: 

square form, frequency, voltage, power, impedance, etc.

If you need help 2 go to page 154
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D.U.6: MACHINES AND TECHNICAL EQUIPMENT. BASIC 

CONCEPTS.

PILL 1. ELECTRICAL CONSUMPTION COST CALCULATION

Help 1. You will have to find out the consumption of a computer equipment according to its 

mode of work. To do this, you can search for information about your own equipment and 

calculate consumption based on intensity of use.

If you need help 2 go to page 154

PILL 2. UPS (UNINTERRUPTED POWER SUPPLY SYSTEM)

Help1. You can look for the UPS manufacturer's manual, choose any brand and model, 

and all the necessary information and internal connections will appear in them.

To read the final comment go to page 200

PILL 3. ELECTRONIC and ELECTRICAL SYMBOLS

Help 1. Here you have the components to which the symbols correspond. Assign each 

component to the correct symbol.

Transistor, Motor, Diode, LDR (Light Dependent Resistor), Buzzer, LED Diode, Bulb, 

Voltmeter, Resistor, Pushbutton, Switch, DC generator (cell or battery), Capacitor, 

Transformer, Switch, Ammeter, Alternating current generator, Potentiometer (variable 

resistance).

To read the final comment go to page 200

PILL 4. CONSTRUCTION AND OPERATION OF A CIRCUIT

Help 1. It is about transferring the circuit diagram to a protoboard. Remember that you 

must respect the polarity of the led diodes so that they light up correctly. You should also 

look closely at the TIP31 transistor connection.

If you need help 2 go to page 154
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D.U.7: ELECTROMECHANICS. BASIC CONCEPTS. 

PILL 1. METALLIC FRAME TO BUILD A FLOOR CASE.

Help 1. The plans of the pieces to be used should be developed, as well as indicating their 

dimensions. Material and the type of profile that will be used to make the final piece must be 

taken into account, as well as its cross-section dimensions. Consideration should be given 

to all the individual pieces that will be joined together to form the final piece, as well as the 

shape and position in which they will be joined. The section size of the profiles must also be 

considered, so that the final piece has sufficient mechanical resistance, according to its 

dimensions.

If you need help 2 go to page 154

PILL 2. TABLE STRUCTURE MADE OF STEEL STRUCTURAL SQUARE 

TUBE 20X20 MM SIZE

Help 1.The following plans must be developed:

- Sketches of the structure of the table, indicating the exploded table with dimensions of 

each piece in the sketch, so that the requested measurements are finally obtained.

- Front, lateral and top view of the structure.

The calculation of the amount of raw material to be used must be carried out, taking into 

account that 6 m rectangular tube bars are supplied (so that their price is the most 

convenient).

The complete work process will be carried out, indicating:  Phase, Subphase, Operations,  

Necessary machines and tools,  phase control indicating necessary tools.

If you need help 2 go to page 154
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PILL 3. DIE OF STEEL SHEETS WITH ADJUSTMENTS WITH A MILLING 

MACHINE 

Help 1. One may start by preparing the plans of all the parts of the piece:  Elevation plan of 

the 6 parts with the layout of the cuts and marking of the holes to be made. Drawing of the 

final assembly of the hub.

Then write the complete work process, indicating:  Work development phases; Operations 

to be carried out; Required machines and tools; Phase control indicating the involved tools.

If you need help 2 go to page 154

 PILL 4. GARBAGE COLLECTOR MADE WITH 2 MM GALVANIZED SHEET.

Help 1. You can start by thinking about whether the 

galvanized sheet supports welds, what type they would 

be and the necessary equipment. The number of welds 

can be minimized or even avoided if the design consists 

of cutting the sheet in such a way that when folding the 

desired part shape can be achieved using riveted joints. 

You also have to think about the insertion of the stick. 

Draw a plan of the cutout shape, the insert, and an 

assembly plan of the collector.

If you need help 2 go to page 154
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D.U.8: CHEMICAL ELEMENTS AND COMPOUNDS. SOLUTIONS. 

FORMULATIONS.

PILL 1. PREPARE A SOLUTION.

Help 1. The first thing is that, although it is a preparation that uses common products in 

everyday life, any manufacturing process needs to be reproducible and any foreign 

component must be avoided. This means that the necessary purity must be considered in 

the starting products. In our case, we will not use the salt that is sold in food stores as 

sodium chloride because we have no guarantee that it does not contain mixed salts other 

than sodium chloride, nor will we use tap water or mineral water because other salts are 

dissolved. Look for salt in the laboratory and see what degrees of purity of water we can 

use.

If you need help 2 go to page 154

PILL 2. SULFURIC ACID

Help 1. You will find many pages where they explain what the strength of an acid is and 

with lists with the acids ordered from the strongest to the weakest. You will see that sulfuric 

acid is indeed a strong acid but not one of the strongest. But the question goes beyond: 

what it is about understanding what an acid is and what the strength of an acid is.

If you need help 2 go to page 154

PILL 3. SODIUM HYPOCHLORITE

Help 1. Sodium hypochlorite dissolved in water is bleach. What is it used for?

If you need help 2 go to page 154
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PILL 4. DISSOLVE SULFURIC ACID IN WATER

Help 1. You will find right away that to prepare the solution you have to add the sulfuric 

acid to the water, little by little. Doing it the other way around, pouring water over sulfuric 

acid can be explosive, why?

If you need help 2 go to page 154

PILL 5. SOLVENTS

Help 1. The key is in the chemical structure of acetone. Look up its chemical formula.

If you need help 2 go to page 154

PILL 6. HOW TO CLEAN THE LABORATORY GLASS?

Help 1. The normal procedure will be to wash the material with a detergent using the 

appropriate brushes. Then it will be rinsed with tap water, then with plenty of distilled water 

(why?) And then dried on the stove or rinsed with acetone and allowed to evaporate in the 

air (why?).

If you need help 2 go to page 154
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D.U.9: MATERIALS. PROPERTY CHARACTERIZATION.

PILL 1. PHASE TRANSITION: MELTING AND CRYSTALIZATION.

Help 1. The first thing would be to find the melting temperature of the two substances, that 

of water is clear, it is 0ºC, that of ethanol is very low -117ºC. With what was explained 

before, when water melts it will contract while ethanol will expand.

If you need help 2 go to page 154

PILL 2. HEAT OF PHASE TRANSITION

Help 1. The heat required to increase the temperature of a solid or liquid is determined by 

its specific heat, if it does not change significantly with temperature:

T   and T are the final and initial temperatures of the process respectively.f i

During melting the temperature does not change, the heat necessary to melt a mass m of a 

solid is determined by its latent heat of melting or heat of melting, or increment of enthalpy 

of melting, L.

Look up the values of those properties for water.

If you need help 2 go to page 154
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PILL 3. SURFACE TENSION

Help 1. First of all, try to understand what surface tension is, it is not an easy concept. It 

has to do with the net force acting on the surface molecules from inside the material. It is 

defined as the work necessary to extend a surface of a solid, or a liquid. It is therefore a 

surface energy.

If you need help 2 go to page 154

PILL 4. OPTICAL PROPERTIES

Help 1. You can find the explanation in excellent articles like the one from BBC News, 

https://www.bbc.com/mundo/noticias-49846462 (visited 4-4-2021). You will see how the 

scattering of light when colliding with the particles of a gas depends on its wavelength. 

Short wavelengths are dispersed earlier.

If you need help 2 go to page 154

PILL 5. STRESS – STRAIN DIAGRAM. YIELD AND FRACTURE. 

Help 1. At the beginning of the test, for small deformations, the relationship between 

stress and deformation is linear, that is, the  -  diagram s-e is a straight line. The behavior is 

said to be elastic and the slope of the line is the elastic modulus, which has the units of 

stress.

In this range of deformations, when we eliminate the applied force, the specimen recovers 

its initial length.

If you need help 2 go to page 154
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PILL 6. BRITTLE AND DUCTILE MATERIALS.

Help 1. A brittle material is a material that breaks with low deformations, the break 

occurs because a crack is formed and it spreads rapidly from side to side of the 

specimen. An example of this behavior is polystyrene.

If you need help 2 go to page 154
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D.U.10: INFORMATICS

PILL 1: COMMUNICATION BETWEEN TWO PCS

Help1. They should have the same access to the same distribution material and attention 

to wiring - type of cable. Check the ip addresses that each computer exei.

If you need help 2 go to page 154

PILL 2. 

Help 1. The resulting SUM1 table is parallel to the NAMES table, ie they have a 1-1 

correspondence, so a change in one of the tables will mean a change in the other table at 

the same time. 

If you need help 2 go to page 154

PILL 3

Help 1. There are no errors in the declaration of variables (var) nor syntactic errors. The 

errors are logical and result in producing incorrect results 

If you need help 2 go to page 154
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D.U.11: COMPUTERS

PILL 1. CHARACTERISTICS OF PCI-EXPRESS 

Help 1. Note that there are different versions of PCIe  (1.0, 2.0,…) and different types 

(X1, X4,..) these a and that they are two different things.

If you need help 2 go to page 154

PILL 2. MOTHERBOARD CONNECTOR IDENTIFICATION

Help 1: Find out in internet the manufacturer and model. You will see that it is Aorus 

Z390.   

If you need help 2 go to page 154

PILL 3. REAR PANEL CONNECTOR IDENTIFICATION

Help 1. Find out in internet the manufacturer and model. You will see that it is Aorus 

Z390.   

If you need help 2 go to page 154

PILL 4. POWER SUPPLY PC

Help 1. To start the power supply, it is necessary to make a bridge between the green 

wire and one of the black wires.

To measure voltage, turn the multimeter to volts, direct current, and measure it in parallel 

to the power leads. 

If you need help 2 go to page 154
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D.U.12: PREVENTION OF LABOR AND ENVIRONMENTAL 

RISKS. 

PILL 1. IF YOU DISCOVER A FIRE

Help 1. You can look for an emergency protocol in your company, or in your study center. 

Universities will have an emergency manual published on their web pages. Any of them will 

say more or less the same.

You will realize that the first thing they ask you is to call the organization's emergency 

number or directly to the general emergency telephone number, in Europe 112, and alert all 

other people who may be in the building.

You have to attend to anyone who may have their clothes on fire, use an emergency 

shower if there is one or else throw the person to the ground by rolling them and use clothes 

to cover them and try to extinguish the flames.

The next step is that if you know how to use fire protection equipment (there are different 

types of fire extinguishers) analize   if you can act against the fire without putting yourself in 

danger or if you must leave the building and go to the “Meeting Point”. If you suspect toxic 

smoke is being released, you must leave the building immediately. Fire extinguishers 

should only be used at the beginning of the fire and should be used from a point that allows 

you to escape if necessary.

When evacuating the premises, you must close all the doors.

If you need help 2 go to page 154
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PILL 2. MEDICAL EMERGENCY

Help 1. First aid protocols tell you first to ask for help from other people and call the 

emergency numbers, it is important not to be alone in this situation. Next, it tells you to do 

only what you are prepared to do. You will also find instructions to attend to the person 

while help arrives, which involves staying calm, making an assessment of the situation of 

the injured person: if he maintains consciousness, his breathing, check for bleeding. You 

will find also instructions for certain particular situations. It is clear that to know how to 

deal with this type of situation, prior training is compulsory.

To read the final comment go to page 200

PILL 3. REAGENT SPILL

Help 1. If the company works with chemical reagents, this situation must be foreseen in 

the manual for the prevention of occupational risks. Normally, large institutions such as 

universities will have their manual published on their website and you can search there 

what protocols exist.

If you need help 2 go to page 154

PILL 4. SAFETY DATA SHEETS OF CHEMICAL REAGENTS 

Help 1. The safety data sheet (SDS) can be found at any reagent supplier, enter the 

website of a chemical laboratory supply company and together with the characteristics of 

the product and its price, you can download the safety sheet in your language. From 

there you will be able to get the data that this problem asks from you.

If you need help 2 go to page 154
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D.U.13: AGRICULTURE AND ENVIRONMENT

PILL 1. MEASURE SOIL pH.

Help 1. The soil pH measurement is a simple procedure that can be easily carried out in 

the field using pH papers. A simple soil solution is prepared by mixing a small quantity of soil 

with water. It must be mixed for a while to get homogenized. A pH paper is dipped in the 

mixture for some seconds according to the directions of the producer and the colour of the 

paper changes. The pH value has to be estimated according to the paper ́ s colour change 

and the correspondence between colours and pH values given by the manufacturer.

If you need help 2 go to page 154

PILL 2. FERTIGATION 

Help 1. The reference system for fertilizers is based on the units of the three 

macronutrients, Nitrogen (N), Phosphorus (P) and Potassium (K). Water-soluble fertilizers 

are high-quality and expensive fertilizers that are used to support the plants' development 

effectively. The plants need different quantities of nutrients in discrete phases of their 

biological cycle. E.g during the phase of vegetative development the plants need high 

quantities of Nitrogen but during fruit production, high quantities of Potassium are in 

demand for the production of high-quality and tasty fruits. So it is important to choose a 

suitable fertilizer depending on the phase of the plant development and consequently the 

reason the fertilizer has to be applied. 

If you need help 2 go to page 154
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PILL 3. PROPAGATE PHOTINIA PLANTS BY CUTTINGS WITH POWDER 

HORMONE.

Help 1. Rooting cuttings is a complicated procedure without guaranteed results. It is 

important to choose the right type of cutting per plant spieces as not all the vegetative 

parts of the plants have the potential to develop roots whatever treatment will be applied. 

Additionally the period of the year these cuttings are available and ready to develop roots 

is restricted. Cuttings taken in other periiods of the year are difficult to develop roots. The 

best period to take photinia cuttings is the spring and the  autumn. The cuttings must be 

soft. Hard cuttings don't develop roots. The best cuttings for photinia red robin must be 

taken from the new shoots that their colour has started to darken. The shoots must be cut 

in parts of 10-15 cm length. The leaves must be removed. Only a pair of leaves on the 

upper part of the cuttings must be left. Half of each leaf must be cut and remove to reduce 

the water loss. 

If you need help 2 go to page 154

PILL 4. FERTILIZATION

Help1. The reference system for the fertilizers is based on the concentration of the 

basic macronutrients Nitrogen (N), Phosphorus in the form of P O  and Potassium in the 2 5

form of K O. In case of a fertilizer with reference number x-y-z, it means that 100 kgr 2

contain x kgr Nitrogen, y kgr Phosphorus (P O ) and z kgr Potassium (K O).2 5 2

In Choice A and B the quantity of the fertilizer (21-0-0) is calculated as the reference 

number gives the percentage of the per kilogram concentration and the per sack 

concentration in Nitrogen respectively. 

If you need help 2 go to page 154
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5.3. SPECIFIC CONTENTS. PROPOSALS FROM THE 

CENTERS THAT WILL RECEIVE VET STUDENTS

D.U.1. IKASIA TECHNOLOGIES PROPOSALS

PILL 1. THE POLYMERS FROM WHICH THE FILAMENTS FOR 3D PRINTING 

ARE MADE

Help 1. When looking for information on what a polymer is, you will have found the 

analogy that it is like a plate of spaghetti, the molecules curl up and intertwine with each 

other. But not only does this structure appear, when the chain is sufficiently regular, the 

chains can be arranged in space to form a crystal. What are the crystals of a polymer like?

PILL 2. THERMOPLASTICS. SOLVENTS

Help 1. Just by going to the website of an ABS manufacturer you will realize that there are 

several organic solvents capable of dissolving ABS.

If you need help 2 go to page 154

PILL 3. THERMOSTABLE POLYMERS

Help 1.  You will find different manufacturers of resins, with different properties, and that 

are supplied in larger or smaller quantities. Please note that we need a small quantity.

If you need help 2 go to page 154
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PILL 4. FILAMENTS FOR 3D PRINTING. GLASS TRANSITION 

TEMPERATURE AND MELTING TEMPERATURE.

Help 1: Try to express the concepts of glass transition and melting and crystallization. 

The first refers to amorphous polymers, also to the amorphous phase of a semi-

crystalline polymer, while melting and crystallization are phenomena related to the 

crystalline structure.

If you need help 2 go to page 154

PILL 5. THE PIECES PRINTED ON THE FILAMENT 3D PRINTER BOW 

WHEN THEY PASS A CERTAIN SIZE.

Help 1: Consider that the polymer is printed at a high nozzle temperature, in PETG it is 

possibly being printed with a nozzle temperature of 230ºC and when cooling all the 

materials contract, some more and others less. The filament manufacturers' 

recommendations make special mention of this phenomenon.

If you need help 2 go to page 154

PILL 6. COMPOSITES

Help 1. Indeed, there are several commercial companies that distribute PLA reinforced 

with carbon fibers. You can make a comparative table of the properties given by the 

manufacturer of its conventional and reinforced PLA to get a first idea of   what the 

improvement is obtained with the composite material.

If you need help 2 go to page 154
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D.U.2. UNIVERSIDADE DO MINHO PROPOSALS

 PILL 1. HOW DOES AN ELECTRIC BATTERY WORK? 

Help 1. Energy can be stored in a battery under the form of potential energy, which is 

made possible by collecting an excess amount of negative charges (electrons) on one 

electrode, while the other is left with an excess of positive electric charge (positive ions). 

If you need help 2 go to page 154

PILL 2. LEAD-ACID VS LI-ION RECHARGEABLE BATTERIES 

Help 1. Lithium (Li) is the third lightest chemical element of the periodic table, whereas 

lead (Pb) is one of the heaviest, although accessible, stable and safe to use material in 

battery industry. 

If you need help 2 go to page 154

PILL 3 – PRIMARY VS SECONDARY BATTERIES

Help 1. From the list above, try to correlate the type of battery with the typical use of each 

device: which ones require more power (energy per time), long periods of use, short uses 

and long pauses, bursts of low or high energy, too heavy to be replaced.

If you need help 2 go to page 154

PILL 4 – INCANDESCENCE LIGHT BULBS ARE TO BE BANNED SOON

Help 1. Search for the energetic efficiency of light emission for each one of the 

technologies associated to the processes of light emission.

If you need help 2 go to page 154

PILL 5 – CONDUCTORS, INSULATORS AND OTHERS

Help 1. A crystal of silicon (Si) is intrinsically an insulator, but if it is conveniently built with a 

small amount of atoms of other selected species (which is called a doping process) then 

the crystal becomes a conductor, although its conductivity is very low compared to that of 

ordinary metallic conductors.                            If you need help 2 go to page 154
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D.U.3.SOMÁTICA, MATERIALS & SOLUTIONS PROPOSALS

PILL 1. TECHNOLOGIES USED IN INDUSTRIAL KEYBOARDS/KEYPADS.

Help 1: Some of these technologies are used in computer keyboards and mobile 

phones, which you have already used.

If you need help 2 go to page 154

PILL 2. OVERCOMING EXTREME ENVIRONMENTS USING THE RIGHT 

TECHNOLOGY AND ARCHITECTURE.

Help 1: IP stand for Ingress Protection or - in other words - how good it is at stopping 

stuff getting inside it. The third digit is the number that indicates how good it is at 

protecting against small solids (dust/sand etc.), with a maximum rating of 6. This ranges 

from no protection at all, through small screws, a little dust or all dust. The last digit is the 

liquid or water resistance rating, with a max rating of 8.

If you need help 2 go to page 154
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PILL 3. MOUNTING SOLUTIONS

Help 1: You can easily find this information on the internet.

If you need help 2 go to page 154

PILL 4. DIFFERENT MATERIALS FOR DIFFERENT APPLICATIONS

Help 1: In the internet you can find the main keyboard suppliers for different industries.

If you need help 2 go to page 154

PILL 5. POINTING DEVICES

Help 1: All laptops have one of this pointing devices, and some models have an extra 

pointing device.

If you need help 2 go to page 154

 

PILL 6. CREATING A BETTER INPUT DEVICE

Help 1: To simplify your answer, chose one specific industry.

If you need help 2 go to page 154
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D.U.4. UNIVERSITAT POLITÈCNICA DE VALÈNCIA 

PROPOSALS

PILL 1. WASHING THE CELLS. SALINE SOLUTIONS FOR CELL 

CULTURES.

Help 1. Keep in mind that there are several types of PBS that differ slightly in their 

composition, pay attention to what is the difference between them and look at 

trypsinization protocols (which you can also find on many university or research center 

websites) to determine which one is the PBS that is needed for this application.

If you need help 2 go to page 154

PILL 2. PHMETERS ALWAYS READY. PH MEASURING INSTRUMENTS 

AND THEIR BASIC MAINTENANCE

Help 1. As you have seen, pH is a measure of acidity or alkalinity that indicates the 

amount of hydrogen ions present in a solution. The acronym pH stands for Potential 

Hydrogen. The pH values   are measured on a numerical scale that includes values   from 0 

to 14. The most acidic substances are close to the number 0, and the most alkaline (or 

basic) are those that are close to the number 14. However, there are neutral substances 

like water or blood, whose pH is between 7 and 7,3. Regarding the pH meter and its use, 

keep in mind that it is necessary to carry out the calibration to keep the pH meter useful 

and that this process is carried out by immersing the electrode in different solutions. Do 

not forget that to maintain the electrode it is necessary that it is submerged at a certain 

pH.

If you need help 2 go to page 154
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PILL 3. FEEDING THE CELLS. CELL CULTURE MEDIA PREPARATION

Help 1. Keep in mind that the same nutrients that cells use can be used by bacteria and 

fungi, helping them to grow and competing with the cells in our culture. Normally, the 

presence of bacteria acidifies the culture medium. This can be visualized through pH 

indicators that change color when it increases or decreases. 

If you need help 2 go to page 154

PILL 4. MICROPIPETTE CALIBRATION. EXACT VOLUMES FOR 

SUCCESSFUL EXPERIMENTS 

Help 1. Under a constant temperature and atmospheric pressure, the density of distilled 

water is constant. When determining the volume of water, the accuracy of measurements 

is affected by ambient temperature, atmospheric pressure and relative humidity. These 

factors are usually combined to give the Z factor, used in calculation of volume of water.

If you need help 2 go to page 154
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7.1. CONTENTS FOR THE DEVELOPMENT OF 

CRITICAL THINKING

D.U.1: ASSESSING YOUR OWN WAY OF THINKING. 

ESTABLISH YOUR GOALS

PILL 1. AN ORDER RECEIVED BY E-MAIL

Help 2. You can search for information on the web with the words “malicious email 

messages” for example, you will find several pages where the above points are clearly 

explained.

To read the final comment go to page 200

PILL 2. WHAT DO YOU INFER FROM A TEXT? HOW DO YOU ANALYZE IF 

YOUR INFERENCES MAKE SENSE?

Help 2. Look for phrases that seem biased to you, that show that the author, even if he 

does not say it directly, is pretending that you get a certain idea, that is to say, that he is 

manipulating you. However it doesn't have to be the case in this article, what do you 

think?

To read the final comment go to page 200

7HELP 2
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PILL 3. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION.

Help 2. The incidence of disease is a matter of probability. Many doctors will tell you that it 

is completely proven by statistical studies that the proportion of lung cancer patients who 

are smokers is much higher than that of non-smokers. Similarly, it is shown that people who 

live near certain industrial centers are more likely to suffer certain cancers or that obese 

people are more likely to have heart problems.

To read the final comment go to page 200

PILL 4. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION, 

PSEUDOSCIENCE. 

Help 2. Another similar comment, but something different: “I am not going to be the first to 

be vaccinated, this vaccine is not sufficiently proven. I will consider it later when it has been 

administered to many more people ”. It is a somewhat selfish comment, but 

understandable. It is more likely to come from a young person who thinks that even if they 

get the disease, it is not going to be very serious. It is probably not a comment from a person 

over 70 years of age in for whom the probability of dying if they contract the disease is high. 

The comment against this would be to suggest that one does not get the vaccine just 

thinking of oneself. Generally vaccinating the population prevents the virus from spreading 

and can be made to disappear. This has been able to eliminate diseases such as smallpox 

that in ancient times had caused hundreds of thousands of deaths and has reduced others 

such as polio or measles to isolated cases.

To read the final comment go to page 200

PILL 5. ANALYZE THE INFORMATION OF A PRODUCT

Help 2. Original part of the computer manufacturer or by another manufacturer? Original 

part supplied by the official store of the computer manufacturer or in another distributor? 

You have to check if the characteristics and specifications are the same, if the model is 

exactly what you need, the guarantee, the price.

To read the final comment go to page 200
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PILL 6. WHY DO I LIKE WHAT I LIKE?

Help 2. Try to think of the shoes that your friends or colleagues are wearing, the ones 

that appear in advertising. Do you want to buy the same or, on the contrary,  you would 

like them different?

To read the final comment go to page 200
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D.U.2: RAISE RELEVANT QUESTIONS 

PILL 1. 3D PRINTING

Help 2. Among the first, you could worry about the quality control of the pieces produced, 

how are you going to detect if something does not work well? Is any precaution necessary 

regarding the preservation of the filament once it has been removed from its packaging? … 

..

Among the second: what is it that makes a plastic layer stick to the previous one? How do 

you determine print speed or fill density? How the filling shape is selected? ...

PILL 2. A SHYRINGE PUMP 

Help 2. You may be interested to know if the syringe has any special requirements, if you 

could put a disposable one or if it has to be of a certain diameter.

To read the final comment go to page 200

PILL 3. PREPARING ALIQUOTS OF A PROTEIN

Help 2. Do you know what collagen is? Are you interested in knowing what it will be used 

for? You may be interested in why it dissolves in an acidic medium and what happens to 

collagen when it dissolves.

To read the final comment go to page 200

PILL 4. QUALITY CONTROL 

Help 2. You might consider important to control the reproducibility in the particle size, their 

porosity, nutrient content of the spheres, and the delivery rate. Could you add any other 

property?  

To read the final comment go to page 200
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D.U.3: MAKE A HYPOTHESIS. 

PILL 1. WHAT WILL BE THE RESULT?

Help 2. The calculation does not need to know in detail the geometric characteristics of 

the gears, the shape that the teeth must have and that make the movement of the rack 

continuous, without at any time leaving contact between the teeth of the wheel and those 

of the endless screw or rack. It is enough with the data of the advance of the rack each 

time a tooth of the wheel passes, as seen in figure. In any case, it may interest you to 

understand it. The modulus of a gear determines the size and shape of the tooth, the 

number of teeth that a gear wheel has in turn determines its diameter. Find a web page 

that explains these dimensions.

To read the final comment go to page 200

PILL 2. LENGTHENING OF A THREAD WHEN HANGING A WEIGHT.

Help 2. If the elastic modulus of the yarn is E, its units in the international system is the 

2
Pascal or N / m . The Young modulus is

where s  is the applied stress

S is the cross section of the wire, in our case the area of   a circle whose diameter is d = 0.5 

mm, 04
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►e  is the strain

Where Dl is the elongation, which we have set as 1mm and l is the initial length, 1m.

Let us put all the parameters in units of the international system: F = 9.8 N, l = 1 m, d = 

0.0005m and calculate the elastic modulus that the material must have.

2It turns out that S = 0.000000196 m , the tension applied to the wire is  s = 49900000 Ra, e = 

0.001 (it is dimensionless) and therefore the modulus is

Do these numerical values   surprise you? The Pascal is a very small unit, it is of the order of 

the pressure that a 100 g bar of butter would make on a square table one meter on a side. 

That is why the tensions that appear in concrete situations are very large numbers. In any 

case, so that the thread does not lengthen more than 1 mm, a metallic thread is necessary, 

the plastics are not as rigid as it is necessary in this case, their elastic moduli reach 10 GPa 

at most, were you correct? Plastics deform a lot.
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PILL 3. HOW MUCH ARE WE GOING TO SPEND ON HEATING?

Help 2. The kWh is a unit of work, it is the product of a power in kilowatts and time in 

hours. In our case, with 30 working days in a month (of course not all months are the 

same), our electric radiator consumes 8 x 30 x 1.4 = 336 kWh and the cost of this 

consumption will be 336 * 0.218 = 73.25 euros

To read the final comment go to page 200

PILL 4. HOW LONG WILL IT TAKE WATER TO BOIL?

Help 2. The heat received by the water produces an increase in temperature given by

The heat capacity of wáter is c =1 cal/gºC that in units of the International System of e

Units, SI, is c =4.18 kJ/kgºC (in SI units the unit of mass is the kilogram, the unit of heat or e

mechanical work is the joule, J, the unit of temperature is the degree centigrade, Celsius 

ºC or Kelvil, K). Therefore, for the water to reach 100ºC it needs to receive a quantity of 

heat of 

How long does it take for the heating plate to release that heat?

To read the final comment go to page 200
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PILL 5. FRESH WATER FROM SEA WATER.

Help 2. Now how much money does it cost? If that heat is transmitted through an electrical 

resistance, we will have to consume 2591 kJ of electrical energy. We look at a receipt: it 

costs 0.171 euros / kWh, in addition there is a 5.11% tax on electricity (the data may vary 

from one company to another and from one month to another, the calculation of the 

electricity rate is very complex). There are other expenses that are fixed in the electricity 

contract and that we may not have an impact here. In addition, we will have VAT of 21%. 

Total 0.218 euros / kWh.

Each liter is 2591 * 0.218 / 3600 = 0.16 euros. If we had to produce the water that is 

consumed at home, basing on distilling sea water, we would spend 160 euros per cubic 

meter.

To read the final comment go to page 200



04

162

D.U.4. LEARN TO LEARN, SEARCHING FOR INFORMATION.

PILL 1. CREDIBILITY OF THE INFORMATION CONTAINED IN WEB 

PAGES.

Help 2. In any case, would the fact that in the first weeks of the development of the 

disease there were not enough masks in the world have something to do with these 

changes of opinion and those that did exist could be reserved for the health sector who 

were treating the sick?

Help 3. Would you trust the third web page? Can you make a mask with a piece of cloth 

that you find around the house? Perhaps here you have to check other sites to confirm 

this information.

PILL 2. SEARCH FOR A PROVIDER

Help 2. You can make a preselection of the three suppliers that you consider most 

convenient on the one hand and the thread steps available in each of them.

PILL 3. INKJET PRINTER

Help 2. You can make a preselection of three printers with their technical characteristics 

and price to help in the selection of one of them. In each case you have to make the 

decision of where to buy it and that has to do with the guarantees offered by the supplier 

regarding the delivery of the equipment and its replacement in case it arrives defective.

To read the final comment go to page 200

PILL 4. FIND A GLUE

Help 2. You can prepare a list with several options, with their advantages and 

disadvantages, perhaps with user comments about aspects such as ease of use, if there 

is a danger of the plates being stained with the glue, also its price and the suppliers.
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PILL 5. FIND A SUITABLE SOLVENT

Help 2. What properties of the solvent may be important here? Its volatility can determine 

the speed at which the coating film forms, its viscosity will determine how easily it can be 

projected with the airbrush, but its toxicity is also very important, after all it will evaporate 

and safety measures when performing the process must be taken into account.

To read the final comment go to page 200
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D.U.5. HAVE AN OPEN MIND. 

PILL 1. THE OPINIONS OF OTHERS ABOUT MY WORK

Help 2. Let think on the first comment. Do we accept it as it is or are we going to check if it 

is correct? How much is the elastic modulus of ABS? Where can I find it? On your own 

mobile phone you can check it while others are talking. I anticipate that he/she is right, the 

value is lower than that given by the ABS manufacturers. Then, in the positive: what do 

you suggest to do?

To read the final comment go to page 200

PILL 3. MEASURES FOR EQUALITY BETWEEN MEN AND WOMEN IN THE 

COMPANY

Help 2. You may be interested in critically reading a document written by feminist 

groups.

To read the final comment go to page 200
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D.U.6. HAVE INTELLECTUAL INTEGRITY.

PILL 1. AVERAGE VALUES   AND VALUES   THAT ARE OUT OF THE 

AVERAGE.

Help 2.- There are times when errors are made in a specific measure that can be 

identified and come to the conclusion that the test must be repeated, however, it is not clear 

that the subjective criterion that a value has come out "unusual" is enough to ignore it. 

There are statistical criteria to decide if a value is wrong, for example the Chauvenet 

criterion, but they are complex.

The problem is that the arithmetic mean is sometimes not the best measure of the value of 

the variable we want to determine, look for how the median is calculated.

To read the final comment go to page 200

PILL 2. ORGANIC REMAINS CLEANING SOLUTION

Help 2. Do you dare to prepare it? Think about it. The answer is that you shouldn't. No 

way. Work with any reagent must be governed by strict occupational risk prevention 

measures. If the company does not have a written protocol for this operation, they have 

trained you for this task and you are authorized to carry it out, you cannot carry it out on your 

own initiative.

To read the final comment go to page 200

PILL 3. HALF UNDERSTAND

Help 2. Viscosity varies a lot from one fluid to another and varies very significantly with 

temperature, it also varies with pressure, but the changes are significant only at high 

pressures, for example, to which the lubricant is subjected in a gear or those that a molten 

polymer is subjected to in the extrusion die.

To read the final comment go to page 200
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D.U. 7: EXPRESS YOURSELF WELL, EFFECTIVELY, BOTH 

ORALLY AND IN WRITING.

PILL 1. DESCRIBE A PROBLEM THAT AROSE WHILE BUILDING A PART

Help 2. Probably the description of the shape of your piece is not enough for the listener 

to get an idea of   whether or not you have a serious problem. It will be necessary to give 

numerical data, for example one of the sides had to measure XX and yet it is shorter, it 

measures YY, the angle between two consecutive sides should be 90º and yet ...

To read the final comment go to page 200

PILL 5. GREEN ECONOMY AND CIRCULAR ECONOMY.

Help 2. A second step is self-criticism, once you have written your explanation, leave it 

for a while and then read it again. Is what is written really what you wanted to say? Will 

someone else understand?

To read the final comment go to page 200
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7.2. SCIENTIFIC AND TECHNICAL CONTENT. 

D.U.1: DIMENSIONS. MEASUREMENTS

PILL 1. LENGTH: HOW BIG IS A MICRA? WHAT DIAMETER IS A HAIR?

Help 2. In the order of magnitude of the micron we are already talking about microscopic 

objects, most of the bacteria have sizes between 0.6 and 1 µm, they are seen with an 

optical microscope. Viruses are smaller in size, they can only be seen with electron 

microscopes.

PILL 2. LENGTH HOW LARGE IS A NANOMETER?

Help 2. Viruses normally have sizes between 10 and 100 nm, although some especially 

large ones can reach 500 nm, that is, half a micron.

PILL 3. SPEED.

Help 2. The answer is yes, it is very different, the sound travels in the salty water at a 

speed of around 1500 m/s (the speed varies with the salinity of the water, the temperature 

and the pressure), that is to say, 5400 km/h and in fresh water it travels at around 1435 m/s 

or 5166km/h.

To read the final comment go to page 200
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PILL 4. MASS AND WEIGHT

Help 2. The answer to the rest of the questions is found by looking at equation (1). Will 

you weigh more or less on the Moon? You have the same mass but the Moon weighs 

much less than the Earth, therefore it will attract you with less force. We search the 
2internet for the acceleration with which a body falls on the Moon, it is 1,622 m/s . 

Therefore, you would weigh only 97.3 N. Why does the Earth attracts the Moon despite 

the great distance between them? Because the mass of the Moon is very considerable 
2and although in the force of attraction d  appears in the denominator, the mass appears in 

the numerator.

To read the final comment go to page 200
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D.U.2: EQUATIONS AND FUNCTIONS.

PILL 1. SIMPLE EQUATION.

Help 2. It is about looking for the expression of a straight line that passes through two 

points. The equation of the straight line can be expressed as

Where a is the value of the error when x = 0.3 and b is the slope of the line, it is the quotient 

between how much the error between the two readings increases and the difference 

between the measured temperatures:

We check it: when x = 0.3 the second term is 0 and the error is 0.3 as we already knew. 

When the value the thermometer reads is 100.7, substituting 100.7 for x in the equation 

results in 0.7. Correct. We already have an equation for the correct temperature based on 

the value given by the thermometer: 

Substituting x by 74.5, we find that the real temperature is T = 73.9⁰C

To read the final comment go to page 200
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PILL 2. TWO ELECTRICAL RESISTORS IN PARALLEL

Help 2. In our circuit the equivalent resistance will be

And the equation we are looking for 

where I is the current through R3. Now we have to clear R1 from that equation. Our 

suggestion is that you do it step by step, noting why you can do each step you take.

To read the final comment go to page 200

PILL 3. GRAFIC REPRESENTATION OF STRAIGHT LINES 

Help 2. The equation of the line is automatically given to you by the program, simply by 

marking on the line with the right mouse button, you ask it to add a trend line, you select 

the straight line (since what we are representing is already a straight line, nothing new will 

appear because the one you draw as a trend line completely overlaps the one already 

represented) and in the trend line format you ask to show the equation on the graph. It 

comes out as in Figure 3. How would you have determined the equation if you didn't have 

the spreadsheet?

To read the final comment go to page 200
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PILL 4. GRAPHIC RESOLUTION OF SYSTEMS OF LINEAR EQUATIONS

Help 2. To solve the system of equations analytically, we can start with the equations in the 

form of (2)- The right sides of both equations equal to y. Thus, they are equal to each other. 

Subtracting 2 in the two members of this equation, the equation does not change, it results 

in

The only way that 2x be equal to x is that x = 0, and then in either of the two initial equations 

we get y = 2. The same result that we had deduced from the x-y diagram.

PILL 5. SECOND ORDER EQUATIONS

Help 2. The analytical solution of the quadratic equation

is given by the expression

that you may remember or that you can easily find in maths books or on the internet. The ± 

symbol in the equation means that there are two solutions, one with the + sign and another 

one with the - sign. In our equation it results in which is what we found graphically. 

To read the final comment go to page 200
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PILL 6. DRAWING PARABOLES ON A WORKSHEET. SECOND-GRADE 

EQUATION SOLUTIONS

Help 2. If the spreadsheet is well 

done, you can play with the values   of 

the coefficients and see immediately 

how the function looks. You just have to 

change the values   of cells C5, C6 and 

C7. We put some examples in figure 2

Note that depending on whether the 

coefficient a is positive or negative, the 

parabola is concave or convex 

respectively, the value of c makes the 

entire curve move up or down. Solving 

the quadratic equation

Means to find the points or the point at 

which the function

cuts the x-axis, that is, the horizontal 

line that passes through the value of y = 

0. We have marked this line in red in the 

figures and you can see how depending on the coefficients of the equation sometimes 

the parabola never cuts the x-axis, that is, there is no solution for the equation (Figure 

2b), in other cases it touches the x-axis only in one point (Figure 2c), that is, the equation 

has only one solution and in others it cuts it in two (Figure 1 and Figure 2a) and the 

equation has two solutions.

To read the final comment go to page 200
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D.U.3: GRAPHIC REPRESENTATIO. FUNCTIONS.  

PILL 1. CHARTS PREPARED WITH EXCEL

Help 2. The diagram in figure C is like that of A, they are graphs of "scatter points", the 

content of graph C is correct, but information is missing in the axes, it is not known what is 

being represented, the format of the characters of the axis y has been smaller, it also 

seems that it could be improved.

To read the final comment go to page 200

PILL 2. THE SLOPE OF A FUNCTION

Help 2. If the heating speed is the slope of the curve, in the case of the blue line that speed 

is constant. How does the rate of heating change over time in the case of the red line?

To read the final comment go to page 200

PILL 3. THE FUNCTION THAT FITS A SERIES OF EXPERIMENTAL DATA

Help 2. You have already done the easy thing, you already have the graph. Now it is your 

turn to discover the formula that relates the two 

variables, that is, the formula that determines 

the stress for a given value of the strain. But 

beware! Note that you will not be able to use the 

same graph for all the data because the graph 

has a point where the trend changes. For strains 

below 0.0017 the points can be fitted with a 

straight line, but above this strain the behaviour 

changes. You can fit the linear data interval just 

asking the software to add a linear trend line and 

show the equation on the graph, as shown in the 

figure. 

To read the final comment go to page 200
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PILL 4. OSCILLATING SIGNAL

Help 2. Interpreting the result needs understanding the variable we are measuring. It is 

an alternating current, so, a sinusoidal wave. The amplitude of that oscillation is the 

difference in height between the maximum and the minimum, while the period of the 

oscillation is the distance on the time axis between two maxima or two minima. Here we 

see that the period of the wave does coincide with the theoretical one, but the amplitude 

that we measure is less than expected.

To read the final comment go to page 200
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D.U. 4: GRAPHIC REPRESENTATION. MANUFACTURING 

DRAWINGS

Pill 1. DRAWING IN CAVALIER PROJECTION

Help 2. Now, a 3D image of the piece must be made in order to build the rest of the 

surfaces as in figure 4. There are several lines that are actually hidden. We highlight those 

that are visible and delete the hidden ones.

To read the final comment go to page 200

PILL 2. DIMENSIONAL DRAWING

Help 2. In dimension A of figure 2, the number should be rotated and on the dimension 

line, as shown in figure 3. Anyway, that dimension corresponds to the same edge than 

dimension B and one of the two should be deleted. Dimension B was inside the drawing, 

cutting one of its lines, it must be moved outside. Also, the dimension C must be moved to 

the outside of the drawing. Although it is easy to see that the three dimensions in C sum up 

to the same as the 40 mm dimension at the bottom of the plan, this is not considered a 

repetition, the total dimension of the part is very useful in manufacturing and is usually 

dimensioned. 

To read the final comment go to page 200
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PILL 4. ANALYZING A COMPLEX DEVICE TO DEFINE THE PARTS THAT 

COMPOSE IT.

Help 2. To carry out the complete exploded view, that is, define each of the parts that 

compose it, you must make a plan of each one under the criteria of economy of views, 

using the necessary regulatory resources. A tip: Take a good look at the image in the 

statement ... the answer is closer than you think.

To read the final comment go to page 200
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D . U . 5 :  E L E C T R I C I T Y  A N D  E L E C T R O N I C . 

ELECTROMAGNETISM. 

PILL 1. ELECTRICAL TESTING OF A SINGLE-PHASE TRANSFORMER

Help 2. The expected operating conditions of the transformer during each of the tests 

must be estimated. This will give you a guide to select the values of voltage and current to 

be applied during the test, and the electrical loads necessary to connect to the secondary 

winding of the transformer during each of the two tests. On the other hand, all electrical 

safety conditions must be taken into account during the test, both for the personal 

protection and for the protection of the equipment (transformer, measuring instruments, 

electrical supply equipment). You can find this information in web pages of the transformers 

suppliers. 

To read the final comment go to page 200

PILL 2.  TESTING OF A PHOTOVOLTAIC SOLAR MODULE.

Help 2. You may have noticed that the process is not 

as simple as taking an experimental value and 

comparing it with the manufacturer's specifications. 

The power developed by the solar collector depends 

on both the incident solar radiation and the applied 

voltage. An example of the curves showing this 

dependence is shown in Figure 3. It is about 

systematically varying the test parameters to obtain 

these curves that will allow us to determine the 

maximum values of power, voltage and current 

intensity.

To read the final comment go to page 200
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PILL 3. STARTING OF THREE-PHASE ASYNCHRONOUS MOTORS.

Help 2. Each one of the methods used different electric circuits, with different electric 

devices, each one with own characteristics. It is necessary to choose these 

characteristics according with nominal characteristics of the motor, to the mechanical 

and electrics requirements, and cost of the method used. Also it is necessary to 

identification the electric safe rules of the procedure of start the electric motors.

To read the final comment go to page 200

PILL 4. SQUARE WAVE OSCILLATOR ELECTRONIC CIRCUITS 

(ASTABLES).

Help 2. It is necessary to specification all of the characteristics of the components used, 

an also the procedure to select these characteristics, regarding to the specifications to 

obtain in the output signal required. It should be specified electrical limits of the 

components and the procedure to design the circuit. Also, the advantages and 

disadvantages of the different electronic circuits described.

To read the final comment go to page 200
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D.U.6: MACHINES AND TECHNICAL EQUIPMENT. BASIC 

CONCEPTS.

PILL 1. ELECTRICAL CONSUMPTION COST CALCULATION

Help 2: To calculate the daily consumption, you will have to estimate the number of hours 

per day in each work mode and calculate the consumption. To calculate the monthly 

consumption, you multiply the daily consumption by the number of days of the month. To 

calculate the annual consumption, you multiply the daily consumption by 365 (or the 

monthly consumption by 12). 

To read the final comment go to page 200

PILL 4. CONSTRUCTION AND OPERATION OF A CIRCUIT

Help 2. You have to take into account how the internal wiring of the breadboard is, so that 

when you make the connections you know exactly how the different components are being 

connected.

To read the final comment go to page 200



04

180

D.U.7: ELECTROMECHANICS. BASIC CONCEPTS. 

PILL 1. METALLIC FRAME TO BUILD A FLOOR CASE.

Help 2. When welding, the type of material to be welded must be taken into account 

(iron, galvanized steel, stainless steel, aluminum, etc.), in order to choose the welding 

system and machine to use, as well as the material (rutile, cast iron, cellulosic, stainless 

steel, etc.) and dimensions (2.5 or 3.5 millimeters) of the welding electrode. The 

necessary use of PPE (personal protective equipment) to be used during the cutting and 

welding process of the parts must also be kept in mind

To read the final comment go to page 200

PILL 2. TABLE STRUCTURE MADE OF STEEL STRUCTURAL SQUARE 

TUBE 20X20 MM SIZE

Help 2. When welding, the dimensions of the profile: 20x20 mm steel, 1.5 mm thick 

should be taken into account since they determine the adequate voltage, intensity and 

wire speed necessary for welding, as well as the type of gas to be used, taking into 

account that it comes out as inexpensive as possible. The necessary use of PPE 

(personal protective equipment) required during the process of cutting, drilling, welding 

the parts and reviewing welds must also be specified.

To read the final comment go to page 200

PILL 3. DIE OF STEEL SHEETS WITH ADJUSTMENTS WITH A MILLING 

MACHINE 

Help 2. When making the pieces, it will be taken into account that the piece must be 

made with a cutting saw, drill and milling machine. The necessary use of PPE (personal 

protective equipment) to be used during the process of cutting, drilling and milling of the 

pieces must also be stated.

To read the final comment go to page 200
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PILL 4. GARBAGE COLLECTOR MADE WITH 2 MM GALVANIZED SHEET.

Help 2. When carrying out the development, you will realize that the piece must be made 

by bending and riveting, being able to use resistance welding. The necessary use of PPE 

(personal protective equipment) to be worn during the process of cutting, folding, drilling 

and welding of the pieces must also be taken into account.

To read the final comment go to page 200
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D.U.8:  CHEMICAL ELEMENTS AND COMPOUNDS. 

SOLUTIONS. FORMULATIONS.

PILL 1. PREPARE A SOLUTION.

Help 2. The quantities to be measured are small, to measure them we need a balance, 

pipettes, with the appropriate measurement precision for those quantities. For example, 

if I have to weigh 5.0mg milligrams, I cannot use a scale that appreciates mg and has a 

reproducibility of �1mg, because it would have an uncertainty in the measurement of 

�20%. I need a scale that appreciates at least 0.1mg to have an accuracy in my 

measurement of the order of 2%. What if the company only has a scale with a precision of 

1mg available? What can you think of doing? (it is not worth saying it is not possible to 

prepare the dissolution)

To read the final comment go to page 200

PILL 2. SULFURIC ACID

Help 2. The difficult thing, perhaps, is to find the information that you are able to 

understand. In this example you can find web pages that explain different theories about 

acids and bases, classical definition of Ahrrenius, proton definition of Brönsted and 

Lowry, electronic theories of Lewis. Possibly difficult to understand. It is about looking for 

something that you can understand with what you know and trying to explain it with your 

words.

To read the final comment go to page 200

PILL 3. SODIUM HYPOCHLORITE

Help 2. You will find that it is a very oxidizing product and that it should not be mixed with 

any acid or ammonia, it is important in the domestic environment because both bleaches, 

salfumant (which is diluted hydrochloric acid) or ammonia are used as cleaning products. 

Why shouldn't these mixes be made? What will happen if they mix?
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PILL 4. DISSOLVE SULFURIC ACID IN WATER

Help 2. The dissolution of sulfuric acid in water is an exothermic process, it gives off heat. 

When we prepare the solution in a flask (for example), as this heat is not instantly 

transferred to the external environment, the flask increases in temperature. If the process 

is very fast, the liquid can boil or even explode. That is why acid must be added to the water 

little by little. Interestingly, what is happening is that the acid dissociates, and that process is 

an exothermic reaction. In other solutions it is the other way around, the solution absorbs 

heat, when preparing the solution, the temperature of the liquid drops.

PILL 5. SOLVENTS

Help 2. The structure of the molecule has polar components in the C = O bond that makes 

it related to polar substances and a chain of three carbon atoms that makes it related to 

organic substances

To read the final comment go to page 200

PILL 6. HOW TO CLEAN THE LABORATORY GLASS?

Help 2. But there are times when the waste is not cleaned that way, what do you think can 

happen? You will need to know what composition these residues have and look for a 

specific solvent or an especially aggressive solvent.

To read the final comment go to page 200
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D.U.9: MATERIALS. PROPERTY CHARACTERIZATION.

PILL 1. PHASE TRANSITION: MELTING AND CRYSTALIZATION.

Help 2. Schematically, the  ethanol diagram 

would be like the one in the figure. 

To read the final comment go to page 200

PILL 2. HEAT OF PHASE TRANSITION

Help 2. In the international system of units, the specific heat of the solid, that is to say, of 

the ice is c =2.09 kJ/(kgK)  and that of liquid water c , =4.18 kJ/(kgK)   while the e,solido e liquido

latent heat of fusion is L =334.0 kJ/kg. The total heat needed is the sum of that required agua

to heat the ice from T =-150ºC to T=0ºC, the one needed for the whole mass to go into the 1 f

liquid phase and then the one needed to increase the temperature of the liquid from 0ºC 

to T =60ºC 2

To read the final comment go to page 200

PILL 3. SURFACE TENSION

Help 2. Look for the concept of contact angle. You will see that wettability is associated 

with high values   of surface tension.

To read the final comment go to page 200
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PILL 4. OPTICAL PROPERTIES

Help 2. When the sunlight passes through the air of the atmosphere, the blue tones are 

the first to be dispersed and we perceive them separated from the rest, that is why we see 

the sky in different shades of blue. When the mass of air that passes through the sunlight is 

greater, such as at sunrise and sunset, almost every color manage to separate from the 

mixture that formed the white light and that is why we appreciate the longest tones of wave, 

the orange ones and the red ones.

To read the final comment go to page 200

PILL 5. STRESS – STRAIN DIAGRAM. YIELD AND FRACTURE. 

Help 2. After a certain strain, the stress-strain curve separates from the straight line. The 

behavior is no longer elastic. It is said that the elastic limit has been exceeded, for greater 

deformations when we eliminate the applied force, the specimen does not regain its initial 

length, it remains deformed. It is said to have a plastic deformation, which is a permanent 

deformation of the material. This plastic behavior is frequently observed in polymers, that is 

why in the common language polymers are called plastics. Finally, the sample breaks.

To read the final comment go to page 200

PILL 6. BRITTLE AND DUCTILE MATERIALS.

Help 2. A ductile material is one that elongates significantly before breaking. Fracture is 

produced by the propagation of cracks, but these need a lot of energy to propagate or stop 

at certain points in the material. A curious example is that of polypropylene and other 

polymers that, under the applied force, reorganize their molecules, allowing large 

deformations.

To read the final comment go to page 200
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D.U.10: INFORMATICS

PILL 1. COMMUNICATION BETWEEN TWO PCS

HELP2. Why in order to be able to connect and communicate they must be in the same 

network (name), in the same class and have the same subnετ

To read the final comment go to page 200

PILL 2. 

HELP 2 The sorting in table SUM1 must also sort the NAMES table at the same time. 

The same applies to all applications and in excel the sorting of one column means the 

sorting of the other columns otherwise the resulting data is incorrect.

To read the final comment go to page 200

PILL 3. 

Help. observe the calls of the functions if the rules following the functions apply that 

always return a value and that in the name of the function and that the number of 

parameters of the call must be the same as the number of parameters that exist in the 

function  

To read the final comment go to page 200
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D.U.11: COMPUTERS

PILL 1. CHARACTERISTICS OF PCI-EXPRESS 

Help 2. There are 6 different versions of PCIe, from 1.0 to 6.0. Each version provides a 

higher speed than the previous version (almost always doubling the speed).

The values X1, X4, etc., do not refer to the version of PCIe, but rather refer to the number of 

data lanes that the PCIe connector has. 

To read the final comment go to page 200

PILL 2. MOTHERBOARD CONNECTOR IDENTIFICATION

HELP 2: Download the motherboard manual where you will easily find all the information 

about the connectors.

To read the final comment go to page 200

PILL 3. REAR PANEL CONNECTOR IDENTIFICATION

Help 2. Download the motherboard manual where you will easily find all the information 

about the connectors.

To read the final comment go to page 200

PILL 4. POWER SUPPLY PC

Help 2. On the internet you can find many examples of how to connect the green cable 

with the black one, using a switch.

You can also find a way to measure voltages from a power supply. Remember: the yellow 

wire is 12 volts, the red wire is 5 volts, and the black wire is GND.

You need the motherboard manual to find out which connections from the power supply to 

the motherboard. You can use the model of the previous exercices. 

To read the final comment go to page 200
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D.U.12: PREVENTION OF LABOR AND ENVIRONMENTAL RISKS. 

PILL 1. IF YOU DISCOVER A FIRE

Help 2. The company should train you on the reaction protocols in the event of fire. This 

exercise asks you to prepare the clue questions which are important to you in order to ask 

about them during training. 

To read the final comment go to page 200

PILL 3. REAGENT SPILL

Help 2. They will usually ask you to ask your colleagues for help. All must be provided 

with their individual protection elements, PPE, appropriate to the toxic reeagent. There 

are specific absorbents for these cases, workers must receive training on the place 

where they are stored and on the method of use. Also, on waste management.

To read the final comment go to page 200

PILL 4. SAFETY DATA SHEETS OF CHEMICAL REAGENTS 

Help 2. It is important to understand the terms that appear on the sheet, for example, 

those that define its toxicity and determine the precautions for use and storage.

To read the final comment go to page 200
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D. U. 13. AGRICULTURE AND ENVIRONMENT

PILL 1. MEASURE SOIL pH.

Help 2. A more accurate measurement can be carried out with an electronic apparatus 

called pH meter. The procedure is more complicated but still simple. A soil solution must be 

prepared by mixing 20 grams of dried soil with 20 milliliters of deionized water. The soil 

solution must be mixed in short intervals for one hour more or less to homogenize. The pH 

meter must be well adjusted according to the directions of the manufacturer. The probe of 

pH meter is dipped in the soil solution for some seconds until the value on the pH meter 

screen keeps stable. It may need some seconds and it is important to keep the of the 

manufacturer 's directions.  

To read the final comment go to page 200

PILL 2. FERTIGATION 

Help 2. It is important to calculate accurately the quantity of the fertilizer that must be 

added to the tank to prepare the solution. A fine approach is to define the quantity of 

fertilizer that should be applied to each pot. This approach takes as a fact that the drippers 

are of the same type and transfer to the pots an equal quantity of water and the pots are of 

the same size and they need the same quantity of fertilizer. The quantity of the fertilizer is 

calculated by multiplying the number of pots by the quantity of fertilizer per pot. Then this 

quantity must be added to the fertilizer tank and diluted effectively. 

To read the final comment go to page 200
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PILL 3. PROPAGATE PHOTINIA PLANTS BY CUTTINGS WITH POWDER 

HORMONE.

Help 2. The cuttings must be placed in appropriate substrate in  greenhouse that will 

ensure they will stay alive and able to start rooting after a period o six weeks. The relative 

humidity must be high, close to 100% and the temperature about 20-25oC. The cuttings 

must be dipped into IBA powder hormone  0.5% by weight before their placement in the 

substrate. The high humidity is very important to reduce the water loss and keep the 

cuttings vivid and able to root. Temperature must be moderate to avoid cuttings' collapse.

Take into consideration that although the humidity must be high the substrate must not be 

flooded with water. The substrate must drain well as the base of the cuttings must be 

adequately aerated otherwise they will rot and the cuttings will collapse infected by 

diseases. High humidity must be achieved by special sprinklers that work for a very short 

period (e.g. 20 seconds) in specific intervals (e.g. every hour).

To read the final comment go to page 200

PILL 4. FERTILIZATION

Help 2. The C and D choices are directly related to the concentration of the fertilizer in 

Nitrogen but there is a difference between the two choices. What is the factor that makes 

the difference? Which is the right one? What is the factor that must be taken into account 

to find the correct choice?

To read the final comment go to page 200
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7.3. SPECIFIC CONTENTS. PROPOSALS FROM THE 

CENTERS THAT WILL RECEIVE VET STUDENTS

D.U.1. IKASIA TECHNOLOGIES PROPOSALS

PILL 1. THE POLYMERS FROM WHICH THE FILAMENTS FOR 3D PRINTING 

ARE MADE

Help 2. Polymers, even those that are capable of crystallizing, only partially do so. Many 

times they form structures called spherulites formed by very fine sheets of crystal that grow 

from a single nucleus forming a sphere. Identify the polymers that appear in the example 

statement that can and cannot crystallize.

To read the final comment go to page 200
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PILL 2. THERMOPLASTICS. SOLVENTS

Help 2. When deciding on one of them, it is not only important to see that it is really 

capable of dissolving the polymer, it is also important to have information on the toxicity of 

the solvent, how it should be handled, the necessary personal protection equipments 

and how to treat the waste.

To read the final comment go to page 200

PILL 3. THERMOSTABLE POLYMERS

Help 2. Take note that the properties of these materials are only obtained when the 

manufacturing process is appropriate. You will have seen thermosets that reach the 

maximum mechanical resistance only after curing in a high temperature oven, something 

that it seems that we will not be able to do in this case, but there are others that crosslink 

at room temperature.

To read the final comment go to page 200

PILL 4. FILAMENTS FOR 3D PRINTING. GLASS TRANSITION 

TEMPERATURE AND MELTING TEMPERATURE.

Help 2: PLA is a semi-crystalline polymer, look for its glass transition temperature and 

its melting temperature. ABS is an amorphous polymer, it does not have the ability to 

crystallize, it seeks its glass transition temperature.
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PILL 5. THE PIECES PRINTED ON THE FILAMENT 3D PRINTER BOW 

WHEN THEY PASS A CERTAIN SIZE.

Help 2: Come up with a material that might be more suitable. Could it be helpful to use a 

product that adheres the part more strongly to the printing platform?

To read the final comment go to page 200

PILL 6. COMPOSITES

Help 2. In forums and in manufacturers' recommendations you will find that not everything 

is an advantage, the composite material can be less flexible and present more printing 

difficulties.

To read the final comment go to page 200
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D.U.2. UNIVERSIDADE DO MINHO PROPOSALS

 PILL 1. HOW DOES AN ELECTRIC BATTERY WORK? 

Help 2. Electric charges of opposite signs attract each other. However, the inner part of 

the electrodes and the electrolyte/separator parts are nonconductive (meaning that 

electrons can't go through). On the other hand, the positive ions cannot flow through the 

metallic outer part of the electrodes (the collectors) neither along the solid wires outside 

the battery. 

To read the final comment go to page 200

PILL 2. LEAD-ACID VS LI-ION RECHARGEABLE BATTERIES 

Help 2. Lead-acid batteries are cheap and efficient at providing large intensity of electric 

current for a short time, as needed to start an engine, but are not suitable to deep-cycle 

use, that is, their stability and reversible condition are compromised after repeated deep 

discharges (down to between 50% to 80% of their capacity). 

To read the final comment go to page 200

PILL 3 – PRIMARY VS SECONDARY BATTERIES

Help 2. Long standing periods without use do not affect significantly most of the P 

batteries, but the S ones suffer from the shelf effect (they get slowly discharged 

spontaneously).

To read the final comment go to page 200
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PILL 4 – INCANDESCENCE LIGHT BULBS ARE TO BE BANNED SOON

Help 2. Search for average lifespan of an incandescence light bulb and compare it to 

those of a fluorescent or a LED lamp.

To read the final comment go to page 200

PILL 5 – CONDUCTORS, INSULATORS AND OTHERS

Help 2. In 1911, it was observed for the first time that the resistance of a solid wire of 

mercury suddenly dropped to zero when it was immersed in liquid helium at a temperature 

of -269 0C, a temperature close to the absolute 0 in the Kelvin scale of temperatures. 

To read the final comment go to page 200
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D.U.3. SOMÁTICA, MATERIALS & SOLUTIONS PROPOSALS

PILL 1. TECHNOLOGIES USED IN INDUSTRIAL KEYBOARDS/KEYPADS.

HELP 2: Think what characteristics did you liked and disliked it, and what new 

characteristics you would love to have it? Better feedback tactile, faster writing, switch 

travel, operating force, etc.?

To read the final comment go to page 200

PILL 2. OVERCOMING EXTREME ENVIRONMENTS USING THE RIGHT 

TECHNOLOGY AND ARCHITECTURE.

HELP 2: To avoid dirt and liquids inside the device, the entire keyboard must be totally 

sealed, i.e., there should be no openings between the keys, and to be fully vandal proof, it 

is preferable to be built in stainless steel.

To read the final comment go to page 200

PILL 3. MOUNTING SOLUTIONS

HELP 2: There are some variations for each type of mounting solution, but the important 

is to understand the main 3 types of solutions. One is portable, the other 2 are not.

To read the final comment go to page 200

PILL 4. DIFFERENT MATERIALS FOR DIFFERENT APPLICATIONS

HELP 2: Each material is designed to be applied for a specific application, regarding the 

proprieties of those materials.

To read the final comment go to page 200
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PILL 5. POINTING DEVICES

HELP 2: This pointing devices are made to replace the computer mouse when working 

space is limited.

To read the final comment go to page 200

PILL 6. CREATING A BETTER INPUT DEVICE

HELP 2: Take into account the existing specifications of keyboards in that industrial 

sector, and what is missing or can be improved.
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D. U. .4. UNIVERSITAT POLITÈCNICA DE VALÈNCIA 

PROPOSALS

PILL 1. WASHING THE CELLS. SALINE SOLUTIONS FOR CELL 

CULTURES.

HELP 2. Regarding the sterilization method, the same protocols in which you can find 

the composition of PBS usually indicate all the necessary steps to make it ready for use. 

For this reason, it is important to read them to the end, even if the saline composition 

appears at the beginning.

To read the final comment go to page 200

PILL 2. PHMETERS ALWAYS READY. PH MEASURING INSTRUMENTS 

AND THEIR BASIC MAINTENANCE

HELP 2. Many commercial laboratory instrumentation houses have the pH meters they 

sell on their websites. Among the equipment information offered on these pages you can 

find all the information necessary for its maintenance.

To read the final comment go to page 200

PILL 3. FEEDING THE CELLS. CELL CULTURE MEDIA PREPARATION

HELP 2. Any possibility of contamination must be eliminated by adding supplements to 

the medium that prevent bacterial growth and do not harm our cells. In addition, it is 

necessary to provide proteins and growth factors that allow cell proliferation.

To read the final comment go to page 200
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PILL 4. MICROPIPETTE CALIBRATION. EXACT VOLUMES FOR 

SUCCESSFUL EXPERIMENTS 

HELP 2. Certain micropipettes are provided with a calibration tool as an accessory. 

Search for the manual of the exact micropipette you are trying to calibrate and look for the 

correct way to adjust the dispensed volume. 

To read the final comment go to page 200
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8.1. CONTENTS FOR THE DEVELOPMENT OF 

CRITICAL THINKING

D.U.1: ASSESSING YOUR OWN WAY OF THINKING. 

ESTABLISH YOUR GOALS

PILL 1. AN ORDER RECEIVED BY E-MAIL

Final comment. This is one of many examples where, if you act routinely, without 

thinking, you can make major mistakes. Obviously, the company must have all the 

possible security measures, antivirus, backup copies, restricted information on the 

computers connected to the network. However, cyber attacks change continuously and 

possibly the protocols of the company could be overcome at any time. In fact, this 

example will surely sound very old to anyone who reads it in just four or five years, maybe 

even e-mail is not used. There are certain rules that are obvious, for example, do not 

open any file that arrives over the internet if the sender is not known and even then if it is 

not previously verified that it is really he/she who has sent it because hackers have it easy 

to impersonate the identity of some contact of your mail or telephone. Neither enter any 

web address that they indicate in the message. These actions make the virus enter the 

computer. The recommendation to never give any password by e-mail, telephone or 

social networks and to be suspicious of anyone who asks for it is also clear, this is 

especially important in the case of messages from banks or credit institutions that are 

impersonated with absolute precision by hackers. As in so many things it is not enough to 

follow a learned protocol, it is necessary to have discretion, because you can be caught 

with some stratagem that we do not know today.

8FINAL COMMENTS
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PILL 2. WHAT DO YOU INFER FROM A TEXT? HOW DO YOU ANALYZE IF 

YOUR INFERENCES MAKE SENSE?

Final comment. It is difficult, isn't it? But there is no doubt that you have to think a little 

before accepting what they tell us. Even if the author is well-intentioned, they will have a 

tendency to try to convince you of their arguments. This can lead them to express things 

partially, highlighting a lot what favors their idea and hide or put less emphasis on what 

does not support them. What to say of those who want to directly manipulate you, 

spreading fakes, for example. 

PILL 3. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION.

Final comment. It would probably be more accurate to say that tobacco increases the 

risk of lung cancer than to say that tobacco causes lung cancer. However, when an 

advertising  campaign is carried out seeking to convince people to stop smoking, shocking 

messages are sought, such as the photos that appear on tobacco packs or phrases such 

as “smoking kills”. It is about creating an impact that makes the person think about 

something that they may not want to think about because giving up smoking takes a lot of 

effort.

PILL 4. DRAWING CONCLUSIONS FROM VERY PARTIAL INFORMATION, 

PSEUDOSCIENCE. 

Final comment. This type of comment in the case of COVID-19 is highly debatable, 

although understandable. When you think about these arguments, it cannot be ignored 

that in 2020 more people have died from the disease, in a country like Spain than all those 

who live in many cities. It is as if in a year everyone who lives in a medium-sized city had 

died. This fact should awaken a feeling of solidarity to try to stop the progress of the disease 

by all means and making all the necessary sacrifices, but it is true that, in a first reaction, 

without thinking much about it, you get a selfish response. If the health authorities ask that 

no parties must be held or that discos be closed, the first thing that may come out is a 

complaint. The personal point of view comes before thinking about the community. It is 

necessary to delve a little deeper into our reasoning to put the brakes on and realize that 

there are things more important than our own desires at a given moment.
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PILL 5. ANALYZE THE INFORMATION OF A PRODUCT

Final comments. There is no single solution. A technician who works in a technology 

company can be expected to be daring when it comes to solving these types of problems, 

but when acting on a company team, we must assess whether we are really going to be 

able to solve the problem: if we have the necessary information about the equipment, the 

tools, if we can acquire the components, possibly that is the case in this example, other 

equipment is more complicated.

PILL 6. WHY DO I LIKE WHAT I LIKE?

Final comment. There are many things that we do not think about, that we do or want 

without knowing why, nor does it have to worry us, but thinking about them has a 

component of willing to understand how we are and to what extent our environment 

influences or even shapes us.
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D.U.2: RAISE RELEVANT QUESTIONS 

PILL 2. A SHYRINGE PUMP 

Final comment. To go further, you could also ask yourself if there are other devices that 

allow to obtain the same effect or cover situations in which this pump is not suitable, for 

example, if you want to have continuous operation, not having to recharge the syringe 

when it runs out of  the liquid.

PILL 3. PREPARING ALIQUOTS OF A PROTEIN

Final comment. Collagen is a highly structured protein, present in a large part of the 

body's tissues. It forms fibers easily, it is only soluble in solutions of an acid in water, either 

hydrochloric or acetic acid is commonly used. Depending on the pH of the solution the 

protein tends to form fibers and precipitate. 

PILL 4. QUALITY CONTROL 

Final comment. The company will have its quality control protocol, but it is interesting to 

understand it, not limit yourself to doing the operations that the protocol specifies.  Note 

that there are properties that may be important but that may not depend on the 

manufacturing process, and it is not necessary to check them from item to item. Others, 

however, do depend on the operations carried out when producing it and at a given 

moment may fail for any reason, for example, the amount of nutrient in each sponge may 

not be adequate in a batch because a failure in the dispensing machine or the porosity of 

the sponge may not be as so necessary, and the nutrient is trapped and is not released into 

the ground.
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D.U.3: MAKE A HYPOTHESIS. 

PILL 1. WHAT WILL BE THE RESULT?

Final comments. Establishing a hypothesis helps to be critical of the solution we find 

for the problem and, in case of making a mistake, detect it. Having an initial idea, even if it 

is only indicative of what the solution to the problem should be, even a wrong initial idea 

encourages us to critically analyze the result obtained and, where appropriate, look for a 

possible error.

PILL 3. HOW MUCH ARE WE GOING TO SPEND ON HEATING?

Final comment. Have you approached? Did you think that the price of heating was so 

high? In this example we want to show the role of making a first hypothesis about the 

result, before doing any calculations. Doing so will help us analyze the result we obtain. If 

it is very different from what we had anticipated, we will ask ourselves if we have not 

made a mistake in the calculations and we will review them. If we confirm them, it will 

make us think about the physical reason why that result comes out. In this case, electric 

radiators have a very high consumption, there are other heating systems that are 

cheaper, such as the heat pump or natural gas or butane gas boilers.

PILL 4. HOW LONG WILL IT TAKE WATER TO BOIL?

Final comment. An electric plate is an electrical resistance. If it consumes 800W of 

electricity, it yields 800W of heat, that is, 800 J / s, or 0.8 kJ / s. This is a calorific power, the 

heat transferred is the product of power times time, that is, the time necessary for the 

water to boil is going to be

Is it more or less what you had thought?
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PILL 5. FRESH WATER FROM SEA WATER.

3Final comment. To get an idea: In a home you can consume about 15 m  of water per 

3
month, which costs between 0.5 and 1.5 euros / m  depending on how much you spend and 

where you live. It is clear that distilling seawater in this way would not be feasible. Seawater 

is desalinated with other methods such as reverse osmosis, in which pressurized water is 

passed through a membrane that filters the salt. 
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D.U.4. APRENDER A APRENDER, BUSCAR INFORMACIÓN.

PILL 3. INKJET PRINTER

Final comment. The requirements that have been exposed in the approach to the 

exercise are not very demanding, a high printing speed is not necessary because we are 

not going to print large numbers of pages and probably even very simple printers today 

give sufficient photographic printing quality for the images that will appear in a brochure 

or report.

PILL 5. FIND A SUITABLE SOLVENT

Final comment. Green solvents are becoming more and more important.  They can 

be an alternative to conventional organic solvents and have less environmental impact 

as they come from renewable sources and have less toxicity. Search the Internet for one 

of these solvents.
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D.U.5. HAVE AN OPEN MIND. 

PILL 1. THE OPINIONS OF OTHERS ABOUT MY WORK

Final comments. A whole communication problem in the group, the balance between 

defending what one has done (if he/she is convinced of having done it thoroughly) and 

recognizing a mistake when it has been committed, even doing everything conscientiously. 

Regarding the latter, there is a clear error in who has measured the mechanical properties. 

You should not have presented a result without analyzing it a bit beforehand, checking if 

what you measure is within what is expected. Furthermore, you should not have made the 

measurements without establishing a prior hypothesis of what should result, although that 

hypothesis probably belonged to whoever is developing the material and perhaps he/she 

prefers that whoever does the measurement is not conditioned by that hypothesis. 

Afterwards, do you agree that a comment or an argument convinces you or not based on 

your analysis of its message, your previous knowledge, what you can verify and not on the 

authority of the person from whom it comes, even if it is the head of the company and even if 

he/she is a bad-tempered? And with these premises we must propose a set of actions: do 

we repeat measurements with new samples? Does someone else watch the test run and 

try to spot any procedural errors? Who has made the material thoroughly analyzes the 

manufacturing procedure?

PILL 2. TERMS RELATED TO EQUAL OPPORTUNITIES BETWEEN MEN 

AND WOMEN IN THE COMPANY

Final comments. When talking about sex (male or female) one is referring to the 

biological differences between the male and the female in any species, also between 

women and men. However, the gender (male or female) refers to the social differences 

between women and men, these differences are learned, very different from one culture to 

another and change over time. Sexual option is the sexual preference for a person of the 

same sex or the other (homosexuality, lesbianism, heterosexuality, bisexuality). 

Gender roles are patterns of behavior and way of acting that society accepts as masculine 

or feminine. Gender stereotypes are the qualities and characteristics that are socially 

assigned to women and men, they are very simplistic ideas that, however, are strongly 

rooted in a large part of people and that are accepted without reflecting on them. The term 
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empowerment is used to increase participation in decision-making processes and 

access to power.

The term conciliation frequently appears in the work environment as a way of making 

work and personal and family life compatible and has a lot to do with full co-responsibility 

between men and women to enable a global rethinking of social, family and work 

structures.

Gender roles and stereotypes and the traditional norms and values   of society pose an 

added difficulty to the empowerment of women with respect to men with a view to their full 

participation in decision-making processes and, in general, their full participation in the 

society, are invisible barriers that, although not translated into written norms, pose real 

obstacles to the development of women in society.

Discrimination on the grounds of sex is any impediment or exclusion motivated by the sex 

of the person. Positive discrimination is an action aimed at a certain group aimed at 

compensating the disadvantages suffered due to social structures, in relation to equal 

opportunities between men and women, they would be aimed at compensating the 

existing inequality in the family, social and work environment, to which traditional values 

  and norms have led to.

PILL 3. MEASURES FOR EQUALITY BETWEEN MEN AND WOMEN IN THE 

COMPANY

Final comments: To have more information or to know how to face a specific case that 

arises in your environment, you can go to the web pages of official organizations, such as 

the Institute for Women and Equal Opportunities, http: //www.inmujer .gob.es / 

movAsociativo / portada / home.htm, or the guides and documents prepared by the 

Autonomous Communities, such as the “Guide to collective bargaining on discrimination 

based on gender in employment and working conditions, equal pay and gender violence 

of the Andaluz Council of Labor Relations

http:/ /www.mitramiss.gob.es/ficheros/rse/documentos/ccaa/andalucia/6-

GuiaNegociacionDiscriminacionGeneroEmpleo.pdf, and different organizations such as 

the report “Examples of inequality of gender at work ”from OXFAM Intermón 

https://blog.oxfamintermon.org/ejembres-de-desigualdad-de-genero-en-el-trabajo/ and 

many others
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PILL 4. EMPLOYMENT DISCRIMINATION

Final Comments: This question is the subject of great interest and there are many 

organizations, associations, personal blogs and forums that give instructions on how to 

prepare a CV and how to present yourself before a job interview. Critically reading some of 

all that information will be useful, but it is above all your reflection on the values   that 

characterize a person that should guide you.
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D.U.6. HAVE INTELLECTUAL INTEGRITY.

PILL 1. AVERAGE VALUES   AND VALUES   THAT ARE OUT OF THE 

AVERAGE.

Final comments. This is an interesting problem and one that is worth stopping to think 

about, we are not going to delve into the statistical study of this specific problem here, but 

it does seem important to make it clear that, if we find ourselves in that case, we may have 

to ask for help to find a good solution. This solution is based on admitting that the 

measured values   follow a certain distribution (usually the Gaussian distribution or normal 

distribution) in which the probability that a specific value separates from the mean 

decreases the greater the difference with respect to the arithmetic mean, and accept that 

when an outlier has a probability less than a certain limit we can discard it.

This example serves to see how the arithmetic mean of a set of measures is greatly 

affected by the presence of a value that is out of the mean, it is said that the arithmetic 

mean is not a robust value. In our example, the arithmetic mean with all the data would 

be.

Whereas if we eliminate the value of 4.32 it would come out

It is clear that the difference is very significant.

To calculate the median we would arrange the values   from lowest to highest: 0.85, 0.92; 

0.94, 0.96, 4.32 and since we have an odd number of values, we would take the one in the 

middle (if it were an even number of data, the arithmetic mean between the two central 

ones would be taken),

 The median is independent of the outlier, that is, it would be the same if that rare value is 

4.32 or if it is 24.32.
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For further analysis we may need to expand the number of experimental data, and we will 

probably come to the conclusion, in this case, that the value of 4.32 should be ignored 

when doing the calculations.

PILL 2. ORGANIC REMAINS CLEANING SOLUTION

Final comments. In this case, the risk is very striking, preparing the mixture of sulfuric 

acid and hydrogen peroxide entails clear risks, the mixture is highly exothermal, liberates a 

lot of heat, the solution heats up to a boil, releasing acid gases and if done wrong it is even 

explosive. You quickly realize that you should not start doing it without training first and 

without authorization. But exactly the same is true for other reagents that are perhaps less 

alarming and the protocols for the prevention of occupational risks mark the same 

procedure. It is necessary to train before working with them and there must be a protocol in 

the company for their use that includes the necessary elements of individual protection, 

PPE, the required facilities and the procedures for the elimination of waste.

PILL 3. HALF UNDERSTAND

Final comment. In this case, the idea that we have of viscosity in everyday life fits well 

with the scientific concept. We notice the viscosity of a fluid when we grasp it between the 

pads of the thumb and forefinger and move one over the other. The skin is sensitive enough 

to notice the difference in the force that must be done if we have water or honey or a 

cosmetic cream between our fingers. It also correlates well with the way the fluid falls from 

a teaspoon. There is a lot of difference between the three fluids that we mentioned before, 

the more viscous the less speed when falling, in fact, the cream will not even fall. In this 

example we intend to show that, despite this, to solve a technical problem it is not enough to 

have a vague idea of   the physical or chemical principles that govern the process with which 

we are working.
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D.U. 7: EXPRESS YOURSELF WELL, EFFECTIVELY, BOTH 

ORALLY AND IN WRITING.

PILL 1. DESCRIBE A PROBLEM THAT AROSE WHILE BUILDING A PART

Final comments: Indeed, you can tell them the piece must be rectangular 4 cm long 

and 3 cm wide. While the two long sides are kept parallel to each other and the distance 

between them is fairly accurate, the two short sides are not parallel, so the figure looks 

like a trapezoid with a shorter base than specified. The error is XX mm.

PILL 4. GREEN ECONOMY.

Final comment. You can opt for an uncritical explanation, simply saying clearly what 

is meant by green economy. Nevertheless, maybe in your writing you are also expressing 

your own opinion or point of view. In this case, it is important to make clear the difference 

between some comments and others: this is what I have read and this is what it seems to 

me.

PILL 5. GREEN ECONOMY AND CIRCULAR ECONOMY.

Final comment. There are many ways of expressing yourself, everyone has its own. 

In addition there is the need of adapting to a specific situation, to the people you want to 

address. See how different these two definitions of green economy are:

The United Nations Environment Program (UNEP) defines it as "one that leads to the 

improvement of human well-being and social equality, while significantly reducing 

environmental risks and ecological scarcity." [https://www.cambio16.com/la-economia-

verde-es-la-economia-del-futuro/ Access 12-29-2020]

The green economy is one that respects the environment and even works to improve it. 

For example, one that is committed to avoiding contaminating in farm fields, in fisheries 

or where you eat. [http://masterresiduos.edu.umh.es/2016/10/17/que-son-la-economia-

verde-y-la-economia-circular/ Access 12-29-2020]
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The first one is very technical, it tries to collect the term as precisely as possible, it is almost 

typical of a legal text. We could imagine that it is the result of a long discussion between 

different people looking for a definitive definition, but surely it is not easy to understand and 

needs more explanation. The second seeks to be understood, even if it is imprecise.



04

214

8.2. SCIENTIFIC AND TECHNICAL CONTENT. 

D.U.1: DIMENSIONS. MEASUREMENTS

PILL 3. SPEED.

Final comment. You might think that the same thing happens to light and if you look for 

the data you find that it is the opposite, light travels at 300,000 km/s in a vacuum and 

225,000 km/s in water. Both sound and light are waves, but of very different origin: sound 

is a pressure wave: at a point in the medium where the sound moves, the pressure 

oscillates, that is why the sound does not move in a vacuum, it needs a material medium 

as a support and its speed depends a lot on the characteristics of the medium. Instead, 

light is an electromagnetic wave. We will talk about waves in other sections of this course.

PILL 4. MASS AND WEIGHT

Final comments. All the movement of the bodies in the space is governed by the 

attraction between them: large masses that attract each other over great distances. In 

common language we confuse mass and weight, we say "I weight 60 kg" and in fact, 

before the SI, the kilogram force or the kilopond was used as the unit of force, it would be 

the force that acts on a kilogram of mass on the surface of the Earth. It seems that it would 

be more intuitive to use it, but in return, the concept is less precise, it will lead to errors in 

situations other than those of measuring a weight, we mean, in situations in which forces 

intervene that are not due to the attraction of the Earth. 
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D.U.2: EQUATIONS AND FUNCTIONS.

PILL 1. SIMPLE EQUATION.

Final comment. Here the difficulty was in getting to pose the equation, then the 

calculation is simple. It is what one can expect in most situations.

PILL 2. TWO ELECTRICAL RESISTORS IN PARALLEL

Final comment. Solve the equation step by step.

I multiply and divide the term 10 of 
the denominator by the same 
number and the fraction does not 
vary

The two fractions of the denominator 
have the same denominator, their 
sum has the common denominator 
and the numerator is the sum of the 
numerators

I multiply up and down by R1 + 5 
and the fraction does not vary

I cancel the R1 + 5 of the 
denominator

I remove the parentheses

I multiply both sides of the equation 
by the same number and the 
equation does not vary

I cancel the terms 15R1 + 50 of the 
second member

I remove the parentheses

I substract 5I + 10R1 in the two 
sides of the equation and the 
equation does not vary.
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PILL 3. GRAFIC REPRESENTATION OF STRAIGHT LINES 

Final comment. Search the internet for "equation of a line through two points." If your 

two points are (x1, y1) and (x2, y2) you will find

The fraction of the second member is the slope of the line. In our example the slope is 

negative.

What the spreadsheet has done automatically.

It is important to realize that the choices the program makes automatically do not 

necessarily have to be right. We tend to accept what the computer tells us without 

analyzing it and it is clear that it is a tremendous source of errors. It is not that the 

spreadsheet is wrong when calculating, but that the information we give it may be 

incomplete or we enter information without a good understanding of how the 

spreadsheet reads it. For example, we enter our data for x and y in columns when the 

spreadsheet, by default, considers them to be in rows.

I cancel the terms 5I in the first 
member of the equation and 10R1 in 
the second

R1 is a common factor in the left 
side of the equation

I divide the two sides of the equation 
by 15I-10 and the equation does not 
vary

That's it, for the current intensity to 
be I = 2A, the value of R1 is 2 Ω
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PILL 4. GRAPHIC RESOLUTION OF SYSTEMS OF LINEAR EQUATIONS

Final comment. The connection between the analytical expression of the functions and 

their graphical representation is a very important aid to understand what they mean and 

how they behave. Handling a spreadsheet makes it very easy to represent a function, no 

matter how complex it is.  An equation like

becomes a function when we solve for one of the two variables, in this case y,

we would say that y is a function of x, that is, y = f (x), y takes different values for different 

values of x. In this case the relationship is linear, that is, the representation of y = x + 2 is a 

straight line.

PILL 5. SECOND ORDER EQUATIONS

Final comment. The coefficients of the equation in this example have been set so that 

they come up with easy numbers, but it might not be so, for example, it could be that the 

2
term  b  - 4ac  is a negative number and then the square root of that number does not exist 

and the equation has no solution. We see it in detail in another example.

PILL 6. DRAWING PARABOLES ON A WORKSHEET. SECOND-GRADE 

EQUATION SOLUTIONS

Final comment. Spreadsheets offer endless tools to analyze different problems and 

situations with little effort, because they allow you to explore many different cases 

automatically. The effort that must be put into mastering its handling quickly pays off in day-

to-day work.
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D.U.3: Graphic representation. Functions 

PILL 1. CHARTS PREPARED WITH EXCEL

Final comments.Perhaps Excel is the most used application to organize calculations 

and prepare graphs with them that allow them to be analyzed. But, although Excel is very 

easy to use, you need to keep your attention. The type of graph that is chosen is not only a 

matter of style, they represent different things, for example, many of the graphic styles 

represent texts on the abscissa axis, in B and D it has taken the numbers in the column as 

if they were letters and he has put them at the same distance from each other regardless 

of the value of each one, for those the graph comes out distorted. In Excel, the only type 

of graph suitable for the type of representation that interests here is the one called 

Dispersion xy.

The automatisms of the spreadsheet are not always adequate to what one is after. The 

style of representation, the information it contains, the details that appear on the axes, 

the sizes of symbols and characters in the texts, are aspects that you have to judge 

yourself, in the application criteria have been introduced on how to do it that in most of the 

situations are not going to agree with what you need.

PILL 2. THE SLOPE OF A FUNCTION

Final comments. The slope of a curve at a point, when it is a curve like the red line in 

the figure, would be calculated by drawing the tangent to the curve at that point. The 

tangent to the curve is a straight line that 

passes through that point and does not touch 

the curve more than at that point, as seen in the 

following figure for the 8 minute time. The 

heating rate for that point would be the slope 

calculated in that straight line as it has been 

done with the blue line. In the figure, that slope 

decreases as time passes, each time the 

temperature is higher but each time it increases 

at a slower speed.
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PILL 3. THE FUNCTION THAT FITS A SERIES OF EXPERIMENTAL DATA

Final commnets. Below a certain strain, Hooke's Law determines the linear relationship 

between stress and strain, the elastic behavior. If a force that produces a deformation 

within this range is applied, that deformation will be fully recovered when we remove the 

force, as in a spring. The slope of that straight line is the elastic modulus or Young's 

modulus.

where s is the stress and  e is the strain. Young's Modulus (E) defines the stiffness of the 

material, the lower the modulus, the more deformable the material is.

The point at which the behavior separates from the straight line is the elastic limit, it marks 

the limit from which the material undergoes permanent deformations.

If you have passed this exercise… congratulations! It takes a great capacity for analysis 

and detective skills to discover the formula behind a graph.

There is a very interesting page where you will see more details of how the tensile test 

results are analyzed:

http://recursostic.educacion.es/fprofesional/simuladores/web/index.php?xml=f-

fabricacion&xsl=familia (accesed November 2021) 

PILL 4. OSCILLATING SIGNAL

Final comments. With this exercise, we wanted to show that there are two levels in the 

accomplishment of the task. In this case, what is required is to make a representation, to do 

it well you need to be informed about what is more or less accepted to format this kind of 

plot. Perhaps you can look for similar representations on the internet. It also has a certain 

degree of analysis regarding the representation itself.  But, if you want to draw a 

conclusion, even be convinced that you have not made a mistake when representing, it will 

be necessary to know the problem more thoroughly.  Anyway, if you want to know more 

about alternating current, look at:

https://www.areatecnologia.com/corriente-continua-alterna.htm (accessed November 

2021)

http://recursostic.educacion.es/fprofesional/simuladores/web/index.php?xml=f-fabricacion&xsl=familia
http://recursostic.educacion.es/fprofesional/simuladores/web/index.php?xml=f-fabricacion&xsl=familia
http://recursostic.educacion.es/fprofesional/simuladores/web/index.php?xml=f-fabricacion&xsl=familia
http://recursostic.educacion.es/fprofesional/simuladores/web/index.php?xml=f-fabricacion&xsl=familia
https://www.areatecnologia.com/corriente-continua-alterna.htm
https://www.areatecnologia.com/corriente-continua-alterna.htm
https://www.areatecnologia.com/corriente-continua-alterna.htm
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D.U. 4: GRAPHIC REPRESENTATION. MANUFACTURING 

DRAWINGS

Pill 1. DRAWING IN CAVALIER PROJECTION

Final comment. The figure that we have choosen in this example is quite simple, for 

example, it has no nooks and crannies. In the diedric system, the piece is perfectly 

defined without the need to use hidden lines or make sections. If you are interested in 

delving into these representation systems, on the internet you will find countless 

exercises of this type with which you can continue practising.

PILL 2. DIMENSIONAL DRAWING

Final comments. In figure 4 we show the 

dimensioned piece; of course there are different 

ways of doing it, it does not have to coincide with 

yours, but you can think if the options we put here 

are better or worse than the ones you have taken

PILL 3. ANALYZING A COMPLEX DEVICE TO DEFINE THE PARTS THAT 

COMPOSE IT.

Final comment. If you have solved the exercise you will have made use of your 

capacity for critical and scientific analysis. You will have realized that the creation of an 

explosion diagram requires, not only the drawing of the different pieces that compose it, 

but also understanding how the mechanical assembly works  and what role each of the 

pieces that compose it has in it. 

Making an explosion diagram will have required you to build the piece in your mind, that 

you have “seen” how it works and in what sequence you have to put each of the pieces to 

assemble the whole.
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Once the explosion diagram has been generated, you should have built the part in 3D in 

your mind, something similar to what your boss will do on the computer, but in a more 

intuitive and less exact way. What you need is to transform this 3D image into three views at 

most, that is, how the piece looks from the front (front), the side (the profile) and from above 

(the elevation). If the piece is completely defined with fewer views, do not hesitate, remove 

the one that is left over. To create each of the pieces you must pay close attention to the 

overall drawing, because although it seems not to be, you already have the three views of 

all the pieces.

It is not an easy exercise, but if you have managed to do it, you have managed to develop 

much-needed skills in the technology sector, but also a capacity for analysis that will help 

you in each of the decisions and job requirements that you come across.

PILL 4.  THE SIZE OF A PICTURE IN A DOCUMENT. 

Final comment. The image consists of rectangles of uniform color, tone, brightness. In 

an image that we appreciate in great detail, the eye does not distinguish the pixels. For 

example, if we print the image with greater detail than the ones we have seen before in a 

size of 20x15 cm, the width of a pixel is 

In other words, the pixel has a width of the order of 100 microns, which is the minimum that 

the human eye appreciates, that is, we really do not appreciate that the image is made up of 

little squares. On the other hand, in the image with less detail, which has 219x153 pixels, 

when printed at a size of 20 x 15 cm, each pixel has a width of: 

and of course each little square is clearly visible and the image has lost many details. In the 

figure we have used, which is an electron microscope image of a porous microsphere, the 

pores are not clear in the figure taken at 75 pp and the microstructure is completely lost in 

the one taken at 37 dpi.
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We have focused here only on the image size, but there are other important 

characteristics that determine the relationship between the memory that an image 

occupies and its quality, including the image format, the way in which the information 

contained in the image is compacted in the file, the compression mode of that 

information, there are different types of files such as jpg, png, tif, etc ...
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D . U . 5 :  E L E C T R I C I T Y  A N D  E L E C T R O N I C . 

ELECTROMAGNETISM. 

PILL 1. ELECTRICAL TESTING OF A SINGLE-PHASE TRANSFORMER

Final comments. The no-load test is intended to measure a series of transformer 

parameters (primary and secondary voltage, primary current, and primary power) under 

specific transformer operating conditions. It will make it possible to obtain information on its 

voltage relationship, as well as the power loss that will occur in the transformer core, under 

nominal operating conditions.

For the short circuit test, the specific operating conditions should also be considered when 

performing during the test. The same electrical parameters as in the previous test will also 

be measured, but in this case it will allow obtaining information on the current relationships, 

as well as the nominal losses in the transformer copper, under nominal operating 

conditions.

With the results of these measurements, some conclusions should be obtained, which 

depending on the nominal values   of the transformer, will allow obtaining information on the 

operating state of the transformer.

All electrical safety measures must be considered to avoid applying voltage values   that 

may be dangerous, both for the integrity of the transformer, and for the possible risks to 

people (risks of electrocution or electric shock). Both the electrical operating ranges of the 

voltage sources and measuring equipment must be taken into account.
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PILL 2.  TESTING OF A PHOTOVOLTAIC SOLAR MODULE.

Final comments. With the no-load and short-circuit test, the maximum values   of 

voltage (open circuit voltage) and intensity (short-circuit current) of the photovoltaic 

module must be verified, under different conditions of solar radiation. The results 

obtained in nominal conditions of solar radiation will be checked, to compare them with 

the nominal values   of the module, in nominal conditions of solar radiation and 

temperature.

In the load test of the photovoltaic module, different measurements of voltage and 

intensity supplied to the electrical load will be carried out, under different conditions of 

electrical load connected to the module. The measurements will be repeated for different 

values   of solar radiation. For each value of solar radiation, the maximum power value will 

be obtained as a function of the load, identifying the intensity and voltage values   that 

meet that maximum power (voltage and intensity values   at the point of maximum power.

The results of the measured values   must be organized and presented in an orderly 

manner, to allow their review and subsequent comparison with the nominal operating 

data. The conclusions will be reached from the different graphs made for the incident 

solar radiation.  

PILL 3. STARTING OF THREE-PHASE ASYNCHRONOUS MOTORS.

Final comments. It will be necessary to identify the different methods used to start the 

tree-phase asynchronous electric motors: start, triangle, reduce voltage, electronic 

started, frequency variator, etc. For each method, it will be necessary to develop:

º Identify the different components and devices used.

º Electric diagram to connect the motor and the elements.

º Descript the start method.

º Advantages and disadvantages of each one of the methods. 

In each start method, will be describe the electrics and mechanics parameter values 

expected (voltages, electric currents, power, torque, etc), comparing with the nominal 

characteristics or the electric motor.
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PILL 4. SQUARE WAVE OSCILLATOR ELECTRONIC CIRCUITS 

(ASTABLES).

Final comments. Like the final result, we expected that the students identify the 

different circuits used to this function: transistor, operations amplifier, integrated circuit, 

quartz crystal, etc. They must define the characteristics, and describe the procedure to 

obtain the different characteristics of the circuit components, necessary to obtain the 

required output signal (frequency, voltage, etc).

For each one of the circuits, the students should be:

º Identify the electronic circuit of each circuit. Components and connections.

º Describe the functions of each components of the circuits.

º Describe the procedure to select the characteristics each component.

º Explain the advantages and disadvantage of each electronic circuit.
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D.U.6: MACHINES AND TECHNICAL EQUIPMENT. BASIC 

CONCEPTS.

PILL 1. ELECTRICAL CONSUMPTION COST CALCULATION

Final comment. An example of such a spreadsheet is shown in the figure. 

PILL 2. UPS (UNINTERRUPTED POWER SUPPLY SYSTEM)

Final Comment. You can see an example of such a schema in the Figure
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PILL 3. ELECTRONIC and ELECTRICAL SYMBOLS

Final comment. Here you have the correct assignment

PILL 4. CONSTRUCTION AND OPERATION OF A CIRCUIT

Final comment. This kind of “vumeter” has the characteristic that the LEDs all light up at 

the same time with the “rhythm” of the music and it causes a very nice effect with a simple 

circuit.

With these components and the schema of the circuit we can build it in the protoboard as 

follows:



04

228

As we can see in the previous diagram, the series of 3 LEDs is connected at its anode to 

the positive of the 9V power supply and through its cathode to the collector of the TIP31 

transistor. The emitter of the aforesaid transistor will be connected to ground and at the 

base we will connect the audio source and its negative to ground.

In this case, no resistance has been used, since the voltage drop across the LEDs is 9V, 

as they are 3Vf LEDs (although it is always advisable to place a resistance of small 

value).

If the LEDs were 1.8Vf, for example, it would be necessary to calculate the value of a 

resistance where the rest of the voltage falls, as follows:

Resistance = (Vt - Vf x led number) / If

Where:

Vt = Total voltage of the power supply, 9V in this case.

Vf x led number = Drop voltage of all the leds in series, 1.8V x 3 leds = 5.4V (The value of 

Vf is provided by the manufacturer of the leds)

If = Maximum intensity that the LEDs admit, normally 0.020 Amps. (Manufacturer's data)

Thus: R = (9 - 5.4) / 0.020 = 180 Ω

In other words, using 1.8Vf LEDs, a 180 Ω resistor would have to be added

The operation is very simple, the transistor will work in cut and saturation according to the 

base current coming from the audio signal. When driving the TIP31, it will “connect” the 

collector with the emitter, causing the circuit of the LEDs to close, and turning them on. 
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D.U.7: ELECTROMECHANICS. BASIC CONCEPTS. 

PILL 1. METALLIC FRAME TO BUILD A FLOOR CASE.

Final comments. In the construction process of the metal part, a series of 

considerations must be taken into account:

- The type of metal profile and its section dimensions must be selected based on the 

mechanical resistance to be obtained in the final piece, as well as the possibilities of 

joining the pieces.

- The material of the pieces (iron, stainless steel, galvanized steel, aluminum, etc.), 

will be decisive for the selection of the materials to be welded and the joining 

material (welding electrode).

For the part development process, you must indicate:

- The way of carrying out the cutting of the pieces and tools used.

- Preparation, placement, and subjection of the pieces to make the union. Welding 

points and connection realization.

- Completion and termination work on the metal part.

- Equipment and security measures that will be used during the construction 

process.

PILL 2. TABLE STRUCTURE MADE OF STEEL STRUCTURAL SQUARE 

TUBE 20X20 MM SIZE

Final comments. With the design of the structure it is intended to verify that the student 

will take into account the weight and deformation of the structure, both in use and in the 

manufacturing process (heat deformation of the pieces when welding). It will also be 

verified that the student has made a good cut and requested the correct material.

For the structure development process, it should be indicated:
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- The way of carrying out the cutting of the pieces, tools used.

- Drilling of the pieces to place the wooden board on top, interval of holes, 

execution and dimensions.

- Preparation, placement, and subjection of the pieces to make the union of the 

structure. - Stippling of structure, welding intervals to avoid deformation. Final 

dimensions of the structure.

- Final review of the welds of the structure.

- Equipment and security measures that will be used during the construction 

process.

PILL 3. DIE OF STEEL SHEETS WITH ADJUSTMENTS WITH A MILLING 

MACHINE

Final comments.There are a lot of details that must be taken into account when 

thinking about the manufacture of a part. Of course, the precision in terms of the 

dimensions of the piece, the tolerances in the dimensions that allow the assembly with 

the foreseen adjustments; but also the finishes in the edges and corners, the surface 

finish. Each of the operations requires the right tool.

PILL 4. GARBAGE COLLECTOR MADE WITH 2 MM GALVANIZED SHEET.

Final comments. You have to think carefully about the dimensions of the cutout of the 

sheet so that the final piece, once folded, has the desired dimensions. The solution to the 

problem of inserting the stick into the structure is also difficult, given the material from 

which the piece is made, the solutions are limited: drilling, riveting, resistance welding.
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D.U.8: CHEMICAL ELEMENTS AND COMPOUNDS. SOLUTIONS. 

FORMULATIONS.

PILL 1. PREPARE A SOLUTION.

Final comments. Taking into account the precision and reproducibility of everything that 

is done in the company is crucial. Introducing an unknown agent into the processes can 

make the product not have the expected characteristics and also makes it impossible to 

understand why it does not have them and therefore solve the problem that appears. 

Needless to say, the analysis or production processes cannot depend on the person who 

performs them, the protocols have to be described with all the necessary details so that 

anyone, with the necessary training, can obtain the same results as who prepared the test. 

protocol.

PILL 2. SULFURIC ACID

+
Final comment. Sulfuric acid, H SO , dissociates in water releasing H  protons that 2 4

+rapidly combine with water molecules to give H O  ions and producing negative HSO - and 3 4

2SO - ions. But it does not completely dissociate, not all molecules ionize. The strength of 4

an acid has to do with its ability to dissociate. Strong acids dissociate almost completely in 

water.

PILL 5. SOLVENTS

Final comment. If you are going to work with chemical substances, it is important to 

become familiar with concepts such as molecular structure, polarity of molecules, 

solubility, acidic or basic character that have a lot to do with their handling, risk prevention, 

storage and waste management.

PILL 6. HOW TO CLEAN THE LABORATORY GLASS?

Final comment. Cleanliness is essential in chemistry, not just in sight. High purity 

substances are used, and it is necessary to ensure that the glassware in which a reagent is 

to be prepared or a reaction carried out does not contain contaminants of any kind.
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D.U.9: MATERIALS. PROPERTY CHARACTERIZATION.

PILL 1. PHASE TRANSITION: MELTING AND CRYSTALIZATION.

Final comment. We complete the figure in help 2 with the diagram of the melting 

process of water.

PILL 2. HEAT OF PHASE TRANSITION

Final comment. The result is 

PILL 3. SURFACE TENSION

Final comment. The surface tension of a solid is related to its chemical structure, the 

presence of electric charges and also to its topography. For example, the introduction of -

OH, -COOH, NH , and other polar groups facilitates interaction with water molecules and 2

makes the surface wettable. Sometimes these groups are introduced by treatment of the 

material with plasma. Plasma is an ionized gas with which the surface is bombarded, 

introducing certain chemical groups either from the plasma itself or by oxidation of the 

activated surface after treatment. When the surface has a roughness on the nanometer 

scale, it retains a layer of air between the solid surface and the water that is deposited on 

it and that layer of air repels the liquid, this nano-structure is responsible for the 

superhydrophobic behavior of the leaves of certain plants.
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PILL 4. OPTICAL PROPERTIES

Final comment. The explanation in the help of this example has been very short, the 

phenomenon is not easy to explain, but as we said, there are realy nice articles, in which 

the light scattering phenomena are explained very well. Take, for example, the explanation 

of Tyndall's box in the reference we gave in help 1.

PILL 5. STRESS – STRAIN DIAGRAM. YIELD AND FRACTURE. 

Final comment. The behaviour of materials in terms of their mechanical properties can 

be extraordinarily diverse. A ceramic can have an elastic modulus millions of times higher 

than a rubber or gel. There are materials that never exceed the elastic limit, they break 

before, they are fragile materials, they barely admit perhaps 0.5% deformation, however, 

some rubbers can elongate elastically up to 1000% before breaking and their length is fully 

recovered by eliminating the applied force and a polymer such as polypropylene deforms 

up to 800 to 1000% plastically before breaking.

PILL 6. BRITTLE AND DUCTILE MATERIALS.

Final comment. The figure shows a schema of the stress-strain diagrams of these two 

polymers.
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D.U.10: INFORMATICS

PILL 1. COMMUNICATION BETWEEN TWO PCS

FINAL COMMENT

1. Open Packet Tracer and enter two computers and one on the desktop

switch 2950‐24. Save the project as " 04‐  PT‐  PING "

2. Connect the computers to the Switch. What kind of cable should you use?

3. Click on the picture of PC0 and in then in the tab [ Config ] and the Interface

« FastEthernet0 ». Give 192.168.10.10 as the IP address and as a subnet mask

(subnet mask) on 255.255.255.0. Then close the window.

4. You can specify the IP of a computer and from another point. Click on the image of 

PC1 and to follow the tab [Desktop] and the icon [IP Configuration]. Give 192.168.10.11 

as the IP address and 255.255.255.0 as the subnet mask. Then close the window.

5. You will now use the ping command to test the connection. a. Press on PC0.

b. Select the [Desktop] tab and click on [Command Prompt]. c. Type ping 192.168.10.11  

and press Enter.

If the connection is correct you will have to display a screen (almost as) the following. If 

not, check the connections and IP addresses of the computers again. 
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7. Do the same process from PC1 to PC0. Make a note of the command you wrote to 

check.

8. Test if you can ping yourself from a computer. Write the command you gave

9. Give the command ping 127.0.0.1 and see the results it displays. Searching

(if you need) information from the internet write on which computer you pinged.

 

10. Open a window line commands or to PC0 either the PC1 and enter the command

11. Give the commands ping  and ping  What do you www.ntua.gr www.microsoft.com.

notice in relation to the times of the previous question? Where do you think this difference is 

due?

PILL 2. 

FINAL COMMENT. The implementation of sorting (ascending and descending) in all 

computer applications, whether it is programming or excel application or database 

application requires special attention because it can lead to incorrect results if the sorting of 

a table in this exercise or a column in another application is not accompanied by the 

simultaneous sorting of the other relevant tables or associated columns, so the sorting 

must always be done in parallel. The algorithm would be completed correctly as follows 

https://translate.google.com/translate?hl=el&prev=_t&sl=el&tl=en&u=http://www.ntua.gr/
https://translate.google.com/translate?hl=el&prev=_t&sl=el&tl=en&u=http://www.microsoft.com/
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For i:= 2 to 10 do 

For j:=10 to I down to- 1do 

If SUM1[J-1] < SUM1[J] THEN 

BEGIN 

TEMP:= SUM1[J-1] 

SUM[J-1]:=SUM[J] 

SUM[J]:=TEMP 

TEMP1:=NAMES[J-1] 

NAMES[J-1]:=NAMES[J] 

NAMES[J]:=TEMP1 

END 

It should also take into account the case of equality in which case the names would have 

to be sorted alphabetically 

If SUM1[J-1] = SUM1[J] THEN 

TEMP2:= NAMES[J-1] 

NAMESJ-1]:=NAMES[J] 

NAMESJ]:=TEMP2 

Finally in the sorted table we show the first 3 sellers as well as the last one 

FOR I:=1 TO 3 DO 

BEGIN 

WRITELN (NAMES[I]) 

END 

WRITELN (NAMES[10]) 

*** created by FLIGKOS DIMITRIOS TEACHER OF ICT IN EPAGGELMATIKO LUKEIO 

KATAO ACHAIAS 
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PILL 3.

FINAL COMMENT. The student must use virtual data to check the correctness of the 

program. Where he finds a mistake, he notes it and explains what is right  the errors are 

shown in red and in the comment{ } the explanation of the correct one 

THE SOLUTION 

PROGRAM ASK1; 

VAR 

I,min,mo,count : integer; 

A1 :array[1..100] of integer; 

Function average (K:integer;):integer; 

Var 

avg,I,sum:integer; 

K array [1..100] of integer; 

Begin 

For I:=1 to 100 do 

Sum:=0; {we must initialize the variable Sum} 

Sum:=sum + K[i]; 

avg:=sum/100; - {average:= sum/100; the result of the function always returns its name} 

end; 

Function minimum ( K:integer;):integer; 

Var 

I,Min:integer; 

K array [1..100] of integer; 

Begin 

Min:=K[1]; 

For I:=1 to 100 do 

IF K[i]<Min then 

Min:=K[i]; 

Minimum:=Min; 

End; 
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BEGIN {program} 

Count:=0; 

For I:=1 to 100 do 

Readln(A[I]); 

average (A); { ΜΟ:= average (A); the result of the function assigns to a variable its name 

and its parameters} 

Min :=minimum(A,100); {Min :=minimum(A); only 1 variable no the price 100} 

For I:=1 to 100 do 

begin 

IF (A[I] mod 3=0) OR (A[I] mod 5=0) then {AND both conditions must apply at the same 

time} 

Count:=count +I; {count:=count +1; when the treaty is in force it increases by 1} 

End; 

Writeln ('the average is=',MO); 

Writeln ('the minimum is=',Min); 

Writeln ('the multiple count is=',Count ); 

END.{PROGRAM} 
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D.U.11: COMPUTERS

PILL 1. CHARACTERISTICS OF PCI-EXPRESS 

Final Comment. 

PCI Express Types and Versions

The PCI Express bus can be used in slots that have different sizes as they are intended for 

different types of expansion cards with different requirements. As we have told you before, 

the difference is in the number of data lanes they have, and each type has its own size and 

number of pins:

You should note that a card that is x1 can be used in a x16 connector, although using only 

the slots that correspond to it. However, it cannot be done the other way around, as the card 

you connect will  require the use of all the lanes  in order to function properly.

And finally, in addition to the types of PCI Express, you should also know that there are 

different versions that have appeared as this technology has evolved. Below you have the 

list with all the versions that have been appearing and their main characteristics.



04

240

PILL 2. MOTHERBOARD CONNECTOR IDENTIFICATION

Final comment. 
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PILL 3. REAR PANEL CONNECTOR IDENTIFICATION

Final Comment. 

PILL 4. POWER SUPPLY PC

Final comment
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D.U.12: PREVENTION OF LABOR AND ENVIRONMENTAL 

RISKS. 

PILL 1. IF YOU DISCOVER A FIRE

Final comment. The existence of action protocols in case of emergency, that is, 

instructions on what to do, do not avoid having to think about it. In such a situation there is 

not much time to think. You could ask yourself what means for you to assess whether you 

can act against fire without putting yourself in danger or why they ask you to go to a 

meeting point when leaving the building or they ask you to close the door when leaving. 

Do you know the meeting point in case of evacuation from your vocational training center 

or from your company?

PILL 2. MEDICAL EMERGENCY

Final comment. The answer, in this case, would not only be to have data such as 

emergency numbers. In addition, you might think about finding training on what 

situations you can act in and how to do it. With respect to first aid probably  anything  you 

can read would not be sufficient and training given by a specialist is required.

PILL 3. REAGENT SPILL

Final comment. It is important to think about the protocols for action in the event of an 

accident of this type, it is not enough to have a protocol, at the time of having to respond it 

is necessary to have understood why the different steps of the protocol have been 

established, many times what to do is not intuitive or even the opposite of what intuition 

says.

PILL 4. SAFETY DATA SHEETS OF CHEMICAL REAGENTS 

Final comment. The safety sheets of all the products handled by a company must be 

collected and available to the workers. The company will have its procedures to keep this 

file updated and to train workers before using each product.



243

D.U.13. AGRICULTURE AND ENVIRONMENT

PILL 1. MEASURE SOIL pH.

Final comments. 

Measuring soil pH in agriculture is critical to deciding on the crops and the inputs. It is 

significant to develop an agricultural view rather than a chemical one. What is important in 

agriculture is not to measure the precise pH value but to measure the ph zone. The soil 

solution is not a chemical one to demand an accurate measurement. The simple method 

can give a rough pH value and the more technical method described above will lead to a pH 

value measurement very close to the real one. It is important to have enough materials to 

repeat the measurement for a soil sample. The pH value will be the average measurement 

that will be got from the repeats.

PILL 2. FERTIGATION 

Final comments 

It is important to choose the right type of fertilizer and make accurate calculations of the 

quantity that will be applied to the plants. Higher quantities can cause toxic symptoms on 

the plants and increase the cost of consumables. Lower quantity can lead to the delay of 

the plants' development and lower the quality of the production. 

It is important to set up a monitoring procedure to control that the total quantity of the 

fertilizer has been removed from the tank and has been delivered to the pots. The value of 

the Electrical Conductivity of the solution after 20 minutes from the beginning of the 

application should be alike or very close to the Electrical Conductivity of the water supply. 

This can be a signal that the goal has been achieved. The system must be kept in function 

for some minutes to clean the drip lines from minerals. 
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PILL 3. PROPAGATE PHOTINIA PLANTS BY CUTTINGS WITH POWDER 

HORMONE.

Final comments

It is important to understand that propagation by cuttings is a very detailed procedure that 

lasts a long period. If something goes wrong even the last minute the project may collapse 

and the rooting results will be poor. So, it is critical to prepare it in details and take measures 

to monitor the procedure for the total period to get high rooting. Suitable cuttings must be 

taken and placed in the proper substrate following the directions to protect them from 

rotting. Notes should be kept in all phases of the procedure and all the critical 

environmental factors should be controlled and recorded. 

For further protection fungicides can be applied to avoid cuttings' infection. In case of any 

disease it is difficult for the cuttings to survive as the environmental conditions can boost 

the disease development. It is important to keep records to form a protocol that can be 

repeatable with high rooting results.

PILL 4. FERTILIZATION

Final comments

It is important to calculate accurately the quantity of the fertilizer that must be added to the 

fertilizer tank to supply the nutrients in demand. It is critical to make the proper calculations 

to measure the quantity of the fertilizer that must be used. Differences in the quantity of the 

fertilizer can cause problems to the plant's development and lower the quality of the 

production. The basic steps for the calculations are two. In the first step, it is important to 

define the percent concentration of the nutrient in the fertilizer and avoid any 

misunderstanding being confused with the quantity of the nutrient it is contained in the 

packing unit (25 kgr sack). Most people make the mistake to think that the code number of 

the fertilizer refers to the concentration of the packing unit instead of the percent 

concentration. In the second step, the total quantity of the fertilizer must be calculated 

taking into consideration the total surface of the field as the fertilization recipes are given in 

kgr per surface units (acres, hectares square meters etc.).
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8.3. SPECIFIC CONTENTS. PROPOSALS FROM THE 

CENTERS THAT WILL RECEIVE VET STUDENTS

D.U.1. IKASIA TECHNOLOGIES PROPOSALS

PILL 1. THE POLYMERS FROM WHICH THE FILAMENTS FOR 3D 

PRINTING ARE MADE

Final comment.  There are an infinity of polymers, chemical synthesis is capable of 

making really complex chemical structures to make the polymer have special properties. 

A few of them are used in 3D printing. Each printing filament has particular properties, 

some contract more and the printed parts are curved to cool the lower layers during 

printing, the adhesion between the layers is better or worse, the mechanical resistance is 

also very different from each other, there are Since they are other extremely rigid 

rubbers, the maximum temperature of use can also be very variable. All these properties 

depend on the chemical structure and the spatial conformation of the chains. The other 

essential aspect for printing is the flowability of the polymer and the temperature at which 

it does so, also dependent on its structure.

PILL 2. THERMOPLASTICS. SOLVENTS

Final comment. We insist on several examples of the need to bear in mind the issues 

related to the prevention of occupational hazards and the treatment of waste. The design 

of each operation to be carried out in the company must be complete, including from the 

acquisition of the necessary materials or reagents and components to the final treatment 

of the product, its conservation, the treatment of waste and the preparation of all the 

documentation related to the process to follow quality control procedures.
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PILL 3. THERMOSTABLE POLYMERS

Final comment. In this type of materials there is a very wide offer because they are 

used in a large number of applications, it is necessary to look closely at the details of the 

products to see that they will be suitable for the specific application.

PILL 5. THE PIECES PRINTED ON THE FILAMENT 3D PRINTER BOW 

WHEN THEY PASS A CERTAIN SIZE.

Final comments: This is one of the fundamental problems of 3D printers by extrusion 

of filament and advances in printing materials largely seek to solve it by adding additives 

in the composition of polymers

PILL 6. COMPOSITES

Final comment. Changing 3D printing material involves adjusting the printing 

conditions, you have to know well how it behaves. You will probably not get good results 

simply by using the same conditions you are used to. This problem is general in industrial 

production, a change of raw material can lead to important changes in the manufactured 

products if the production processes is not adjusted again.
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D.U.2.  UNIVERSIDADE DO MINHO PROPOSALS

 PILL 1. HOW DOES AN ELECTRIC BATTERY WORK? 

Final comment. Internally, a battery keeps electrons and positive ions separated. The 

only way to make them recombine is through an external electric circuit where electrons 

can go through. 

An excess of electrons (negatively charged particles) collected in the anode tend to 

separate from one another. The metal plate that holds them is in contact with a non-

conductive material inside the battery, so the only way to escape is through an external 

electric circuit. 

When a battery is working (delivering energy to an electric circuit) non reversible 

electrochemical reactions occur inside to provide more electrons to the anode and positive 

ions to the cathode, thus allowing the stored chemical energy to be released as electric 

energy. 

Once the reagents are no more available the battery is dead (this is a primary or non-

rechargeable battery). 

In our daily life many devices use this type of battery like flashlights (large batteries for long 

uses) and remote controls (small batteries for short multiple uses). 

But there are batteries in which the chemical reactions are reversible and thus can be 

connected to an external reverse voltage to restore its energy. These are called secondary 

batteries and have been long widely used, for instance, in automobiles to provide the 

electric power necessary to start the engine. As the engine is working it activates the 

alternator from which a rectifier module drives a reverse current to the battery, recharging it. 

Other common examples of secondary batteries used on a daily basis are mobile phones, 

laptops and many other small devices, for which the intensive use of electric energy 

demands their power sources to be recharged regularly.
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PILL 2. LEAD-ACID VS LI-ION RECHARGEABLE BATTERIES 

Final comment. In general, batteries are either optimized to have high power density 

(like traditional lead-acid) or high energy density (e.g., newer Li-ion). 

The long known lead-acid battery technology (dating from the 19th century) is cheap, 

simple, reliable and is mostly suited to give bursts of energy (which means power) in 

sparse situations, like starting an engine and to ignite the spark in gasoline engines. 

To turn a lead-acid (power service) battery into a deep cycle (long running) battery it 

would imply to increase both the plates separation (to make space for the lead sulfate 

formation) and their thickness (to increase energy density), and then make the case 

deeper, so the lead sulfate has room to be deposited in the bottom. 

This would make the battery even larger and heavier. 

Some prototypes of electric vehicles from the second half of the 20th century were 

equipped with vast amount of heavy batteries but their autonomy was very short, due to 

the fast run out of energy combined with the gigantic weight, thus making them to take 

more time to be recharged than to be on duty. 

The search for lightweight rechargeable batteries has only recently reached the Li-ion 

technology, which in principle presents the most favorable energy density, as lithium is 

the lightest atom after hydrogen and helium, and can easily be ionized to the Li+ form. 

However, the high reactivity of lithium brings stability and safety issues into the Li-ion 

engineering discussion.
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PILL 3 – PRIMARY VS SECONDARY BATTERIES

Final comment. Primary batteries are small, portable and have long been in use for 

some applications like flash-lights, radio receivers and transmitters, watches and many 

other devices. Since the 70s, primary batteries were good enough to be used in the newly 

portable light electronic equipment for personal use (audio recorders, calculators, and 

others) that were a commercial success.

Secondary batteries have been in wide use since the XIX century (in automobiles, for 

example), but until recently, these batteries were large and heavy, and did not last long 

before recharge.

Since the 80s, the introduction in the market of mobile phones and laptops, which demand 

continuous and large amounts of energy, fostered the development of secondary battery 

technologies, increasing the density of energy storage (energy per kilogram) and providing 

long lasting cycles before recharge. The Li-ion battery (first commercialized in 1991 by 

Sony) was a turning point in the global market of battery technology.

Primary batteries are simple to fabricate, easy to use and can be fully recycled after being 

used. Secondary batteries pose some problems related to safety of use (thermal runaway, 

followed by fire and explosion) and environmental impact (from extraction of raw materials 

to the treatment of the residues after use). They have a limited amount of cycles before they 

must be disposed off (although it can be of the order of thousands of cycles) and they are 

more expensive than primary batteries. From all those issues combined with the shelf 

effect we can foresee that both types of batteries will continue to be available on the market 

for the next few decades.
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PILL 4 – INCANDESCENCE LIGHT BULBS ARE TO BE BANNED SOON

Final comment. The incandescence process is highly inefficient, because most of the 

energy is released as heat and only a small fraction is converted into visible light, less 

than 5%. A fluorescent lamp has an overall efficiency of 4 to 6 times higher than that of a 

light bulb and the most recent LED technology can achieve more than 90% of efficiency.

As to the mean life, incandescence lamps can last between 1000 to 2000 hours, 

fluorescence tubes can last to between 8000 to 10000 hours and LED lifespan can be up 

to 25000 hours.

A final remark on the quality of the light provided by each kind of lamp. The light from a 

fluorescent lamp is “too white”, as it is a combination of very thin emission bands (called 

emission lines) of the phosphorous-based material deposited on the inner surface of the 

glass tube. It is not a comfortable light, making it difficult to create a cozy environment. 

LED lamps can be tuned to create different levels of white, but they are also a 

combination of emission lines of semiconductor materials.

The incandescence light bulb is the artificial form of illumination that emulates better our 

natural source of light, the sun. The surface of the sun is at a temperature of 

approximately 5700 0C, which originates a broad band of electromagnetic radiation and 

most of its emission is in the visible region of the electromagnetic spectrum.
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PILL 5 – CONDUCTORS, INSULATORS AND OTHERS

Final comment

The atoms that constitute metals and metallic alloys establish very strong bonds among 

them and still provide a few electrons that are free to move around, not being connected or 

bonded to any particular atom inside the material. These electrons can easily be displaced 

by an applied voltage, making these materials very good electric conductors. 

Plastics, rubber, glass and many other common materials do not possess free electrons, 

so they are insulators. But there are at least two other classes of materials concerning the 

conduction of electric currents.

Semicondutors

A semiconductor is a silicon (Si) or germanium (Ge) crystal made with small amounts of 

selected foreign atoms. Each foreign atom, called dopant, may be pentavalent (such as 

antimony, phosphorous or arsenic), providing an extra free electron to the material, or 

trivalent (like boron, gallium or indium), opening a space to accept an electron. In both 

cases, donor and acceptor semiconductors, the electrical conductivity is highly increased 

compared to the pure Si or Ge crystal, but still very low compared to common conductors.

The fabrication of semiconductors has allowed to make small electronic components and 

parts of electric circuits, in which very low and fine-tuned electric currents are used to 

control other devices, as if gates are opened or closed to the flow of more powerful electric 

currents.

Superconductors

An electric current induced in an ordinary metal ring (or coil) at room temperature decays 

rapidly due to its resistance, making it dissipate energy by the Joule effect. In 1911, the 

Dutch scientist Heike Kamerlingh Onnes (Nobel Prize in Physics in 1913), was the first to 

observe that some metals exhibit zero resistivity at extremely low temperatures (below -

250 0C). This was demonstrated by sustaining electric currents in superconducting 

metallic rings without any measureable decay, pointing to a current lifetime beyond 

100.000 years.

Only after 1986 higher critical temperature superconductors made of ceramic compounds 

were invented and some applications have resulted from that.

http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/hitc.html#c1



04

252

Recently discovered materials exhibit superconductivity at room temperature and higher 

(http://www.superconductors.org/Type2.htm), but these are only laboratorial 

experiments under very special conditions with no further developments to be applied on 

any new technology yet.

Associated to the evanescence of its resistivity a superconductor also exhibits the 

Meissner effect, which is the expulsion of external magnetic fields that normally 

penetrate all bodies. This can be applied to make an ordinary magnet levitate over a 

superconductor and that is the mechanism used by the Maglev, a fast train that slides 

between magnetic rails without friction. 

For further information, follow these links:

http://www.superconductors.org/Uses.htm

https://www.youtube.com/watch?v=XjwF-STGtfE
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D.U. 3. SOMÁTICA, MATERIALS & SOLUTIONS PROPOSALS

PILL 1. TECHNOLOGIES USED IN INDUSTRIAL KEYBOARDS/KEYPADS.

FINAL COMMENT: The five most common technologies used in industrial keypads are: 

membrane (with or without metal domes), short or long travel keys (mechanical switch), 

capacitive, piezoelectric and strain gauge keypads.

There are other technologies implemented on keypads, such as hall-effect or optical 

technology, but they are not commonly used due to price or reliability.

PILL 2. OVERCOMING EXTREME ENVIRONMENTS USING THE RIGHT 

TECHNOLOGY AND ARCHITECTURE.

FINAL COMMENT: A vandal proof keyboard must be robust and durable, and stainless 

steel is the preferable material to use. To have a keyboard with IP68 rate, i.e., fully resistant 

to dust and liquids, the keyboard should not have any entrances between the keys. 

Piezoelectric or strain gauge technologies can be used to measure the pressure applied in 

each key, since they can detect very small displacements on the surface of the keyboard.

PILL 3. MOUNTING SOLUTIONS

FINAL COMMENT: There are three types of mounting solutions when using an input 

device: front panel, rear panel and desktop. Each mounting type have a specific purpose 

that must be taken in consideration when acquiring an input device.
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PILL 4. DIFFERENT MATERIALS FOR DIFFERENT APPLICATIONS

FINAL COMMENT:

The main materials used to produce keyboards and keypads are:

1. Plastic: all industries

2. Stainless steel: heavy industry, outdoor applications

3. Silicone: healthcare, food and beverage industries

4. Glass: Healthcare industry

PILL 5. POINTING DEVICES

FINAL COMMENT: There are several pointing devices in the market, which the most 

common, beside the computer mouse, are: touchpad or trackpad, trackball, pointing 

stick or trackpoint, joystick, among others. They are designed for a specific use, and 

there are pros and cons in each of them.
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D.U. 4.  UNIVERSITAT POLITÈCNICA DE VALÈNCIA 

PROPOSALS

PILL 1. WASHING THE CELLS. SALINE SOLUTIONS FOR CELL CULTURES.

FINAL COMMENT. The presence in PBS of certain positively charged ions can cause 

trypsin malfunction, which is why it is important to use a certain type of PBS in washings. 

PBS is a liquid, and therefore, for its sterilization a suitable method for liquids is used, such 

as humid heat or filtering.

PILL 2. PHMETERS ALWAYS READY. PH MEASURING INSTRUMENTS AND 

THEIR BASIC MAINTENANCE

FINAL COMMENT. Once all the solutions used to maintain the equipment and its 

calibration have been prepared, we can measure and adjust the pH of our sample of 

interest. For this, we will need solutions that allow us to raise (alkalize) or lower (acidify) the 

pH of the solution of interest.

PILL 3. FEEDING THE CELLS. CELL CULTURE MEDIA PREPARATION

FINAL COMMENT. The presence of antibiotics, usually penicillin and streptomycin, is 

essential to avoid bacterial contamination. These are usually kept in very low 

concentrations, 1% v / v, to avoid damaging the cells. In addition, it is necessary to add 

foetal serum that contains proteins and growth factors that help our cells to grow and 

multiply.

PILL 4. MICROPIPETTE CALIBRATION. EXACT VOLUMES FOR 

SUCCESSFUL EXPERIMENTS 

FINAL COMMENTS. Convert the weight unit of measured value into the volume unit of 

measured value using the following formula: 

Volume (ml or ml) = Weight (mg or mg) x Z 

Z value: conversion factor, which is conversion of density depending on the temperature 

and pressure. A list of conversion factors can be found online. 
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