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Objective of the subject:

In the first step, introduce to the student the various fields covered by the
domain of Science and Technology, in the second, provide an overview of the
careers that these fields lead to work. In the same context, this subject also
introduces the new challenges of sustainable development and the emerging

careers that can result.

Content of the subject:

1- Engineering Sciences, what is it? (2 weeks)
The profession of an engineer, historical background and challenges of the 21st
century, searching for a job/recruitment advertisement using keywords,
creating a simple job description (job title, company, main activities, required
skills. Knowledge...).

2- Fields of Electronics, Telecommunications, Biomedical Engineering,
Electrical Engineering, Electromechanical Engineering, Optics & Precision
Mechanics: (2 weeks)
- Definitions, application domains (Home automation, embedded applications
for automobiles, Video surveillance, Mobile telephony, Fiber optics, Advanced
scientific instrumentation, Imaging and Medical instrumentation, Giant mirrors,
Contact lenses, Transportation and Distribution of electrical energy, Electricity
production plants, Energy efficiency, Industrial equipment maintenance,
Elevators, Wind turbines...)

- The role of specialists in these domains.



3- Fields of Automatism and Industrial Engineering: (1 week)
-Definitions, application domains (Automated industrial production lines,
computer Numerical Control machine tools, Robotics, Inventory management,
Goods traffic management, Quality control)

-The role of specialists in these domains.

4- Fields of Process Engineering, Hydrocarbons, and Petrochemical
Industries: (2 weeks)

- Definitions, Pharmaceutical industry, Agro-food industry, Leather and textile
Industry, Biotechnology, Chemical and petrochemical industry, Plastics
industry, Energy sector (oil, gas)...

- The role of specialists in these domains.

5- Sustainable Development (SD): (4 weeks)
- Definitions, Global Issues (climate change, demographic transitions, depletion
of resources (oil, gas, charbon ...), biodiversity loss ...), SD diagram (Sustainable
= Viable + Livable + Equitable), SD actors (governments, citizens, socio-
economic sector, international organizations...), Global nature of SD

challenges.

6- Sustainable Engineering: (4 weeks)
-Definition, Principles of sustainable engineering (definitions of: sustainable
energy/energy efficiency, sustainable mobility/ecomobility, resource
valorization (water, metals and minerals ...), sustainable production), Relevance
of sustainable engineering in ST fields, Relationship between sustainability and

engineering, Engineers' responsibility in achieving sustainable projects ...
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I- Introduction about Professions in Science and Technology
Science and technology have profoundly shaped the modern world, driving innovation,
progress and our understanding of the universe.

Professions in these fields play a pivotal role in advancing human knowledge and addressing
some of society's most pressing challenges. Whether you're fascinated by the mysteries of the
cosmos, the intricacies of the human body, or the intricacies of cutting-edge technology, there's
a wide array of careers waiting to be explored.

Professions in science and technology encompass a broad spectrum of disciplines, from
biology and chemistry to engineering, computer science, and beyond. These professionals are
at the forefront of scientific discovery and technological breakthroughs, pushing the
boundaries of what is possible and making the seemingly impossible a reality.

In this dynamic and ever-evolving field, experts tackle diverse tasks, from designing
sustainable energy solutions and developing life-saving medical treatments to creating
innovative software and pushing the boundaries of artificial intelligence. They work in
laboratories, research institutions, corporations, and even in space, contributing to our
understanding of the world and our place in it.

This series of courses and exploration into professions in science and technology will provide
you with insights into various domains, their definitions, and the vital role specialists play
within them. As we delve deeper into these fields, you'll gain a greater appreciation for the
impact of science and technology on our lives and the exciting career opportunities that await
those who choose to embark on this journey of discovery and innovation. So, let us dive into
the fascinating world of professions in science and technology and explore the possibilities

that await you in these dynamic and rewarding careers.



I-1 Definition of profession

A profession is the practice of an activity by an individual in a professional field with the aim
of receiving compensation. By extension, the term “profession” refers to the level of expertise
acquired by a person or organization through sustained practice of this activity over a sufficient
duration (including acquired experience and skills, and potentially the improvement of practices
if the profession allows it).

One can pursue a profession either independently (as a freelancer, in a liberal profession, or as
an artist), as an entrepreneur (as a business owner, merchant, or farmer), or as an employee. In
the case of employment, it can be either in the private sector or in the public sector.

I-2 Definition of Science

Science is a research company aimed at acquiring knowledge. It seeks to describe, explain, and
predict phenomena by identifying the cause-and-effect relationships that connect them.

I-3 Definition of Technology

The compound word "technology" of Greek origin, is formed by "tekne" (meaning, "art,
technique, or skill") and "logos™ (meaning "body of knowledge"). It is used to refer to the
knowledge that enables the creation of objects and the modification of the environment to
Satisfy human needs.

In summary, science and technology have become interdependent, often developing hand in
hand. As a result, the term "technoscience" has emerged to describe this partnership.

It is thanks to science and technology that numerous projects have come to fruition. In the field
of medicine, for example, science and technology have enabled professionals to develop
powerful vaccines, advanced medical equipment, medications for various serious diseases, and
remedies for infertility (such as in vitro fertilization or surrogacy). In the digital world,
knowledge of essential elements has helped researchers implement new ideas to simplify our

lives, such as secure online payments and online advertising. New technology will, therefore,



improve our quality of life and make our daily routines more convenient.

II-  Introduction about Engineering Sciences
Engineering Sciences is a multifaceted and dynamic field that plays a pivotal role in shaping
our modern world. It encompasses a vast range of disciplines and knowledge areas, each
dedicated to solving complex problems and pushing the boundaries of innovation. Engineers,
who are at the heart of this field, harness their expertise to design, create, and improve
technologies, systems, and structures that affect every aspect of our lives.
Engineering Sciences is not limited to any single domain; it spans across various sectors,
including civil engineering, mechanical engineering, electrical engineering, computer science,
and more. This diversity allows engineers to contribute to diverse industries, such as
aerospace, healthcare, energy, transportation, and information technology.
At its core, Engineering Sciences is about applying scientific principles to practical
challenges. Engineers seek to develop solutions that are not only functional but also safe,
sustainable, and efficient. They tackle problems related to infrastructure, environmental
protection, energy generation, communication, and countless other critical areas.
In this exploration of Engineering Sciences, we will delve into the foundational principles,
methodologies, and applications that make this field so exciting and essential to the progress
of society. From understanding the laws of physics that govern structural stability to creating
cutting-edge technologies that drive our digital world, Engineering Sciences offers a
captivating journey into the world of problem-solving, innovation, and the relentless pursuit
of progress.
11-1 Definition of an Engineer
An engineer can be defined as a competent and professional individual whose vocation is to
address technical issues by utilizing their scientific, economic, and human knowledge and

skills.



11-2 Engineer's Profession A Multifaceted Career**

The profession of an engineer involves solving practical technological problems related to the
design, development, and implementation of products, systems, or services. Engineers work
across various sectors, including industry, construction, public works, agriculture,
transportation, finance, environment, and energy.

Engineers are not limited to technical tasks alone. Today, they are entrusted with
Responsibilities such as organization, management, marketing, team leadership, and personnel
management. They often work in an international context, which is why engineers need to
possess not only a strong scientific and technical background but also skills in management and
Communication.

Throughout their careers, an engineer's roles and responsibilities can evolve. They may become
project managers, directors of production units, training managers, human resources or
communication directors, financial directors, or even CEOs. Engineers can occupy positions
that combine responsibility and technical expertise, showcasing the versatility and adaptability

of their profession.



I11- ST Professions available at the University of Tissemsilt
111-1 Civil engineering

111-1-1 Definition of civil engineering

Civil engineering is a branch of engineering that deals with the design, construction,
maintenance, and improvement of infrastructure and the built environment. It encompasses a
wide range of projects and activities, including the planning and development of buildings,
bridges, roads, dams, airports, water supply and distribution systems, sewage , waste disposal
systems, and more.

Civil engineers are responsible for ensuring that these structures and systems are safe, efficient,
and environmentally sustainable. They work to optimize the use of resources, minimize
environmental impact, and ensure that infrastructure meets the needs of society. Civil
engineering also involves considerations of factors such as materials science, geotechnical
engineering, structural engineering, transportation engineering, and hydraulic engineering to
address the various challenges involved in constructing and maintaining infrastructure.

Civil engineering represents all the techniques of civil construction. In French-speaking
countries, civil engineering is an expression that refers to the art of construction in general. It
is practiced either by civil engineers, meaning graduate engineers who do not belong to a
government body, or by government engineers, meaning graduate engineers who have passed

entrance exams into the civil service.
111-1-2 Civil engineers roles
Civil engineers play a crucial role in the planning, design, construction, maintenance, and
management of various infrastructure and construction projects. Their responsibilities
encompass a wide range of tasks and can vary depending on the specific project and their area
of expertise. Here are some of the key roles and responsibilities of civil engineers:

1. Project Planning:
Civil engineers are involved in the initial planning stages of a project. They assess the

feasibility of a project, consider environmental and regulatory factors, and develop project



timelines and budgets.

2. Design:
Civil engineers create detailed designs and blueprints for infrastructure projects. They ensure
that these designs meet safety standards, are cost-effective, and are environmentally
sustainable. This may involve using computer-aided design (CAD) software and other tools.

3. Construction Supervision:
Civil engineers oversee the construction process, ensuring that the project is built according to
the approved plans and specifications. They manage construction crews, monitor progress,
and address any issues or challenges that arise.

4. Quality Control:
They are responsible for quality control and quality assurance, ensuring that materials and
construction methods meet industry standards and project requirements.

5. Structural Analysis:
Structural engineers, a subset of civil engineers, focus on the design and analysis of structures
such as buildings, bridges, and dams. They ensure that these structures can withstand various
loads and environmental conditions.

6. Geotechnical Engineering:
Geotechnical engineers study soil and rock properties to assess their suitability for
construction and to design foundations that can support structures safely.

7. Transportation Engineering:
Civil engineers specializing in transportation focus on the planning and design of
transportation systems, including roads, highways, airports, and public transit systems.

8. Hydraulic Engineering:
Hydraulic engineers deal with the management of water resources, including the design of
water supply and distribution systems, flood control measures, and wastewater treatment
facilities.

9. Environmental Considerations:
Civil engineers often consider environmental factors in their designs, striving to minimize the

impact of projects on ecosystems and natural resources.
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10. Project Management:
Many civil engineers take on project management roles, overseeing budgets, schedules, and
teams to ensure that projects are completed successfully and within constraints.

11. Safety and Regulation Compliance:
Civil engineers must adhere to safety regulations and codes throughout the project's lifecycle
to protect the public and the environment.

12. Maintenance and Rehabilitation:
After construction, civil engineers may be responsible for the maintenance and rehabilitation
of infrastructure to ensure its continued functionality and safety.

13. Research and Development:
Some civil engineers engage in research and development to advance construction materials,
techniques, and technologies.
Civil engineers are essential professionals, who contribute to the planning, design,
construction, and management of infrastructure projects that shape our cities and
communities. Their work spans a wide range of disciplines and has a significant impact on the
quality of life for people around the world.
111-1-3 Civil engineering domains
Civil engineering encompasses various domains or sub-disciplines, each focusing on specific
aspects of infrastructure and construction. These domains include:

1. Structural Engineering:
Structural engineers design and analyze the structural components of buildings, bridges,
dams, and other infrastructure to ensure their strength, stability, and safety.

2. Geotechnical Engineering:
Geotechnical engineers study soil and rock properties to assess their suitability for
construction. They design foundations, slopes, and retaining walls to support structures and
mitigate risks such as landslides and soil liquefaction.

3. Transportation Engineering:
Transportation engineers plan, design, and manage transportation systems, including roads,

highways, railways, airports, and public transit systems. They focus on optimizing traffic
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flow, safety, and efficiency.

4. Environmental Engineering:
Environmental engineers work on projects related to environmental protection and
sustainability. They design and implement solutions for water and wastewater treatment,
pollution control, and waste management.

5. Water Resources Engineering:
Water resources engineers manage water-related projects, such as the design of water supply
and distribution systems, flood control measures, and the sustainable management of rivers
and lakes.

6. Construction Management:
Construction managers oversee the construction process, ensuring that projects are completed
on time and within budget. They manage resources, schedules, and teams.

7. Hydraulic Engineering:
Hydraulic engineers deal with fluid flow and the management of water resources. They design
systems for water supply, irrigation, and drainage, as well as hydraulic structures like dams
and levees.

8. Coastal Engineering:
Coastal engineers focus on the design of structures and systems to protect coastal areas from
erosion, storm surges, and sea-level rise. They also work on beach nourishment and coastal
restoration projects.

9. Materials Engineering:
Materials engineers research and develop construction materials such as concrete, asphalt,
steel, and composites. They aim to improve material performance, durability, and
sustainability.

10. Urban and Regional Planning:
Civil engineers with expertise in urban and regional planning help shape the development and
growth of cities and regions. They focus on land use, zoning, infrastructure planning, and
sustainability.

11. Bridge Engineering:

12



Bridge engineers specialize in the design, analysis, and maintenance of bridges and viaducts,
ensuring their safety and functionality.

12. Land Development:
Land development engineers work on residential, commercial, and industrial development
projects. They plan and design subdivisions, site layouts, and utilities.

13. Surveying and Geometrics:
Surveyors and geometrics engineers use surveying techniques to gather data and create maps,
ensuring accurate land measurements and property boundaries.

14. Forensic Engineering:
Forensic engineers investigate failures, accidents, and structural damage to determine the
causes and responsibilities. They provide expert analysis in legal cases.

15. Risk and Resilience Engineering:
Engineers in this domain assess and mitigate risks associated with natural disasters, climate
change, and other threats to infrastructure resilience.

16. Water and Wastewater Engineering:
These engineers focus specifically on designing and maintaining water treatment and
distribution systems as well as wastewater collection and treatment systems.

17. Energy and Sustainability Engineering:
Engineers in this specialty work on projects related to sustainable and energy-efficient
infrastructure, including renewable energy systems and green building practices.

18. Renewable Energy Infrastructure:
With the growing demand for renewable energy sources, civil engineers play a role in
designing and constructing solar farms, wind farms, and hydropower facilities.

19. Consulting and Design Firms:
Many civil engineers work for consulting and design firms, where they provide engineering
services to clients in various sectors, including government agencies, private developers, and
nonprofits.

20. Government Agencies:

Civil engineers can work for federal, state, or local government agencies responsible for

13



infrastructure development, maintenance, and regulation.

21. Research and Academia:
Some civil engineers choose to pursue research and teaching positions at universities or
research institutions, where they contribute to advancements in the field.

22. International Development:
Civil engineers can work on projects in developing countries, focusing on improving
infrastructure and addressing critical issues like clean water supply, sanitation, and disaster
resilience.

23. Project Management:
Project managers oversee multiple aspects of engineering projects, including budgeting,
scheduling, risk management, and quality control.
These domains represent the diverse and multidisciplinary nature of civil engineering,
civil engineers can choose to specialize in one or more of these areas, and their expertise is
often driven by their personal interests, educational background, and career objectives.
Specialization allows them to become experts in their chosen field and contribute to
solving specific challenges within the broader field of civil engineering.
111-1-4 Civil engineers specialties
The faculty offers a series of Master’s programs, admission to which is selective based on the
evaluation of applications by the Master's committee and criteria standardized by the

university’s board of directors. Within our university, there is:

Civil engineering

Structures
Master

Materials

While the student may have other specializations in other Algerian universities.
111-1-5 Civil engineering career opportunities

Civil engineering graduates are hiring in various professional environments within the
construction sector:

« Major construction companies in the building and public works (BTP) industry.

14
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« Civil engineering consulting firms.

« Inspection agencies.

« Real estate developers, industrial companies, individuals, local authorities

e Architectural and economic consulting firms.

111-1-6 Classification of building materials
Building materials can be classified into several categories based on their properties,

composition, and intended use. Here is a common classification of building materials:

e Metals
e Polymers
e Ceramics

However, in construction, we talk about construction materials, Here are some common

categories of construction materials and examples within each category:

1. Structural Materials:

e Concrete, Steel, Timber, Masonry (Bricks, Blocks).

2. Fondation Materials :

« Concrete Footings, Concrete Piers, Gravel, Reinforcing Steel (Rebar).

3. Wall Materials :
o Bricks, Concrete Blocks, Wood Studs, Metal Studs, Drywall.

4. Roofing Materials :

15
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« Asphalt Shingles, Metal Roofing, Clay or Concrete Tiles, Roof Underlayment
Roof Trusses.
5. Flooring Materials :
e Hardwood, Laminate, Tile (Ceramic, Porcelain), Carpet, Vinyl.
6. Insulation Materials :
« Fiberglass Insulation, Foam Board Insulation, Spray Foam Insulation
Mineral Wool Insulation
7. Windows and Doors :
¢ Vinyl Windows, Wood Windows, Aluminum Windows, Fiberglass Doors
Steel Doors
8. Finishing Materials :
o Paints and Coatings, Trim and Moldings, Wallpapers, Ceiling Tiles
9. Electrical Materials :
o Wiring (Copper or Aluminum), Electrical Boxes, Circuit Breakers, Outlets and
Switches
10. Plumbing Materials :
e PVC Pipes, Copper Pipes, Plumbing Fixtures (Sinks, Toilets, Faucets), Water
Heaters, Drainage Systems.
11. HVAC (Heating, Ventilation, and Air Conditioning) Materials:
« Furnaces, Air Conditioners, Ductwork, Thermostats, Insulated HVAC Pipes
12. Exterior Cladding Materials :
« Vinyl Siding, Wood Siding, Stucco, Stone Veneer, Fiber Cement Siding.
13. Waterproofing and Moisture Control :
« Vapor Barriers, Waterproof Membranes, Caulk and Sealants, Sump Pumps.
14. Specialized Materials :
o Solar Panels, Soundproofing Materials, Fire-Retardant Materials, Green and
Sustainable Building Materials.
The choice of construction materials depends on factors such as the type of construction,

budget, climate, design requirements and sustainable and eco-friendly materials are also

16



£ a=gy ! | E «=gy i
b b
\ \P€ $% / \ \P€ $% /

#sip pa® #sip pa®

becoming increasingly important in modern construction. Builders and architects carefully
select these materials to meet structural, aesthetic, and functional needs while ensuring the
durability and safety of the building.

The Concrete is the most widely used material in the world after water; it consists of an active
component (cement + water) and an inert component (sand and gravel).

It is important to note that concrete work should be done by professionals or individuals with
appropriate knowledge and experience, as the proper mixing, placement, and curing of concrete

are critical for the structural integrity and durability of the final product.
Obtaining concrete involves a process that combines several raw materials, primarily cement,
aggregates (such as sand and gravel), water, and sometimes admixtures, to create a durable and

versatile construction material as follows:
Water + cement =» cement paste
Water + cement + sand =» mortar
Water + cement + sand+ gravel = concrete

Water + cement + sand + gravel + steel bars = reinforced concrete

17
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111-2 Mechanical engineering
Mechanical engineering is a diverse and fundamental branch of engineering that deals with
the design, analysis, and manufacturing of mechanical systems. It encompasses a wide range
of applications, from everyday objects to complex machinery, and it plays a crucial role in
various industries
111-2-1 Definition and Scope
Mechanical engineering is the branch of engineering that focuses on the principles of
mechanics, thermodynamics, materials science, and energy to design, analyze, and manufacture
mechanical systems.
It covers a broad spectrum of applications, including machinery, vehicles, energy systems,
manufacturing processes, robotics, HVAC (heating, ventilation, and air conditioning), and
more.
111-2-2 Key Principles and Concepts

e Mechanics:
Understanding how forces, motion, and loads affect the behavior of mechanical systems is
fundamental. Mechanics divides into statics (equilibrium of forces) and dynamics (motion
and acceleration).

e Thermodynamics:
It deals with energy and heat transfer. It is essential for designing engines, refrigeration
systems, and energy conversion devices.

« Materials Science:
Knowledge of materials properties, selection, and behavior under various conditions is critical
for designing safe and efficient systems.

¢ Fluid Mechanics:
Fluids are essential in various applications, including hydraulic systems, aerodynamics, and
HVAC.
III-2-[3 Mechanical engineering Applications [c°mmenté [p1]:

- Mechanical engineers work in a wide range of industries, including automotive,

aerospace, energy, manufacturing, robotics, HVAC, and more.

18



- They design and analyze products such as engines, turbines, HVAC systems, consumer
appliances, and manufacturing equipment.

- Mechanical engineers also play a role in product development, quality control,
maintenance, and project management.

- Mechanical engineers use computer-aided design (CAD) software for 3D modeling and
simulation.

- Finite element analysis (FEA) and computational fluid dynamics (CFD) are common
tools for analyzing stress, heat transfer, and fluid flow in designs.

- To become a mechanical engineer, one typically needs a bachelor's degree in
mechanical engineering or a related field. Advanced degrees can open up specialized
opportunities.

- Mechanical engineers often work in design and analysis, research and development,
manufacturing, quality control, project management, or consulting.

111-2-4 Challenges and Trends

o Sustainability:
Mechanical engineers play a role in developing sustainable technologies, including renewable
energy systems, energy-efficient vehicles, and eco-friendly manufacturing processes.

e Automation and Robotics:
The integration of automation and robotics in manufacturing and other industries is a growing
field within mechanical engineering.

« Additive Manufacturing (3D Printing):
This technology is revolutionizing product development and manufacturing processes.

e Industry 4.0:
The use of data, sensors, and connectivity is transforming how mechanical systems are
designed, monitored, and maintained.
Mechanical engineering is a dynamic field that continues to evolve with technological
advancements. It is at the heart of innovation and plays a vital role in improving the quality of

life and driving economic growth through the development of new products and systems.
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111-2-5 Mechanical engineering main domains
Mechanical engineering is a broad field that encompasses several specialized domains or sub-
disciplines. These domains represent specific areas of expertise within the larger field of
mechanical engineering. Here are some of the main domains of mechanical engineering:

1. Thermodynamics and Heat Transfer :
This domain focuses on the principles of thermodynamics, the study of energy and heat
transfer. It is crucial for the design and analysis of engines, power plants, heating and cooling
systems, and refrigeration.

2. Fluid Mechanics and Aerodynamics :
Fluid mechanics deals with the behavior of fluids (liquids and gases) and their interaction
with solid objects. Aerodynamics is a subset of fluid mechanics that specifically deals with
the study of air in motion. These domains are vital in the design of aircraft, automobiles, and
hydraulic systems.

3. Solid Mechanics and Mechanics of Materials:
This domain involves the study of how materials respond to forces and loads. It is critical for
designing structures, machinery, and components to ensure they can withstand the forces they
will encounter during operation.

4. Manufacturing and Production Engineering :
Manufacturing engineers work on processes like machining, casting, welding, and 3D printing
to produce mechanical components efficiently and with high quality. They also deal with
process optimization, quality control, and automation.

5. Mechatronics and Robotics :
Mechatronics is the integration of mechanical engineering with electronics and computer
science to design intelligent and automated systems. Robotics is a sub-domain that focuses on
the design and control of robots for various applications.

6. Automotive Engineering:
Automotive engineers specialize in the design and development of vehicles, including cars,
trucks, motorcycles, and their various systems such as engines, chassis, and safety features.

7. Aerospace Engineering :

Aerospace engineers work on the design and production of aircraft, spacecraft, and related
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systems. They address issues like aerodynamics, propulsion, and structural integrity in these
domains.

8. HVAC (Heating, Ventilation, and Air Conditioning):
HVAC engineers are responsible for designing systems that control indoor climate and air
quality. They work on heating, cooling, and ventilation systems for buildings.

9. Energy Engineering :
This domain involves the design and optimization of energy systems, including power
generation, renewable energy systems, and energy-efficient technologies.

10. Biomechanical Engineering :
Biomechanical engineers apply mechanical principles to the human body and biological
systems. They work on prosthetics, orthopedic devices, and the analysis of human movement.

11. Environnemental Engineering :
Environmental engineers focus on the design of systems and technologies that address
environmental concerns, such as pollution control, waste management, and sustainable
practices.

12. Nuclear Engineering :
Nuclear engineers work on the design, operation, and maintenance of nuclear reactors and
systems used in power generation and medical applications.

13. Acoustical Engineering :
Acoustical engineers specialize in the study and control of sound and vibration. They work on
projects related to noise reduction, audio systems, and acoustic design.

14. Design and Development:
Mechanical engineers are involved in the conceptualization, design, and development of
various mechanical systems and components. This includes machinery, equipment, consumer
products, and industrial systems.
They use computer-aided design (CAD) software to create detailed 2D and 3D models,
ensuring that designs are safe, functional, and meet the required specifications.

15. Analysis and Simulation:
Mechanical engineers employ analysis tools such as finite element analysis (FEA) and

computational fluid dynamics (CFD) to assess the performance and behavior of mechanical
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systems under various conditions, including stress analysis, heat transfer, and fluid flow.

16. Quality Control and Assurance:
Mechanical engineers play a key role in maintaining product quality by establishing quality
control procedures, conducting inspections, and ensuring that products meet industry
standards and regulations.

17. Maintenance and Repair:
They are responsible for the maintenance and repair of mechanical systems and equipment.
This includes developing maintenance schedules, troubleshooting issues, and coordinating
repairs to minimize downtime.

18. Project Management:
Many mechanical engineers take on project management responsibilities. They oversee
the entire project lifecycle, including planning, budgeting, resource allocation, and
coordination with other team members and stakeholders.

19. Research and Development:
Mechanical engineers engage in research to advance the field and develop new technologies.
They explore innovative solutions to improve existing products or create entirely new ones.

20. Team Collaboration:
Mechanical engineers frequently collaborate with professionals from other engineering
disciplines, such as electrical engineers, civil engineers, and materials scientists, to develop
integrated solutions.

21. Renewable Energy and Sustainable Technologies:
With the growing emphasis on sustainability, mechanical engineers are involved in designing
and implementing renewable energy technologies such as solar panels, wind turbines, and
energy-efficient systems.
Mechanical engineering encompasses a wide range of domains, and professionals in the field
may specialize in one or more of these areas depending on their interests and career
objectives. The choice of specialization often depends on the industry, technology, and type

of projects a mechanical engineer is involved in.
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111-2-6 Mechanical engineering specialties
2" year: Mechanical engineering

License

3rdyear: Energetics

3"dyear: Mechanical construction

Mechanical and production manufacturina

Master
Energy installation and turbomachines

PhD Energetics

111-2-7 Mechanical engineering career opportunities

- Design engineer

- Head of Service

- Consulting engineer
- Business manager

111-2-8 Classification of Mechanical engineering materials
Mechanical materials can be classified into various categories based on their properties,
composition, and intended use. Here is a general classification of mechanical materials:

1. Metals:
Ferrous Metals: These include iron and steel alloys. They are known for their strength,
durability, and magnetic properties. Common ferrous metals include carbon steel, stainless
steel, and cast iron.
Non-Ferrous Metals: Non-ferrous metals do not contain iron. Common non-ferrous metals
include aluminum, copper, brass, bronze, and titanium. They are often chosen for their
corrosion resistance and lightweight properties.
Alloys: Alloys are mixtures of two or more metals, often with other elements like carbon.
Alloying can enhance properties such as strength, hardness, and corrosion resistance. Common
alloys include steel alloys, aluminum alloys, and bronze alloys.

2. Polymers:
Polymers are organic materials with long molecular chains. They are lightweight and have
excellent electrical insulation properties. Common polymers include plastics (e.g.

polyethylene, PVC), elastomers (e.g., rubber), and composites (e.g., fiberglass).



3. Ceramics :
Ceramics are inorganic, non-metallic materials that are typically hard, brittle, and have
excellent heat and corrosion resistance. Examples include porcelain, pottery, and advanced
ceramics used in cutting tools and electronic components.

4. Composites :
Composites are materials made by combining two or more different types of materials to
achieve specific properties. Common composites include fiberglass (reinforced with glass
fibers), carbon fiber composites, and concrete (a composite of cement, aggregates, and water).

5. Semiconductors :
These materials have unique electrical properties, making them suitable for electronic
applications. Silicon and germanium are common semiconductor materials used in the
electronics industry.

6. Superconductors :
Superconductors are materials that can conduct electricity with no resistance when cooled to
extremely low temperatures. High-temperature superconductors (HTS) and low-temperature
superconductors (LTS) are two major categories.

7. Elastomers :
Elastomers, also known as rubber-like materials, have the ability to return to their original
shape after being stretched or deformed. Rubber is a common elastomeric material.

8. Adhesives and Sealants :
These materials are designing to bond or seal other materials together. They include various
types of adhesives (e.g., epoxy, cyanoacrylate) and sealants (e.g., silicone sealants).

9. Smart Materials :
Smart materials, also known as responsive materials, have properties that change in response
to external stimuli such as temperature, light, or electric fields. Shape memory alloys (e.g.
Nitinol) and piezoelectric materials are examples.

10. Nanostructured Materials :
Nanostructured materials have properties and structures at the nanoscale, offering unique

mechanical and electrical characteristics. Carbon nanotubes and grapheme are examples of
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Nanostructured materials.

11. Biological Materials :
These materials are derived from living organisms and include biomaterials used in medical
applications (e.g., titanium implants, biodegradable polymers) and natural materials like wood
and bone.

12. Refractory Materials :
Refractory materials are heat-resistant substances used in high-temperature applications, such
as furnace linings and kiln bricks.
These classifications are not mutually exclusive, and many materials fall into multiple
categories. The choice of material for a specific application depends on its properties, cost,
availability, and the requirements of the intended use. Engineers and material scientists consider
these factors when selecting materials for various mechanical, electrical, and structural

applications.

Pinion assembly

Bendix thread

Commutator

[Inertia System]

25



111-3 The process engineering profession (petrochemical industry)

The process engineering profession in the petrochemical industry is a crucial discipline that
focuses on designing, developing, optimizing, and managing the various processes involved in
the production of petrochemicals. It plays a pivotal role in transforming raw materials such as
crude oil, natural gas, and other hydrocarbons into a wide array of valuable products used in
everyday life, including plastics, fuels, pharmaceuticals, and more.

111-3-1 Key responsibilities of process engineers

1. Process Design: Creating and developing the blueprint for manufacturing plants,
including selecting equipment, designing pipelines, and determining optimal operating
conditions to maximize efficiency.

2. Optimization: Continuously improving processes to enhance productivity, reduce
costs, minimize waste, and ensure safety and environmental compliance.

3. Troubleshooting: Identifying and resolving issues related to equipment malfunction,
process inefficiencies, or deviations from expected performance.

4. Safety and Environmental Compliance: Ensuring that processes meet stringent safety
standards and environmental regulations by implementing safety protocols and designing
systems that minimize environmental impact.

5. Collaboration: Working closely with multidisciplinary teams comprising chemists,
mechanical engineers, operators, and other professionals to achieve common production goals.

6. Innovation and Research: Staying abreast of technological advancements, conducting
research, and implementing innovative solutions to improve process efficiency and product
quality.

The petrochemical industry is highly dynamic and influenced by market demands,
technological advancements, and global economic factors. Process engineers in this field need
to adapt to ever-evolving challenges and utilize cutting-edge technologies to optimize
production while considering sustainability and environmental impact.

Overall, the process engineering profession in the petrochemical industry is fundamental to the
production of essential materials that drive numerous sectors of the economy, making it a vital

component of modern industrial processes.

26



111-3-2 The process engineering main domains
The process engineering profession finds application across various industries beyond
Petrochemicals:

1. Chemical Industry: Apart from petrochemicals, process engineers play a significant
role in traditional chemical manufacturing, including the production of industrial chemicals,
polymers, fertilizers, and specialty chemicals.

2. Pharmaceuticals and Biotechnology: Process engineers contribute to developing
efficient processes for pharmaceutical manufacturing, biologics production, and
biopharmaceuticals. They ensure stringent quality control, adherence to regulatory standards,
and scale-up processes for drug production.

3. Food and Beverage: In this sector, process engineers focus on optimizing food
processing, packaging, and preservation techniques. They work to improve efficiency, maintain
food safety, and enhance product quality.

4. Energy: Beyond petrochemicals, process engineers are integral in energy production
and conversion. They contribute to optimizing processes in power plants, renewable energy
technologies, and energy storage systems.

5. Environmental Engineering: Process engineers work on developing waste treatment
and management processes, water treatment systems, and pollution control technologies to
minimize environmental impact across industries.

6. Materials Manufacturing: In industries such as metallurgy, ceramics, and textiles,
process engineers contribute to optimizing manufacturing processes to enhance material
properties and product quality.

7. Semiconductor and Electronics: Process engineers play a critical role in
semiconductor fabrication, optimizing processes for chip manufacturing, ensuring precision in
Cleanroom environments and improving yield rates.

8. Water Treatment and Desalination: In the realm of water treatment, process
engineers focus on designing and optimizing systems for purifying water, desalination, and
wastewater treatment.

9. Automotive and Aerospace: Process engineers contribute to optimizing manufacturing
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processes in these industries, ensuring efficiency, quality, and safety in the production of

vehicles, aircraft, and related components.

=T
b s

5, o'
%, «
#s1p pw®

&

10. Mining and Minerals: In the extraction and processing of minerals and metals, process

engineers are involved in designing and optimizing processes to improve extraction efficiency

and minimize environmental impact.

11. Healthcare and Medical Devices: In medical device manufacturing and healthcare
technology, process engineers contribute to developing efficient production processes for
medical equipment and devices.

111-3-3 The process engineering profession career opportunities:

e Process Engineer
e Project Engineer, Production Engineer, Quality Engineer ,Environmental Engineer

, Research and Development Engineer, Process Control Engineer, Supply Chain Engineer,

Manager

e Consultant
e Academic Researcher

111-3-4 The process engineering specialties

2" year: Petrochemical Industries

| icense

3rdyear: Refining and petrochemicals

Master Refining Engineering

111-3-5 Classification of the process engineering materials
Process engineering materials can be classified based on various criteria such as their
properties, applications, and chemical composition:
1. Metals:
Ferrous Metals: Iron-based metals like steel and cast iron.
Non-Ferrous Metals: Include aluminum, copper, brass, bronze, and alloys like titanium and
nickel.
Precious Metals: Gold, silver, platinum, etc., often used in specialized applications.
2. Polymers:

Thermoplastics: Materials that can be melted and remolded, such as polyethylene,
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polypropylene, PVC, and polystyrene.
Thermosetting Polymers: Irreversibly hardened materials, including epoxy resins, phenolics,
and polyurethanes.
Elastomers: Rubber-like materials with elasticity, like natural rubber and synthetic
elastomers.

3. Ceramics:
Traditional Ceramics: Includes clay products, porcelain, and refractories.
Advanced Ceramics: High-performance ceramics like alumina, silicon carbide, and zirconia
used in specialized applications due to their superior properties.

4. Composites :
Fiber-Reinforced Composites: Materials combining fibers (like carbon, glass, or aramid)
with a matrix (polymer, metal, or ceramic).
Particle-Reinforced Composites: Composites reinforced with particles for enhanced
properties.

5. Semiconductors and Electronic Materials :
Silicon: Fundamental material in electronics.
Semiconductor Compounds: Gallium arsenide, silicon carbide, etc., used in semiconductor
devices.

6. Glass:
Soda-Lime Glass: Commonly used in windows, containers, and household items.
Borosilicate Glass: Known for its resistance to thermal shock, used in laboratory glassware,
cookware, etc.

7. Biomaterials:
Metal Alloys for Medical Devices: Titanium alloys, stainless steel, cobalt-chromium alloys
used in medical implants.
Biopolymers: Natural or synthetic polymers used in medical applications, tissue engineering,
and drug delivery.

8. Fluids:
Gases: Oxygen, nitrogen, hydrogen, etc., used in various industrial processes.

Liquids: Water, solvents, oils, etc., used as process fluids and for various applications.
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111-4 Electrical engineering

Electrical engineering is a branch of engineering that deals with the study, design,
development and application of electrical systems, devices, and technologies. It encompasses
a broad spectrum of areas related to electricity, electromagnetism, and electronics, focusing
on the generation, distribution, conversion, and utilization of electrical power

111-4-1 Key aspects within electrical engineering

1. Circuit Theory and Electronics: Understanding and designing electrical circuits that
control the flow of electricity, including components such as resistors, capacitors, inductors,
transistors, and integrated circuits.

2. Power Systems: Design, operation, and maintenance of electrical power generation,
transmission, and distribution systems. This involves power generation plants, substations,
transformers, and transmission lines.

3. Electromagnetism: Study of electromagnetic fields, electromagnetic devices, and
their applications. This includes motors, generators, transformers, and electromagnetic
Compatibility (EMC) considerations.

4. Control Systems: Developing systems that regulate and control the behavior of other
systems or devices. This involves automation, robotics, and feedback control systems.

5. Electronics and Signal Processing: Designing electronic devices, digital systems,
and signal processing techniques used in communication, data transmission, and information
processing.

6. Telecommunications and Networking: Designing and implementing communication
systems including wired and wireless networks, antennas, modulation techniques, and signal
processing for information transmission.

7. Computer Engineering: Overlaps with electrical engineering, focusing on hardware
components and computer systems, including microprocessors, memory systems, and
hardware-software integration.

8. Renewable Energy and Sustainable Technologies: Developing systems and
technologies related to renewable energy sources like solar, wind, and hydroelectric power,
aiming for sustainable and efficient energy solutions.

Electricity is divided into two main domains:
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1- Strong currents:

Strong currents typically refer to the flow of electric current that exceeds normal or expected
levels. In the context of electrical engineering or electronics, strong currents might indicate
higher-than-usual flows of electrical charge through a conductor or an electrical system.
There are a few implications and considerations related to strong currents:

1. Safety Concerns: High currents can pose significant safety risks. They can cause
overheating, which might lead to electrical fires, equipment damage, or even electric shocks
to personnel. Safety measures, such as proper insulation, circuit protection devices (like fuses
or circuit breakers), and adherence to safety protocols, are essential when dealing with strong
currents.

2. Voltage Drop and Power Loss: Strong currents through conductors can lead to
increased voltage drops across the conductors due to their resistance. Higher currents result in
more power loss in the form of heat, which can impact the efficiency of electrical systems.

3. Component Stress: Electronic components and devices within a circuit can be
stressed by excessive currents. This stress may cause degradation or damage to these
components, affecting their performance or lifespan.

4. Equipment Sizing and Design: Systems or equipment handling strong currents need
to be designed to accommodate and manage such high currents safely and effectively. This
includes appropriately sized conductors, heat dissipation measures, and components capable
of handling the current without failure.

5. Industrial Applications: Some applications, such as in industrial machinery or power
distribution systems, may require handling high currents. In these cases, specialized
equipment, conductors, and safety measures are crucial to ensure the reliability and safety of
the system.

2- Weak currents:

Weak currents typically refer to low levels of electric current flowing through a circuit or
conductor. In electrical engineering or electronics, weak currents signify a lower magnitude of
electrical charge passing through a given point in a circuit over a period.

Here are some key points regarding weak currents:

1. Low Power Levels: Weak currents indicate lower power levels and usually involve
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lower voltage and current values. These currents are commonly found in signal circuits,
control systems, and electronics where minimal power is required.

2. Electronic Signaling and Control: Weak currents are commonly used in electronics
for signaling purposes, data transmission, control signals, and sensor inputs. Examples include
low-voltage signals in digital communication systems, sensors in automation, and
microcontroller-based circuits.

3. Less Heat Generation: Compared to strong currents, weak currents generate less heat
due to lower current flow. This characteristic is advantageous in circuits where minimizing
heat generation is crucial, such as in sensitive electronic devices.

Safety Considerations: While weak currents pose fewer safety hazards compared to strong
currents, they still require careful handling, especially in sensitive electronic circuits.
However, the risks associated with weak currents are typically lower compared to those
associated with high-power circuits.

Telecommunications and Data Transmission: Weak currents are extensively used in
telecommunications for data transmission over long distances, including telephone lines,
computer networks and fiber-optic communication systems.

Precision and Accuracy: In some applications, weak currents are essential for precision and
accuracy. For instance, in scientific instruments, measuring devices, and sensors, weak
currents enable accurate measurements and readings.

Energy Efficiency: Weak currents consume less energy compared to high-current systems.
This characteristic is beneficial in energy-efficient systems, especially in devices that operate
on battery power or in applications aiming to reduce power consumption.

111-4-2 Electronic, Electrotechnic and Automatic

111-4-2-1 Electrotechnic

Electrotechnic is a branch of engineering that deals with the study, application, and
manipulation of electrical systems, devices, and technologies. It encompasses a wide range of
fields, including electrical power generation, transmission, distribution, electrical machinery,
control systems, electronics, telecommunications, lighting, heating, air conditioning, electric
motors, transformers, household appliances, automation and more. Electrotechnic involves the

understanding of electrical principles, circuits, components, and their practical applications in
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various industries and everyday life. It plays a crucial role in developing, designing, and
maintaining electrical systems to meet specific needs, improve efficiency, and ensure safety in
electrical applications.

111-4-2-2 Automatic

Automatic refers to a process or system that functions or operates without direct human
intervention or control once it has been set up or initiated. An automatic system is designed to
perform tasks, functions, or actions based on predetermined conditions, instructions, or inputs,
typically using sensors, feedback mechanisms, or programmed algorithms.

Examples of automatic systems include automatic doors that open and close upon detecting
motion or sensors, automatic washing machines programmed to run through cycles based on
settings, automatic climate control systems in buildings that adjust temperature based on
sensors, and automatic braking systems in vehicles that respond to potential collisions without
driver intervention.

111-4-2-3 Electronic

Electronic refers to devices, systems, or technologies that utilize the control, manipulation,
and flow of electrons and other charge carriers to perform various functions, transmit
information, execute tasks, storing, processing or transmitting a signal, such as

television, telephone or networks. Electronics deals with the behavior and control of electrons
in different materials, especially semiconductors, to create circuits, devices, and systems for
practical applications.

111-4-2-3-1 Key characteristics of electronic systems:

1. Use of Semiconductor Components: Electronics heavily relies on semiconductor
materials such as silicon, which are crucial in the creation of electronic devices like transistors,
diodes, and integrated circuits.

2. Control of Electric Currents: Electronics involves the control and manipulation of
electric currents, voltages, and signals to process information or perform specific tasks. These
processes often involve the use of electronic components like resistors, capacitors, and
inductors.

3. Information Processing: Electronics enables the manipulation, storage, transmission,

and processing of information in various forms such as data, audio, video, or other signals. This

33



is achieved through electronic devices like computers, smartphones, televisions, radios, and
many others.

4. Circuit Design and Implementation: Electronics involves designing and constructing
circuits that perform specific functions by using components in various configurations,
including analog and digital circuits.

5. Communication and Connectivity: Electronic systems facilitate communication
between devices and individuals through technologies such as wireless networks, the internet,
Telecommunications and other means of data transmission.
111-4-2-3-2 Electronics industry
The electronics industry encompasses a vast array of businesses and sectors involved in the
design, development, manufacturing, distribution, and sale of electronic components, devices,
systems, and equipment. This industry plays a fundamental role in advancing technology,
powering various sectors of the global economy, and shaping everyday life.

1. Semiconductor Manufacturing: Companies in this sector produce semiconductor
chips, integrated circuits, microprocessors, and other electronic components essential for
various electronic devices.

2. Consumer Electronics: This sector involves the production of devices aimed at
consumers, including smartphones, televisions, computers, audio equipment, gaming consoles,
cameras, and other personal electronics.

3. Industrial Electronics: This sector focuses on electronic systems and equipment used
in industrial applications, such as automation, control systems, robotics, instrumentation, and
manufacturing machinery.

4. Telecommunications: Companies within this sector design and manufacture
equipment for communication networks, including mobile phones, networking infrastructure,
satellite systems, and communication devices.

5. Electronic Components: This segment involves the production and distribution of
individual electronic parts like resistors, capacitors, diodes, transistors, sensors, and connectors
used in various electronic systems.

6. Electronic Manufacturing Services (EMS): These companies offer services related to
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electronic product design, prototyping, assembly, testing, and supply chain management for
other companies that do not manufacture electronics in-house.

7. Research and Development (R&D): This sector focuses on innovation, exploring new
technologies, materials, and designs to improve existing electronic products or develop news.

8. Medical :
MRI, scanners, ultrasound machines, Mammography devices. ..etc.

9. Informatics :
microcomputer, USB, portable microphone, tablets, etc..

10. Electrochemical:
Battery, bag batteries. . .etc.

11. Renewable energies:
Solar panels, fuel cells, wind turbines ...etc.

12. Household appliances:
Television, vacuum cleaners, ovens, microwaves ...etc.
The electronics industry is characterized by rapid innovation, short product lifecycles, and
continuous advancements in technology. It is highly competitive and globalized, with
companies operating on a worldwide scale and often collaborating across borders for research,
development, and production.
Emerging trends in the electronics industry include the development of Internet of Things (1oT)
devices, artificial intelligence (Al), 5G technology, renewable energy electronics, wearables,
and advancements in semiconductor technology like quantum computing and advanced
materials for electronic components.
111-4-2-3-3 Sonelgaz
Sonelgaz is an Algerian state-owned company responsible for the generation, transmission, and
distribution of electricity and natural gas in Algeria. The name "Sonelgaz" is an abbreviation
derived from "Société Nationale de I'Electricité et du Gaz" (National Company for Electricity
and Gas).
It operates as a major utility company, overseeing the production and distribution of electricity

across Algeria, as well as managing the natural gas infrastructure. Sonelgaz plays a crucial role
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in ensuring the supply of electricity and gas to residential, commercial, industrial, and
institutional consumers throughout the country.
111-4-2-4 Electric energy: definitions and operating principles

1) Electric current: is the movement of electric charges (electrons). Itisa
fundamental concept in physics and is measured in amperes (A). There are two main types of
electric current:

e Direct Current (DC): In DC, the electric charge flows continuously in one direction
through a conductor. Batteries and solar cells are common sources of direct current.

e Alternating Current (AC): In AC, the flow of electric charge periodically reverses
direction, typically following a sinusoidal waveform. AC is the type of current supplied by
power grids for most household and industrial purposes.

Electric current is governed by Ohm's law, which relates the current (1), voltage (V), and
resistance (R) in a circuit through the equation: 1=V/R. This law describes how the

current flowing through a conductor is directly proportional to the voltage applied across it and
inversely proportional to the resistance of the conductor.

2) Electric voltage: Electric voltage, commonly referred to as voltage or electric
potential difference, is a fundamental concept in electricity. It is the measure of the force that
causes electric charges to flow in a circuit. Voltage is measured in volts (V).

Voltage represents the potential energy per unit charge between two points in an electrical
circuit. It signifies the difference in electric potential between these two points and determines
the strength or intensity of the electric field within the circuit.

Higher voltage indicates a greater potential energy difference between the two points, which
can result in a greater flow of electric charge (current) through a conductor. Voltage is essential
for the transmission and distribution of electrical energy. It is what allows electrical systems to
transfer energy from power sources (like batteries, generators, or power plants) to electrical
loads (such as light bulbs, motors, or electronic devices).

3) Electric circuit: An electric circuit refers to a closed loop or path through which
electric current can flow. It consists of various electrical components, such as resistors,

capacitors, inductors, and sources of electrical energy (like batteries or generators),
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interconnected by conductive wires or traces. An electric circuit include:

1. Voltage Source: It provides the electromotive force (EMF) necessary to drive the
electric current in the circuit. Examples include batteries, generators, and power supplies.

2. Conductive Path: Conductors (typically wires) create the path for the flow of electric
current between different components in the circuit.

3. Load: The load is any device or component in the circuit that consumes electrical
energy to perform a specific function. It could be a light bulb, motor, resistor, or any other
electrical device.

4. Switches, Resistors, Capacitors, and Inductors: These are various components that
can be incorporated into the circuit to control the flow of current, adjust voltage levels, store
energy, or modify the behavior of the circuit.

Electric circuits can be categorized into two primary types based on the flow of electric current:

1. Series Circuits: In a series circuit, the components are connected end-to-end, forming
a single pathway for current to flow. The same current passes through each component, and if
one component fails or is disconnected, the entire circuit is interrupted.

2. Parallel Circuits: Parallel circuits have multiple pathways for the current to flow.
Components are connected in such a way that they share the same voltage but offer separate
paths for the current. If one component fails in a parallel circuit, the others continue to operate.

4) Power plant: A power plant, also known as a power station or generating station,
is a facility designed to generate electrical power or electricity on a large scale. These plants
use various energy sources to produce electricity, which is then transmitted and distributed to
consumers through power grids.

Key components and features of a power plant include:

1. Energy Source: Power plants utilize different energy sources to generate electricity.
Some of the primary sources include fossil fuels (coal, natural gas, oil), nuclear energy,
renewable sources (such as solar, wind, hydroelectric, geothermal), and in some cases,
biomass or waste.

2. Power Generation Equipment: Depending on the energy source, power plants contain

specific equipment for power generation. For example:
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- Fossil fuel power plants typically have boilers to produce steam, which drives turbines
connected to generators.

- Nuclear power plants use nuclear reactors to generate heat, which in turn produces
steam to drive turbines and generators.

- Renewable energy plants use specialized equipment like solar panels, wind turbines,
hydroelectric dams, etc., to convert natural resources into electricity.

3. Turbines and Generators: Most power plants have turbines that convert mechanical
energy (usually from steam or flowing water) into rotational energy. These turbines are
connected to generators that convert this mechanical energy into electrical energy.

4. Transmission Infrastructure: Power plants are usually located away from population
centers to ensure safety and to utilize available resources effectively. Electricity generated at
power plants is transmitted over long distances via high-voltage transmission lines to
substations before being distributed to homes, businesses, and industries.

5. Environmental Control Systems: Many modern power plants incorporate
environmental control systems to mitigate pollution and comply with regulations. These
systems include emissions controls, such as scrubbers for coal plants or containment structures
for nuclear plants, to reduce environmental impact.

4-1) Different types of power plants:

4-1-1) Thermal power plants: Thermal power plants are electricity generation facilities

that produce electricity by converting heat energy into electrical energy. These power plants
use a thermal energy source—often fossil fuels like coal, natural gas, or oil—to generate steam.
The steam then drives a turbine connected to a generator, producing electricity.

Thermal power plants have been a traditional and widely used method for electricity generation
due to their reliability and ability to generate large amounts of power. However, concerns about
environmental pollution, greenhouse gas emissions, and the finite nature of fossil fuels have led
to increased interest in cleaner and more sustainable alternatives, such as renewable energy
sources like solar, wind, hydroelectric, and geothermal power.

Despite these challenges, many thermal power plants are continually improving their efficiency

and implementing technologies to reduce emissions and environmental impact as part of
efforts to mitigate their effects on the environment
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Hydraulic power plants, also known as hydroelectric power plants, generate electricity by

harnessing the energy of flowing water. These plants convert the kinetic energy of moving
water into electrical energy using turbines and generators.

Hydroelectric power plants are renewable and generally considered clean sources of energy
since they produce electricity without burning fossil fuels and do not emit greenhouse gases
during operation. They offer flexibility in electricity generation, as the flow of water can be

controlled to respond to demand fluctuations.

|
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4-1-3) Wind power plant:

Wind power plants, also known as wind farms or wind turbine facilities, harness the kinetic
energy from the wind to generate electricity. These facilities consist of multiple wind turbines
strategically placed in locations with strong and consistent wind patterns.

Wind power is considered a renewable and clean energy source because it does not involve the
burning of fossil fuels or emit greenhouse gases during operation. Wind energy also offers
benefits such as scalability, relatively low operating costs, and a minimal environmental
footprint compared to traditional power plants.

Advancements in wind turbine technology, including larger and more efficient turbines,
improved designs, and energy storage solutions, continue to enhance the efficiency and
reliability of wind power plants, contributing to their increasing adoption as a significant source

of renewable energy in many regions around the world.

#592619834

4-1-4) Geothermal power plant:

Geothermal power plants harness the heat from within the Earth to generate electricity. They
utilize the natural heat energy stored in the Earth's crust to produce power, typically through
the use of steam or hot water from geothermal reservoirs.

While geothermal energy has great potential, its widespread use is often limited to regions with

suitable geothermal resources and the upfront costs associated with drilling and exploration
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can be relatively high. However, ongoing advancements in technology and exploration
techniques continue to expand the utilization of geothermal energy for electricity generation

and other applications.
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4-1-5) Nuclear power plants:

Nuclear power plants generate electricity through a process called nuclear fission, where energy
is released by splitting atoms of certain elements, typically uranium or plutonium. These powers
plants use the heat produced from nuclear reactions to generate steam, which then drives
turbines connected to generators to produce electricity.

Nuclear power plants provide a significant amount of baseload electricity with low carbon
emissions once the plants are operational. However, they face concerns related to safety, nuclear
waste management, high initial construction costs, and the potential for accidents that may
release harmful radiation.

Safety measures, stringent regulatory oversight, and ongoing research into advanced reactor
designs and nuclear waste management are areas of focus to ensure the safe and efficient
operation of nuclear power plants while addressing concerns regarding safety and

environmental impact.
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111-4-2-5 The Electronic engineering specialties

| icense Electronic
Master Instrumentation

I11-5 Transportation Engineering
111-5-1 Definition
Transportation engineering is a branch of civil engineering that focuses on designing,
constructing, and maintaining transportation systems. This field encompasses various modes of
transportation, including highways, railways, airports, and public transit systems.
Transportation engineers work to ensure the safe, efficient, and sustainable motion of people
and goods.
111-5-2 Transportation engineering Career opportunities:

1. Highway Engineering: Designing and maintaining roadways, highways, and freeways
to ensure safety, efficient traffic flow, and optimal road conditions.

2. Traffic Engineering: Analyzing traffic patterns, designing traffic control systems,
managing traffic flow, and implementing measures to improve transportation efficiency and
safety.

3. Public Transit Systems: Planning, designing, and managing public transportation
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systems such as buses, subways, light rail, and other mass transit systems to enhance
accessibility and reduce congestion.

4. Railway Engineering: Designing and maintaining rail systems, including tracks,
stations, signaling systems, and train control systems for passenger and freight transportation.

5. Airport Engineering: Planning and designing airport facilities, runways, terminals, and
air traffic control systems to ensure safe and efficient air travel operations.

6. Transportation Planning: Conducting studies, forecasting demand, and developing
transportation plans and policies to address future transportation needs and challenges.

7. Intelligent Transportation Systems (ITS): Implementing technology-driven solutions
such as smart traffic management systems, vehicle-to-infrastructure communication, and
advanced transportation technologies to improve efficiency and safety.

8. Environmental and Sustainability Aspects: Working on transportation projects with
a focus on reducing environmental impact, promoting sustainable transportation modes, and
integrating eco-friendly designs.

9. Infrastructure Maintenance and Rehabilitation: Assessing and maintaining existing
transportation infrastructure, as well as implementing rehabilitation projects to improve safety
and extend the lifespan of transportation systems.

10. Research and Development: Engaging in research initiatives to innovate and develop
new technologies, materials, and methodologies for improving transportation systems.
Transportation engineering professionals collaborate with urban planners, policymakers,
architects, environmental experts, and other stakeholders to create comprehensive and efficient
transportation networks that meet the demands of growing populations while considering
environmental and societal impacts. It is a field that continues to evolve with advancements in
technology and the increasing focus on sustainability and smart infrastructure.

111-5-2 Transportation engineering Professional outlook

1. Demand for Infrastructure Improvement: Many countries and regions are
experiencing aging transportation infrastructure that requires rehabilitation, expansion, or
modernization. Governments are investing in infrastructure projects, leading to increased

demand for transportation engineers.
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2. Urbanization and Population Growth: With the global population continuing to grow
and more people living in urban areas, there is a heightened need for efficient transportation
systems. This demand fuels the requirement for professionals skilled in designing and managing
transportation networks.

3. Technological Advancements: Rapid advancements in technology, including the rise
of autonomous vehicles, smart transportation systems, and data analytics, are transforming the
field of transportation engineering. Professionals with expertise in these areas are in high
demand to integrate technology into transportation solutions.

4. Sustainability and Environmental Concerns: There is a growing emphasis on
sustainable transportation solutions to reduce environmental impact, minimize emissions, and
promote eco-friendly modes of transportation. Engineers who specialize in sustainable
transportation solutions are increasingly sought after.

5. Government Initiatives and Funding: Many governments worldwide are prioritizing
transportation infrastructure investments as part of economic stimulus packages and long-term
development plans. This trend creates job opportunities for transportation engineers across
various projects.

6. Transportation Safety: Ensuring the safety of transportation systems remains a crucial
aspect. Professionals adept in designing safe roadways, implementing traffic safety measures,
and analyzing accident data are essential in improving transportation safety standards.

7. Shift towards Multimodal Transportation: There is a growing focus on integrating
different modes of transportation, such as public transit, cycling infrastructure, and pedestrian-
friendly designs. Engineers capable of designing and managing multimodal transportation
systems are in demand.

8. Resilience and Adaptation: With the increased occurrence of extreme weather events
and the need to build resilient infrastructure, transportation engineers specializing in designing

resilient systems are becoming more valuable.

111-5-2 Transportation engineering specialties:

2"dyear: Transportation Engineering

| icense o
3rdyear: Transport technology, organization and safety
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V- Job Description

1V-1 Definition

A job description is a detailed document that outlines the responsibilities, duties,
qualifications, skills, and expectations associated with a specific job position within an
organization. It serves as a comprehensive guide for both employers and prospective
employees, providing a clear understanding of the role's requirements and the scope of work
involved.

1V-2 Key components typically included in a job description

1. Job Title: The specific title or designation of the position within the company's
hierarchy.

2. Summary/Objective: A brief overview or summary describing the primary purpose
and goals of the role.

3. Responsibilities and Duties: Detailed list outlining the day-to-day tasks, duties, and
responsibilities expected from the individual in that role. It specifies what the job entails and
how it contributes to the organization's objectives.

4. Qualifications and Skills: Requirements regarding education, experience,
certifications, technical skills, and soft skills necessary to perform the job effectively.

5. Reporting Structure: Information about the position's place within the organizational
hierarchy, including whom the employee reports to and if they manage or supervise other
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employees.

6. Working Conditions: Details about the work environment, working hours, potential
travel requirements, physical demands, or any other relevant factors related to the job.

7. Salary and Benefits: Sometimes included or referenced, providing an overview of the
compensation package and any additional benefits associated with the position.

8. Company Overview: A brief description of the company's mission, values, culture, and
any other relevant information that helps candidates understand the organization better.
Job descriptions are crucial tools for recruitment, employee performance evaluation, and
ensuring alignment between employee responsibilities and company goals. They help
prospective candidates assess whether their skills and experience match the requirements of the
role and assist employers in attracting the right talent. Moreover, they serve as a reference point
for performance.

1V-3 Examples of job description:

Job Title: Logistics Coordinator

Company: XYZ

Job Description:

Position Objective: Ensure efficient coordination of logistical operations to guarantee timely
delivery of goods and customer satisfaction.

Responsibilities:

1- Shipment Management: Plan, organize, and coordinate merchandise shipments in
collaboration with suppliers, carriers, and internal teams to ensure timely deliveries.

2- Inventory Optimization: Monitor and manage stock levels to maintain a balance between
product availability and reduced storage costs.

3-Warehouse Coordination: Oversee warehouse operations, including receiving, storage,
order preparation, and shipping to ensure process efficiency and accuracy.

4-Logistics Planning: Develop logistical plans considering time constraints, transportation
costs, and customer requirements to optimize routes and means of transport.

5-Performance Indicator Tracking: Analyze and monitor logistics-related Key Performance

Indicators (KPIs) to assess operational performance and propose improvements.
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Required Skills:

- Minimum 3 years of prior experience in a similar role within the logistics/distribution sector.
- Excellent communication and team management skills.

- Proficiency in computer tools and logistics management software (TMS, WMS, Excel, etc.).
- Demonstrated ability to solve problems and make quick decisions.

- In-depth knowledge of shipping and logistics regulations.

Education and Qualifications:

- University degree in logistics, supply chain management, or a related field.
- Certification or additional training in logistics would be a plus.

Working Conditions: «

- Contract Type: Permanent

- Location: [Company's Location]

- Hours: [Usual Working Hours]

- Remuneration: Based on the experience and skills of the selected candidate.
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Mechanical Engineer Job Description

Our company is growing rapidly and is searching for experienced candidates for

the position of mechanical engineer. Thank you in advance for taking a look at the

list of responsibilities and qualifications. We look forward to reviewing your

resume.

Responsibilities for mechanical engineer

Design upgrades to the safety systems for various manufacturing and test
equipment

Analyze, design and fabricate components and test fixtures required for
testing the lethality and survivability of munitions items and components
Analyzes project requirements and designs material handling systems and
equipment

Prepares general material handling equipment or product line equipment
estimates

Creates material handling drawings/documentation

Provides technical assistance by phone and on-site customer support
Creates/prepares maintenance and instruction manuals

Preparation of Equipment layout and civil outline drawings for waste water
and desalination

Preparation of Piping Material specification and valve material specification as
per project

Cross checking of hydraulic calculation and hydraulic flow diagram during
detail engineering

Qualifications for mechanical engineer

Bachelor's degree in Mechanical Engineering from an accredited university
required

A minimum of 10 years of experience at the Senior level in the degreed field
Travel domestically or overseas for the Client, as required

Blueprint reading and Geometric Tolerancing and Dimensioning knowledge
3+ years of experience as a mechanical or hardware design engineer,
preferably in a high tech industry

Proficiency with 3D CAD (SolidWorks), PDM, and PLM systems
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Professor Job Description

Our innovative and growing company is looking to fill the role of professor. We
appreciate you taking the time to review the list of qualifications and to apply for
the position. If you don't fill all of the qualifications, you may still be considered
depending on your level of experience.

Responsibilities for professor

e This individual will be a member of the Plant Science and Landscape
Architecture graduate teaching faculty and thus will be expected to mentor
and train graduate students

* Faculty members are expected to serve the professional community through
review of publications and participation on competitive grant panels, and in
national and international professional meetings

* Address economically-significant grape and small fruit disease problems that
significantly reduce the profitability and sustainability of the industry

» Participate in regional team objectives and shared educational programs with
other faculty members in the Mid-Atlantic Region

* Assess the outcomes

* Cancer bioinformatics, Translational bicinformatics as applied to studies of
complex diseases

* Biomedical data science methodology, including, but not limited to, natural
language processing, machine learning, and visualization

= Opportunities exist for faculty leadership roles to influence institutional
priorities in clinical and biomedical informatics

e Teach courses as needed at the undergraduate and graduate levels

e Direct the Master's Program in Human Nutrition, including recruitment,
mentoring, and advising graduate students

Qualifications for professor

= A PhD, ScD, DrPH, MD, or DO with additional research training in public
health or related disciplines

= An established independent research program

» Candidates with a record of accomplishment mentoring students from all
backgrounds preferred

* Fellowship trained in Urologic Oncology

= Demonstrated proficiency in urologic oncelogy including robotics,
reconstructive surgery, advanced pelvic, and retroperitoneal surgery

« TIAA-CREF available
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