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Chapter- 1 

Architectural Engineering 

 

 

 
César Pelli's Ratner Athletic Center uses cables, counterweights and masts as load-
bearing devices. 

Architectural engineering, also known as Building engineering, is the application of 
engineering principles and technology to building design and construction. Definitions of 
an architectural engineer may refer to: 

• An engineer in the structural, mechanical, electrical, construction or other 
engineering fields of building design and construction. 

• A licensed engineering professional in parts of the United States. 
• In informal contexts, and formally in some places, a professional synonymous 

with or similar to an architect. In some languages, "architect" is literally translated 
as "architectural engineer". 
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Engineering for building 

 Structural Engineering 

Structural engineering involves the analysis and design of physical objects such as 
buildings, bridges, equipment supports, towers and walls. Those concentrating on 
buildings are responsible for the structural performance of a large part of the built 
environment and are, sometimes, informally referred to as "building engineers". 
Structural engineers require expertise in strength of materials and in the seismic design of 
structures covered by earthquake engineering. Architectural Engineers sometimes 
practice structural as one aspect of their designs; the structural discipline when practiced 
as a specialty works closely with architects and other engineering specialists. 

 Mechanical, Electrical and Plumbing (MEP) 

Mechanical and electrical engineers are specialists, commonly referred to as "MEP" 
(mechanical, electrical and plumbing) when engaged in the building design fields. Also 
known as "Building services engineering" in the United Kingdom, Canada and Australia.  
Mechanical engineers design and oversee the heating ventilation and air conditioning 
(HVAC), plumbing, and rain gutter systems. Plumbing designers often include design 
specifications for simple active fire protection systems, but for more complicated 
projects, fire protection engineers are often separately retained. Electrical engineers are 
responsible for the building's power distribution, telecommunication, fire alarm, 
signalization, lightning protection and control systems, as well as lighting systems. 

 The Architectural engineer (PE) in the United States 
In many jurisdictions of the United States, the architectural engineer is a licensed 
engineering professional, usually a graduate of an architectural engineering university 
program preparing students to perform whole-building design in competition with 
architect-engineer teams; or for practice in one of structural, mechanical or electrical 
fields of building design, but with an appreciation of integrated architectural 
requirements. 

Formal architectural engineering education, following the engineering model of earlier 
disciplines, developed in the late 19th century, and became widespread in the United 
States by the mid-20th century. With the establishment of a specific "architectural 
engineering" NCEES Professional Engineering registration examination in the 1990s, and 
first offering in April 2003, architectural engineering became recognized as a distinct 
engineering discipline in the United States. Architectural engineers are not entitled to 
practice architecture unless they are also licensed as architects. 

 The Architect as Architectural Engineer 
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In some countries architecture, as a profession providing architectural services, is 
sometimes referred to as "architectural engineering". In others, such as in Japan, the 
terms "architecture" and "building engineering" are used synonymously.  The practice of 
architecture includes the planning, designing and overseeing the building's construction. 

In some languages, such as Korean and Arabic, "architect" is literally translated as 
"architectural engineer". In some countries, an "architectural engineer" (such as the 
ingegnere edile in Italy) is entitled to practice architecture and is often referred to as an 
architect.  These individuals are often also structural engineers. In other countries, such as 
Germany, Austria and most of the Arabic countries, architecture graduates receive an 
engineering degree (Dipl.-Ing. - Diplom-Ingenieur).  

In Brazil, architects and engineers currently share the same accreditation process (CREA 
- Regional Council of Engineers and Architects). Besides traditional architecture design 
training, Brazilian architecture courses also offer complementary training in engineering 
disciplines such as structural, electrical, hydraulic and mechanical engineering. After 
graduation, architects can be fully responsible for most engineering design and 
construction, except highly specialized tasks such as road design and high voltage 
electrical. 

 Education 
The architectural, structural, mechanical and electrical engineering branches each have 
well established educational requirements that are usually fulfilled by completion of a 
university program. 

 Architectural Engineering as a single integrated field of study 

What differentiates Architectural Engineering as a separate and single, integrated field of 
study, compared to other engineering disciplines, is its multi-disciplined engineering 
approach. Through training in and appreciation of architecture, the field seeks integration 
of building systems within its overall building design. Architectural Engineering includes 
the design of building systems including Heating, ventilation and air conditioning 
(HVAC), plumbing, fire protection, electrical, lighting, transportation, and structural 
systems. In some university programs, students are required to concentrate on one of the 
systems; in others, they can receive a generalist Architectural or Building Engineering 
degree. 
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Chapter- 2 

Ceramic Engineering 
  
 
 
 
 
 
  

 
Outside of the Space Shuttle as it heats up to over 1,500 °C (2,730 °F) during re-entry 
into the Earth's atmosphere 

Ceramic engineering is the science and technology of creating objects from inorganic, 
non-metallic materials. This is done either by the action of heat, or at lower temperatures 
using precipitation reactions from high purity chemical solutions. The term includes the 
purification of raw materials, the study and production of the chemical compounds 
concerned, their formation into components and the study of their structure, composition 
and properties. 

Ceramic materials may have a crystalline or partly crystalline structure, with long-range 
order on atomic scale. Glass ceramics may have an amorphous or glassy structure, with 
limited or short-range atomic order. They are either formed from a molten mass that 
solidifies on cooling, formed and matured by the action of heat, or chemically 
synthesized at low temperatures using, for example, hydrothermal or sol-gel synthesis. 

The special character of ceramic materials gives rise to many applications in materials 
engineering, electrical engineering, chemical engineering and mechanical engineering. 
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As ceramics are heat resistant, they can be used for many tasks that materials like metal 
and polymers are unsuitable for. Ceramic materials are used in a wide range of industries, 
including mining, aerospace, medicine, refinery, food and chemical industries, packaging 
science, electronics, industrial and transmission electricity, and guided lightwave 
transmission.   

 
Bearing components made from 100% silicon nitride Si3N4 
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Ceramic bread knife 
 

History 
The word "ceramic" is derived from the Greek word κεραμικός (keramikos) meaning 
pottery. It is related to the older Indo-European language root "to burn",   "Ceramic" may 
be used as a noun in the singular to refer to a ceramic material or the product of ceramic 
manufacture, or as an adjective. The plural "ceramics" may be used to refer the making of 
things out of ceramic materials. Ceramic engineering, like many sciences, evolved from a 
different discipline by today's standards. Materials science engineering is grouped with 
ceramics engineering to this day. 
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Leo Morandi's tile glazing line (circa 1945) 

Abraham Darby first used coke in 1709 in Shropshire, England, to improve the yield of a 
smelting process. Coke is now widely used to produce carbide ceramics. Potter Josiah 
Wedgwood opened the first modern ceramics factory in Stoke-on-Trent, England, in 
1759. Austrian chemist Karl Bayer, working for the textile industry in Russia, developed 
a process to separate alumina from bauxite ore in 1888. The Bayer process is still used to 
purify alumina for the ceramic and aluminum industries. Brothers Pierre and Jacques 
Curie discovered piezoelectricity in Rochelle salt circa 1880. Piezoelectricity is one of 
the key properties of electroceramics. 

E.G. Acheson heated a mixture of coke and clay in 1893, and invented carborundum, or 
synthetic silicon carbide. Henri Moissan also synthesized SiC and tungsten carbide in his 
electric arc furnace in Paris about the same time as Acheson. Karl Schröter used liquid-
phase sintering to bond or "cement" Moissan's tungsten carbide particles with cobalt in 
1923 in Germany. Cemented (metal-bonded) carbide edges greatly increase the durability 
of hardened steel cutting tools. W.H. Nernst developed cubic-stabilized zirconia in the 
1920s in Berlin. This material is used as an oxygen sensor in exhaust systems. The main 
limitation on the use of ceramics in engineering is brittleness.   
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 Military 

 
 
Soldiers pictured during the 2003 Iraq War seen through IR transparent Night Vision 
Goggles 

The military requirements of World War II (1939–1945) encouraged developments, 
which created a need for high-performance materials and helped speed the development 
of ceramic science and engineering. Throughout the 1960s and 1970s, new types of 
ceramics were developed in response to advances in atomic energy, electronics, 
communications, and space travel. The discovery of ceramic superconductors in 1986 has 
spurred intense research to develop superconducting ceramic parts for electronic devices, 
electric motors, and transportation equipment. 

There is an increasing need in the military sector for high-strength, robust materials 
which have the capability to transmit light around the visible (0.4–0.7 micrometers) and 
mid-infrared (1–5 micrometers) regions of the spectrum. These materials are needed for 
applications requiring transparent armor. Transparent armor is a material or system of 
materials designed to be optically transparent, yet protect from fragmentation or ballistic 
impacts. The primary requirement for a transparent armor system is to not only defeat the 
designated threat but also provide a multi-hit capability with minimized distortion of 
surrounding areas. Transparent armor windows must also be compatible with night vision 
equipment. New materials that are thinner, lightweight, and offer better ballistic 
performance are being sought.   Such solid-state components have found widespread use 
for various applications in the electro-optical field including: optical fibers for guided 
lightwave transmission, optical switches, laser amplifiers and lenses, hosts for solid-state 
lasers and optical window materials for gas lasers, and infrared (IR) heat seeking devices 
for missile guidance systems and IR night vision.   
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 Education 

Czech Republic 

• The Secondary Technical School of Ceramics was founded in 1872 in Znojmo. In 
1922 it moved to Karlovy Vary.  

• The Ceramic Technical School At Bechyne was founded in 1884.  

Japan - The Ceramic Society of Japan was founded in 1891 in Tokyo.  

Germany 

• The Ceramic Society of Germany was founded in Berlin in 1919. 
• Staatliche Fachschule fur Porzellan (Government Technical College for 

Porcelain) was founded in Selb in 1908. In 1973 it was transferred to Nuremberg 
Polytechnic, when it was incorporated into a professional training organisation for 
ceramics which also includes the Staatliche Fachschule fur Keramtechnik and a 
college for block release courses in ceramic trades, testing and laboratory work.   

Poland – the Bunzlau Ceramic Technical College operated from 1887 to 1945.  

Spain 

• The ‘Official Ceramic School’ open in Madrid in 1911.  
• The Ceramic School Of Manises – was founded in 1914.  

United States - the first ceramic engineering course and department in the USA were 
established by Edward Orton, Jr., a professor of geology and mining engineering, at the 
Ohio State University in 1894. Orton and eight other refractory professionals founded the 
American Ceramic Society (ACerS) at the 1898 National Brick Manufacturers' 
Association convention in Pittsburgh. Orton was the first ACerS General Secretary, and 
his office at OSU served as the society headquarters in the beginning. Charles F. Binns 
established the New York State School of Clay-Working and Ceramics, now Alfred 
University, in 1900. Binns was the third ACerS president, and Orton the 32nd.  
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Modern industry 

 
U.S. Army soldiers wearing bulletproof ballistic vests with an armored M3 Bradley. 

Now a multi-billion dollar a year industry, ceramic engineering and research has 
established itself as an important field of science. Applications continue to expand as 
researchers develop new kinds of ceramics to serve different purposes.     

• Zirconium dioxide ceramics are used in the manufacture of knives. The blade of 
the ceramic knife will stay sharp for much longer than that of a steel knife, 
although it is more brittle and can be snapped by dropping it on a hard surface. 

• Ceramics such as alumina, boron carbide and silicon carbide have been used in 
bulletproof vests to repel large-caliber rifle fire. Such plates are known commonly 
as small-arms protective inserts (SAPI). Similar material is used to protect 
cockpits of some military airplanes, because of the low weight of the material. 

• Silicon nitride parts are used in ceramic ball bearings. Their higher hardness 
means that they are much less susceptible to wear and can offer more than triple 
lifetimes. They also deform less under load meaning they have less contact with 
the bearing retainer walls and can roll faster. In very high speed applications, heat 
from friction during rolling can cause problems for metal bearings; problems 
which are reduced by the use of ceramics. Ceramics are also more chemically 
resistant and can be used in wet environments where steel bearings would rust. 
The major drawback to using ceramics is a significantly higher cost. In many 
cases their electrically insulating properties may also be valuable in bearings. 
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• In the early 1980s, Toyota researched production of an adiabatic ceramic engine 
which can run at a temperature of over 6000 °F (3300 °C). Ceramic engines do 
not require a cooling system and hence allow a major weight reduction and 
therefore greater fuel efficiency. Fuel efficiency of the engine is also higher at 
high temperature, as shown by Carnot's theorem. In a conventional metallic 
engine, much of the energy released from the fuel must be dissipated as waste 
heat in order to prevent a meltdown of the metallic parts. Despite all of these 
desirable properties, such engines are not in production because the 
manufacturing of ceramic parts in the requisite precision and durability is 
difficult. Imperfection in the ceramic leads to cracks, which can lead to potentially 
dangerous equipment failure. Such engines are possible in laboratory settings, but 
mass-production is not feasible with current technology.  

• Work is being done in developing ceramic parts for gas turbine engines. 
Currently, even blades made of advanced metal alloys used in the engines' hot 
section require cooling and careful limiting of operating temperatures. Turbine 
engines made with ceramics could operate more efficiently, giving aircraft greater 
range and payload for a set amount of fuel.  

 
Collagen fibers of woven bone 
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SEM 10,000x magnification of crystalline bone mineral. 

• Recently, there have been advances in ceramics which include bio-ceramics, such 
as dental implants and synthetic bones. Hydroxyapatite, the natural mineral 
component of bone, has been made synthetically from a number of biological and 
chemical sources and can be formed into ceramic materials. Orthopedic implants 
made from these materials bond readily to bone and other tissues in the body 
without rejection or inflammatory reactions. Because of this, they are of great 
interest for gene delivery and tissue engineering scaffolds. Most hydroxy apatite 
ceramics are very porous and lack mechanical strength and are used to coat metal 
orthopedic devices to aid in forming a bond to bone or as bone fillers. They are 
also used as fillers for orthopedic plastic screws to aid in reducing the 
inflammation and increase absorption of these plastic materials. Work is being 
done to make strong, fully dense nano crystalline hydroxyapatite ceramic 
materials for orthopedic weight bearing devices, replacing foreign metal and 
plastic orthopedic materials with a synthetic, but naturally occurring, bone 
mineral. Ultimately these ceramic materials may be used as bone replacements or 
with the incorporation of protein collagens, synthetic bones.  

• High-tech ceramic is used in watchmaking for producing watch cases. The 
material is valued by watchmakers for its light weight, scratch-resistance, 
durability and smooth touch. IWC is one of the brands that initiated the use of 
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ceramic in watchmaking. The case of the IWC 2007 Top Gun edition of the Pilot's 
Watch Double chronograph is crafted in high-tech black ceramic.  

 Glass-ceramics 

 
A high strength glass-ceramic cooktop with negligible thermal expansion. 

Glass-ceramic materials share many properties with both glasses and ceramics. Glass-
ceramics have an amorphous phase and one or more crystalline phases and are produced 
by a so called "controlled crystallization", which is typically avoided in glass 
manufacturing. Glass-ceramics often contain a crystalline phase which constitutes 
anywhere from 30% [m/m] to 90% [m/m] of its composition by volume, yielding an 
array of materials with interesting thermomechanical properties.  

In the processing of glass-ceramics, molten glass is cooled down gradually before 
reheating and annealing. In this heat treatment the glass partly crystallizes. In many cases, 
so-called 'nucleation agents' are added in order to regulate and control the crystallization 
process. Because there is usually no pressing and sintering, glass-ceramics do not contain 
the volume fraction of porosity typically present in sintered ceramics.  

The term mainly refers to a mix of lithium and aluminosilicates which yields an array of 
materials with interesting thermomechanical properties. The most commercially 
important of these have the distinction of being impervious to thermal shock. Thus, glass-
ceramics have become extremely useful for countertop cooking. The negative thermal 
expansion coefficient (TEC) of the crystalline ceramic phase can be balanced with the 
positive TEC of the glassy phase. At a certain point (~70% crystalline) the glass-ceramic 
has a net TEC near zero. This type of glass-ceramic exhibits excellent mechanical 
properties and can sustain repeated and quick temperature changes up to 1000 °C.   

Processing steps 
The traditional ceramic process generally follows this sequence: Milling → Batching → 
Mixing → Forming → Drying → Firing → Assembly         
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Ball mill 

• Milling is the process by which materials are reduced from a large size to a 
smaller size. Milling may involve breaking up cemented material (in which case 
individual particles retain their shape) or pulverization (which involves grinding 
the particles themselves to a smaller size). Milling is generally done by 
mechanical means, including attrition (which is particle-to-particle collision that 
results in agglomerate break up or particle shearing), compression (which applies 
a forces that results in fracturing), and impact (which employs a milling medium 
or the particles themselves to cause fracturing). Attrition milling equipment 
includes the wet scrubber (also called the planetary mill or wet attrition mill), 
which has paddles in water creating vortexes in which the material collides and 
break up. Compression mills include the jaw crusher, roller crusher and cone 
crusher. Impact mills include the ball mill, which has media that tumble and 
fracture the material. Shaft impactors cause particle-to particle attrition and 
compression. 

• Batching is the process of weighing the oxides according to recipes, and 
preparing them for mixing and drying. 

• Mixing occurs after batching and is performed with various machines, such as dry 
mixing ribbon mixers (a type of cement mixer), Mueller mixers, and pug mills. 
Wet mixing generally involves the same equipment. 

• Forming is making the mixed material into shapes, ranging from toilet bowls to 
spark plug insulators. Forming can involve: (1) Extrusion, such as extruding 
"slugs" to make bricks, (2) Pressing to make shaped parts, (3) Slip casting, as in 
making toilet bowls, wash basins and ornamentals like ceramic statues. Forming 
produces a "green" part, ready for drying. Green parts are soft, pliable, and over 
time will lose shape. Handling the green product will change its shape. For 
example, a green brick can be "squeezed", and after squeezing it will stay that 
way. 

• Drying is removing the water or binder from the formed material. Spray drying is 
widely used to prepare powder for pressing operations. Other dryers are tunnel 
dryers and periodic dryers. Controlled heat is applied in this two-stage process. 
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First, heat removes water. This step needs careful control, as rapid heating causes 
cracks and surface defects. The dried part is smaller than the green part, and is 
brittle, necessitating careful handling, since a small impact will cause crumbling 
and breaking. 

• Firing is where the dried parts pass through a controlled heating process, and the 
oxides are chemically changed to cause sintering and bonding. The fired part will 
be smaller than the dried part. 

Forming methods 
Ceramic forming techniques include throwing, slipcasting, tape casting, injection 
molding, dry pressing, isostatic pressing, hot isostatic pressing (HIP) and others. Methods 
for forming ceramic powders into complex shapes are desirable in many areas of 
technology. Such methods are required for producing advanced, high-temperature 
structural parts such as heat engine components and turbines. Materials other than 
ceramics which are used in these processes may include: wood, metal, water, plaster and 
epoxy—most of which will be eliminated upon firing.   

These forming techniques are well known for providing tools and other components with 
dimensional stability, surface quality, high (near theoretical) density and microstructural 
uniformity. The increasing use and diversity of specialty forms of ceramics adds to the 
diversity of process technologies to be used.  

Thus, reinforcing fibers and filaments are mainly made by polymer, sol-gel, or CVD 
processes, but melt processing also has applicability. The most widely used specialty 
form is layered structures, with tape casting for electronic substrates and packages being 
preeminent. Photolithography is of increasing interest for precise patterning of 
conductors and other components for such packaging. Tape casting or forming processes 
are also of increasing interest for other applications, ranging from open structures such as 
fuel cells to ceramic composites.  

The other major layer structure is coating, where melt spraying is very important, but 
chemical and physical vapor deposition and chemical (e.g., sol-gel and polymer 
pyrolysis) methods are all seeing increased use. Besides open structures from formed 
tape, extruded structures, such as honeycomb catalyst supports, and highly porous 
structures, including various foams, for example, reticulated foam, are of increasing use.  

Densification of consolidated powder bodies continues to be achieved predominantly by 
(pressureless) sintering. However, the use of pressure sintering by hot pressing is 
increasing, especially for non-oxides and parts of simple shapes where higher quality 
(mainly microstructural homogeneity) is needed, and larger size or multiple parts per 
pressing can be an advantage.  
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The sintering process 

 
Scanning electron micrographs (SEM) of room temperature Al2O3 fine powder compact 
formed using a) colloidal processing and b) slip casting techniques. *Note: Mean particle 
diameter = 0.6 micrometres. 
 

 
Scanning electron micrographs (SEM) of Al2O3 fine powder compact formed using a) 
colloidal processing and b) slip casting techniques and sintered to 1200°C. *Note: Mean 
cluster size = 3 micrometres. 
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Scanning electron micrographs (SEM) of Al2O3 fine powder compact formed using a) 
colloidal processing and b) slip casting techniques and sintered to 1400°C. *Note: Mean 
grain size = 2 micrometres. 
 

 
Scanning electron micrographs (SEM) of fully densified Al2O3 ceramic formed using a) 
colloidal processing and b) slip casting techniques and sintered to 1600°C. *Note: Mean 
grain size = 3 micrometres. 

The principles of sintering-based methods are simple ("sinter" has roots in the English 
"cinder"). The firing is done at a temperature below the melting point of the ceramic. 
Once a roughly-held-together object called a "green body" is made, it is baked in a kiln, 
where atomic and molecular diffusion processes give rise to significant changes in the 
primary microstructural features. This includes the gradual elimination of porosity, which 
is typically accompanied by a net shrinkage and overall densification of the component. 
Thus, the pores in the object may close up, resulting in a denser product of significantly 
greater strength and fracture toughness. 
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Another major change in the body during the firing or sintering process will be the 
establishment of the polycrystalline nature of the solid. This change will introduce some 
form of grain size distribution, which will have a significant impact on the ultimate 
physical properties of the material. The grain sizes will either be associated with the 
initial particle size, or possibly the sizes of aggregates or particle clusters which arise 
during the initial stages of processing. 

The ultimate microstructure (and thus the physical properties) of the final product will be 
limited by and subject to the form of the structural template or precursor which is created 
in the initial stages of chemical synthesis and physical forming. Hence the importance of 
chemical powder and polymer processing as it pertains to the synthesis of industrial 
ceramics, glasses and glass-ceramics. 

There are numerous possible refinements of the sintering process. Some of the most 
common involve pressing the green body to give the densification a head start and reduce 
the sintering time needed. Sometimes organic binders such as polyvinyl alcohol are 
added to hold the green body together; these burn out during the firing (at 200–350 °C). 
Sometimes organic lubricants are added during pressing to increase densification. It is 
common to combine these, and add binders and lubricants to a powder, then press. (The 
formulation of these organic chemical additives is an art in itself. This is particularly 
important in the manufacture of high performance ceramics such as those used by the 
billions for electronics, in capacitors, inductors, sensors, etc.) 

A slurry can be used in place of a powder, and then cast into a desired shape, dried and 
then sintered. Indeed, traditional pottery is done with this type of method, using a plastic 
mixture worked with the hands. If a mixture of different materials is used together in a 
ceramic, the sintering temperature is sometimes above the melting point of one minor 
component - a liquid phase sintering. This results in shorter sintering times compared to 
solid state sintering.   

 Strength of ceramics 
A material's strength is dependent on its microstructure. The engineering processes to 
which a material is subjected can alter this microstructure. The variety of strengthening 
mechanisms that alter the strength of a material include the mechanism of grain boundary 
strengthening. Thus, although yield strength is maximized with decreasing grain size, 
ultimately, very small grain sizes make the material brittle. Considered in tandem with 
the fact that the yield strength is the parameter that predicts plastic deformation in the 
material, one can make informed decisions on how to increase the strength of a material 
depending on its microstructural properties and the desired end effect. 

The relation between yield stress and grain size is described mathematically by the Hall-
Petch equation which is 
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where ky is the strengthening coefficient (a constant unique to each material), σo is a 
materials constant for the starting stress for dislocation movement (or the resistance of 
the lattice to dislocation motion), d is the grain diameter, and σy is the yield stress. 

Theoretically, a material could be made infinitely strong if the grains are made infinitely 
small. This is, unfortunately, impossible because the lower limit of grain size is a single 
unit cell of the material. Even then, if the grains of a material are the size of a single unit 
cell, then the material is in fact amorphous, not crystalline, since there is no long range 
order, and dislocations can not be defined in an amorphous material. It has been observed 
experimentally that the microstructure with the highest yield strength is a grain size of 
about 10 nanometers, because grains smaller than this undergo another yielding 
mechanism, grain boundary sliding.  Producing engineering materials with this ideal grain 
size is difficult because of the limitations of initial particle sizes inherent to nanomaterials 
and nanotechnology. 
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Theory of chemical processing 

 Microstructural uniformity 

 
SEM micrograph of surface of colloidal solid. Structure and morphology consists of 
ordered domains with both interdomain and intradomain lattice defects.(Amorphous 
colloidal silica particles of average particle diameter 600 nm). 
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Manual highlighting reveals microstructural defects and domains in the above image 

In the processing of fine ceramics, the irregular particle sizes and shapes in a typical 
powder often lead to non-uniform packing morphologies that result in packing density 
variations in the powder compact. Uncontrolled agglomeration of powders due to 
attractive van der Waals forces can also give rise to in microstructural inhomogeneities.   

Differential stresses that develop as a result of non-uniform drying shrinkage are directly 
related to the rate at which the solvent can be removed, and thus highly dependent upon 
the distribution of porosity. Such stresses have been associated with a plastic-to-brittle 
transition in consolidated bodies,  and can yield to crack propagation in the unfired body 
if not relieved. 

In addition, any fluctuations in packing density in the compact as it is prepared for the 
kiln are often amplified during the sintering process, yielding inhomogeneous 
densification.   Some pores and other structural defects associated with density variations 
have been shown to play a detrimental role in the sintering process by growing and thus 
limiting end-point densities.  Differential stresses arising from inhomogeneous 
densification have also been shown to result in the propagation of internal cracks, thus 
becoming the strength-controlling flaws.  
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It would therefore appear desirable to process a material in such a way that it is 
physically uniform with regard to the distribution of components and porosity, rather than 
using particle size distributions which will maximize the green density. The containment 
of a uniformly dispersed assembly of strongly interacting particles in suspension requires 
total control over particle-particle interactions. Monodisperse colloids provide this 
potential.  

Monodisperse powders of colloidal silica, for example, may therefore be stabilized 
sufficiently to ensure a high degree of order in the colloidal crystal or polycrystalline 
colloidal solid which results from aggregation. The degree of order appears to be limited 
by the time and space allowed for longer-range correlations to be established.   

Such defective polycrystalline colloidal structures would appear to be the basic elements 
of submicrometer colloidal materials science, and, therefore, provide the first step in 
developing a more rigorous understanding of the mechanisms involved in microstructural 
evolution in inorganic systems such as polycrystalline ceramics. 

 Self-assembly 
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An example of a supramolecular assembly.  

"Self-assembly" is the most common term in use in the modern scientific community to 
describe the spontaneous aggregation of particles (atoms, molecules, colloids, micelles, 
etc.) without the influence of any external forces. Large groups of such particles are 
known to assemble themselves into thermodynamically stable, structurally well-defined 
arrays, quite reminiscent of one of the 7 crystal systems found in metallurgy and 
mineralogy (e.g. face-centered cubic, body-centered cubic, etc.).  The fundamental 
difference in equilibrium structure is in the spatial scale of the unit cell (or lattice 
parameter) in each particular case. 

Thus, self-assembly is emerging as a new strategy in chemical synthesis and 
nanotechnology. Molecular self-assembly has been observed in various biological 
systems and underlies the formation of a wide variety of complex biological structures. 
Molecular crystals, liquid crystals, colloids, micelles, emulsions, phase-separated 
polymers, thin films and self-assembled monolayers all represent examples of the types 
of highly ordered structures which are obtained using these techniques. The 
distinguishing feature of these methods is self-organization in the absence of any external 
forces.  

In addition, the principal mechanical characteristics and structures of biological ceramics, 
polymer composites, elastomers, and cellular materials are being re-evaluated, with an 
emphasis on bioinspired materials and structures. Traditional approaches focus on design 
methods of biological materials using conventional synthetic materials. This includes an 
emerging class of mechanically superior biomaterials based on microstructural features 
and designs found in nature. The new horizons have been identified in the synthesis of 
bioinspired materials through processes that are characteristic of biological systems in 
nature. This includes the nanoscale self-assembly of the components and the development 
of hierarchical structures.    
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Ceramic composites 

 
The Porsche Carrera GT's carbon-ceramic (silicon carbide) composite disc brake 

Substantial interest has arisen in recent years in fabricating ceramic composites. While 
there is considerable interest in composites with one or more non-ceramic constituents, 
the greatest attention is on composites in which all constituents are ceramic. These 
typically comprise two ceramic constituents: a continuous matrix, and a dispersed phase 
of ceramic particles, whiskers, or short (chopped) or continuous ceramic fibers. The 
challenge, as in wet chemical processing, is to obtain a uniform or homogeneous 
distribution of the dispersed particle or fiber phase.     

Consider first the processing of particulate composites. The particulate phase of greatest 
interest is tetragonal zirconia because of the toughening that can be achieved from the 
phase transformation from the metastable tetragonal to the monoclinic crystalline phase, 
aka transformation toughening. There is also substantial interest in dispersion of hard, 
non-oxide phases such as SiC, TiB, TiC, boron, carbon and especially oxide matrices like 
alumina and mullite. There is also interest too incorporating other ceramic particulates, 
especially those of highly anisotropic thermal expansion. Examples include Al2O3, TiO2, 
graphite, and boron nitride.   
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Silicon carbide single crystal 

In processing particulate composites, the issue is not only homogeneity of the size and 
spatial distribution of the dispersed and matrix phases, but also control of the matrix grain 
size. However, there is some built-in self-control due to inhibition of matrix grain growth 
by the dispersed phase. Particulate composites, though generally offer increased 
resistance to damage, failure, or both, are still quite sensitive to inhomogeneities of 
composition as well as other processing defects such as pores. Thus they need good 
processing to be effective.   

Particulate composites have been made on a commercial basis by simply mixing powders 
of the two constituents. Although this approach is inherently limited in the homogeneity 
that can be achieved, it is the most readily adaptable for existing ceramic production 
technology. However, other approaches are of interest.    
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Tungsten carbide milling bits 

From the technological standpoint, a particularly desirable approach to fabricating 
particulate composites is to coat the matrix or its precursor onto fine particles of the 
dispersed phase with good control of the starting dispersed particle size and the resultant 
matrix coating thickness. One should in principle be able to achieve the ultimate in 
homogeneity of distribution and thereby optimize composite performance. This can also 
have other ramifications, such as allowing more useful composite performance to be 
achieved in a body having porosity, which might be desired for other factors, such as 
limiting thermal conductivity. 

There are also some opportunities to utilize melt processing for fabrication of ceramic, 
particulate, whisker and short-fiber, and continuous-fiber composites. Clearly, both 
particulate and whisker composites are conceivable by solid-state precipitation after 
solidification of the melt. This can also be obtained in some cases by sintering, as for 
precipitation-toughened, partially stabilized zirconia. Similarly, it is known that one can 
directionally solidify ceramic eutectic mixtures and hence obtain uniaxially aligned fiber 
composites. Such composite processing has typically been limited to very simple shapes 
and thus suffers from serious economic problems due to high machining costs.   

Clearly, there are possibilities of using melt casting for many of these approaches. 
Potentially even more desirable is using melt-derived particles. In this method, quenching 
is done in a solid solution or in a fine eutectic structure, in which the particles are then 
processed by more typical ceramic powder processing methods into a useful body. There 
have also been preliminary attempts to use melt spraying as a means of forming 
composites by introducing the dispersed particulate, whisker, or fiber phase in 
conjunction with the melt spraying process. 

Besides many process improvements, the first of two major needs for fiber composites is 
lower fiber costs. The second major need is fiber compositions or coatings, or composite 
processing, to reduce degradation that results from high-temperature composite exposure 
under oxidizing conditions.   
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 Applications 

 
Radial rotor made from Si3N4 for a gas turbine engine 

 

 
Silicon nitride thruster. Left: Mounted in test stand. Right: Being tested with H2/O2 
propellants 

The products of technical ceramics include tiles used in the Space Shuttle program, gas 
burner nozzles, ballistic protection, nuclear fuel uranium oxide pellets, bio-medical 
implants, jet engine turbine blades, and missile nose cones. 

Its products are often made from materials other than clay, chosen for their particular 
physical properties. These may be classified as follows: 

• Oxides: silica, alumina, zirconia 
• Non-oxides: carbides, borides, nitrides, silicides 
• Composites: particulate or whisker reinforced matrices, combinations of oxides 

and non-oxides (e.g. polymers). 

Ceramics can be used in many technological industries. One application are the ceramic 
tiles on NASA's Space Shuttle, used to protect it and the future supersonic space planes 
from the searing heat of reentry into the Earth's atmosphere. They are also used widely in 
electronics and optics. In addition to the applications listed here, ceramics are also used 
as a coating in various engineering cases. An example would be a ceramic bearing 
coating over a titanium frame used for an airplane. Recently the field has come to include 
the studies of single crystals or glass fibers, in addition to traditional polycrystalline 
materials, and the applications of these have been overlapping and changing rapidly. 
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 Aerospace 

• Engines; Shielding a hot running airplane engine from damaging other 
components. 

• Airframes; Used as a high-stress, high-temp and lightweight bearing and 
structural component. 

• Missile nose-cones; Shielding the missile internals from heat. 
• Space Shuttle tiles 
• Space-debris ballistic shields -- Ceramic fiber woven shields offer better 

protection to hypervelocity (~7 km/s) particles than aluminum shields of equal 
weight.  

• Rocket Nozzles; Withstands and focuses the exhaust of the rocket booster. 

 Biomedical 

 
A titanium hip prosthesis, with a ceramic head and polyethylene acetabular cup. 

• Artificial bone; Dentistry applications, teeth. 
• Biodegradable splints; Reinforcing bones recovering from osteoporosis 
• Implant material 
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Electronics 

• Capacitors 
• Integrated Circuit packages 
• Transducers 
• Insulators 

 Optical 

• Optical fibers; Guided Lightwave Transmission 
• Switches 
• Laser amplifiers 
• Lenses 
• Infrared Heat Seeking Devices 

 Automotive 

• Heat shield 
• Exhaust Heat Management 

 Biomaterials 

 
The DNA structure at left (schematic shown) will self-assemble into the structure 
visualized by atomic force microscopy at right.  

Silicification is quite common in the biological world and occurs in bacteria, single-
celled organisms, plants, and animals (invertebrates and vertebrates). Crystalline minerals 
formed in such environment often show exceptional physical properties (e.g. strength, 
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hardness, fracture toughness) and tend to form hierarchical structures that exhibit 
microstructural order over a range of length or spatial scales. The minerals are 
crystallized from an environment that is undersaturated with respect to silicon, and under 
conditions of neutral pH and low temperature (0-40 °C). Formation of the mineral may 
occur either within or outside of the cell wall of an organism, and specific biochemical 
reactions for mineral deposition exist that include lipids, proteins and carbohydrates. The 
significance of the cellular machinery cannot be overemphasized, and it is with advances 
in experimental techniques in cellular biology and the capacity to mimic the biological 
environment that significant progress is currently being reported. 

Most natural (or biological) materials are complex composites whose mechanical 
properties are often outstanding, considering the weak constituents from which they are 
assembled. These complex structures, which have risen from hundreds of million years of 
evolution, are inspiring the design of novel materials with exceptional physical properties 
for high performance in adverse conditions. Their defining characteristics such as 
hierarchy, multifunctionality, and the capacity for self-healing, are currently being 
investigated.  

The basic building blocks begin with the 20 amino acids and proceed to polypeptides, 
polysaccharides, and polypeptides–saccharides. These, in turn, compose the basic 
proteins, which are the primary constituents of the ‘soft tissues’ common to most 
biominerals. With well over 1000 proteins possible, current research emphasizes the use 
of collagen, chitin, keratin, and elastin. The ‘hard’ phases are often strengthened by 
crystalline minerals, which nucleate and grow in a biomediated environment that 
determines the size, shape and distribution of individual crystals. The most important 
mineral phases have been identified as hydroxyapatite, silica, and aragonite. Using the 
classification of Wegst and Ashby, the principal mechanical characteristics and structures 
of biological ceramics, polymer composites, elastomers, and cellular materials have been 
presented. Selected systems in each class are being investigated with emphasis on the 
relationship between their microstructure over a range of length scales and their 
mechanical response. 

Thus, the crystallization of inorganic materials in nature generally occurs at ambient 
temperature and pressure. Yet the vital organisms through which these minerals form are 
capable of consistently producing extremely precise and complex structures. 
Understanding the processes in which living organisms control the growth of crystalline 
minerals such as silica could lead to significant advances in the field of materials science, 
and open the door to novel synthesis techniques for nanoscale composite materials, or 
nanocomposites. 
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The iridescent nacre inside a Nautilus shell. 

High-resolution SEM observations were performed of the microstructure of the mother-
of-pearl (or nacre) portion of the abalone shell. Those shells exhibit the highest 
mechanical strength and fracture toughness of any non-metallic substance known. The 
nacre from the shell of the abalone has become one of the more intensively studied 
biological structures in materials science. Clearly visible in these images are the neatly 
stacked (or ordered) mineral tiles separated by thin organic sheets along with a 
macrostructure of larger periodic growth bands which collectively form what scientists 
are currently referring to as a hierarchical composite structure. (The term hierarchy 
simply implies that there are a range of structural features which exist over a wide range 
of length scales).  

Future developments reside in the synthesis of bio-inspired materials through processing 
methods and strategies that are characteristic of biological systems. These involve 
nanoscale self-assembly of the components and the development of hierarchical 
structures.     
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Chapter- 3 

Chemical Engineering 
 
 
 
 
 
 
  

 
Process engineers design, construct and operate plants 
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Chemical engineering is the branch of engineering that deals with the application of 
physical science (e.g., chemistry and physics), and life sciences (e.g., biology, 
microbiology and biochemistry) with mathematics and economics, to the process of 
converting raw materials or chemicals into more useful or valuable forms. In addition to 
producing useful materials, modern chemical engineering is also concerned with 
pioneering valuable new materials and techniques - such as nanotechnology, fuel cells 
and biomedical engineering.  Chemical engineering largely involves the design, 
improvement and maintenance of processes involving chemical or biological 
transformations for large-scale manufacture. Chemical engineers ensure the processes are 
operated safely, sustainably and economically. Chemical engineers in this branch are 
usually employed under the title of process engineer. A related term with a wider 
definition is chemical technology. A person employed in this field is called a chemical 
engineer. 

 Chemical engineering timeline 
In 1824, French physicist Sadi Carnot, in his "On the Motive Power of Fire", was the first 
to study the thermodynamics of combustion reactions. In the 1850s, German physicist 
Rudolf Clausius began to apply the principles developed by Carnot to chemical systems 
at the atomic to molecular scale.  During the years 1873 to 1876 at Yale University, 
American mathematical physicist Josiah Willard Gibbs, the first to be awarded a Ph.D. in 
engineering in the U.S., in a series of three papers, developed a mathematical-based, 
graphical methodology, for the study of chemical systems using the thermodynamics of 
Clausius. In 1882, German physicist Hermann von Helmholtz, published a founding 
thermodynamics paper, similar to Gibbs, but with more of an electro-chemical basis, in 
which he showed that measure of chemical affinity, i.e., the "force" of chemical 
reactions, is determined by the measure of the free energy of the reaction process. The 
following timeline shows some of the key steps in the development of the science of 
chemical engineering:  

• 1805 – John Dalton published Atomic Weights, allowing chemical equations to be 
balanced and the basis for chemical engineering mass balances. 

• 1882 – a course in "Chemical Technology" is offered at University College 
London 

• 1883 – Osborne Reynolds defines the dimensionless group for fluid flow, leading 
to practical scale-up and understanding of flow, heat and mass transfer 

• 1885 – Henry Edward Armstrong offers a course in "chemical engineering" at 
Central College (later Imperial College), London. 

• 1888 – There is a Department of Chemical Engineering at Glasgow and West of 
Scotland Technical College offering day and evening classes.  

• 1888 – Lewis M. Norton starts a new curriculum at Massachusetts Institute of 
Technology (MIT): Course X, Chemical Engineering   

• 1889 – Rose Polytechnic Institute awards the first bachelor's of science in 
chemical engineering in the US.  

• 1891 – MIT awards a bachelor's of science in chemical engineering to William 
Page Bryant and six other candidates. 



_________________WORLD TECHNOLOGIES_________________

WT

• 1892 – A bachelor's program in chemical engineering is established at the 
University of Pennsylvania. 

• 1898 – Bachelor of science program in chemical engineering is established at the 
University of Michigan. 

• 1901 – George E. Davis produces the Handbook of Chemical Engineering 
• 1905 – the University of Wisconsin awards the first Ph.D. in chemical 

engineering to Oliver Patterson Watts. 
• 1908 – the American Institute of Chemical Engineers (AIChE) is founded. 
• 1922 – the UK Institution of Chemical Engineers (IChemE) is founded.  

 Applications 
Chemical engineering is applied in the manufacture of a wide variety of products. The 
chemical industry has a large scope, manufacturing inorganic and organic industrial 
chemicals, ceramics, fuels and petrochemicals, agrochemicals (fertilizers, insecticides, 
herbicides), plastics and elastomers, oleochemicals, explosives, detergents and detergent 
products (soap, shampoo, cleaning fluids), fragrances and flavors, additives, dietary 
supplements and pharmaceuticals. Closely allied or overlapping disciplines include wood 
processing, food processing, environmental technology, and the engineering of 
petroleum, glass, paints and other coatings, inks, sealants and adhesives. A variety of 
substances found in everyday life have been made under the supervision of a chemical 
engineer. 
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Overview 

 
Chemical engineers operate processes at plants, above is the image of processes at an 
industry control room 

Chemical engineers design processes to ensure the most economical operation. This 
means that the entire production chain must be planned and controlled for costs. A 
chemical engineer can both simplify and complicate "showcase" reactions for an 
economic advantage. Using a higher pressure or temperature makes several reactions 
easier; ammonia, for example, is simply produced from its component elements in a high-
pressure reactor. On the other hand, reactions with a low yield can be recycled 
continuously, which would be complex, arduous work if done by hand in the laboratory. 
It is not unusual to build 6-step, or even 12-step evaporators to reuse the vaporization 
energy for an economic advantage. In contrast, laboratory chemists evaporate samples in 
a single step. 

The individual processes used by chemical engineers (e.g., distillation or filtration) are 
called unit operations and consist of chemical reactions, mass-, heat- and momentum- 
transfer operations. Unit operations are grouped together in various configurations for the 
purpose of chemical synthesis and/or chemical separation. Some processes are a 
combination of intertwined transport and separation unit operations, (e.g., reactive 
distillation). 
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Three primary physical laws underlying chemical engineering design are conservation of 
mass, conservation of momentum and conservation of energy. The movement of mass 
and energy around a chemical process are evaluated using mass balances and energy 
balances, laws that apply to discrete parts of equipment, unit operations, or an entire 
plant. In doing so, chemical engineers must also use principles of thermodynamics, 
reaction kinetics, fluid mechanics and transport phenomena. The task of performing these 
balances is now aided by process simulators, which are complex software models that can 
solve mass and energy balances and usually have built-in modules to simulate a variety of 
common unit operations. 

 Design 
Chemical engineers design chemical production equipment and entire chemical plants: 

• Piping and pump sizing and specification 
• Chemical reactors  

o Continuous stirred-tank reactor 
o Plug flow reactor 
o Catalytic reactor 

• Separation equipment  
o Distillation column 
o Extraction column 
o Evaporation 
o Filtering 
o Reverse osmosis 

• Process Systems Engineering  
o Process control and instrumentation 

Design is worked through in a number of phases. With the process concept and intended 
chemical reactions in hand, a flowsheet is designed, which includes all material flows in 
the process, including not only starting materials and products, but all intermediates, 
wastes and unit operations. Preliminary design is done to approximate cost, space and 
environmental requirements to further evaluate the viability of the concept. Later stages 
require the design and specification of all parts and each piece of equipment in the 
process, and finally, cost calculation and project planning. Supervision of the work, 
testing, simulation follow. Running the process and its maintenance continues, with 
continual improvement, for the life of the process, followed by shutdown and cleanup of 
the site. 

 Modern chemical engineering 
The modern discipline of chemical engineering encompasses much more than just 
process engineering. Chemical engineers are now engaged in the development and 
production of a diverse range of products, as well as in commodity and specialty 
chemicals. These products include high performance materials needed for aerospace, 
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automotive, biomedical, electronic, environmental, space and military applications. 
Examples include ultra-strong fibers, fabrics, dye-sensitized solar cells, adhesives and 
composites for vehicles, bio-compatible materials for implants and prosthetics, gels for 
medical applications, pharmaceuticals, and films with special dielectric, optical or 
spectroscopic properties for opto-electronic devices. Additionally, chemical engineering 
is often intertwined with biology and biomedical engineering. Many chemical engineers 
work on biological projects such as understanding biopolymers (proteins) and mapping 
the human genome. The line between chemists and chemical engineers is growing ever 
more thin as more and more chemical engineers begin to start their own innovation using 
their knowledge of chemistry, physics and mathematics to create, implement and mass 
produce their ideas. 

 Related fields and topics 
Today, the field of chemical engineering is a diverse one, covering areas from 
biotechnology and nanotechnology to mineral processing. 

• Biochemical 
engineering 

• Bioinformatics 
• Biomedical 

engineering 
• Biomolecular 

engineering 
• Biotechnology 
• Ceramics 
• Chemical process 

modeling 
• Chemical 

Technologist 
• Chemical reactor 
• Computational fluid 

dynamics 
• Corrosion 

engineering 
• Electrochemistry 
• Environmental 

engineering 
• Earthquake 

engineering 
• Fluid dynamics 
• Food engineering 
• Fuel cell 

• Heat transfer 
• Industrial gas 
• Mass transfer 
• Materials science 
• Metallurgy 
• Microfluidics 
• Mineral processing 
• Nanotechnology 
• Natural 

environment 
• Natural gas 

processing 
• Nuclear 

reprocessing 
• Oil exploration 
• Oil refinery 
• Pharmaceutical 

engineering 
• Plastics engineering 
• Polymers 
• Process control 

• Process design 
• Process development 
• Process Systems Engineering 
• Process miniaturization 
• Paper engineering 
• Safety engineering 
• Semiconductor device 

fabrication 
• Separation processes  

o Crystallization processes 
o Distillation processes 
o Membrane processes 

• Textile engineering 
• Thermodynamics 
• Transport phenomena 
• Unit operations 
• Water technology 
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Chapter- 4 

Civil Engineering 
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The Petronas Twin Towers, designed by architect Cesar Pelli and Thornton-Tomasetti 
and Ranhill Bersekutu Sdn Bhd engineers, were the world's tallest buildings from 1998 to 
2004. 

Civil engineering is a professional engineering discipline that deals with the design, 
construction, and maintenance of the physical and naturally built environment, including 
works like bridges, roads, canals, dams, and buildings.    Civil engineering is the oldest 
engineering discipline after military engineering,  and it was defined to distinguish non-
military engineering from military engineering.  It is traditionally broken into several sub-
disciplines including environmental engineering, geotechnical engineering, structural 
engineering, transportation engineering, municipal or urban engineering, water resources 
engineering, materials engineering, coastal engineering,  surveying, and construction 
engineering.  Civil engineering takes place on all levels: in the public sector from 
municipal through to federal levels, and in the private sector from individual homeowners 
through to international companies. 

 History of the civil engineering profession 

 
The Falkirk Wheel in Scotland. 

Engineering has been an aspect of life since the beginnings of human existence. The 
earliest practices of Civil engineering may have commenced between 4000 and 2000 BC 
in Ancient Egypt and Mesopotamia (Ancient Iraq) when humans started to abandon a 
nomadic existence, thus causing a need for the construction of shelter. During this time, 



_________________WORLD TECHNOLOGIES_________________

WT

transportation became increasingly important leading to the development of the wheel 
and sailing. 

Until modern times there was no clear distinction between civil engineering and 
architecture, and the term engineer and architect were mainly geographical variations 
referring to the same person, often used interchangeably.  The construction of Pyramids 
in Egypt (circa 2700-2500 BC) might be considered the first instances of large structure 
constructions. Other ancient historic civil engineering constructions include the 
Parthenon by Iktinos in Ancient Greece (447-438 BC), the Appian Way by Roman 
engineers (c. 312 BC), the Great Wall of China by General Meng T'ien under orders from 
Ch'in Emperor Shih Huang Ti (c. 220 BC)  and the stupas constructed in ancient Sri 
Lanka like the Jetavanaramaya and the extensive irrigation works in Anuradhapura. The 
Romans developed civil structures throughout their empire, including especially 
aqueducts, insulae, harbours, bridges, dams and roads. 

 
The Archimedes screw was operated by hand and could raise water efficiently. 

In the 18th century, the term civil engineering was coined to incorporate all things 
civilian as opposed to military engineering.  The first self-proclaimed civil engineer was 
John Smeaton who constructed the Eddystone Lighthouse.   In 1771 Smeaton and some of 
his colleagues formed the Smeatonian Society of Civil Engineers, a group of leaders of 
the profession who met informally over dinner. Though there was evidence of some 
technical meetings, it was little more than a social society. 

In 1818 the Institution of Civil Engineers was founded in London, and in 1820 the 
eminent engineer Thomas Telford became its first president. The institution received a 
Royal Charter in 1828, formally recognising civil engineering as a profession. Its charter 
defined civil engineering as: 

the art of directing the great sources of power in nature for the use and convenience of 
man, as the means of production and of traffic in states, both for external and internal 
trade, as applied in the construction of roads, bridges, aqueducts, canals, river navigation 
and docks for internal intercourse and exchange, and in the construction of ports, 
harbours, moles, breakwaters and lighthouses, and in the art of navigation by artificial 
power for the purposes of commerce, and in the construction and application of 
machinery, and in the drainage of cities and towns.  
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The first private college to teach Civil Engineering in the United States was Norwich 
University founded in 1819 by Captain Alden Partridge.  The first degree in Civil 
Engineering in the United States was awarded by Rensselaer Polytechnic Institute in 
1835.  The first such degree to be awarded to a woman was granted by Cornell University 
to Nora Stanton Blatch in 1905.  

 History of civil engineering 

 
Pont du Gard, France, a Roman aqueduct built circa 19 BC. 

Civil engineering is the application of physical and scientific principles, and its history is 
intricately linked to advances in understanding of physics and mathematics throughout 
history. Because civil engineering is a wide ranging profession, including several 
separate specialized sub-disciplines, its history is linked to knowledge of structures, 
materials science, geography, geology, soils, hydrology, environment, mechanics and 
other fields. 

Throughout ancient and medieval history most architectural design and construction was 
carried out by artisans, such as stone masons and carpenters, rising to the role of master 
builder. Knowledge was retained in guilds and seldom supplanted by advances. 
Structures, roads and infrastructure that existed were repetitive, and increases in scale 
were incremental.  
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One of the earliest examples of a scientific approach to physical and mathematical 
problems applicable to civil engineering is the work of Archimedes in the 3rd century 
BC, including Archimedes Principle, which underpins our understanding of buoyancy, 
and practical solutions such as Archimedes' screw. Brahmagupta, an Indian 
mathematician, used arithmetic in the 7th century AD, based on Hindu-Arabic numerals, 
for excavation (volume) computations.  

 The civil engineer 

 Education and licensure 

 
The Institution of Civil Engineers headquarters in London 

Civil engineers typically possess an academic degree with a major in civil engineering. 
The length of study for such a degree is usually three to five years and the completed 
degree is usually designated as a Bachelor of Engineering, though some universities 
designate the degree as a Bachelor of Science. The degree generally includes units 
covering physics, mathematics, project management, design and specific topics in civil 
engineering. Initially such topics cover most, if not all, of the sub-disciplines of civil 
engineering. Students then choose to specialize in one or more sub-disciplines towards 
the end of the degree.  While an Undergraduate (BEng/BSc) Degree will normally 
provide successful students with industry accredited qualification, some universities offer 
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postgraduate engineering awards (MEng/MSc) which allow students to further specialize 
in their particular area of interest within engineering.  

In most countries, a Bachelor's degree in engineering represents the first step towards 
professional certification and the degree program itself is certified by a professional 
body. After completing a certified degree program the engineer must satisfy a range of 
requirements (including work experience and exam requirements) before being certified. 
Once certified, the engineer is designated the title of Professional Engineer (in the United 
States, Canada and South Africa), Chartered Engineer (in most Commonwealth 
countries), Chartered Professional Engineer (in Australia and New Zealand), or European 
Engineer (in much of the European Union). There are international engineering 
agreements between relevant professional bodies which are designed to allow engineers 
to practice across international borders. 

The advantages of certification vary depending upon location. For example, in the United 
States and Canada "only a licensed engineer may prepare, sign and seal, and submit 
engineering plans and drawings to a public authority for approval, or seal engineering 
work for public and private clients.".  This requirement is enforced by state and provincial 
legislation such as Quebec's Engineers Act.  In other countries, no such legislation exists. 
In Australia, state licensing of engineers is limited to the state of Queensland. Practically 
all certifying bodies maintain a code of ethics that they expect all members to abide by or 
risk expulsion.  In this way, these organizations play an important role in maintaining 
ethical standards for the profession. Even in jurisdictions where certification has little or 
no legal bearing on work, engineers are subject to contract law. In cases where an 
engineer's work fails he or she may be subject to the tort of negligence and, in extreme 
cases, the charge of criminal negligence.  An engineer's work must also comply with 
numerous other rules and regulations such as building codes and legislation pertaining to 
environmental law. 

 Careers 

There is no one typical career path for civil engineers. Most people who graduate with 
civil engineering degrees start with jobs that require a low level of responsibility, and as 
the new engineers prove their competence, they are trusted with tasks that have larger 
consequences and require a higher level of responsibility. However, within each branch 
of civil engineering career path options vary. In some fields and firms, entry-level 
engineers are put to work primarily monitoring construction in the field, serving as the 
"eyes and ears" of senior design engineers; while in other areas, entry-level engineers 
perform the more routine tasks of analysis or design and interpretation. Experienced 
engineers generally do more complex analysis or design work, or management of more 
complex design projects, or management of other engineers, or into specialized 
consulting, including forensic engineering. 

 Sub-disciplines 
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In general, civil engineering is concerned with the overall interface of human created 
fixed projects with the greater world. General civil engineers work closely with surveyors 
and specialized civil engineers to fit and serve fixed projects within their given site, 
community and terrain by designing grading, drainage, pavement, water supply, sewer 
service, electric and communications supply, and land divisions. General engineers spend 
much of their time visiting project sites, developing community consensus, and preparing 
construction plans. General civil engineering is also referred to as site engineering, a 
branch of civil engineering that primarily focuses on converting a tract of land from one 
usage to another. Civil engineers typically apply the principles of geotechnical 
engineering, structural engineering, environmental engineering, transportation 
engineering and construction engineering to residential, commercial, industrial and public 
works projects of all sizes and levels of construction. 

 Coastal engineering 

Coastal engineering is concerned with managing coastal areas. In some jurisdictions the 
terms sea defense and coastal protection are used to mean, respectively, defence against 
flooding and erosion. The term coastal defence is the more traditional term, but coastal 
management has become more popular as the field has expanded to include techniques 
that allow erosion to claim land. 

 
Building construction for several apartment blocks 

Construction engineering 
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Construction engineering involves planning and execution of the designs from 
transportation, site development, hydraulic, environmental, structural and geotechnical 
engineers. As construction firms tend to have higher business risk than other types of 
civil engineering firms, many construction engineers tend to take on a role that is more 
business-like in nature: drafting and reviewing contracts, evaluating logistical operations, 
and closely-monitoring prices of necessary supplies. 

 Earthquake engineering 

Earthquake engineering covers ability of various structures to withstand hazardous 
earthquake exposures at the sites of their particular location. 

 
Earthquake-proof and massive pyramid El Castillo, Chichen Itza 

Earthquake engineering is a sub discipline of the broader category of Structural 
engineering. The main objectives of earthquake engineering are:  
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Snapshot from shake-table video   of testing base-isolated (right) and regular (left) 
building model 

• Understand interaction of structures with the shaky ground. 

• Foresee the consequences of possible earthquakes. 

• Design, construct and maintain structures to perform at earthquake exposure up to 
the expectations and in compliance with building codes. 
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Environmental engineering 

 
A filter bed, a part of sewage treatment 

Environmental engineering deals with the treatment of chemical, biological, and/or 
thermal waste, the purification of water and air, and the remediation of contaminated 
sites, due to prior waste disposal or accidental contamination. Among the topics covered 
by environmental engineering are pollutant transport, water purification, waste water 
treatment, air pollution, solid waste treatment and hazardous waste management. 
Environmental engineers can be involved with pollution reduction, green engineering, 
and industrial ecology. Environmental engineering also deals with the gathering of 
information on the environmental consequences of proposed actions and the assessment 
of effects of proposed actions for the purpose of assisting society and policy makers in 
the decision making process. 

Environmental engineering is the contemporary term for sanitary engineering, though 
sanitary engineering traditionally had not included much of the hazardous waste 
management and environmental remediation work covered by the term environmental 
engineering. Some other terms in use are public health engineering and environmental 
health engineering. 
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 Geotechnical engineering 

 
Construction of an Embankment Dam in Navarra, Spain 

 

Geotechnical engineering is an area of civil engineering concerned with the rock and soil 
that civil engineering systems are supported by. Knowledge from the fields of geology, 
material science and testing, mechanics, and hydraulics are applied by geotechnical 
engineers to safely and economically design foundations, retaining walls, and similar 
structures. Environmental concerns in relation to groundwater and waste disposal have 
spawned a new area of study called geoenvironmental engineering where biology and 
chemistry are important.   



_________________WORLD TECHNOLOGIES_________________

WT

Some of the unique difficulties of geotechnical engineering are the result of the 
variability and properties of soil. Boundary conditions are often well defined in other 
branches of civil engineering, but with soil, clearly defining these conditions can be 
impossible. The material properties and behavior of soil are also difficult to predict due to 
the variability of soil and limited investigation. This contrasts with the relatively well 
defined material properties of steel and concrete used in other areas of civil engineering. 
Soil mechanics, which describes the behavior of soil, is also complicated because soils 
exhibit nonlinear (stress-dependent) strength, stiffness, and dilatancy (volume change 
associated with application of shear stress).  

 Water resources engineering 

 
Hoover dam 

Water resources engineering is concerned with the collection and management of water 
(as a natural resource). As a discipline it therefore combines hydrology, environmental 
science, meteorology, geology, conservation, and resource management. This area of 
civil engineering relates to the prediction and management of both the quality and the 
quantity of water in both underground (aquifers) and above ground (lakes, rivers, and 
streams) resources. Water resource engineers analyze and model very small to very large 
areas of the earth to predict the amount and content of water as it flows into, through, or 
out of a facility. Although the actual design of the facility may be left to other engineers. 
Hydraulic engineering is concerned with the flow and conveyance of fluids, principally 
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water. This area of civil engineering is intimately related to the design of pipelines, water 
supply network, drainage facilities (including bridges, dams, channels, culverts, levees, 
storm sewers), and canals. Hydraulic engineers design these facilities using the concepts 
of fluid pressure, fluid statics, fluid dynamics, and hydraulics, among others. 

 Materials engineering 

Another aspect of Civil engineering is materials science. Material engineering deals with 
ceramics such as concrete, mix asphalt concrete, metals Focus around increased strength, 
metals such as aluminum and steel, and polymers such as polymethylmethacrylate 
(PMMA) and carbon fibers. 

Materials engineering also consists of protection and prevention like paints and finishes. 
Alloying is another aspect of material engineering, combining two different types of 
metals to produce a stronger metal. 
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Structural engineering 

 
Burj Khalifa, the world's tallest building, in Dubai 

 



_________________WORLD TECHNOLOGIES_________________

WT  
Clifton Suspension Bridge, designed by Isambard Kingdom Brunel, in Bristol, UK 

Structural engineering is concerned with the structural design and structural analysis of 
buildings, bridges, towers, flyovers, tunnels, off shore structures like oil and gas fields in 
the sea, and other structures. This involves identifying the loads which act upon a 
structure and the forces and stresses which arise within that structure due to those loads, 
and then designing the structure to successfully support and resist those loads. The loads 
can be self weight of the structures, other dead load, live loads, moving (wheel) load, 
wind load, earthquake load, load from temperature change etc. The structural engineer 
must design structures to be safe for their users and to successfully fulfill the function 
they are designed for (to be serviceable). Due to the nature of some loading conditions, 
sub-disciplines within structural engineering have emerged, including wind engineering 
and earthquake engineering. 

Design considerations will include strength, stiffness, and stability of the structure when 
subjected to loads which may be static, such as furniture or self-weight, or dynamic, such 
as wind, seismic, crowd or vehicle loads, or transitory, such as temporary construction 
loads or impact. Other considerations include cost, constructability, safety, aesthetics and 
sustainability. 
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 Surveying 

 
US Navy Surveyor at work with a leveling instrument. 

Surveying is the process by which a surveyor measures certain dimensions that generally 
occur on the surface of the Earth. Surveying equipment, such as levels and theodolites, 
are used for accurate measurement of angular deviation, horizontal, vertical and slope 
distances. With computerisation, electronic distance measurement (EDM), total stations, 
GPS surveying and laser scanning have supplemented (and to a large extent supplanted) 
the traditional optical instruments. This information is crucial to convert the data into a 
graphical representation of the Earth's surface, in the form of a map. This information is 
then used by civil engineers, contractors and even realtors to design from, build on, and 
trade, respectively. Elements of a building or structure must be correctly sized and 
positioned in relation to each other and to site boundaries and adjacent structures. 
Although surveying is a distinct profession with separate qualifications and licensing 
arrangements, civil engineers are trained in the basics of surveying and mapping, as well 
as geographic information systems. Surveyors may also lay out the routes of railways, 
tramway tracks, highways, roads, pipelines and streets as well as position other 
infrastructures, such as harbors, before construction. 

Land Surveying 

In the United States, Canada, the United Kingdom and most Commonwealth countries 
land surveying is considered to be a distinct profession. Land surveyors are not 
considered to be engineers, and have their own professional associations and licencing 
requirements. The services of a licenced land surveyor are generally required for 
boundary surveys (to establish the boundaries of a parcel using its legal description) and 
subdivision plans (a plot or map based on a survey of a parcel of land, with boundary 
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lines drawn inside the larger parcel to indicated the creation of new boundary lines and 
roads), both of which are generally referred to as cadastral surveying. 

Construction Surveying 

Construction surveying is generally performed by specialised technicians. Unlike land 
surveyors, the resulting plan does not have legal status. Construction surveyors perform 
the following tasks: 

• Survey existing conditions of the future work site, including topography, existing 
buildings and infrastructure, and even including underground infrastructure 
whenever possible; 

• Construction surveying (otherwise "lay-out" or "setting-out"): to stake out 
reference points and markers that will guide the construction of new structures 
such as roads or buildings for subsequent construction; 

• Verify the location of structures during construction; 
• As-Built surveying: a survey conducted at the end of the construction project to 

verify that the work authorized was completed to the specifications set on plans. 

 Transportation engineering 

Transportation engineering is concerned with moving people and goods efficiently, 
safely, and in a manner conducive to a vibrant community. This involves specifying, 
designing, constructing, and maintaining transportation infrastructure which includes 
streets, canals, highways, rail systems, airports, ports, and mass transit. It includes areas 
such as transportation design, transportation planning, traffic engineering, some aspects 
of urban engineering, queueing theory, pavement engineering, Intelligent Transportation 
System (ITS), and infrastructure management. 

 Municipal or urban engineering 

Municipal engineering is concerned with municipal infrastructure. This involves 
specifying, designing, constructing, and maintaining streets, sidewalks, water supply 
networks, sewers, street lighting, municipal solid waste management and disposal, 
storage depots for various bulk materials used for maintenance and public works (salt, 
sand, etc.), public parks and bicycle paths. In the case of underground utility networks, it 
may also include the civil portion (conduits and access chambers) of the local distribution 
networks of electrical and telecommunications services. It can also include the optimizing 
of waste collection and bus service networks. Some of these disciplines overlap with 
other civil engineering specialties, however municipal engineering focuses on the 
coordination of these infrastructure networks and services, as they are often built 
simultaneously, and managed by the same municipal authority. 
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Chapter- 5 

Electrical Engineering 
  
  
 
 
 
 
 
 
 

 
Electrical engineers design complex power systems... 
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...and electronic circuits. 

Electrical engineering is a field of engineering that generally deals with the study and 
application of electricity, electronics and electromagnetism. The field first became an 
identifiable occupation in the late nineteenth century after commercialization of the 
electric telegraph and electrical power supply. It now covers a range of subtopics 
including power, electronics, control systems, signal processing and telecommunications. 

Electrical engineering may include electronic engineering. Where a distinction is made, 
usually outside of the United States, electrical engineering is considered to deal with the 
problems associated with large-scale electrical systems such as power transmission and 
motor control, whereas electronic engineering deals with the study of small-scale 
electronic systems including computers and integrated circuits.  Alternatively, electrical 
engineers are usually concerned with using electricity to transmit energy, while electronic 
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engineers are concerned with using electricity to process information. More recently, the 
distinction has become blurred by the growth of power electronics. 

History 

 
The discoveries of Michael Faraday formed the foundation of electric motor technology. 

Electricity has been a subject of scientific interest since at least the early 17th century. 
The first electrical engineer was probably William Gilbert who designed the versorium: a 
device that detected the presence of statically charged objects. He was also the first to 
draw a clear distinction between magnetism and static electricity and is credited with 
establishing the term electricity.  In 1775 Alessandro Volta's scientific experimentations 
devised the electrophorus, a device that produced a static electric charge, and by 1800 
Volta developed the voltaic pile, a forerunner of the electric battery.  

However, it was not until the 19th century that research into the subject started to 
intensify. Notable developments in this century include the work of Georg Ohm, who in 
1827 quantified the relationship between the electric current and potential difference in a 
conductor, Michael Faraday, the discoverer of electromagnetic induction in 1831, and 
James Clerk Maxwell, who in 1873 published a unified theory of electricity and 
magnetism in his treatise Electricity and Magnetism.  
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Thomas Edison built the world's first large-scale electrical supply network. 

During these years, the study of electricity was largely considered to be a subfield of 
physics. It was not until the late 19th century that universities started to offer degrees in 
electrical engineering. The Darmstadt University of Technology founded the first chair 
and the first faculty of electrical engineering worldwide in 1882. In the same year, under 
Professor Charles Cross, the Massachusetts Institute of Technology began offering the 
first option of Electrical Engineering within a physics department.  In 1883 Darmstadt 
University of Technology and Cornell University introduced the world's first courses of 
study in electrical engineering, and in 1885 the University College London founded the 
first chair of electrical engineering in the United Kingdom.  The University of Missouri 
subsequently established the first department of electrical engineering in the United 
States in 1886.  
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Nikola Tesla made long-distance electrical transmission networks possible. 

During this period, the work concerning electrical engineering increased dramatically. In 
1882, Edison switched on the world's first large-scale electrical supply network that 
provided 110 volts direct current to fifty-nine customers in lower Manhattan. In 1884 Sir 
Charles Parsons invented the steam turbine which today generates about 80 percent of the 
electric power in the world using a variety of heat sources. In 1887, Nikola Tesla filed a 
number of patents related to a competing form of power distribution known as alternating 
current. In the following years a bitter rivalry between Tesla and Edison, known as the 
"War of Currents", took place over the preferred method of distribution. AC eventually 
replaced DC for generation and power distribution, enormously extending the range and 
improving the safety and efficiency of power distribution. 
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The efforts of the two did much to further electrical engineering—Tesla's work on 
induction motors and polyphase systems influenced the field for years to come, while 
Edison's work on telegraphy and his development of the stock ticker proved lucrative for 
his company, which ultimately became General Electric. However, by the end of the 19th 
century, other key figures in the progress of electrical engineering were beginning to 
emerge.  

Modern developments 

During the development of radio, many scientists and inventors contributed to radio 
technology and electronics. In his classic UHF experiments of 1888, Heinrich Hertz 
transmitted (via a spark-gap transmitter) and detected radio waves using electrical 
equipment. In 1895, Nikola Tesla was able to detect signals from the transmissions of his 
New York lab at West Point (a distance of 80.4 km / 49.95 miles).  In 1897, Karl 
Ferdinand Braun introduced the cathode ray tube as part of an oscilloscope, a crucial 
enabling technology for electronic television.  John Fleming invented the first radio tube, 
the diode, in 1904. Two years later, Robert von Lieben and Lee De Forest independently 
developed the amplifier tube, called the triode.  In 1895, Guglielmo Marconi furthered the 
art of hertzian wireless methods. Early on, he sent wireless signals over a distance of one 
and a half miles. In December 1901, he sent wireless waves that were not affected by the 
curvature of the Earth. Marconi later transmitted the wireless signals across the Atlantic 
between Poldhu, Cornwall, and St. John's, Newfoundland, a distance of 2,100 miles 
(3,400 km).  In 1920 Albert Hull developed the magnetron which would eventually lead 
to the development of the microwave oven in 1946 by Percy Spencer.   In 1934 the British 
military began to make strides toward radar (which also uses the magnetron) under the 
direction of Dr Wimperis, culminating in the operation of the first radar station at 
Bawdsey in August 1936.  

In 1941 Konrad Zuse presented the Z3, the world's first fully functional and 
programmable computer.  In 1946 the ENIAC (Electronic Numerical Integrator and 
Computer) of John Presper Eckert and John Mauchly followed, beginning the computing 
era. The arithmetic performance of these machines allowed engineers to develop 
completely new technologies and achieve new objectives, including the Apollo missions 
and the NASA moon landing.  

The invention of the transistor in 1947 by William B. Shockley, John Bardeen and Walter 
Brattain opened the door for more compact devices and led to the development of the 
integrated circuit in 1958 by Jack Kilby and independently in 1959 by Robert Noyce.  
Starting in 1968, Ted Hoff and a team at Intel invented the first commercial 
microprocessor, which presaged the personal computer. The Intel 4004 was a 4-bit 
processor released in 1971, but in 1973 the Intel 8080, an 8-bit processor, made the first 
personal computer, the Altair 8800, possible.  
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Education 
Electrical engineers typically possess an academic degree with a major in electrical 
engineering. The length of study for such a degree is usually four or five years and the 
completed degree may be designated as a Bachelor of Engineering, Bachelor of Science, 
Bachelor of Technology or Bachelor of Applied Science depending upon the university. 
The degree generally includes units covering physics, mathematics, computer science, 
project management and specific topics in electrical engineering. Initially such topics 
cover most, if not all, of the sub-disciplines of electrical engineering. Students then 
choose to specialize in one or more sub-disciplines towards the end of the degree. 

Some electrical engineers also choose to pursue a postgraduate degree such as a Master 
of Engineering/Master of Science (M.Eng./M.Sc.), a Master of Engineering Management, 
a Doctor of Philosophy (Ph.D.) in Engineering, an Engineering Doctorate (Eng.D.), or an 
Engineer's degree. The Master and Engineer's degree may consist of either research, 
coursework or a mixture of the two. The Doctor of Philosophy and Engineering 
Doctorate degrees consist of a significant research component and are often viewed as the 
entry point to academia. In the United Kingdom and various other European countries, 
the Master of Engineering is often considered an undergraduate degree of slightly longer 
duration than the Bachelor of Engineering.  

Practicing engineers 
In most countries, a Bachelor's degree in engineering represents the first step towards 
professional certification and the degree program itself is certified by a professional 
body. After completing a certified degree program the engineer must satisfy a range of 
requirements (including work experience requirements) before being certified. Once 
certified the engineer is designated the title of Professional Engineer (in the United 
States, Canada and South Africa ), Chartered Engineer (in India, the United Kingdom, 
Ireland and Zimbabwe), Chartered Professional Engineer (in Australia and New Zealand) 
or European Engineer (in much of the European Union). 

The advantages of certification vary depending upon location. For example, in the United 
States and Canada "only a licensed engineer may seal engineering work for public and 
private clients".  This requirement is enforced by state and provincial legislation such as 
Quebec's Engineers Act.  In other countries, no such legislation exists. Practically all 
certifying bodies maintain a code of ethics that they expect all members to abide by or 
risk expulsion.  In this way these organizations play an important role in maintaining 
ethical standards for the profession. Even in jurisdictions where certification has little or 
no legal bearing on work, engineers are subject to contract law. In cases where an 
engineer's work fails he or she may be subject to the tort of negligence and, in extreme 
cases, the charge of criminal negligence. An engineer's work must also comply with 
numerous other rules and regulations such as building codes and legislation pertaining to 
environmental law. 
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Professional bodies of note for electrical engineers include the Institute of Electrical and 
Electronics Engineers (IEEE) and the Institution of Engineering and Technology (IET). 
The IEEE claims to produce 30% of the world's literature in electrical engineering, has 
over 360,000 members worldwide and holds over 3,000 conferences annually.  The IET 
publishes 21 journals, has a worldwide membership of over 150,000, and claims to be the 
largest professional engineering society in Europe.   Obsolescence of technical skills is a 
serious concern for electrical engineers. Membership and participation in technical 
societies, regular reviews of periodicals in the field and a habit of continued learning are 
therefore essential to maintaining proficiency.  

In Australia, Canada and the United States electrical engineers make up around 0.25% of 
the labor force. Outside of Europe and North America, engineering graduates per-capita, 
and hence probably electrical engineering graduates also, are most numerous in Taiwan, 
Japan, and South Korea.  

Tools and work 
From the Global Positioning System to electric power generation, electrical engineers 
have contributed to the development of a wide range of technologies. They design, 
develop, test and supervise the deployment of electrical systems and electronic devices. 
For example, they may work on the design of telecommunication systems, the operation 
of electric power stations, the lighting and wiring of buildings, the design of household 
appliances or the electrical control of industrial machinery.  

 
Satellite communications is one of many projects an electrical engineer might work on. 
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Fundamental to the discipline are the sciences of physics and mathematics as these help 
to obtain both a qualitative and quantitative description of how such systems will work. 
Today most engineering work involves the use of computers and it is commonplace to 
use computer-aided design programs when designing electrical systems. Nevertheless, 
the ability to sketch ideas is still invaluable for quickly communicating with others. 

Although most electrical engineers will understand basic circuit theory (that is the 
interactions of elements such as resistors, capacitors, diodes, transistors and inductors in a 
circuit), the theories employed by engineers generally depend upon the work they do. For 
example, quantum mechanics and solid state physics might be relevant to an engineer 
working on VLSI (the design of integrated circuits), but are largely irrelevant to 
engineers working with macroscopic electrical systems. Even circuit theory may not be 
relevant to a person designing telecommunication systems that use off-the-shelf 
components. Perhaps the most important technical skills for electrical engineers are 
reflected in university programs, which emphasize strong numerical skills, computer 
literacy and the ability to understand the technical language and concepts that relate to 
electrical engineering. 

For many engineers, technical work accounts for only a fraction of the work they do. A 
lot of time may also be spent on tasks such as discussing proposals with clients, preparing 
budgets and determining project schedules.  Many senior engineers manage a team of 
technicians or other engineers and for this reason project management skills are 
important. Most engineering projects involve some form of documentation and strong 
written communication skills are therefore very important. 

The workplaces of electrical engineers are just as varied as the types of work they do. 
Electrical engineers may be found in the pristine lab environment of a fabrication plant, 
the offices of a consulting firm or on site at a mine. During their working life, electrical 
engineers may find themselves supervising a wide range of individuals including 
scientists, electricians, computer programmers and other engineers. 

Sub-disciplines 
Electrical engineering has many sub-disciplines, the most popular of which are listed 
below. Although there are electrical engineers who focus exclusively on one of these sub-
disciplines, many deal with a combination of them. Sometimes certain fields, such as 
electronic engineering and computer engineering, are considered separate disciplines in 
their own right. 
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Power 

 
Power pole 

Power engineering deals with the generation, transmission and distribution of electricity 
as well as the design of a range of related devices. These include transformers, electric 
generators, electric motors, high voltage engineering and power electronics. In many 
regions of the world, governments maintain an electrical network called a power grid that 
connects a variety of generators together with users of their energy. Users purchase 
electrical energy from the grid, avoiding the costly exercise of having to generate their 
own. Power engineers may work on the design and maintenance of the power grid as well 
as the power systems that connect to it. Such systems are called on-grid power systems 
and may supply the grid with additional power, draw power from the grid or do both. 
Power engineers may also work on systems that do not connect to the grid, called off-grid 
power systems, which in some cases are preferable to on-grid systems. The future 
includes Satellite controlled power systems, with feedback in real time to prevent power 
surges and prevent blackouts. 
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Control 

 
Control systems play a critical role in space flight. 

Control engineering focuses on the modeling of a diverse range of dynamic systems and 
the design of controllers that will cause these systems to behave in the desired manner. 
To implement such controllers electrical engineers may use electrical circuits, digital 
signal processors, microcontrollers and PLCs (Programmable Logic Controllers). Control 
engineering has a wide range of applications from the flight and propulsion systems of 
commercial airliners to the cruise control present in many modern automobiles. It also 
plays an important role in industrial automation. 

Control engineers often utilize feedback when designing control systems. For example, in 
an automobile with cruise control the vehicle's speed is continuously monitored and fed 
back to the system which adjusts the motor's power output accordingly. Where there is 
regular feedback, control theory can be used to determine how the system responds to 
such feedback. 
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Electronics 

 
Circuit board 

Electronic engineering involves the design and testing of electronic circuits that use the 
properties of components such as resistors, capacitors, inductors, diodes and transistors to 
achieve a particular functionality. The tuned circuit, which allows the user of a radio to 
filter out all but a single station, is just one example of such a circuit. Another example 
(of a pneumatic signal conditioner) is shown in the adjacent photograph. 

Prior to the second world war, the subject was commonly known as radio engineering 
and basically was restricted to aspects of communications and radar, commercial radio 
and early television. Later, in post war years, as consumer devices began to be developed, 
the field grew to include modern television, audio systems, computers and 
microprocessors. In the mid-to-late 1950s, the term radio engineering gradually gave 
way to the name electronic engineering. 

Before the invention of the integrated circuit in 1959, electronic circuits were constructed 
from discrete components that could be manipulated by humans. These discrete circuits 
consumed much space and power and were limited in speed, although they are still 
common in some applications. By contrast, integrated circuits packed a large number—
often millions—of tiny electrical components, mainly transistors, into a small chip 
around the size of a coin. This allowed for the powerful computers and other electronic 
devices we see today. 
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Microelectronics 

 
Microprocessor 

Microelectronics engineering deals with the design and microfabrication of very small 
electronic circuit components for use in an integrated circuit or sometimes for use on 
their own as a general electronic component. The most common microelectronic 
components are semiconductor transistors, although all main electronic components 
(resistors, capacitors, inductors) can be created at a microscopic level. Nanoelectronics is 
the further scaling of devices down to nanometer levels. 

Microelectronic components are created by chemically fabricating wafers of 
semiconductors such as silicon (at higher frequencies, compound semiconductors like 
gallium arsenide and indium phosphide) to obtain the desired transport of electronic 
charge and control of current. The field of microelectronics involves a significant amount 
of chemistry and material science and requires the electronic engineer working in the 
field to have a very good working knowledge of the effects of quantum mechanics. 
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Signal processing 

 
A Bayer filter on a CCD requires signal processing to get a red, green, and blue value at 
each pixel. 

Signal processing deals with the analysis and manipulation of signals. Signals can be 
either analog, in which case the signal varies continuously according to the information, 
or digital, in which case the signal varies according to a series of discrete values 
representing the information. For analog signals, signal processing may involve the 
amplification and filtering of audio signals for audio equipment or the modulation and 
demodulation of signals for telecommunications. For digital signals, signal processing 
may involve the compression, error detection and error correction of digitally sampled 
signals. 

Signal Processing is a very mathematically oriented and intensive area forming the core 
of digital signal processing and it is rapidly expanding with new applications in every 
field of electrical engineering such as communications, control, radar, TV/Audio/Video 
engineering, power electronics and bio-medical engineering as many already existing 
analog systems are replaced with their digital counterparts. 

Although in the classical era, analog signal processing only provided a mathematical 
description of a system to be designed, which is actually implemented by the analog 
hardware engineers, Digital Signal Processing both provides a mathematical description 
of the systems to be designed and also actually implements them (either by software 
programming or by hardware embedding) without much dependency on hardware issues, 
which exponentiates the importance and success of DSP engineering. 
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The deep and strong relations between signals and the information they carry makes 
signal processing equivalent of information processing. Which is the reason why the field 
finds so many diversified applications. DSP processor ICs are found in every type of 
modern electronic systems and products including, SDTV | HDTV sets, radios and 
mobile communication devices, Hi-Fi audio equipments, Dolby noise reduction 
algorithms, GSM mobile phones, mp3 multimedia players, camcorders and digital 
cameras, automobile control systems, noise cancelling headphones, digital spectrum 
analyzers, intelligent missile guidance, radar, GPS based cruise control systems and all 
kinds of image processing, video processing, audio processing and speech processing 
systems. 

Telecommunications 

 
Milstar 

Telecommunications engineering focuses on the transmission of information across a 
channel such as a coax cable, optical fiber or free space. Transmissions across free space 
require information to be encoded in a carrier wave in order to shift the information to a 
carrier frequency suitable for transmission, this is known as modulation. Popular analog 
modulation techniques include amplitude modulation and frequency modulation. The 
choice of modulation affects the cost and performance of a system and these two factors 
must be balanced carefully by the engineer. 
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Once the transmission characteristics of a system are determined, telecommunication 
engineers design the transmitters and receivers needed for such systems. These two are 
sometimes combined to form a two-way communication device known as a transceiver. 
A key consideration in the design of transmitters is their power consumption as this is 
closely related to their signal strength. If the signal strength of a transmitter is insufficient 
the signal's information will be corrupted by noise. 

Instrumentation 

 
Radar gun 

Instrumentation engineering deals with the design of devices to measure physical 
quantities such as pressure, flow and temperature. The design of such instrumentation 
requires a good understanding of physics that often extends beyond electromagnetic 
theory. For example, radar guns use the Doppler effect to measure the speed of oncoming 
vehicles. Similarly, thermocouples use the Peltier-Seebeck effect to measure the 
temperature difference between two points. 

Often instrumentation is not used by itself, but instead as the sensors of larger electrical 
systems. For example, a thermocouple might be used to help ensure a furnace's 
temperature remains constant. For this reason, instrumentation engineering is often 
viewed as the counterpart of control engineering. 
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Computers 

 
Personal digital assistant 

Computer engineering deals with the design of computers and computer systems. This 
may involve the design of new hardware, the design of PDAs or the use of computers to 
control an industrial plant. Computer engineers may also work on a system's software. 
However, the design of complex software systems is often the domain of software 
engineering, which is usually considered a separate discipline. Desktop computers 
represent a tiny fraction of the devices a computer engineer might work on, as computer-
like architectures are now found in a range of devices including video game consoles and 
DVD players. 

Related disciplines 
Mechatronics is an engineering discipline which deals with the convergence of electrical 
and mechanical systems. Such combined systems are known as electromechanical 
systems and have widespread adoption. Examples include automated manufacturing 
systems, heating, ventilation and air-conditioning systems and various subsystems of 
aircraft and automobiles. 

The term mechatronics is typically used to refer to macroscopic systems but futurists 
have predicted the emergence of very small electromechanical devices. Already such 
small devices, known as Microelectromechanical systems (MEMS), are used in 
automobiles to tell airbags when to deploy, in digital projectors to create sharper images 
and in inkjet printers to create nozzles for high definition printing. In the future it is 
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hoped the devices will help build tiny implantable medical devices and improve optical 
communication.  

Biomedical engineering is another related discipline, concerned with the design of 
medical equipment. This includes fixed equipment such as ventilators, MRI scanners and 
electrocardiograph monitors as well as mobile equipment such as cochlear implants, 
artificial pacemakers and artificial hearts. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



_________________WORLD TECHNOLOGIES_________________

WT

Chapter- 6 

Mechanical Engineering 
 
  
 
 
 
 
  

 
Mechanical engineers design and build engines and power plants... 
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...structures and vehicles of all sizes. 

Mechanical engineering is a discipline of engineering that applies the principles of 
physics and materials science for analysis, design, manufacturing, and maintenance of 
mechanical systems. It is the branch of engineering that involves the production and 
usage of heat and mechanical power for the design, production, and operation of 
machines and tools.  It is one of the oldest and broadest engineering disciplines. 

The engineering field requires a vast understanding of core concepts including 
mechanics, kinematics, thermodynamics, materials science, and structural analysis. 
Mechanical engineers use these core principles along with tools like computer-aided 
engineering and product lifecycle management to design and analyze manufacturing 
plants, industrial equipment and machinery, heating and cooling systems, motorized 
vehicles, aircraft, watercraft, robotics, medical devices and more. 

Mechanical engineering emerged as a field during the industrial revolution in Europe in 
the 19th century; however, its development can be traced back several thousand years 
around the world. The field has continually evolved to incorporate advancements in 
technology, and mechanical engineers today are pursuing developments in such fields as 
composites, mechatronics, and nanotechnology. Mechanical engineering overlaps with 
aerospace engineering, civil engineering, electrical engineering, and petroleum 
engineering to varying amounts. 

 Development 
Applications of mechanical engineering are found in the records of many ancient and 
medieval societies throughout the globe. In ancient Greece, the works of Archimedes 
(287 BC–212 BC) deeply influenced mechanics in the Western tradition and Heron of 
Alexandria (c. 10–70 AD) created the first steam engine.  In China, Zhang Heng (78–139 
AD) improved a water clock and invented a seismometer, and Ma Jun (200–265 AD) 
invented a chariot with differential gears. The medieval Chinese horologist and engineer 
Su Song (1020–1101 AD) incorporated an escapement mechanism into his astronomical 
clock tower two centuries before any escapement can be found in clocks of medieval 
Europe, as well as the world's first known endless power-transmitting chain drive.  
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During the years from 7th to 15th century, the era called the Islamic Golden Age, there 
were remarkable contributions from Muslim inventors in the field of mechanical 
technology. Al-Jazari, who was one of them, wrote his famous Book of Knowledge of 
Ingenious Mechanical Devices in 1206, and presented many mechanical designs. He is 
also considered to be the inventor of such mechanical devices which now form the very 
basic of mechanisms, such as the crankshaft and camshaft.  

Important breakthroughs in the foundations of mechanical engineering occurred in 
England during the 17th century when Sir Isaac Newton both formulated the three 
Newton's Laws of Motion and developed calculus. Newton was reluctant to publish his 
methods and laws for years, but he was finally persuaded to do so by his colleagues, such 
as Sir Edmund Halley, much to the benefit of all mankind. 

During the early 19th century in England, Germany and Scotland, the development of 
machine tools led mechanical engineering to develop as a separate field within 
engineering, providing manufacturing machines and the engines to power them.  The first 
British professional society of mechanical engineers was formed in 1847 Institution of 
Mechanical Engineers, thirty years after the civil engineers formed the first such 
professional society Institution of Civil Engineers.  On the European continent, Johann 
Von Zimmermann (1820–1901) founded the first factory for grinding machines in 
Chemnitz (Germany) in 1848. 

In the United States, the American Society of Mechanical Engineers (ASME) was formed 
in 1880, becoming the third such professional engineering society, after the American 
Society of Civil Engineers (1852) and the American Institute of Mining Engineers 
(1871).  The first schools in the United States to offer an engineering education were the 
United States Military Academy in 1817, an institution now known as Norwich 
University in 1819, and Rensselaer Polytechnic Institute in 1825. Education in 
mechanical engineering has historically been based on a strong foundation in 
mathematics and science.  

 Education 
Degrees in mechanical engineering are offered at universities worldwide. In Bangladesh, 
Brazil, China, England, India, Nepal, North America, and Pakistan, mechanical 
engineering programs typically take four to five years of study and result in a Bachelor of 
Science (B.Sc), Bachelor of Technology (B.Tech), Bachelor of Engineering (B.Eng), or 
Bachelor of Applied Science (B.A.Sc) degree, in or with emphasis in mechanical 
engineering. In Spain, Portugal and most of South America, where neither BSc nor 
BTech programs have been adopted, the formal name for the degree is "Mechanical 
Engineer", and the course work is based on five or six years of training. In Italy the 
course work is based on five years of training; but in order to qualify as an Engineer you 
have to pass a state exam at the end of the course. 

In Australia, mechanical engineering degrees are awarded as Bachelor of Engineering 
(Mechanical). The degree takes four years of full time study to achieve. To ensure quality 
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in engineering degrees, the Australian Institution of Engineers accredits engineering 
degrees awarded by Australian universities. Before the degree can be awarded, the 
student must complete at least 3 months of on the job work experience in an engineering 
firm. 

In the United States, most undergraduate mechanical engineering programs are accredited 
by the Accreditation Board for Engineering and Technology (ABET) to ensure similar 
course requirements and standards among universities. The ABET web site lists 276 
accredited mechanical engineering programs as of June 19, 2006.  Mechanical 
engineering programs in Canada are accredited by the Canadian Engineering 
Accreditation Board (CEAB),  and most other countries offering engineering degrees 
have similar accreditation societies. 

Some mechanical engineers go on to pursue a postgraduate degree such as a Master of 
Engineering, Master of Technology, Master of Science, Master of Engineering 
Management (MEng.Mgt or MEM), a Doctor of Philosophy in engineering (EngD, PhD) 
or an engineer's degree. The master's and engineer's degrees may or may not include 
research. The Doctor of Philosophy includes a significant research component and is 
often viewed as the entry point to academia.  The Engineer's degree exists at a few 
institutions at an intermediate level between the master's degree and the doctorate. 

 Coursework 

Standards set by each country's accreditation society are intended to provide uniformity 
in fundamental subject material, promote competence among graduating engineers, and 
to maintain confidence in the engineering profession as a whole. Engineering programs in 
the U.S., for example, are required by ABET to show that their students can "work 
professionally in both thermal and mechanical systems areas."  The specific courses 
required to graduate, however, may differ from program to program. Universities and 
Institutes of technology will often combine multiple subjects into a single class or split a 
subject into multiple classes, depending on the faculty available and the university's 
major area(s) of research. 

The fundamental subjects of mechanical engineering usually include: 

• Statics and dynamics 
• Strength of materials and solid mechanics 
• Instrumentation and measurement 
• Electrotechnology 
• Thermodynamics, heat transfer, energy conversion, and HVAC 
• Fluid mechanics and fluid dynamics 
• Mechanism design (including kinematics and dynamics) 
• Manufacturing engineering, technology, or processes 
• Hydraulics and pneumatics 
• Mathematics - in particular, calculus, differential equations, and linear algebra. 
• Engineering design 
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• Mechatronics and control theory 
• Material Engineering 
• Design engineering, Drafting, computer-aided design (CAD) (including solid 

modeling), and computer-aided manufacturing (CAM)   

Mechanical engineers are also expected to understand and be able to apply basic concepts 
from chemistry, physics, chemical engineering, civil engineering, and electrical 
engineering. Most mechanical engineering programs include multiple semesters of 
calculus, as well as advanced mathematical concepts including differential equations, 
partial differential equations, linear algebra, abstract algebra, and differential geometry, 
among others. 

In addition to the core mechanical engineering curriculum, many mechanical engineering 
programs offer more specialized programs and classes, such as robotics, transport and 
logistics, cryogenics, fuel technology, automotive engineering, biomechanics, vibration, 
optics and others, if a separate department does not exist for these subjects.  

Most mechanical engineering programs also require varying amounts of research or 
community projects to gain practical problem-solving experience. In the United States it 
is common for mechanical engineering students to complete one or more internships 
while studying, though this is not typically mandated by the university. Cooperative 
education is another option. 

 License 

Engineers may seek license by a state, provincial, or national government. The purpose of 
this process is to ensure that engineers possess the necessary technical knowledge, real-
world experience, and knowledge of the local legal system to practice engineering at a 
professional level. Once certified, the engineer is given the title of Professional Engineer 
(in the United States, Canada, Japan, South Korea, Bangladesh and South Africa), 
Chartered Engineer (in the United Kingdom, Ireland, India and Zimbabwe), Chartered 
Professional Engineer (in Australia and New Zealand) or European Engineer (much of 
the European Union). Not all mechanical engineers choose to become licensed; those that 
do can be distinguished as Chartered or Professional Engineers by the post-nominal title 
P.E., P.Eng., or C.Eng., as in: Mike Thompson, P.Eng. 

In the U.S., to become a licensed Professional Engineer, an engineer must pass the 
comprehensive FE (Fundamentals of Engineering) exam, work a given number of years 
as an Engineering Intern (EI) or Engineer-in-Training (EIT), and finally pass the 
"Principles and Practice" or PE (Practicing Engineer or Professional Engineer) exams. 

In the United States, the requirements and steps of this process are set forth by the 
National Council of Examiners for Engineering and Surveying (NCEES), a national non-
profit representing all states. In the UK, current graduates require a BEng plus an 
appropriate masters degree or an integrated MEng degree, a minimum of 4 years post 
graduate on the job competency development, and a peer reviewed project report in the 



_________________WORLD TECHNOLOGIES_________________

WT

candidates specialty area in order to become chartered through the Institution of 
Mechanical Engineers. 

In most modern countries, certain engineering tasks, such as the design of bridges, 
electric power plants, and chemical plants, must be approved by a Professional Engineer 
or a Chartered Engineer. "Only a licensed engineer, for instance, may prepare, sign, seal 
and submit engineering plans and drawings to a public authority for approval, or to seal 
engineering work for public and private clients."  This requirement can be written into 
state and provincial legislation, such as in the Canadian provinces, for example the 
Ontario or Quebec's Engineer Act.  

In other countries, such as Australia, no such legislation exists; however, practically all 
certifying bodies maintain a code of ethics independent of legislation that they expect all 
members to abide by or risk expulsion.  

Salaries and workforce statistics 
The total number of engineers employed in the U.S. in 2009 was roughly 1.6 million. Of 
these, 239,000 were mechanical engineers (14.9%), the second largest discipline by size 
behind civil (278,000). The total number of mechanical engineering jobs in 2009 was 
projected to grow 6% over the next decade, with average starting salaries being $58,800 
with a bachelor's degree.  The median annual income of mechanical engineers in the U.S. 
workforce was roughly $74,900. This number was highest when working for the 
government ($86,250), and lowest in education ($63,050).  

In 2007, Canadian engineers made an average of CAD$29.83 per hour with 4% 
unemployed. The average for all occupations was $18.07 per hour with 7% unemployed. 
Twelve percent of these engineers were self-employed, and since 1997 the proportion of 
female engineers had risen to 6%.  
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Modern tools 

 
An oblique view of a four-cylinder inline crankshaft with pistons 

Many mechanical engineering companies, especially those in industrialized nations, have 
begun to incorporate computer-aided engineering (CAE) programs into their existing 
design and analysis processes, including 2D and 3D solid modeling computer-aided 
design (CAD). This method has many benefits, including easier and more exhaustive 
visualization of products, the ability to create virtual assemblies of parts, and the ease of 
use in designing mating interfaces and tolerances. 

Other CAE programs commonly used by mechanical engineers include product lifecycle 
management (PLM) tools and analysis tools used to perform complex simulations. 
Analysis tools may be used to predict product response to expected loads, including 
fatigue life and manufacturability. These tools include finite element analysis (FEA), 
computational fluid dynamics (CFD), and computer-aided manufacturing (CAM). 

Using CAE programs, a mechanical design team can quickly and cheaply iterate the 
design process to develop a product that better meets cost, performance, and other 
constraints. No physical prototype need be created until the design nears completion, 
allowing hundreds or thousands of designs to be evaluated, instead of a relative few. In 
addition, CAE analysis programs can model complicated physical phenomena which 
cannot be solved by hand, such as viscoelasticity, complex contact between mating parts, 
or non-Newtonian flows 
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As mechanical engineering begins to merge with other disciplines, as seen in 
mechatronics, multidisciplinary design optimization (MDO) is being used with other 
CAE programs to automate and improve the iterative design process. MDO tools wrap 
around existing CAE processes, allowing product evaluation to continue even after the 
analyst goes home for the day. They also utilize sophisticated optimization algorithms to 
more intelligently explore possible designs, often finding better, innovative solutions to 
difficult multidisciplinary design problems. 

 Subdisciplines 
The field of mechanical engineering can be thought of as a collection of many 
mechanical disciplines. Several of these subdisciplines which are typically taught at the 
undergraduate level are listed below, with a brief explanation and the most common 
application of each. Some of these subdisciplines are unique to mechanical engineering, 
while others are a combination of mechanical engineering and one or more other 
disciplines. Most work that a mechanical engineer does uses skills and techniques from 
several of these subdisciplines, as well as specialized subdisciplines.     

 Mechanics 

 
Mohr's circle, a common tool to study stresses in a mechanical element 

Mechanics is, in the most general sense, the study of forces and their effect upon matter. 
Typically, engineering mechanics is used to analyze and predict the acceleration and 
deformation (both elastic and plastic) of objects under known forces (also called loads) or 
stresses. Subdisciplines of mechanics include 

• Statics, the study of non-moving bodies under known loads, how forces affect 
static bodies 
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• Dynamics (or kinetics), the study of how forces affect moving bodies 
• Mechanics of materials, the study of how different materials deform under various 

types of stress 
• Fluid mechanics, the study of how fluids react to forces  
• Continuum mechanics, a method of applying mechanics that assumes that objects 

are continuous (rather than discrete) 

Mechanical engineers typically use mechanics in the design or analysis phases of 
engineering. If the engineering project were the design of a vehicle, statics might be 
employed to design the frame of the vehicle, in order to evaluate where the stresses will 
be most intense. Dynamics might be used when designing the car's engine, to evaluate the 
forces in the pistons and cams as the engine cycles. Mechanics of materials might be used 
to choose appropriate materials for the frame and engine. Fluid mechanics might be used 
to design a ventilation system for the vehicle, or to design the intake system for the 
engine. 

 Kinematics 

Kinematics is the study of the motion of bodies (objects) and systems (groups of objects), 
while ignoring the forces that cause the motion. The movement of a crane and the 
oscillations of a piston in an engine are both simple kinematic systems. The crane is a 
type of open kinematic chain, while the piston is part of a closed four-bar linkage. 

Mechanical engineers typically use kinematics in the design and analysis of mechanisms. 
Kinematics can be used to find the possible range of motion for a given mechanism, or, 
working in reverse, can be used to design a mechanism that has a desired range of 
motion. 
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Mechatronics and robotics 

 
Training FMS with learning robot SCORBOT-ER 4u, workbench CNC Mill and CNC 

Lathe 

Mechatronics is an interdisciplinary branch of mechanical engineering, electrical 
engineering and software engineering that is concerned with integrating electrical and 
mechanical engineering to create hybrid systems. In this way, machines can be automated 
through the use of electric motors, servo-mechanisms, and other electrical systems in 
conjunction with special software. A common example of a mechatronics system is a 
CD-ROM drive. Mechanical systems open and close the drive, spin the CD and move the 
laser, while an optical system reads the data on the CD and converts it to bits. Integrated 
software controls the process and communicates the contents of the CD to the computer. 

Robotics is the application of mechatronics to create robots, which are often used in 
industry to perform tasks that are dangerous, unpleasant, or repetitive. These robots may 
be of any shape and size, but all are preprogrammed and interact physically with the 
world. To create a robot, an engineer typically employs kinematics (to determine the 
robot's range of motion) and mechanics (to determine the stresses within the robot). 

Robots are used extensively in industrial engineering. They allow businesses to save 
money on labor, perform tasks that are either too dangerous or too precise for humans to 
perform them economically, and to insure better quality. Many companies employ 
assembly lines of robots,especially in Automotive Industries and some factories are so 
robotized that they can run by themselves. Outside the factory, robots have been 
employed in bomb disposal, space exploration, and many other fields. Robots are also 
sold for various residential applications. 
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 Structural analysis 

Structural analysis is the branch of mechanical engineering (and also civil engineering) 
devoted to examining why and how objects fail and to fix the objects and their 
performance. Structural failures occur in two general modes: static failure, and fatigue 
failure. Static structural failure occurs when, upon being loaded (having a force applied) 
the object being analyzed either breaks or is deformed plastically, depending on the 
criterion for failure. Fatigue failure occurs when an object fails after a number of 
repeated loading and unloading cycles. Fatigue failure occurs because of imperfections in 
the object: a microscopic crack on the surface of the object, for instance, will grow 
slightly with each cycle (propagation) until the crack is large enough to cause ultimate 
failure. 

Failure is not simply defined as when a part breaks, however; it is defined as when a part 
does not operate as intended. Some systems, such as the perforated top sections of some 
plastic bags, are designed to break. If these systems do not break, failure analysis might 
be employed to determine the cause. 

Structural analysis is often used by mechanical engineers after a failure has occurred, or 
when designing to prevent failure. Engineers often use online documents and books such 
as those published by ASM  to aid them in determining the type of failure and possible 
causes. 

Structural analysis may be used in the office when designing parts, in the field to analyze 
failed parts, or in laboratories where parts might undergo controlled failure tests. 

 Thermodynamics and thermo-science 

Thermodynamics is an applied science used in several branches of engineering, including 
mechanical and chemical engineering. At its simplest, thermodynamics is the study of 
energy, its use and transformation through a system. Typically, engineering 
thermodynamics is concerned with changing energy from one form to another. As an 
example, automotive engines convert chemical energy (enthalpy) from the fuel into heat, 
and then into mechanical work that eventually turns the wheels. 

Thermodynamics principles are used by mechanical engineers in the fields of heat 
transfer, thermofluids, and energy conversion. Mechanical engineers use thermo-science 
to design engines and power plants, heating, ventilation, and air-conditioning (HVAC) 
systems, heat exchangers, heat sinks, radiators, refrigeration, insulation, and others. 
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Drafting 

 
A CAD model of a mechanical double seal 

 

Drafting or technical drawing is the means by which mechanical engineers create 
instructions for manufacturing parts. A technical drawing can be a computer model or 
hand-drawn schematic showing all the dimensions necessary to manufacture a part, as 
well as assembly notes, a list of required materials, and other pertinent information. A 
U.S. mechanical engineer or skilled worker who creates technical drawings may be 
referred to as a drafter or draftsman. Drafting has historically been a two-dimensional 
process, but computer-aided design (CAD) programs now allow the designer to create in 
three dimensions. 

Instructions for manufacturing a part must be fed to the necessary machinery, either 
manually, through programmed instructions, or through the use of a computer-aided 
manufacturing (CAM) or combined CAD/CAM program. Optionally, an engineer may 
also manually manufacture a part using the technical drawings, but this is becoming an 
increasing rarity, with the advent of computer numerically controlled (CNC) 
manufacturing. Engineers primarily manually manufacture parts in the areas of applied 
spray coatings, finishes, and other processes that cannot economically or practically be 
done by a machine. 
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Drafting is used in nearly every subdiscipline of mechanical engineering, and by many 
other branches of engineering and architecture. Three-dimensional models created using 
CAD software are also commonly used in finite element analysis (FEA) and 
computational fluid dynamics (CFD). 

 Frontiers of research 
Mechanical engineers are constantly pushing the boundaries of what is physically 
possible in order to produce safer, cheaper, and more efficient machines and mechanical 
systems. Some technologies at the cutting edge of mechanical engineering are listed 
below. 

 Micro electro-mechanical systems (MEMS) 

Micron-scale mechanical components such as springs, gears, fluidic and heat transfer 
devices are fabricated from a variety of substrate materials such as silicon, glass and 
polymers like SU8. Examples of MEMS components will be the accelerometers that are 
used as car airbag sensors, modern cell phones, gyroscopes for precise positioning and 
microfluidic devices used in biomedical applications. 

 Friction stir welding (FSW) 

Friction stir welding, a new type of welding, was discovered in 1991 by The Welding 
Institute (TWI). This innovative steady state (non-fusion) welding technique joins 
materials previously un-weldable, including several aluminum alloys. It may play an 
important role in the future construction of airplanes, potentially replacing rivets. Current 
uses of this technology to date include welding the seams of the aluminum main Space 
Shuttle external tank, Orion Crew Vehicle test article, Boeing Delta II and Delta IV 
Expendable Launch Vehicles and the SpaceX Falcon 1 rocket, armor plating for 
amphibious assault ships, and welding the wings and fuselage panels of the new Eclipse 
500 aircraft from Eclipse Aviation among an increasingly growing pool of uses.    
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Composites 

 
Composite cloth consisting of woven carbon fiber. 

 

Composites or composite materials are a combination of materials which provide 
different physical characteristics than either material separately. Composite material 
research within mechanical engineering typically focuses on designing (and, 
subsequently, finding applications for) stronger or more rigid materials while attempting 
to reduce weight, susceptibility to corrosion, and other undesirable factors. Carbon fiber 
reinforced composites, for instance, have been used in such diverse applications as 
spacecraft and fishing rods. 

 Mechatronics 

Mechatronics is the synergistic combination of mechanical engineering, Electronic 
Engineering, and software engineering. The purpose of this interdisciplinary engineering 
field is the study of automation from an engineering perspective and serves the purposes 
of controlling advanced hybrid systems. 
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Nanotechnology 

At the smallest scales, mechanical engineering becomes nanotechnology —one 
speculative goal of which is to create a molecular assembler to build molecules and 
materials via mechanosynthesis. For now that goal remains within exploratory 
engineering. 

 Finite element analysis 

This field is not new, as the basis of Finite Element Analysis (FEA) or Finite Element 
Method (FEM) dates back to 1941. But evolution of computers has made FEM a viable 
option for analysis of structural problems. Many commercial codes such as ANSYS, 
Nastran and ABAQUS are widely used in industry for research and design of 
components. 

Other techniques such as finite difference method (FDM) and finite-volume method 
(FVM) are employed to solve problems relating heat and mass transfer, fluid flows, fluid 
surface interaction etc. 

 Related fields 
Manufacturing engineering and Aerospace Engineering are sometimes grouped with 
mechanical engineering. A bachelor's degree in these areas will typically have a 
difference of a few specialized classes. 
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Chapter- 7 

Nuclear Engineering 
  
 
 
 
 
 
 
Nuclear engineering is the branch of engineering concerned with the application of the 
breakdown of atomic nuclei and/or other sub-atomic physics, based on the principles of 
nuclear physics. It includes, but is not limited to, the interaction and maintenance of 
nuclear fission systems and components— specifically, nuclear reactors, nuclear power 
plants, and/or nuclear weapons. The field also includes the study of nuclear fusion, 
medical and other applications of (generally ionizing) radiation, radiation safety, 
heat/thermodynamics transport, nuclear fuel and/or other related (e.g., waste disposal) 
technology, nuclear proliferation, and the effect of radioactive waste or radioactivity in 
the environment. 

 Professional areas 

 Nuclear fission 

Nuclear fission is the disintegration of a susceptible (fissile) atom's nucleus into two 
different, smaller elements and other particles including neutrons. Approximately 2.4 
neutrons are released per fission, which may cause additional fissions if enough 
fissionable material is present. 

The common types of nuclear fission include thermal fission, which is fission caused by 
the absorption of a relatively slow thermal neutron with kinetic energy approximately 
0.025 eV. Fast fission is fission caused by the absorption of a more energetic neutron, 
with kinetic energy on the order of MeV. Also, in especially heavy nuclei, spontaneous 
fission may occur. Nuclei that are fissionable by neutrons typically carry at least a very 
small chance of spontaneous fission occurring. 

Generally, thermal fission is used in commercial reactors, though Fast Breeder Reactors 
have been developed to harness fast fission. 

The United States gets about 20% of its electricity from nuclear power.  Nuclear 
engineers in this field generally work, directly or indirectly, in the nuclear power industry 
or for national laboratories. Current research in the industry is directed at producing 
economical, proliferation-resistant reactor designs with passive safety features. Although 
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government labs research the same areas as industry, they also study a myriad of other 
issues such as nuclear fuels and nuclear fuel cycles, advanced reactor designs, and 
nuclear weapon design and maintenance. A principal pipeline for trained personnel for 
US reactor facilities is the Navy Nuclear Power Program. 

 

Nuclear Powerplant 
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B-61 thermonuclear weapon 

 Nuclear fusion and plasma physics 

Research areas in nuclear fusion and plasma physics include high-temperature, plasma 
dynamics, and radiation-resistant materials. Internationally, research is currently directed 
at building a prototype tokamak called ITER. The research at ITER will primarily focus 
on instabilities and diverter design refinement. Researchers in the USA are also building 
an inertial confinement experiment called the National Ignition Facility or NIF. NIF will 
be used to refine neutron transport calculations for the US stockpile stewardship 
initiative. 
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NIF (National Ignition Facility) target chamber 

 Nuclear medicine and medical physics 

An important field is medical physics, and its subfields nuclear medicine, radiation 
therapy, health physics, and diagnostic imaging.  From x-ray machines to MRI to PET, 
among many others, medical physics provides most of modern medicine's diagnostic 
capability along with providing many treatment options. 
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X-Ray Image of a male skull 
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Magnetic Resonance Imaging scan of a head 
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PET taken with an ECAT Exact HR+ PET Scanner 

 Nuclear materials and nuclear fuels 

Nuclear materials research focuses on two main subject areas, nuclear fuels and 
irradiation-induced modification of materials. Improvement of nuclear fuels is crucial for 
obtaining increased efficiency from nuclear reactors. Irradiation effects studies have 
many purposes, from studying structural changes to reactor components to studying 
nano-modification of metals using ion-beams or particle accelerators. 
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Uranium ore, the principal raw material of nuclear fuel 

 

Nuclear fuel pellets 
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A Focused ion beam 

 Radiation measurements and dosimetry 

Nuclear engineers and radiological scientists are interested in the development of more 
advanced ionizing radiation measurement and detection systems, and using these to 
improve imaging technologies. This includes detector design, fabrication and analysis, 
measurements of fundamental atomic and nuclear parameters, and radiation imaging 
systems, among other things. 
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A modern Geiger counter 
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A neutron detector 
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Scintillation detector next to Uraninite 

 Nuclear engineering organizations 
• American Nuclear Society 
• Nuclear Institute (UK) 
• International Atomic Energy Agency 

 List of institutions offering nuclear engineering courses 

 List of universities in Brazil 

University Department (external links) Degrees 
offered 

Universidade Federal do Rio de 
Janeiro 

Nuclear Engineering 
Department/COPPE BS, MS, PhD 
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 List of universities in Bulgaria 

University Department (external 
links) 

Degrees 
offered 

Sofia University "St. Kliment Ohridski" 
Faculty of Physics 

Department of Nuclear 
Engineering BS, MS, PhD 

University & college Department (external links) Degrees 
offered 

Technical University of 
Sofia 

Department of Thermal and Nuclear Power 
Engineering BS, MS, PhD 

 List of universities in Canada 

University Department (external 
links) Degrees offered 

McMaster University, 
Hamilton 

Engineering Physics 
(Nuclear Engineering 
Option) 

B.Eng. Phys., Dipl. 
Nuc.Tech, M.Eng, M.A.Sc, 
Ph.D. 

University of Ontario Institute 
of Technology, Oshawa Nuclear Engineering B.Eng, M.Eng, M.A.Sc, Ph. 

D 
École Polytechnique de 
Montréal, Montréal 

Institute of Nuclear 
Engineering M.Eng, M.Sc, PhD 

Royal Military College of 
Canada, Kingston 

Department of Chemistry 
and Chemical Engineering 

M.Sc, M.A.Sc, M.Eng, 
PhD 

 List of colleges in India 

College Department (external links) Degrees 
offered 

Homi Bhabha National Institute, 
Mumbai 

Engineering Sciences, Physical 
Sciences, Chemical Sciences, 
Health Sciences, Life Sciences, 
Mathematical Sciences, Strategic 
Studies  

In the following constituent 
institutes: Bhabha Atomic 
Research Center, Indira Gandhi 
Center for Atomic Research, 
Raja Ramanna Centre for 
Advanced Technology, Variable 

PGDip, 
M.Phil, 
M.Sc(Engg), 
M.Tech, Ph.D 
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Energy Cyclotron Centre, Saha 
Institute of Nuclear Physics, 
Institute for Plasma Research, 
Institute of Physics, Harish-
Chandra Research Institute, Tata 
Memorial Centre and Institute of 
Mathematical Sciences 

Indian Institute of Technology, Kanpur Nuclear Engineering and 
Technology M.Tech, PhD 

Sastra university,Tanjore 
   

  
M.Tech 

Delhi University   M.Tech 

J.N.T.UNIVERSITY 
KAKINADA,KAKINADA,ANDHRA 
PRADESH 

www.jntukakinada.edu.in M.E 

SRM University,Chennai   B.Tech, 
M.Tech, Ph.D 

Jadavpur University   

Masters of 
Nuclear 
Engineering, 
Faculty of 
engineering 
and 
Technology 

|- |Manipal Institute of Technology, Manipal University |  |M. tech in nuclear engnering |} 

 List of colleges in Israel 

College Department (external links) Degrees offered 
Ben Gurion University of the Negev    

 List of colleges in Jordan 

College Department (external links) Degrees 
offered 

Jordan University of Science and 
Technology 

Department of Nuclear 
Engineering BS 

 List of colleges in Pakistan 
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College/University Department (external 
links) 

Degrees 
offered 

Pakistan Institute of Engineering & Applied 
Sciences, Islamabad 

Department of Nuclear 
Engineering MS,PhD 

Kannup Institute of Nuclear Power 
Engineering/NED University of Engineering & 
Technology, Karachi 

Department of Nuclear 
Engineering MS,PhD 

Chasnupp Center for Nuclear Training 
(CHASCENT), Chasma 

Center for Nuclear 
Training and 
Engineering 

MS,PhD 

 List of universities in South Africa 

|North-West University 

 List of universities in Switzerland 

University Department (external links) Degrees offered 
EPF Lausanne and ETH Zurich Nuclear Engineering MS, PhD 

 List of colleges in Turkey 

College Department (external links) Degrees offered 
Hacettepe University Department of Nuclear Engineering BS,MS,PhD 

 List of universities in the United Kingdom 

College Department (external links) Degrees offered 
Lancaster University Nuclear Engineering M.Eng 

University of Birmingham Physics and Technology of 
Nuclear Reactors MSc 

Nuclear Technology Education 
Consortium Nuclear Science and Technology MSc 

Nottingham Trent University Physics with Nuclear 
Technology BSc 

Imperial College London Centre for Nuclear Engineering MSc, M.Eng (Joint 
Honours) 

University of Cambridge   MPhil in Nuclear 
Energy 
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 List of colleges in the U.S. 

College Department (external links) Degrees offered 
Air Force Institute of Technology Engineering Physics MS, PhD 
Arkansas Tech University Nuclear Engineering MEng, BS 
Colorado School of Mines Nuclear Engineering MS,PhD 

Cornell University School of Applied and 
Engineering Physics BS,MEng,PhD 

Georgia Institute of Technology Nuclear and Radiological 
Engineering BS,MS,PhD 

Idaho State University Institute of Nuclear Science and 
Engineering BS,MS,PhD 

Kansas State University Mechanical and Nuclear 
Engineering BS,MS,PhD 

Massachusetts Institute of 
Technology Nuclear Science and Engineering BS,MS,PhD 

Missouri University of Science 
and Technology Nuclear Engineering BS,MS,PhD 

North Carolina State University Nuclear Engineering BS,MS,PhD 
Ohio State University Nuclear Engineering MS,PhD 

Oregon State University Nuclear Engineering and 
Radiation Health Physics BS,MS,PhD 

Pennsylvania State University Mechanical and Nuclear 
Engineering BS,MS,PhD 

Pennsylvania State University Distance Learning Program in 
Nuclear Engineering M.Eng. 

Purdue University Nuclear Engineering BS,MS,PhD 

Rensselaer Polytechnic Institute Mechanical, Aerospace & Nuclear 
Engineering BS,MS,PhD 

South Carolina State University Nuclear Engineering BS 
Texas A&M University Nuclear Engineering BS,MS,PhD 
University of California, Berkeley Nuclear Engineering BS,MS,PhD 

University of Cincinnati Mechanical, Industrial and 
Nuclear Engineering MS,PhD 

University of Florida Nuclear and Radiological 
Engineering BS,MS,PhD 

University of Idaho Nuclear Engineering MS,PhD 
University of Illinois at Urbana- Nuclear, Plasma and Radiological BS,MS,PhD 
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Champaign Engineering 
University of Maryland, College 
Park Materials and Nuclear Engineering MS,PhD 

University of Massachusetts 
Lowell Chemical Engineering BS,MS 

University of Michigan, Ann 
Arbor 

Nuclear Engineering and 
Radiological Sciences BS,MS,PhD 

University of Missouri Nuclear Science and Engineering 
Institute MS,PhD 

University of Nevada, Las Vegas Nuclear Engineering MS 

University of New Mexico Chemical and Nuclear 
Engineering BS,MS,PHD 

University of Pittsburgh Mechanical Engineering and 
Materials Science 

BS,MS 
(Certificates) 

University of South Carolina Nuclear Engineering ME,MS,PhD 
University of Tennessee at 
Knoxville Nuclear Engineering BS,MS,PhD 

University of Texas at Austin Nuclear and Radiation 
Engineering MS,PhD 

University of Utah Nuclear Engineering ME, MS, PhD 
University of Wisconsin–
Madison 

Nuclear Engineering and 
Engineering Physics BS,MS,PhD 

United States Naval Academy Nuclear Engineering BS 
United States Military Academy Nuclear Engineering BS 
Virginia Commonwealth 
University Nuclear Engineering MS 
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Chapter- 8 

Software Engineering 
  
  
 
 
 
 

 
The Airbus A380 uses a substantial amount of software to create a "paperless" cockpit. 

Software engineering (SE) is a profession dedicated to designing, implementing, and 
modifying software so that it is of higher quality, more affordable, maintainable, and 
faster to build. It is a "systematic approach to the analysis, design, assessment, 
implementation, test, maintenance and reengineering of software, that is, the application 
of engineering to software."   The term software engineering first appeared in the 1968 
NATO Software Engineering Conference, and was meant to provoke thought regarding 
the perceived "software crisis" at the time.   The IEEE Computer Society's Software 
Engineering Body of Knowledge defines "software engineering" as the application of a 
systematic, disciplined, quantifiable approach to the development, operation, and 
maintenance of software, and the study of these approaches; that is, the application of 
engineering to software.  It is the application of Engineering to software because it 



_________________WORLD TECHNOLOGIES_________________

WT

integrates significant mathematics, computer science and practices whose origins are in 
Engineering.  

Software development, a much used and more generic term, does not necessarily subsume 
the engineering paradigm. Although it is questionable what impact it has had on actual 
software development over the last more than 40 years,   the field's future looks bright 
according to Money Magazine and Salary.com, which rated "software engineer" as the 
best job in the United States in 2006.  

 History 
When the first modern digital computers appeared in the early 1940s,  the instructions to 
make them operate were wired into the machine. Practitioners quickly realized that this 
design was not flexible and came up with the "stored program architecture" or von 
Neumann architecture. Thus the first division between "hardware" and "software" began 
with abstraction being used to deal with the complexity of computing. 

Programming languages started to appear in the 1950s and this was also another major 
step in abstraction. Major languages such as Fortran, ALGOL, and COBOL were 
released in the late 1950s to deal with scientific, algorithmic, and business problems 
respectively. E.W. Dijkstra wrote his seminal paper, "Go To Statement Considered 
Harmful",  in 1968 and David Parnas introduced the key concept of modularity and 
information hiding in 1972  to help programmers deal with the ever increasing 
complexity of software systems. A software system for managing the hardware called an 
operating system was also introduced, most notably by Unix in 1969. In 1967, the Simula 
language introduced the object-oriented programming paradigm. 

These advances in software were met with more advances in computer hardware. In the 
mid 1970s, the microcomputer was introduced, making it economical for hobbyists to 
obtain a computer and write software for it. This in turn led to the now famous Personal 
Computer (PC) and Microsoft Windows. The Software Development Life Cycle or 
SDLC was also starting to appear as a consensus for centralized construction of software 
in the mid 1980s. The late 1970s and early 1980s saw the introduction of several new 
Simula-inspired object-oriented programming languages, including Smalltalk, Objective-
C, and C++. 

Open-source software started to appear in the early 90s in the form of Linux and other 
software introducing the "bazaar" or decentralized style of constructing software.  Then 
the World Wide Web and the popularization of the Internet hit in the mid 90s, changing 
the engineering of software once again. Distributed systems gained sway as a way to 
design systems, and the Java programming language was introduced with its own virtual 
machine as another step in abstraction. Programmers collaborated and wrote the Agile 
Manifesto, which favored more lightweight processes to create cheaper and more timely 
software. 
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The current definition of software engineering is still being debated by practitioners 
today as they struggle to come up with ways to produce software that is "cheaper, better, 
faster". Cost reduction has been a primary focus of the IT industry since the 1990s. Total 
cost of ownership represents the costs of more than just acquisition. It includes things like 
productivity impediments, upkeep efforts, and resources needed to support infrastructure. 

 Profession 
Legal requirements for the licensing or certification of professional software engineers 
vary around the world. In the UK, the British Computer Society licenses software 
engineers and members of the society can also become Chartered Engineers (CEng), 
while in some areas of Canada, such as Alberta, Ontario,  and Quebec, software engineers 
can hold the Professional Engineer (P.Eng)designation and/or the Information Systems 
Professional (I.S.P.) designation; however, there is no legal requirement to have these 
qualifications. In Israel a person with an appropriate engineering degree has the right to 
be listed in Israel's Registry of Engineers and Architects , and Israeli engineering law  
says that a person calling themselves an engineer without the proper license / registration 
could be sentenced to up to 6 months in jail. 

The IEEE Computer Society and the ACM, the two main professional organizations of 
software engineering, publish guides to the profession of software engineering. The 
IEEE's Guide to the Software Engineering Body of Knowledge - 2004 Version, or 
SWEBOK, defines the field and describes the knowledge the IEEE expects a practicing 
software engineer to have. The IEEE also promulgates a "Software Engineering Code of 
Ethics".  

 Employment 

In 2004, the U. S. Bureau of Labor Statistics counted 760,840 software engineers holding 
jobs in the U.S.; in the same time period there were some 1.4 million practitioners 
employed in the U.S. in all other engineering disciplines combined.  Due to its relative 
newness as a field of study, formal education in software engineering is often taught as 
part of a computer science curriculum, and many software engineers hold computer 
science degrees.  

Many software engineers work as employees or contractors. Software engineers work 
with businesses, government agencies (civilian or military), and non-profit organizations. 
Some software engineers work for themselves as freelancers. Some organizations have 
specialists to perform each of the tasks in the software development process. Other 
organizations require software engineers to do many or all of them. In large projects, 
people may specialize in only one role. In small projects, people may fill several or all 
roles at the same time. Specializations include: in industry (analysts, architects, 
developers, testers, technical support, middleware analysts, managers) and in academia 
(educators, researchers). 
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Most software engineers and programmers work 40 hours a week, but about 15 percent of 
software engineers and 11 percent of programmers worked more than 50 hours a week in 
2008. Injuries in these occupations are rare. However, like other workers who spend long 
periods in front of a computer terminal typing at a keyboard, engineers and programmers 
are susceptible to eyestrain, back discomfort, and hand and wrist problems such as carpal 
tunnel syndrome.  

 Certification 

The Software Engineering Institute offers certifications on specific topics like Security, 
Process improvement and Software architecture.  Apple, IBM, Microsoft and other 
companies also sponsor their own certification examinations. Many IT certification 
programs are oriented toward specific technologies, and managed by the vendors of these 
technologies.  These certification programs are tailored to the institutions that would 
employ people who use these technologies. 

Broader certification of general software engineering skills is available through various 
professional societies. As of 2006, the IEEE had certified over 575 software professionals 
as a Certified Software Development Professional (CSDP).  In 2008 they added an entry-
level certification known as the Certified Software Development Associate (CSDA).  In 
the U.K. the British Computer Society has developed a legally recognized professional 
certification called Chartered IT Professional (CITP), available to fully qualified 
Members (MBCS). In Canada the Canadian Information Processing Society has 
developed a legally recognized professional certification called Information Systems 
Professional (ISP).  The ACM had a professional certification program in the early 
1980s,  which was discontinued due to lack of interest. The ACM examined the 
possibility of professional certification of software engineers in the late 1990s, but 
eventually decided that such certification was inappropriate for the professional industrial 
practice of software engineering.  

 Impact of globalization 

The initial impact of outsourcing, and the relatively lower cost of international human 
resources in developing third world countries led to the dot com bubble burst of the 
1990s. This had a negative impact on many aspects of the software engineering 
profession. For example, some students in the developed world avoid education related to 
software engineering because of the fear of offshore outsourcing (importing software 
products or services from other countries) and of being displaced by foreign visa workers.  
Although statistics do not currently show a threat to software engineering itself; a related 
career, computer programming does appear to have been affected.   Nevertheless, the 
ability to smartly leverage offshore and near-shore resources in an efficient fashion has 
improved the overall operational capability of many organizations.  When North 
Americans are leaving work, Asians are just arriving to work. When Asians are leaving 
work, Europeans are arriving to work. This provides a continuous ability to have human 
oversight on business-critical processes 24 hours per day, without paying overtime 
compensation or disrupting key human resource sleep patterns. 
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 Education 
A knowledge of programming is a pre-requisite to becoming a software engineer. In 2004 
the IEEE Computer Society produced the SWEBOK, which has been published as 
ISO/IEC Technical Report 19759:2004, describing the body of knowledge that they 
believe should be mastered by a graduate software engineer with four years of 
experience.  Many software engineers enter the profession by obtaining a university 
degree or training at a vocational school. One standard international curriculum for 
undergraduate software engineering degrees was defined by the CCSE, and updated in 
2004.  A number of universities have Software Engineering degree programs; as of 2010, 
there were 244 Campus programs, 70 Online programs, 230 Masters-level programs, 41 
Doctorate-level programs, and 69 Certificate-level programs in the United States.  

In addition to university education, many companies sponsor internships for students 
wishing to pursue careers in information technology. These internships can introduce the 
student to interesting real-world tasks that typical software engineers encounter every 
day. Similar experience can be gained through military service in software engineering. 

 Comparison with other disciplines 
Major differences between software engineering and other engineering disciplines, 
according to some researchers, result from the costs of fabrication.  

 Sub-disciplines 
Software engineering can be divided into ten subdisciplines. They are:  

• Software requirements: The elicitation, analysis, specification, and validation of 
requirements for software. 

• Software architecture: The elicitation, analysus, specification, definition and 
design, and validation and control of software architecture requirements. 

• Software design: The design of software is usually done with Computer-Aided 
Software Engineering (CASE) tools and use standards for the format, such as the 
Unified Modeling Language (UML). 

• Software development: The construction of software through the use of 
programming languages. 

• Software testing 
• Software maintenance: Software systems often have problems and need 

enhancements for a long time after they are first completed. This subfield deals 
with those problems. 

• Software configuration management: Since software systems are very complex, 
their configuration (such as versioning and source control) have to be managed in 
a standardized and structured method. 
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• Software engineering management: The management of software systems 
borrows heavily from project management, but there are nuances encountered in 
software not seen in other management disciplines. 

• Software development process: The process of building software is hotly debated 
among practitioners; some of the better-known processes are the Waterfall Model, 
the Spiral Model, Iterative and Incremental Development, and Agile 
Development. 

• Software quality 

 Related disciplines 
Software engineering is a direct subfield of computer science and has some relations with 
management science. It is also considered a part of overall systems engineering. 

 Systems engineering 

Systems engineers deal primarily with the overall system design, specifically dealing 
more with physical aspects which include hardware design. Those who choose to 
specialize in computer hardware engineering may have some training in software 
engineering. 

 Computer Software Engineers 

Computer Software Engineers are usually systems level (software engineering, 
information systems) computer science or software level computer engineering graduates. 
This term also includes general computer science graduates with a few years of practical 
on the job experience involving software engineering. 
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Chapter- 9 

Systems Engineering 
  
 
 
 
 
 
  

 
Systems engineering techniques are used in complex projects: spacecraft design, 
computer chip design, robotics, software integration, and bridge building. Systems 
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engineering uses a host of tools that include modeling and simulation, requirements 
analysis and scheduling to manage complexity. 

Systems engineering is an interdisciplinary field of engineering that focuses on how 
complex engineering projects should be designed and managed over the life cycle of the 
project. Issues such as logistics, the coordination of different teams, and automatic 
control of machinery become more difficult when dealing with large, complex projects. 
Systems engineering deals with work-processes and tools to handle such projects, and it 
overlaps with both technical and human-centered disciplines such as control engineering, 
industrial engineering, organizational studies, and project management. 

 History 
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QFD House of Quality for Enterprise Product Development Processes 

The term systems engineering can be traced back to Bell Telephone Laboratories in the 
1940s.  The need to identify and manipulate the properties of a system as a whole, which 
in complex engineering projects may greatly differ from the sum of the parts' properties, 
motivated the Department of Defense, NASA, and other industries to apply the 
discipline.  

When it was no longer possible to rely on design evolution to improve upon a system and 
the existing tools were not sufficient to meet growing demands, new methods began to be 
developed that addressed the complexity directly.  The evolution of systems engineering, 
which continues to this day, comprises the development and identification of new 
methods and modeling techniques. These methods aid in better comprehension of 
engineering systems as they grow more complex. Popular tools that are often used in the 
systems engineering context were developed during these times, including USL, UML, 
QFD, and IDEF0. 

In 1990, a professional society for systems engineering, the National Council on Systems 
Engineering (NCOSE), was founded by representatives from a number of U.S. 
corporations and organizations. NCOSE was created to address the need for 
improvements in systems engineering practices and education. As a result of growing 
involvement from systems engineers outside of the U.S., the name of the organization 
was changed to the International Council on Systems Engineering (INCOSE) in 1995.  
Schools in several countries offer graduate programs in systems engineering, and 
continuing education options are also available for practicing engineers.  

 Concept 
Some definitions 

"An interdisciplinary approach 
and means to enable the 
realization of successful 
systems"  — INCOSE 
handbook, 2004. 
"System engineering is a 
robust approach to the design, 
creation, and operation of 
systems. In simple terms, the 
approach consists of 
identification and 
quantification of system goals, 
creation of alternative system 
design concepts, performance 
of design trades, selection and 
implementation of the best 
design, verification that the 
design is properly built and 
integrated, and post-
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implementation assessment of 
how well the system meets (or 
met) the goals."  — NASA 
Systems Engineering 
Handbook, 1995. 
"The Art and Science of 
creating effective systems, 
using whole system, whole life 
principles" OR "The Art and 
Science of creating optimal 
solution systems to complex 
issues and problems"  — Derek 
Hitchins, Prof. of Systems 
Engineering, former president 
of INCOSE (UK), 2007. 
"The concept from the 
engineering standpoint is the 
evolution of the engineering 
scientist, i.e., the scientific 
generalist who maintains a 
broad outlook. The method is 
that of the team approach. On 
large-scale-system problems, 
teams of scientists and 
engineers, generalists as well 
as specialists, exert their joint 
efforts to find a solution and 
physically realize it...The 
technique has been variously 
called the systems approach or 
the team development 
method."  — Harry H. Goode 
& Robert E. Machol, 1957. 
"The systems engineering 
method recognizes each system 
is an integrated whole even 
though composed of diverse, 
specialized structures and sub-
functions. It further recognizes 
that any system has a number 
of objectives and that the 
balance between them may 
differ widely from system to 
system. The methods seek to 
optimize the overall system 
functions according to the 
weighted objectives and to 
achieve maximum 
compatibility of its parts."  — 
Systems Engineering Tools by 
Harold Chestnut, 1965. 

Systems engineering signifies both an approach and, more recently, as a discipline in 
engineering. The aim of education in systems engineering is to simply formalize the 
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approach and in doing so, identify new methods and research opportunities similar to the 
way it occurs in other fields of engineering. As an approach, systems engineering is 
holistic and interdisciplinary in flavour. 

 Origins and traditional scope 

The traditional scope of engineering embraces the design, development, production and 
operation of physical systems, and systems engineering, as originally conceived, falls 
within this scope. "Systems engineering", in this sense of the term, refers to the 
distinctive set of concepts, methodologies, organizational structures (and so on) that have 
been developed to meet the challenges of engineering functional physical systems of 
unprecedented complexity. The Apollo program is a leading example of a systems 
engineering project. 

The use of the term " system engineer " has evolved over time to embrace a wider, more 
holistic concept of "systems" and of engineering processes. This evolution of the 
definition has been a subject of ongoing controversy  , and the term continues to be 
applied to both the narrower and broader scope. 

 Holistic view 

Systems engineering focuses on analyzing and eliciting customer needs and required 
functionality early in the development cycle, documenting requirements, then proceeding 
with design synthesis and system validation while considering the complete problem, the 
system lifecycle. Oliver et al. claim that the systems engineering process can be 
decomposed into 

• a Systems Engineering Technical Process, and 
• a Systems Engineering Management Process. 

Within Oliver's model, the goal of the Management Process is to organize the technical 
effort in the lifecycle, while the Technical Process includes assessing available 
information, defining effectiveness measures, to create a behavior model, create a 
structure model, perform trade-off analysis, and create sequential build & test plan.  

Depending on their application, although there are several models that are used in the 
industry, all of them aim to identify the relation between the various stages mentioned 
above and incorporate feedback. Examples of such models include the Waterfall model 
and the VEE model.  

 Interdisciplinary field 

System development often requires contribution from diverse technical disciplines.  By 
providing a systems (holistic) view of the development effort, systems engineering helps 
mold all the technical contributors into a unified team effort, forming a structured 
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development process that proceeds from concept to production to operation and, in some 
cases, to termination and disposal. 

This perspective is often replicated in educational programs in that systems engineering 
courses are taught by faculty from other engineering departments which, in effect, helps 
create an interdisciplinary environment.   

 Managing complexity 

The need for systems engineering arose with the increase in complexity of systems and 
projects, in turn exponentially increasing the possibility of component friction, and 
therefore the reliability of the design. When speaking in this context, complexity 
incorporates not only engineering systems, but also the logical human organization of 
data. At the same time, a system can become more complex due to an increase in size as 
well as with an increase in the amount of data, variables, or the number of fields that are 
involved in the design. The International Space Station is an example of such a system. 

The development of smarter control algorithms, microprocessor design, and analysis of 
environmental systems also come within the purview of systems engineering. Systems 
engineering encourages the use of tools and methods to better comprehend and manage 
complexity in systems. Some examples of these tools can be seen here:  

• System model, Modeling, and Simulation, 
• System architecture, 
• Optimization, 
• System dynamics, 
• Systems analysis, 
• Statistical analysis, 
• Reliability analysis, and 
• Decision making 

Taking an interdisciplinary approach to engineering systems is inherently complex since 
the behavior of and interaction among system components is not always immediately 
well defined or understood. Defining and characterizing such systems and subsystems 
and the interactions among them is one of the goals of systems engineering. In doing so, 
the gap that exists between informal requirements from users, operators, marketing 
organizations, and technical specifications is successfully bridged. 
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Scope 

 
The scope of systems engineering activities  

One way to understand the motivation behind systems engineering is to see it as a 
method, or practice, to identify and improve common rules that exist within a wide 
variety of systems.  Keeping this in mind, the principles of systems engineering — 
holism, emergent behavior, boundary, et al. — can be applied to any system, complex or 
otherwise, provided systems thinking is employed at all levels.  Besides defense and 
aerospace, many information and technology based companies, software development 
firms, and industries in the field of electronics & communications require systems 
engineers as part of their team.  

An analysis by the INCOSE Systems Engineering center of excellence (SECOE) 
indicates that optimal effort spent on systems engineering is about 15-20% of the total 
project effort.  At the same time, studies have shown that systems engineering essentially 
leads to reduction in costs among other benefits.  However, no quantitative survey at a 
larger scale encompassing a wide variety of industries has been conducted until recently. 
Such studies are underway to determine the effectiveness and quantify the benefits of 
systems engineering.   

Systems engineering encourages the use of modeling and simulation to validate 
assumptions or theories on systems and the interactions within them.   
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Use of methods that allow early detection of possible failures, in safety engineering, are 
integrated into the design process. At the same time, decisions made at the beginning of a 
project whose consequences are not clearly understood can have enormous implications 
later in the life of a system, and it is the task of the modern systems engineer to explore 
these issues and make critical decisions. There is no method which guarantees that 
decisions made today will still be valid when a system goes into service years or decades 
after it is first conceived but there are techniques to support the process of systems 
engineering. Examples include the use of soft systems methodology, Jay Wright 
Forrester's System dynamics method and the Unified Modeling Language (UML), each 
of which are currently being explored, evaluated and developed to support the 
engineering decision making process. 

 Education 
Education in systems engineering is often seen as an extension to the regular engineering 
courses,  reflecting the industry attitude that engineering students need a foundational 
background in one of the traditional engineering disciplines (e.g. mechanical engineering, 
industrial engineering, computer engineering, electrical engineering) plus practical, real-
world experience in order to be effective as systems engineers. Undergraduate university 
programs in systems engineering are rare. 

INCOSE maintains a continuously updated Directory of Systems Engineering Academic 
Programs worldwide.  As of 2006, there are about 75 institutions in United States that 
offer 130 undergraduate and graduate programs in systems engineering. Education in 
systems engineering can be taken as SE-centric or Domain-centric. 

• SE-centric programs treat systems engineering as a separate discipline and all the 
courses are taught focusing on systems engineering practice and techniques. 

• Domain-centric programs offer systems engineering as an option that can be 
exercised with another major field in engineering. 

Both these patterns cater to educate the systems engineer who is able to oversee 
interdisciplinary projects with the depth required of a core-engineer.  

 Systems engineering topics 
Systems engineering tools are strategies, procedures, and techniques that aid in 
performing systems engineering on a project or product. The purpose of these tools vary 
from database management, graphical browsing, simulation, and reasoning, to document 
production, neutral import/export and more.  

 System 

There are many definitions of what a system is in the field of systems engineering. Below 
are a few authoritative definitions: 
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• ANSI/EIA-632-1999: "An aggregation of end products and enabling products to 
achieve a given purpose."  

• IEEE Std 1220-1998: "A set or arrangement of elements and processes that are 
related and whose behavior satisfies customer/operational needs and provides for 
life cycle sustainment of the products."  

• ISO/IEC 15288:2008: "A combination of interacting elements organized to 
achieve one or more stated purposes."  

• NASA Systems Engineering Handbook: "(1) The combination of elements that 
function together to produce the capability to meet a need. The elements include 
all hardware, software, equipment, facilities, personnel, processes, and procedures 
needed for this purpose. (2) The end product (which performs operational 
functions) and enabling products (which provide life-cycle support services to the 
operational end products) that make up a system."  

• INCOSE Systems Engineering Handbook: "homogeneous entity that exhibits 
predefined behavior in the real world and is composed of heterogeneous parts that 
do not individually exhibit that behavior and an integrated configuration of 
components and/or subsystems."  

• INCOSE: "A system is a construct or collection of different elements that together 
produce results not obtainable by the elements alone. The elements, or parts, can 
include people, hardware, software, facilities, policies, and documents; that is, all 
things required to produce systems-level results. The results include system level 
qualities, properties, characteristics, functions, behavior and performance. The 
value added by the system as a whole, beyond that contributed independently by 
the parts, is primarily created by the relationship among the parts; that is, how 
they are interconnected."  

 The systems engineering process 

Depending on their application, tools are used for various stages of the systems 
engineering process:  
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 Using models 

Models play important and diverse roles in systems engineering. A model can be defined 
in several ways, including:  

• An abstraction of reality designed to answer specific questions about the real 
world 

• An imitation, analogue, or representation of a real world process or structure; or 
• A conceptual, mathematical, or physical tool to assist a decision maker. 

Together, these definitions are broad enough to encompass physical engineering models 
used in the verification of a system design, as well as schematic models like a functional 
flow block diagram and mathematical (i.e., quantitative) models used in the trade study 
process.   

The main reason for using mathematical models and diagrams in trade studies is to 
provide estimates of system effectiveness, performance or technical attributes, and cost 
from a set of known or estimable quantities. Typically, a collection of separate models is 
needed to provide all of these outcome variables. The heart of any mathematical model is 
a set of meaningful quantitative relationships among its inputs and outputs. These 
relationships can be as simple as adding up constituent quantities to obtain a total, or as 
complex as a set of differential equations describing the trajectory of a spacecraft in a 
gravitational field. Ideally, the relationships express causality, not just correlation.  
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 Tools for graphic representations 

Initially, when the primary purpose of a systems engineer is to comprehend a complex 
problem, graphic representations of a system are used to communicate a system's 
functional and data requirements.  Common graphical representations include: 

• Functional Flow Block Diagram (FFBD) 
• VisSim 
• Data Flow Diagram (DFD) 
• N2 (N-Squared) Chart 
• IDEF0 Diagram 
• UML Use case diagram 
• UML Sequence diagram 
• USL Function Maps and Type Maps. 
• Enterprise Architecture frameworks, like TOGAF, MODAF, Zachman 

Frameworks etc. 

A graphical representation relates the various subsystems or parts of a system through 
functions, data, or interfaces. Any or each of the above methods are used in an industry 
based on its requirements. For instance, the N2 chart may be used where interfaces 
between systems is important. Part of the design phase is to create structural and 
behavioral models of the system. 

Once the requirements are understood, it is now the responsibility of a systems engineer 
to refine them, and to determine, along with other engineers, the best technology for a 
job. At this point starting with a trade study, systems engineering encourages the use of 
weighted choices to determine the best option. A decision matrix, or Pugh method, is one 
way (QFD is another) to make this choice while considering all criteria that are 
important. The trade study in turn informs the design which again affects the graphic 
representations of the system (without changing the requirements). In an SE process, this 
stage represents the iterative step that is carried out until a feasible solution is found. A 
decision matrix is often populated using techniques such as statistical analysis, reliability 
analysis, system dynamics (feedback control), and optimization methods. 

At times a systems engineer must assess the existence of feasible solutions, and rarely 
will customer inputs arrive at only one. Some customer requirements will produce no 
feasible solution. Constraints must be traded to find one or more feasible solutions. The 
customers' wants become the most valuable input to such a trade and cannot be assumed. 
Those wants/desires may only be discovered by the customer once the customer finds 
that he has overconstrained the problem. Most commonly, many feasible solutions can be 
found, and a sufficient set of constraints must be defined to produce an optimal solution. 
This situation is at times advantageous because one can present an opportunity to 
improve the design towards one or many ends, such as cost or schedule. Various 
modeling methods can be used to solve the problem including constraints and a cost 
function. 
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Systems Modeling Language (SysML), a modeling language used for systems 
engineering applications, supports the specification, analysis, design, verification and 
validation of a broad range of complex systems.  

Universal Systems Language (USL) is a systems oriented object modeling language with 
executable (computer independent) semantics for defining complex systems, including 
software.  

 Related Fields and Sub-fields 
Many related fields may be considered tightly coupled to systems engineering. These 
areas have contributed to the development of systems engineering as a distinct entity. 

Cognitive systems engineering 
Cognitive systems engineering (CSE) is a specific approach to the description and 
analysis of human-machine systems or sociotechnical systems.  The three main 
themes of CSE are how humans cope with complexity, how work is accomplished 
by the use of artefacts, and how human-machine systems and socio-technical 
systems can be described as joint cognitive systems. CSE has since its beginning 
become a recognised scientific discipline, sometimes also referred to as Cognitive 
Engineering. The concept of a Joint Cognitive System (JCS) has in particular 
become widely used as a way of understanding how complex socio-technical 
systems can be described with varying degrees of resolution. The more than 20 
years of experience with CSE has been described extensively. 

Configuration Management 
Like systems engineering, Configuration Management as practiced in the defence 
and aerospace industry is a broad systems-level practice. The field parallels the 
taskings of systems engineering; where systems engineering deals with 
requirements development, allocation to development items and verification, 
Configuration Management deals with requirements capture, traceability to the 
development item, and audit of development item to ensure that it has achieved 
the desired functionality that systems engineering and/or Test and Verification 
Engineering have proven out through objective testing. 

Control engineering 
Control engineering and its design and implementation of control systems, used 
extensively in nearly every industry, is a large sub-field of systems engineering. 
The cruise control on an automobile and the guidance system for a ballistic 
missile are two examples. Control systems theory is an active field of applied 
mathematics involving the investigation of solution spaces and the development 
of new methods for the analysis of the control process. 

Industrial engineering 
Industrial engineering is a branch of engineering that concerns the development, 
improvement, implementation and evaluation of integrated systems of people, 
money, knowledge, information, equipment, energy, material and process. 
Industrial engineering draws upon the principles and methods of engineering 
analysis and synthesis, as well as mathematical, physical and social sciences 
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together with the principles and methods of engineering analysis and design to 
specify, predict and evaluate the results to be obtained from such systems. 

Interface design 
Interface design and its specification are concerned with assuring that the pieces 
of a system connect and inter-operate with other parts of the system and with 
external systems as necessary. Interface design also includes assuring that system 
interfaces be able to accept new features, including mechanical, electrical and 
logical interfaces, including reserved wires, plug-space, command codes and bits 
in communication protocols. This is known as extensibility. Human-Computer 
Interaction (HCI) or Human-Machine Interface (HMI) is another aspect of 
interface design, and is a critical aspect of modern systems engineering. Systems 
engineering principles are applied in the design of network protocols for local-
area networks and wide-area networks. 

Mechatronic engineering 
Mechatronic engineering, like Systems engineering, is a multidisciplinary field of 
engineering that uses dynamical systems modeling to express tangible constructs. 
In that regards it is almost indistinguishable from Systems Engineering, but what 
sets it apart is the focus on smaller details rather than larger generalizations and 
relationships. As such, both fields are distinguished by the scope of their projects 
rather than the methodology of their practice. 

Operations research 
Operations research supports systems engineering. The tools of operations 
research are used in systems analysis, decision making, and trade studies. Several 
schools teach SE courses within the operations research or industrial engineering 
department , highlighting the role systems engineering plays in complex projects. 
Operations research, briefly, is concerned with the optimization of a process 
under multiple constraints.  

Performance engineering 
Performance engineering is the discipline of ensuring a system will meet the 
customer's expectations for performance throughout its life. Performance is 
usually defined as the speed with which a certain operation is executed or the 
capability of executing a number of such operations in a unit of time. Performance 
may be degraded when an operations queue to be executed is throttled when the 
capacity is of the system is limited. For example, the performance of a packet-
switched network would be characterised by the end-to-end packet transit delay or 
the number of packets switched within an hour. The design of high-performance 
systems makes use of analytical or simulation modeling, whereas the delivery of 
high-performance implementation involves thorough performance testing. 
Performance engineering relies heavily on statistics, queueing theory and 
probability theory for its tools and processes. 

Program management and project management. 
Program management (or programme management) has many similarities with 
systems engineering, but has broader-based origins than the engineering ones of 
systems engineering. Project management is also closely related to both program 
management and systems engineering. 

Proposal engineering 
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Proposal engineering is the application of scientific and mathematical principles 
to design, construct, and operate a cost-effective proposal development system. 
Basically, proposal engineering uses the "systems engineering process" to create a 
cost effective proposal and increase the odds of a successful proposal. 

Reliability engineering 
Reliability engineering is the discipline of ensuring a system will meet the 
customer's expectations for reliability throughout its life; i.e. it will not fail more 
frequently than expected. Reliability engineering applies to all aspects of the 
system. It is closely associated with maintainability, availability and logistics 
engineering. Reliability engineering is always a critical component of safety 
engineering, as in failure modes and effects analysis (FMEA) and hazard fault 
tree analysis, and of security engineering. Reliability engineering relies heavily 
onstatistics, probability theory and reliability theory for its tools and processes. 

Safety engineering 
The techniques of safety engineering may be applied by non-specialist engineers 
in designing complex systems to minimize the probability of safety-critical 
failures. The "System Safety Engineering" function helps to identify "safety 
hazards" in emerging designs, and may assist with techniques to "mitigate" the 
effects of (potentially) hazardous conditions that cannot be designed out of 
systems. 

Security engineering 
Security engineering can be viewed as an interdisciplinary field that integrates the 
community of practice for control systems design, reliability, safety and systems 
engineering. It may involve such sub-specialties as authentication of system users, 
system targets and others: people, objects and processes. 

Software engineering 
From its beginnings, software engineering has helped shape modern systems 
engineering practice. The techniques used in the handling of complexes of large 
software-intensive systems has had a major effect on the shaping and reshaping of 
the tools, methods and processes of SE. 

 


	Cover
	Table of Contents
	Chapter 1 - Architectural Engineering
	Chapter 2 - Ceramic Engineering
	Chapter 3 - Chemical Engineering
	Chapter 4 - Civil Engineering
	Chapter 5 - Electrical Engineering
	Chapter 6 - Mechanical Engineering
	Chapter 7 - Nuclear Engineering
	Chapter 8 - Software Engineering
	Chapter 9 - Systems Engineering



