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Lecture 1 - Engineering Essentials

Objectives: To explore the engineering fields and identify the importance of engineering essentials needed to form a solid foundation to be successful in engineering.

In this lecture, we will introduce you briefly to the world of engineering and some very useful resources. We will start from the very basics and explore what engineering is and then introduce you to the engineering essentials, i.e., concepts and skills that form the foundation for success in this exciting field. These engineering essentials will be the cornerstone of your work, regardless of which engineering field you choose or how new or well-versed you are in the field. So, it is important to know these so you can create a solid foundation and be successful in your career.

1.1. What is Engineering?
We are all beneficiaries of engineers and the engineering field in every day of our life whether it is the house we live in or offices we use, the clean water we drink, the technology in our smartphones or cars, the roads and bridges we use for our transportation, and so much more. In that sense, engineering is a very broad field. One way to define engineering is to characterize it as a dynamic discipline that involves using scientific principles (science), mathematical concepts (math), and practical knowledge to design, create, build, and maintain various systems, structures, devices, and processes that serve the needs of society. Hence, engineers use their expertise (theoretical knowledge and practical skills) to solve complex real-world challenges, innovate new technologies, and contribute to the advancement of human civilization in countless ways.

Engineers often work across a wide range of fields and have a higher earning potential due to their contributions to solving challenging problems. There are many engineering fields; however, a few are highlighted next.

1.1.1 Different Engineering Fields
There are various branches of engineering, such as Computer Engineering, Electrical Engineering, Manufacturing Engineering, Mechanical Engineering, Civil Engineering, Construction Engineering, and many more. Each branch focuses on specific areas, but all engineers share common problem-solving techniques and core principles. 

Table 1.1 – A Few Fields in Engineering and Their Description
	Field
	Description

	Aerospace Engineering (AE)
	Aerospace Engineering is concerned with the design, development, manufacturing, and evaluation of aeronautical systems, including commercial and military aircraft, helicopters, spacecraft, and missiles. It is also concerned with researching and developing advanced aerospace technologies.

	Biomedical Engineering (BME)
	Biomedical Engineering combines knowledge from biology, chemistry, medicine, and engineering to solve a wide range of medical and health-related problems.  It is concerned with the design, development, and evaluation of medical devices, diagnostic tools, and technologies for improving health and medical treatments such as artificial limbs, organs, imaging systems, etc.

	Chemical Engineering (ChemE)
	Chemical Engineering combines the knowledge from chemistry and engineering to design, develop, and evaluate processes for manufacturing chemicals, fuels, pharmaceuticals, and other products.

	Civil Engineering (CE)
	Civil Engineering involves planning, designing, developing, and evaluating construction infrastructure such as bridges, roads, buildings, and water supply systems to support urban and rural development.

	Computer Engineering (CpE) also known as Hardware Engineering
	Computer Engineering combines the knowledge from Computer Science and Electrical Engineering to research, design, develop, and test computer systems (hardware and software), including embedded systems, and components such as processors, circuit boards, memory devices, computer networks, and routers. 

	Electrical Engineering (EE)
	Electrical Engineering constitutes the design, development, and operational evaluation of electrical and electronic systems and technologies that power everything from consumer electronics to power grids. This includes lighting and wiring for buildings, cars, buses, trains, aircraft, computers, robots; power generation and transmission for residential and commercial needs, etc.

	Environmental Engineering (EnvE)
	Environmental Engineering applies the principles of science and engineering to address environmental challenges by developing solutions for waste management, pollution control, and sustainable resource use.

	Industrial Engineering (IE)
	Industrial Engineering is involved with the process of evaluating systems and improving efficiency in various industries by optimizing processes, managing resources, and enhancing productivity.

	Manufacturing Engineering (MfgE)
	Manufacturing Engineering deals with the design, development, and improvement of manufacturing processes and systems to optimize the production of goods and products.

	Material Science & Engineering (MatSE)
	Material Engineering involves studying, developing, and testing new materials with desired properties for various applications, such as metals, ceramics, plastics, semiconductors, composites, etc.

	Mechanical Engineering (ME)
	Mechanical Engineering is focused on the design, development, and testing of mechanical systems, machines, and devices, ranging from engines and turbines to manufacturing processes.

	Nuclear Engineering (NE)
	Nuclear Engineering involves working with nuclear technologies, including power generation and medical applications, while addressing safety and waste management.

	Software Engineering (SwE)
	Software Engineering deals with developing software applications and systems, ranging from mobile apps to complex software platforms.



It is important to realize that engineering often involves a multidisciplinary approach, where different branches of engineering collaborate to create comprehensive solutions. As part of a comprehensive solution, engineers also consider economic, environmental, ethical, and societal factors when designing and implementing projects. The engineering field is dynamic and constantly evolving, driven by advancements in science, technology, and society’s changing needs.

1.1.2 Professional Engineering Societies and Organizations
There are many professional engineering societies and organizations that support the advancement of the engineering profession along with providing a sense of belonging via networking opportunities for members of its field. Most of these organizations have student branches on the university campus for students to get involved. Table 1.2 lists the major professional engineering societies/organizations.

Table 1.2 – Engineering Professional Societies and Organizations
	Societies & Organizations
	Focus
	Website

	American Institute of Chemical Engineers (AIChE)
	Chemical engineering
	www.aiche.org

	American Society for Engineering Education (ASEE)
	Engineering education and research
	www.asee.org

	American Society of Civil Engineers (ASCE)
	Civil engineering
	www.asce.org

	American Society of Mechanical Engineers (ASME)
	Mechanical Engineers
	www.asme.org

	Association for Computing Machinery (ACM)
	Computer science and computer engineering and technology
	www.acm.org

	Biomedical Engineering Society (BMES)
	Biomedical engineering
	www.bmes.org

	Engineering Without Borders
	All Engineering Disciplines
	www.ewb-usa.org

	Institute of Industrial and Systems Engineers (IISE)
	Industrial and systems engineering
	www.iise.org

	Institution of Electrical and Electronics Engineers (IEEE)
	Electrical engineering, electronics, computer science.
	www.ieee.org

	International Society for Optics and Photonics (SPIE)
	Optics, photonics, and related disciplines.
	www.spie.org

	Materials Research Society (MRS)
	Materials science and engineering
	www.mrs.org

	National Society of Professional Engineers (NSPE)
	Professional development and advocacy for engineers
	www.nspe.org

	Society of Automotive Engineers (SAE)
	Automotive, aerospace mechanical engineering
	www.sae.org

	Society of Manufacturing Engineers (SME)
	Manufacturing Engineering
	www.sme.org

	Society of Women Engineers (SWE)
	All engineering disciplines
	www.swe.org

	Tau Beta Pi, The Engineering Honor Society (TBP)
	All Engineering Disciplines
	www.tbp.org



1.2. What does “Engineering Essentials” mean?
Engineering essentials refer to the foundational knowledge, skills, and principles that are fundamental to the practice of engineering across various disciplines. These essentials provide a common framework that engineers use to analyze problems, design solutions, and innovate in their respective fields. While the specific engineering essentials may vary based on the engineering discipline, a few common ones are mentioned here.

The foundational knowledge essential for all engineers is mathematics and science. The science includes physics, chemistry, biology, geology, environmental science, etc. and engineers take the sciences that are most relevant to them, with physics generally being taken by all engineering students.

1.2.1 Mathematics
Mathematics is the language of engineering as it serves as its foundation, enabling engineers with tools for precise measurements, calculations, modeling, analysis, and quantifying various aspects of their projects. Engineers use mathematics to design structures, analyze data, simulate systems, and optimize solutions to complex problems. Concepts such as algebra, geometry, calculus, differential equations, and statistics are essential for engineering tasks. 

1.2.2 Science
Science, including physics, chemistry, and other disciplines, provides us with a fundamental understanding of the physical world. For instance, physics helps in exploring how the world works and provides the mathematical framework to model this phenomenon. In physics, the focus is to study matter and its motion as well as how it interacts with energy and forces. To do this, the fundamental laws of nature associated with movement (motion), electricity, magnetism, waves, sound, light, etc. are covered. Similarly, chemistry deals principally with the properties of substances, the changes (chemical reactions) they undergo, and the natural laws that describe these changes. Overall, engineers need to have a strong foundation in the sciences to push boundaries and design systems, devices, and technologies that work optimally with our environment.

There are many skills that engineers develop while in the academic environment; however, a few generalized essential skills, common across all engineers, are listed next.

1.2.3 Reading Skills
Reading skills are one of the first essential skills that engineers need to be successful and to continue to learn and adapt in the engineering field. It helps in understanding literature in the discipline, communicating effectively, critical analysis of information read,  problem-solving, being successful in industry, and lifelong learning. This skill is generally practiced and developed during your studies, however, a good way to develop this skill is to have a goal of reading a certain number of pages every day. It is good to start building this skill slowly but consistently.

1.2.4 Computer Skills
As engineers work in various environments to find solutions to complex problems, it is essential for them to effectively listen to the needs of their audience (clients, technical and non-technical members of their team), speak clearly to convey their ideas, and write clearly and concisely for their audience. In addition, communication skills are essential to collaborate in a team as well as leading the team, if needed. Taking courses in English, public speaking, and even higher-level engineering classes, students get to practice their communication skills in multiple formats, written and oral, and it also helps to build confidence.

1.2.5 Programming Skills
Programming skills allow engineers to leverage computers to run complex computations and simulations by modeling a physical problem into a computational framework. These skills not only allow engineers to solve problems but also strengthen their ability to think critically. Programming helps with automating tasks, simulating systems, testing designs, processing and analyzing data, solving complex calculations, and opening opportunities for getting involved in multidisciplinary fields.

1.2.6 Communication Skills
As engineers work in various environments to find solutions to complex problems, it is essential for them to effectively listen to the needs of their audience (clients, technical and non-technical members of their team), speak clearly to convey their ideas, and write clearly and concisely with respect to their audience. In addition, communication skills are essential to collaborate in a team and lead the team, if needed. Taking courses in English, public speaking, and even higher-level engineering classes, students get to practice their communication skills in multiple formats, written and oral, and it also helps to build confidence.

1.2.7 Problem-Solving and Critical Thinking Skills
As engineers are looking for solutions to complex problems, they need to have a good understanding of theoretical and practical knowledge to break down complex problems into manageable parts and develop creative and systematic solutions. On the other hand, critical thinking is essential to help engineers use logic and reasoning to ask the right questions, evaluate and examine different approaches and assumptions, troubleshoot issues, identify the pros, cons, and feasibility of all possible solutions, and choose the most optimal option. All engineering classes are focused on problem-solving as its fundamental task, and critical thinking is a skill used while working out the solution to the problem.

1.2.8 Collaboration/Teamwork Skills
The majority of engineering projects require that engineers work together, combine their skills, and benefit from diverse perspectives to achieve common goals. This can happen in one specific engineering field or across multiple engineering fields (interdisciplinary collaboration and teamwork). In most engineering courses, students practice teamwork skills in project and lab settings.

1.2.9 Design and Analysis Skills
All engineering fields are involved with design and analysis. Design is the process of creating innovative solutions for creating structures (like buildings), systems (like computer networks), and devices (like smartphones) that meet specific requirements and constraints. The analysis complements the design process by focusing on testing and verifying the designs' functionality, safety, and efficiency to ensure the final product is creative and functional. Students practice these skills in most of their classes and labs and demonstrate mastery of them in the Senior Capstone project. 

1.2.10 Continuous/ Lifelong Learning Skills
As engineering is a constantly evolving field, engineers must engage in lifelong continuous learning to stay up to date with new technologies, techniques, and advancements. One way to do this is to engage with professional organizations, participate in conferences where cutting-edge work is shared, and professional development opportunities in the industry. 

The essential principles that engineers across disciplines follow are listed next. Engineers abide by these rules, regulations, and standards as required and expected in their professions.

1.2.11 Safety and Environmental Sustainability
When designing systems, engineers must prioritize safety using industry standards to prevent harm to people and the environment. Additionally, environmental sustainability is the process of balancing the development of the engineering solution while considering the long-term environmental impacts. 

1.2.12 Economic and Regulatory Factors
Engineers must create cost-effective solutions based on their project budget while complying with industry regulations, codes, and standards set by governments and organizations. Engineering students focus on this aspect when designing solutions, especially when working on their capstone projects.

1.2.13 Ethics and Professionalism
All engineers must be responsible members of society; as such, they need to be responsible for designing safe, ethical, and environmentally conscious solutions. At the same time, they need to act professionally in the sense that they and their work should demonstrate integrity, consideration, responsibility, and collaboration with others.

1.3. Explore Further
To further explore your area of interest, you can explore the U.S. Bureau of Labor Statistics (BLS) official website: www.bls.gov. On this website, you can find a wealth of information about various occupations, job outlook and growth, salary information, education and training requirements, skills and qualities to be successful in the occupation, work environment, industry trends, and more. 

1.4. Conclusion/Summary of Key Points
The goal of this lecture was to excite you about the opportunities in the field of engineering and to illustrate that the curriculum that is designed for you to complete your degree is essentially helping you acquire the engineering essentials that transcend disciplines and are crucial for engineers at all stages of their careers and hence are the foundation for your success. Hopefully, it will motivate you to stay curious, keep learning and applying yourself in all your courses, and use these essentials to create a better world through engineering. 

1. Engineering is the application of scientific principles, mathematical concepts, and practical knowledge to design, create, build, and maintain various systems, structures, devices, and processes that serve the needs of the society.
2. There are various branches of engineering; Table 1.1 summarizes the main fields.
3. Each field is associated with professional engineering societies; see Table 1.2.
4. Engineering Essentials refers to the foundational knowledge, skills, and principles needed to practice engineering across various disciplines. A brief summary is listed:
a. Foundational Knowledge: Mathematics and Science
b. Skills: Computer, programming, communication, problem-solving and critical thinking, collaboration/teamworking, design and analysis, continuous/lifelong learning, etc.
c. Principles: Safety and Environmental sustainability, economic and regulatory factors, ethics, and professionalism. 
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