
Fundamentals of Drafting

In Section 1 of this course you will cover these topics:
Communication And Instrumentation
Charts, Graphs And Curves
Basic Techniques For Drawing Lines And Letters

Topic Objective:

At the end of this topic student would be able to:

 Understand Use of Drawing as Instrumentation in Communication

 Comprehend Drafting Procedure

Definition/Overview:

Technical drawing: Technical drawing, also known as drafting, is the "art and practice of

creating accurate representations of objects for technical, architectural and engineering needs."

This definition includes the various fields and technologies underpinning electronics, which has

in turn revolutionized the art with new tools in the form of Computer Aided Design. A

practitioner of the craft is known as a draftsman, (or draughtsman in the UK), and recently,

"drafter". In some fields, particularly electronics, draftsmen are also known by the ambiguous

"designer", who's job would be distinct and separate from the engineers specifying and working

out the design details. In short, draftsman are communicators that are part of an engineering team

charged with producing specialty documentation packaged as a design, which following the

standards of the field, can be understood by others with the same training.
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Key Points:

1. Use of Drawing as Instrumentation in Communication

Most technical fields, even those not generally considered as highly technical such as plumbing

have their own conventions and practicesthe symbols and shorthand notations that convey a lot

of information in minimal space. All of these are specialized communications. The foundation of

the modern computerized world is directly founded on the accurate scale drawings on synthetic

vellums that enabled the integrated circuits and printed circuit boards that underly modern

electronics, as discussed in the section below Before CAD. The development and progress of the

industrial revolution on the whole depends on the art, usually taught and classed as one of the

Industrial arts. Engineering and architectural students are introduced to the art, generally in

freshman level courses. Today the mechanics of the drafting task have been greatly accelerated

through the use of CADD systems, but regardless of whether a draft is drawn by hand or with

computer assistance, the field-use-drawing must be reproducible with a version control system to

maintain authorized and approved changes to the master document (or computer files, the

modern analog).

Technical drawing, also known as drafting, is the "art and practice of creating accurate

representations of objects for technical, architectural and engineering needs." This definition

includes the various fields and technologies underpinning electronics, which has in turn

revolutionized the art with new tools in the form of Computer Aided Design. A practitioner of

the craft is known as a draftsman, (or draughtsman in the UK), and recently, "drafter". In some

fields, particularly electronics, draftsmen are also known by the ambiguous "designer", who's job

would be distinct and separate from the engineers specifying and working out the design details.

In short, draftsman are communicators that are part of an engineering team charged with

producing specialty documentation packaged as a design, which following the standards of the

field, can be understood by others with the same training

2. Drafting Procedure
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The basic drafting procedure is to place a piece of paper (or other material) on a smooth surface

with right-angle corners and straight sidestypically a drafting table. A sliding straightedge known

as a T-square is then placed on one of the sides, allowing it to be slid across the side of the table,

and over the surface of the paper."Parallel lines" can be drawn simply by moving the T-square

and running a pencil or technical pen along the T-square's edge, but more typically the T-square

is used as a tool to hold other devices such as set squares or triangles. In this case the draftsman

places one or more triangles of known angles on the T-squarewhich is itself at right angles to the

edge of the tableand can then draw lines at any chosen angle to others on the page. Modern

drafting tables (which have by now largely been replaced by CAD stations) come equipped with

a parallel rule that is supported on both sides of the table to slide over a large piece of paper.

Because it is secured on both sides, lines drawn along the edge are guaranteed to be parallel.In

addition, the draftsperson uses several tools to draw curves and circles. Primary among these are

the compasses, used for drawing simple arcs and circles, and the French curve, typically a piece

of plastic with complex curves on it. A spline is a rubber coated articulated metal that can be

manually bent to most curves.Drafting templates assist the draftsperson consistently recreate

recurring objects in a drawing without having to reproduce the object from scratch every time.

This is especially useful when using common symbols; i.e. in the context of stagecraft, a lighting

designer will typically draw from the USITT standard library of lighting fixture symbols to

indicate the position of a common fixture across multiple positions. Templates are sold

commercially by a number of vendors, usually customized to a specific task, but it is also not

uncommon for a draftsperson to create their own templates.

Example/Case Study:

Topic Objective:

At the end of this topic student would be able to:
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 Learn about different Kinds of Charts

 Understand the notion of Bart Chart

 Learn about Bode Phase Plot

Definition/Overview:

Overview: A pie chart (or a circle graph) is a circular chart divided into sectors, illustrating

relative magnitudes or frequencies or percents. In a pie chart, the arc length of each sector (and

consequently its central angle and area), is proportional to the quantity it represents. Together,

the sectors create a full disk. It is named for its resemblance to a pie which has been sliced.

While the pie chart is perhaps the most ubiquitous statistical chart in the business world and the

mass media, it is rarely used in scientific or technical publications. It is one of the most widely

criticised charts, and many statisticians recommend to avoid its use altogether, pointing out in

particular that it is difficult to compare different sections of a given pie chart, or to compare data

across different pie charts.

Key Points:

1. Kinds of Charts

Pie charts can be an effective way of displaying information in some cases, in particular if the

intent is to compare the size of a slice with the whole pie, rather than comparing the slices among

them. Pie charts work particularly well when the slices represent 25 or 50% of the data, but in

general, other plots such as the bar chart or the dot plot, or non-graphical methods such as tables,

may be more adapted for representing information. Statisticians tend to regard pie charts as a

poor method of displaying information. While pie charts are common in business and journalism,

they are uncommon in scientific literature. One reason for this is that it is more difficult for

comparisons to be made between the size of items in a chart when area is used instead of length.

In Stevens' power law, visual area is perceived with a power of 0.7, compared to a power of 1.0

for length. This suggests that length is a better scale to use, since perceived differences would be

linearly related to actual differences.In research performed at AT&T Bell Laboratories, it was
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shown that comparison by angle was less accurate than comparison by length. This can be

illustrated with the diagram to the right, showing three pie charts, and, below each of them, the

corresponding bar chart representing the same data. Most subjects have difficulty ordering the

slices in the pie chart by size; when the bar chart is used the comparison is much easier. .

Similarly, comparisons between datasets are easier using the barchart. However, if the goal is to

compare a given category (a slice of the pie) with the total (the whole pie) in a single chart and

the multiple is close to 25% or 50%, then a pie chart works better than a bar graph.

2. Bart Chart

A bar chart, also known as a bar graph, is a chart with rectangular bars of lengths proportional to

that value that they represent. Bar charts are used for comparing two or more values. The bars

can be horizontally or vertically oriented. Sometimes a stretched graphic is used instead of a

solid bar. A Bode plot, named after Hendrik Wade Bode, is usually a combination of a Bode

magnitude plot and Bode phase plot:

3. Bode Phase Plot

A Bode magnitude plot is a graph of log magnitude versus frequency, plotted with a log-

frequency axis, to show the transfer function or frequency response of a linear, time-invariant

system. The magnitude axis of the Bode plot is usually expressed as decibels, that is, 20 times

the common logarithm of the amplitude gain. With the magnitude gain being logarithmic, Bode

plots make multiplication of magnitudes a simple matter of adding distances on the graph (in

decibels), since

A Bode phase plot is a graph of phase versus frequency, also plotted on a log-frequency axis,

usually used in conjunction with the magnitude plot, to evaluate how much a frequency will be

phase-shifted. For example a signal described by: Asin(ωt) may be attenuated but also phase-

shifted. If the system attenuates it by a factor x and phase shifts it by −Φ the signal out of the

system will be (A/x) sin(ωt − Φ). The phase shift Φ is generally a function of frequency. Phase
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can also be added directly from the graphical values, a fact that is mathematically clear when

phase is seen as the imaginary part of the complex logarithm of a complex gain. The magnitude

and phase Bode plots can seldom be changed independently of each other changing the

amplitude response of the system will most likely change the phase characteristics and vice

versa. For minimum-phase systems the phase and amplitude characteristics can be obtained from

each other with the use of the Hilbert transform.If the transfer function is a rational function with

real poles and zeros, then the Bode plot can be approximated with straight lines. These

asymptotic approximations are called straight line Bode plots or uncorrected Bode plots and are

useful because they can be drawn by hand following a few simple rules. Simple plots can even

be predicted without drawing them.The approximation can be taken further by correcting the

value at each cutoff frequency. The plot is then called a corrected Bode plot.

Example/Case Study:

Top of Form

Topic Objective:

At the end of this topic student would be able to:

 Learn about Basic Drafting and Drawing Techniques

 Develop learning regarding Modern Imitation

Definition/Overview:

Overview: Basic drafting system requires an accurate table and constant attention to the

positioning of the tools. A common error is to allow the triangles to push the top of the T-square

down slightly, thereby throwing off all angles. Even tasks as simple as drawing two angled lines

meeting at a point require a number of moves of the T-square and triangles, and in general
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drafting can be a time consuming process. A solution to these problems was the introduction of

the mechanical "drafting machine", an application of the pantograph (sometimes referred to

incorrectly as a "pentagraph" in these situations) which allowed the draftsman to have an

accurate right angle at any point on the page quite quickly.

Key Points:

1. Basic Drafting and Drawing Techniques

Although drafting is sometimes accomplished by a project engineer, architector even by shop

personnel such as a machinistskilled drafters (and/or designers) usually accomplish the task and

are always in demand to some level. Before CAD, master technical drawings were produced on a

either paper or vellum within a technical field. There was great need to be able to "pick off a

dimension" from a drawing accurately, requiring in turn a need for extremely accurate master

drawings. While the blueprint process enabling 1:1 scaled copies dates from the 1840s, large

accurate-to-scale drawings were technologically handicapped because quality natural vellums

were limited in size and expensive, paper shrinks and expands drastically with humidity, and

initial accuracy quickly degraded in the field situation where such documents made or broke a

product. These machines often included the ability to change the angle, thereby removing the

need for the triangles as well. In addition to the mastery of the mechanics of drawing lines, arcs

and circles (and text) onto a piece of paperwith respect to the detailing of physical objectsthe

drafting effort requires a thorough understanding of geometry, trigonometry and spatial

comprehension, and in all cases demands precision and accuracy, and attention to detail of high

order.

2. Modern Imitation

The problem was resolved in part by the invention of a modern imitation "vellum" made from

plasticized cotton. Like natural vellum, the synthetic is more dimensionally stable than a linen or

paper sheet, which is frequently critical in the development of large scaled drawings and plans

such as Blueprints. It was also extremely important in that reproduction technology for

dissemination of the plans as like a high quality natural vellum, it could be produced in a thin

enough sheet to be virtually transparent to strong light enabling a source drawing to be used

directly in the blueprint reproductions of field-used drawings.During the last century, antedating
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integrated CAD and modern laser printing which only came about after development of VLSI

based microprocessors, synthetic vellums were at the heart of any large engineering or

architectural project. "Blueprints" are a copy of such master drawings, and are used as the field

and day to day references originally drafted on the vellum masters. Large paper drawings require

an additional step (tracing paper amenable to letting light pass through it, and hence is more error

prone)Drafting vellums eventually came to be standardized into a series of drawing sizes known

as "A-size", "B-size", ..., "G-size" drawings which doubled in sheet size area with every step.

Indeed, VLSI microcircuits themselves were layed out on such vellums layer by layer, "masked"

to the dimensions of the given layer (a tracing step of sorts), and those masks photographed, all

to scale in very large specialty light boxes. The negatives (known as photomicrographs,

photo+micro+graph) thus obtained, were then step-reproduced in carefully aligned arrays and

etched onto a glass plate Master of that layer.In short huge dimensional drawings representing

the guts of an integrated circuit were scaled down optically and reproduced to produce each layer

of the computer chips which eventually came to be part of the systems which replaced the

vellums that made the CAD technology possible. Large scale hand drafted drawings in today's

world are unusual and rare, but the old technology still exists and is the foundation upon which

the modern computerized world is built. It is still common for engineers and architects to work

out the details of a concept, so called "Sketches" on paper drawings before going to CAD. Even

in the heyday of hand drafted blueprint technology technical workers found that working with a

sketch was an aid to clear thinking.

Example/Case Study:

In Section 2 of this course you will cover these topics:
Basic Geometric Constructions

Multiview Projection

Basic And Orthographic Dimensioning With Tolerances
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Topic Objective:

At the end of this topic student would be able to:

 Learn about Stomachion

 Develop learning regarding the way to prove something impossible

Definition/Overview:

Basic Geometric Construction: Compass-and-straightedge or ruler-and-compass construction

is the construction of lengths or angles using only an idealized ruler and compass. Trisecting a

segment with ruler and compass. The ruler to be used is assumed to be infinite in length, has no

markings on it and only one edge, and is known as a straightedge. The compass is assumed to

collapse when lifted from the page, so may not be directly used to transfer distances. (This is an

unimportant restriction, as this may be achieved via the compass equivalence theorem.)

Key Points:

1. Stomachion

Stomachion is a mathematical treatise attributed to Archimedes. This work has survived

fragmentarily in an Arabic version and in a copy of the original ancient Greek text made in

Byzantine times. The word Ostomachion has as its roots the Greek word Ὀστομάχιον, which

means "bone-fight". Note that the manuscripts refer to the word as "Stomachion", an apparent

corruption of the original Greek. Ausonius gives us the correct name "Ostomachion" ("quod

Graeci ostomachion vocavere"). The Ostomachion which he describes - called in Latin also

"loculus Archimedius" - was a puzzle similar to tangrams and was played perhaps by several

persons with pieces made of bone. It is not known which is older, Archimedes' geometrical

investigation of the figure, or the game.

All compass and straightedge constructions consist of repeated application of five basic

constructions using the points, lines and circles that have already been constructed. These are:
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 Creating the line through two existing points

 Creating the circle through one point with centre another point

 Creating the point which is the intersection of two existing, non-parallel lines

 Creating the one or two points in the intersection of a line and a circle (if they intersect)

 Creating the one or two points in the intersection of two circles (if they intersect)

For example, starting with the minimal state of a drawing, with just two distinct points, we can

create a line or either of two circles. From the two circles, two new points are created at their

intersections. Drawing lines between the two original points and one of these new points

completes the construction of an equilateral triangle. Therefore, in any geometric problem we

have an initial set of symbols (points and lines), an algorithm, and some results. From this

perspective geometry is equivalent to an axiomatic algebra, replacing its elements by symbols.

Probably Gauss was the first one who realized this, and used it to prove the impossibility of some

constructions, but only much later Hilbert found a complete set of axioms for geometry.

Suppose an algorithm that gives you a point as a result. The point will always be given by

intersection of two lines (or line and circle or two circles. See previous elemental operations), but

there are infinite points in a classical euclidean space. Regardless of the algorithm we use, we

can only perform a finite number of steps. Therefore, no matter what algorithm we use to

determine them, there will always be points that we cannot mark by crossing of two lines (same

holds if we mark the point as intersection of a line and a circle, or of two circles)

Every point constructible using straightedge and compass may be constructed using compass

alone. A number of ancient problems in plane geometry impose this restriction. The most famous

ruler-and-compass problems have been proven impossible in several cases by Pierre Wantzel,

using the mathematical theory of fields. In spite of these impossibility proofs, some

mathematical novices persist in trying to solve these problems. Many of them fail to understand

that many of these problems are trivially solvable provided that other geometric transformations

are allowed: for example, doubling the cube is possible using geometric constructions, but not

possible using ruler and compass alone. Mathematician Underwood Dudley has made a sideline

of collecting false ruler-and-compass proofs, as well as other work by mathematical cranks, and

has collected them into several books. The "compass" and "straightedge" of compass and
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straightedge constructions is an idealization of rulers and compasses in the real world: The

compass can be opened arbitrarily wide, but (unlike some real compasses) it has no markings on

it. It can only be opened to widths that have already been constructed, and it collapses when not

used for drawing. The straightedge is infinitely long, but it has no markings on it and has only

one edge, unlike ordinary rulers. It can only be used to draw a line segment between two points

or to extend an existing line. Each construction must be exact. "Eyeballing" it (essentially

looking at the construction and guessing at its accuracy, or using some form of measurement,

such as the units of measure on a ruler) and getting close does not count as a solution. Stated this

way, compass and straightedge constructions appear to be a parlour game, rather than a serious

practical problem; but the purpose of the restriction is to ensure that constructions can be proven

to be exactly correct. One of the chief purposes of Greek mathematics was to find exact

constructions for various lengths; for example, the side of a pentagon inscribed in a given circle.

The Greeks did not find constructions for three problems: Squaring the circle: Drawing a square

the same area as a given circle.Doubling the cube: Drawing a cube with twice the volume of a

given cube. Trisecting the angle: Dividing a given angle into three smaller angles all of the same

size.For 2000 years people tried to find constructions within the limits set above, and failed. All

three have now been proven under mathematical rules to be impossible generally some angles,

for example, can in fact be trisected, but many (in particular the innocent looking π/3) cannot.

2. Formal proof: The way to prove something impossible

There are many different ways to prove something is impossible. A more rigorous proof would

be to demarcate the limit of the possible, and show that to solve these problems one must

transgress that limit. Much of what can be constructed is covered in intercept theory. We could

associate an algebra to our geometry using a Cartesian coordinate system made of two lines, and

represent points of our plane by vectors. Finally we can write these vectors as complex numbers.

Using the equations for lines and circles, one can show that the points at which they intersect lie

in a quadratic extension of the smallest field F containing two points on the line, the center of the

circle, and the radius of the circle. That is, they are of the form x +y√k, where x, y, and k are in

F. Since the field of constructible points is closed under square roots, it contains all points that

can be obtained by a finite sequence of quadratic extensions of the field of complex numbers

with rational coefficients. By the above paragraph, one can show that any constructible point can
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be obtained by such a sequence of extensions. As a corollary of this, one finds that the degree of

the minimal polynomial for a constructible point (and therefore of any constructible length) is a

power of 2. In particular, any constructible point (or length) is an algebraic number.

Example/Case Study:

Topic Objective:

At the end of this topic student would be able to:

 Learn about Quadrants in descriptive geometry

 Develop learning about Angle Projection

 Comprehend the notion of Third-angle projection

 Understand the procedure of Additional information

Definition/Overview:

Multiview Projection: Orthographic projection is a means of representing a three-dimensional

(3D) object in two dimensions (2D). It is a form of parallel projection, where the view direction

is orthogonal to the projection plane. It is further divided into multiview orthographic projections

and axonometric projections.Orthographic projection corresponds to a perspective projection

with a hypothetical viewpointe.g., one where the camera lies an infinite distance away from the

object and has an infinite focal length, or "zoom". With multiview orthographic projections, up

to six pictures of an object are produced, with each projection plane parallel to one of the

coordinate axes of the object. The views are positioned relative to each other according to either

of two schemes: first-angle or third-angle projection. In each, the appearances of views may be

thought of as being projected onto planes that form a 6-sided box around the object.
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Key Points:

1. Quadrants in descriptive geometry

Modern orthographic projection is derived from Gaspard Monge's descriptive geometry. Monge

defined a reference system of two viewing planes, horizontal H ("ground") and vertical V

("backdrop"). These two planes intersect to partition 3D space into 4 quadrants, which he

labeled:

 above H, in front of V

 above H, behind V

 below H, behind V

 below H, in front of V

These quadrant labels are the same as used in 2D planar geometry, as seen from infinitely far to

the "left", taking H and V to be the X-axis and Y-axis, respectively. The 3D object of interest is

then placed into either quadrant I or III (equivalently, the position of the intersection line

between the two planes is shifted), obtaining first- and third-angle projections, respectively.

Quadrants II and IV are also mathematically valid, but their use would result in one view "true"

and the other view "flipped" by 180 through its vertical centerline, which is too confusing for

technical drawings. Monge's original formulation uses two planes only, and obtains the top and

front views only. The addition of a third plane to show a side view (either left or right) is a

modern extension. The terminology of quadrant is a mild anachronism, as a modern orthographic

projection with three views corresponds more precisely to an octant of 3D space.

2. Angle Projection

In first-angle projection, the object is conceptually located in quadrant I, i.e. it floats above and

before the viewing planes, the planes are opaque, and each view is pushed through the object

onto the plane furthest from it. (Mnemonic: an "actor on a stage".) Extending to the 6-sided box,

each view of the object is projected in the direction (sense) of sight of the object, onto the

(opaque) interior walls of the box; that is, each view of the object is drawn on the opposite side

of the box:
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3. Third-angle projection

In third-angle projection, the object is conceptually located in quadrant III, i.e. it lurks below and

behind the viewing planes, the planes are transparent, and each view is pulled onto the plane

closest to it. (Mnemonic: a "shark in a tank", esp. that is sunken into the floor.) Using the 6-sided

viewing box, each view of the object is projected opposite to the direction (sense) of sight, onto

the (transparent) exterior walls of the box; that is, each view of the object is drawn on the same

side of the box. The box is then unfolded to view all of its exterior walls.

4. Additional information

First-angle projection is as if the object were sitting on the paper and, from the "face" (front)

view, it is rolled to the right to show the left side or rolled up to show its bottom. It is standard

throughout Europe and Asia. Third-angle is as if the object were a box to be unfolded. If we

unfold the box so that the front view is in the center of the two arms, then the top view is above

it, the bottom view is below it, the left view is to the left, and the right view is to the right. It is

standard in USA and Canada. Both first-angle and third-angle projections result in the same 6

views; the difference between them is the arrangement of these views around the box. A great

deal of confusion has ensued in drafting rooms and engineering departments when drawings are

transferred from one convention to another. On engineering drawings, the projection angle is

denoted by an international symbol consisting of a truncated cone, respectively for first-angle

(FR) and third-angle (US):
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The 3D interpretation of the symbol can be deduced by envisioning a solid truncated cone

(Mnemonic: a "gift-wrapped megaphone"), standing upright with its large end on the floor and

the small end upward. The top view is therefore two concentric circles ("donut"). In particular,

the fact that the inner circle is drawn with a solid line instead of dashed disambiguates this view

as the top view, not the bottom view.

 In first-angle projection, the "top" view is pushed down to the floor, and the "front" view is

pushed back to the rear wall; the intersection line between these two planes is therefore closest to

the large end of the cone, hence the first-angle symbol shows the cone with its large end open

toward the donut.

 In third-angle projection, the "top" view is pulled up to the ceiling, and the "front" view is pulled

forward to the front wall; the intersection line between the two planes is thus closest to the small

end of the cone, hence the third-angle symbol shows the cone with its large end away from the

donut.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Orthographic projection

 Learn about Quadrants in descriptive geometry

 Develop learning regarding First-angle projection

 Learn about Multiviews without rotation

The 3D interpretation of the symbol can be deduced by envisioning a solid truncated cone

(Mnemonic: a "gift-wrapped megaphone"), standing upright with its large end on the floor and

the small end upward. The top view is therefore two concentric circles ("donut"). In particular,

the fact that the inner circle is drawn with a solid line instead of dashed disambiguates this view

as the top view, not the bottom view.

 In first-angle projection, the "top" view is pushed down to the floor, and the "front" view is

pushed back to the rear wall; the intersection line between these two planes is therefore closest to

the large end of the cone, hence the first-angle symbol shows the cone with its large end open

toward the donut.

 In third-angle projection, the "top" view is pulled up to the ceiling, and the "front" view is pulled

forward to the front wall; the intersection line between the two planes is thus closest to the small

end of the cone, hence the third-angle symbol shows the cone with its large end away from the

donut.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Orthographic projection

 Learn about Quadrants in descriptive geometry

 Develop learning regarding First-angle projection

 Learn about Multiviews without rotation

The 3D interpretation of the symbol can be deduced by envisioning a solid truncated cone

(Mnemonic: a "gift-wrapped megaphone"), standing upright with its large end on the floor and

the small end upward. The top view is therefore two concentric circles ("donut"). In particular,

the fact that the inner circle is drawn with a solid line instead of dashed disambiguates this view

as the top view, not the bottom view.

 In first-angle projection, the "top" view is pushed down to the floor, and the "front" view is

pushed back to the rear wall; the intersection line between these two planes is therefore closest to

the large end of the cone, hence the first-angle symbol shows the cone with its large end open

toward the donut.

 In third-angle projection, the "top" view is pulled up to the ceiling, and the "front" view is pulled

forward to the front wall; the intersection line between the two planes is thus closest to the small

end of the cone, hence the third-angle symbol shows the cone with its large end away from the

donut.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Orthographic projection

 Learn about Quadrants in descriptive geometry

 Develop learning regarding First-angle projection

 Learn about Multiviews without rotation
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Definition/Overview:

Multiview Orthographic: With multiview orthographic projections, up to six pictures of an

object are produced, with each projection plane parallel to one of the coordinate axes of the

object.

Key Points:

1. Orthographic projection

Orthographic projection is a means of representing a three-dimensional (3D) object in two

dimensions (2D). It is a form of parallel projection, where the view direction is orthogonal to the

projection plane. It is further divided into multiview orthographic projections and axonometric

projections. Orthographic projection corresponds to a perspective projection with a hypothetical

viewpointe.g., one where the camera lies an infinite distance away from the object and has an

infinite focal length, or "zoom". The views are positioned relative to each other according to

either of two schemes: first-angle or third-angle projection. In each, the appearances of views

may be thought of as being projected onto planes that form a 6-sided box around the object.

2. Quadrants in descriptive geometry

Modern orthographic projection is derived from Gaspard Monge's descriptive geometry. Monge

defined a reference system of two viewing planes, horizontal H ("ground") and vertical V

("backdrop"). These two planes intersect to partition 3D space into 4 quadrants, which he

labeled:

 I: above H, in front of V

 II: above H, behind V

 III: below H, behind V

 IV: below H, in front of V
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These quadrant labels are the same as used in 2D planar geometry, as seen from infinitely far to

the "left", taking H and V to be the X-axis and Y-axis, respectively. The 3D object of interest is

then placed into either quadrant I or III (equivalently, the position of the intersection line

between the two planes is shifted), obtaining first- and third-angle projections, respectively.

Quadrants II and IV are also mathematically valid, but their use would result in one view "true"

and the other view "flipped" by 180 through its vertical centerline, which is too confusing for

technical drawings. Monge's original formulation uses two planes only, and obtains the top and

front views only. The addition of a third plane to show a side view (either left or right) is a

modern extension. The terminology of quadrant is a mild anachronism, as a modern orthographic

projection with three views corresponds more precisely to an octant of 3D space.

3. First-angle projection

In first-angle projection, the object is conceptually located in quadrant I, i.e. it floats above and

before the viewing planes, the planes are opaque, and each view is pushed through the object

onto the plane furthest from it. (Mnemonic: an "actor on a stage".) Extending to the 6-sided box,

each view of the object is projected in the direction (sense) of sight of the object, onto the

(opaque) interior walls of the box; that is, each view of the object is drawn on the opposite side

of the box:
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In third-angle projection, the object is conceptually located in quadrant III, i.e. it lurks below and

behind the viewing planes, the planes are transparent, and each view is pulled onto the plane

closest to it. (Mnemonic: a "shark in a tank", esp. that is sunken into the floor.) Using the 6-sided

viewing box, each view of the object is projected opposite to the direction (sense) of sight, onto

the (transparent) exterior walls of the box; that is, each view of the object is drawn on the same

side of the box. The box is then unfolded to view all of its exterior walls.

4. Additional information

First-angle projection is as if the object were sitting on the paper and, from the "face" (front)

view, it is rolled to the right to show the left side or rolled up to show its bottom. It is standard

throughout Europe (excluding the UK) and Asia. Third-angle is as if the object were a box to be

unfolded. If we unfold the box so that the front view is in the center of the two arms, then the top

view is above it, the bottom view is below it, the left view is to the left, and the right view is to

the right. It is standard in the United Kingdom, USA and Canada. Both first-angle and third-

angle projections result in the same 6 views; the difference between them is the arrangement of

these views around the box. A great deal of confusion has ensued in drafting rooms and

engineering departments when drawings are transferred from one convention to another. On

engineering drawings, the projection angle is denoted by an international symbol consisting of a

truncated cone, respectively for first-angle (FR) and third-angle (US):

The 3D interpretation of the symbol can be deduced by envisioning a solid truncated cone

(Mnemonic: a "gift-wrapped megaphone"), standing upright with its large end on the floor and

the small end upward. The top view is therefore two concentric circles ("donut"). In particular,

the fact that the inner circle is drawn with a solid line instead of dashed disambiguates this view

as the top view, not the bottom view.

 In first-angle projection, the "top" view is pushed down to the floor, and the "front" view is

pushed back to the rear wall; the intersection line between these two planes is therefore closest to
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the large end of the cone, hence the first-angle symbol shows the cone with its large end open

toward the donut.

 In third-angle projection, the "top" view is pulled up to the ceiling, and the "front" view is pulled

forward to the front wall; the intersection line between the two planes is thus closest to the small

end of the cone, hence the third-angle symbol shows the cone with its large end away from the

donut.

5. Multi-views without rotation

Orthographic multi-view projection is derived from the principles of descriptive geometry and

may produce an image of a specified, imaginary object as viewed from any direction of space.

Orthographic projection is distinguished by parallel projectors emanating from all points of the

imaged object and which intersect a plane of projection at right angles. Above, a technique is

described that obtains varying views by projecting images after the object is rotated to a desired

position. Descriptive geometry customarily relies on obtaining various views by imagining an

object to be stationary, and changing the direction of projection (viewing) in order to obtain the

desired view. Using the rotation technique above, note that no orthographic view is available

looking perpendicularly at any of the inclined surfaces. Suppose a technician desired such a view

to, say, look through a hole to be drilled perpendicularly to the surface. Such a view might be

desired for calculating clearances or for dimensioning purposes. To obtain this view without

multiple rotations requires the principles of Descriptive Geometry. The steps below describe the

use of these principles in third angle projection.

 Fig.1: Pictorial of imaginary object that the technician wishes to image.

 Fig.2: The object is imagined behind a vertical plane of projection. The angled corner of the

plane of projection is addressed later.

 Fig.3: Projectors emanate parallel from all points of the object, perpendicular to the plane of

projection.

 Fig.4: An image is created thereby.

 Fig.5: A second, horizontal plane of projection is added, perpendicular to the first.

 Fig.6: Projectors emanate parallel from all points of the object perpendicular to the second plane

of projection.

 Fig.7: An image is created thereby.
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 Fig.8: A third plane of projection is added, perpendicular to the previous two.

 Fig.9: Projectors emanate parallel from all points of the object perpendicular to the third plane of

projection.

 Fig.10: An image is created thereby.

 Fig.11: A fourth plane of projection is added parallel to the chosen inclined surface, and per

force, perpendicular to the first (Frontal) plane of projection.

 Fig.12: Projectors emanate parallel from all points of the object perpendicularly from the

inclined surface, and per force, perpendicular to the fourth (Auxiliary) plane of projection.

 Fig.13: An image is created thereby.

 Fig.14-16: The various planes of projection are unfolded to be planar with the Frontal plane of

projection.

 Fig.17: The final appearance of an orthographic multiview projection and which includes an

"Auxiliary view" showing the true shape of an inclined surface.

Within orthographic projection there is an ancillary category known as Pictorials. Pictorials show

an image of an object as viewed from a skew direction in order to reveal all three directions

(axes) of space in one picture. Orthographic pictorial instrument drawings are often used to

approximate graphical perspective projections, but there is attendant distortion in the

approximation. Because pictorial projections innately have this distortion, in the instrument

drawing of pictorials, great liberties may then be taken for economy of effort and best effect.

Orthographic pictorials rely on the technique of axonometric projection ("to measure along

axes").
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Example/Case Study:

In Section 3 of this course you will cover these topics:

Isometric And Oblique Views

Production Drawings

Computer-Aided Drafting

Topic Objective:

At the end of the topic the students will be able to:

 Learn Exploring the Term Isometric

 Develop learning regarding Parallel Projection

 Understand the notion of Axonometric Projection

Definition/Overview:

Isometric projection: Isometric projection is a form of graphical projection more specifically,

an axonometric projection. It is a method of visually representing three-dimensional objects in

two dimensions, in which the three coordinate axes appear equally foreshortened and the angles

between any two of them are 120. Isometric projection is one of the projections used in drafting

engineering drawings.
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Key Points:

1. Exploring the Term Isometric

The term isometric comes from the Greek for "equal measure", reflecting that the scale along

each axis of the projection is the same (this is not true of some other forms of graphical

projection).One of the advantages of isometric perspective in engineering drawings is that 60

angles are easy to construct using only a compass and straightedge. An isometric view of an

object can be obtained by choosing the viewing direction in a way that the angles between the

projection of the x, y, and z axes are all the same, or 120. For example when taking a cube, this is

done by first looking straight towards one face. Next the cube is rotated +/- 45 about the vertical

axis, followed by a rotation of approximately +/- 35.264 [= arcsin(tan(30))] about the horizontal

axis.In a similar way an isometric view can be obtained for example in a 3D scene editor.

Starting with the camera aligned parallel to the floor and aligned to the coordinate axes, it is first

rotated downwards around the horizontal axes by about 35.264 as above, and then rotated +/- 45

around the vertical axes.Another way in which isometric projection can be visualized is by

considering the view of a cubical room from an upper corner, looking towards the opposite lower

corner. The x-axis is diagonally down and right, the y-axis is diagonally down and left, and the z-

axis is straight up. Depth is also shown by height on the image. Lines drawn along the axes are at

120 to one another.

There are 8 different orientations to obtain an isometric view, depending into which octant the

viewer looks. The isometric transform from a point ax,y,z in 3D space to a point bx,y in 2D space

looking into the first octant can be written mathematically with rotation matrices as:
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where and . As explained above, this is a

rotation around the vertical (here y) axis by β, followed by a rotation around the horizontal (here

x) axis by α. This is then followed by an orthographic projection to the x-y plane:

The other seven possibilities are obtained by either rotating to the opposite sides or not, and then

inverting the view direction or not.

2. Parallel Projection

As with all types of parallel projection, objects drawn with axonometric projection do not appear

larger or smaller as they extend closer to or away from the viewer. While advantageous for

architectural drawings and sprite-based video games, this results in a perceived distortion, as

unlike perspective projection, it is not how our eyes or photography usually work. It also can

easily result in situations where depth and altitude are impossible to gauge, as is shown in the

illustration to the right. An additional problem particular to isometric projection is when it

becomes difficult to determine which face of the object is being observed. In the absence of

proper shadingand for objects that are relatively perpendicular and similarly proportionedit can

become difficult to determine which is the top, bottom or side face of the object. This is because,

in isometric projection, the projection of each face onto a two-dimensional plane has similar

dimensions and area. Most contemporary video games have avoided these situations by dropping

axonometric projection in favor of perspective 3D rendering utilizing vanishing points. Some of

the famous "impossible architecture" works of M. C. Escher, however, exploit them. Waterfall

(1961) is a good example, in which the building is (roughly) isometric, but the faded background

utilizes perspective projection.
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3. Axonometric Projection

In the fields of computer and video games and pixel art, axonometric projection has been popular

because of the ease with which 2D sprites and tile-based graphics can be made to represent a 3D

gaming environment. Because objects don't change size as they move about the game field, there

is no need for the computer to scale sprites or do the calculations necessary to simulate visual

perspective. This allowed older 8-bit and 16-bit game systems (and, more recently, handheld

systems) to portray large 3D areas easily. While the depth confusion problems illustrated above

can sometimes be a problem, good game design can alleviate this. With the advent of more

powerful graphics systems, axonometric projection is becoming less common.

Corresponding camera rotations for true isometric projection (at left) and the form of dimetric

perspective commonly found in video games and pixel art (at right). The blue vector points

towards the camera position which would result in a view of the cube when looking towards the

origin. The projection used in videogames usually deviates slightly from "true" isometric due to

the limitations of raster graphics. Lines in the x and y axes would not follow a neat pixel pattern

if drawn in the required 30 to the horizontal. While modern computers can eliminate this

problem using anti-aliasing, earlier computer graphics did not support enough colors or possess

enough CPU power to accomplish this. So instead, a 2:1 pixel pattern ratio would be used to

draw the x and y axes lines, resulting in these axes following a 26.565 (arctan 0.5) angle to the

horizontal. (Game systems that do not use square pixels could, however, yield different angles,

including true isometric.) It should therefore be noted that this form of projection is more

accurately described as a variation of dimetric projection, since only two of the three angles

between the axes are equal (116.565, 116.565, 126.87). Many in video game and pixel art

communities, however, continue to mistakenly refer to this projection as "isometric perspective";

the terms "3/4 perspective" and "2.5D" are also commonly used.

The term has also been applied to games that do not use the 2:1 pixel pattern ratio common

among video games. Fallout and SimCity 4, which use trimetric projection, have been referred to

as "isometric". Games that use oblique projection, such as The Legend of Zelda: A Link to the
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Past and Ultima Onlineas well as games that use perspective projection with a bird's eye view,

such as The Age of Decadence and Silent Stormare also sometimes referred to as being

isometric, or "pseudo-isometric".

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn Exploring Production Drawings

 Understand the American Golden Age of Illustration

Definition/Overview:

Production Drawings: Drawings may be representational, depicting objects, living beings, or

scenes which the artist views, remembers, or imagines. They may be realistic to the point of

lifelike resemblance (e.g. traditional portraits), architectural drawing or looser approximations of

reality (e.g. sketches), and highly stylized (e.g. cartoons, caricatures, manga), or abstract (e.g.

automatic drawing, entoptic graphomania).

Key Points:

1. Exploring Production Drawings

Drawing may also be a form of heraldic art, with a range of formality from finished works of

heraldic art to tricking. Linear perspective is a method of portraying objects on a flat surface so

Past and Ultima Onlineas well as games that use perspective projection with a bird's eye view,

such as The Age of Decadence and Silent Stormare also sometimes referred to as being

isometric, or "pseudo-isometric".

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn Exploring Production Drawings

 Understand the American Golden Age of Illustration

Definition/Overview:

Production Drawings: Drawings may be representational, depicting objects, living beings, or

scenes which the artist views, remembers, or imagines. They may be realistic to the point of

lifelike resemblance (e.g. traditional portraits), architectural drawing or looser approximations of

reality (e.g. sketches), and highly stylized (e.g. cartoons, caricatures, manga), or abstract (e.g.

automatic drawing, entoptic graphomania).

Key Points:

1. Exploring Production Drawings

Drawing may also be a form of heraldic art, with a range of formality from finished works of

heraldic art to tricking. Linear perspective is a method of portraying objects on a flat surface so

Past and Ultima Onlineas well as games that use perspective projection with a bird's eye view,

such as The Age of Decadence and Silent Stormare also sometimes referred to as being

isometric, or "pseudo-isometric".

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn Exploring Production Drawings

 Understand the American Golden Age of Illustration

Definition/Overview:

Production Drawings: Drawings may be representational, depicting objects, living beings, or

scenes which the artist views, remembers, or imagines. They may be realistic to the point of

lifelike resemblance (e.g. traditional portraits), architectural drawing or looser approximations of

reality (e.g. sketches), and highly stylized (e.g. cartoons, caricatures, manga), or abstract (e.g.

automatic drawing, entoptic graphomania).

Key Points:

1. Exploring Production Drawings

Drawing may also be a form of heraldic art, with a range of formality from finished works of

heraldic art to tricking. Linear perspective is a method of portraying objects on a flat surface so
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that the dimensions shrink with distance. The parallel, straight edges of any object, whether a

building or a table, will follow lines that eventually converge at infinity. Typically this point of

convergence will be along the horizon, as buildings are built level with the flat surface. When

multiple structures are aligned with each other, such as buildings along a street, the horizontal

tops and bottoms of the structures will all typically converge at a vanishing point. Two point

perspective drawing. When both the fronts and sides of a building are drawn, then the parallel

lines forming a side converge at a second point along the horizon (which may be off the drawing

paper.) This is a "two-point perspective". Converging the vertical lines to a point in the sky then

produces a "three-point perspective". Depth can also be portrayed by several techniques in

addition to the perspective approach above. Objects of similar size should appear ever smaller

the further they are from the viewer. Thus the back wheel of a cart will appear slightly smaller

than the front wheel. Depth can be portrayed through the use of texture. As the texture of an

object gets further away it becomes more compressed and busy, taking on an entirely different

character than if it was close. Depth can also be portrayed by reducing the amount of contrast of

more distant objects, and also by making the colors more pale. This will reproduce the effect of

atmospheric haze, and cause the eye to focus primarily on objects drawn in the foreground. The

composition of the image is an important element in producing an interesting work of artistic

merit. The artist plans the placement of elements in the art in order to communicate ideas and

feelings with the viewer. The composition can determine the focus of the art, and result in a

harmonious whole that is aesthetically appealing and stimulating. The illumination of the subject

is also a key element in creating an artistic piece, and the interplay of light and shadow is a

valuable method in the artist's toolbox. The placement of the light sources can make a

considerable difference in the type of message that is being presented. Multiple light sources can

wash out any wrinkles in a person's face, for instance, and give a more youthful appearance. In

contrast, a single light source, such as harsh daylight, can serve to highlight any texture or

interesting features. When drawing an object or figure, the skilled artist pays attention to both the

area within the silhouette and what lies outside. The exterior is termed the negative space, and

can be as important in the representation as the figure. Objects placed in the background of the

figure should appear properly placed wherever they can be viewed. A study is a draft drawing

that is made in preparation for a planned final image. Studies can be used to determine the

appearance of specific parts of the completed image, or for experimenting with the best approach
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for accomplishing the end goal. However a well-crafted study can be a piece of art in its own

right, and many hours of careful work can go into completing a study.

2. The American Golden Age of Illustration

The American "golden age of illustration" lasted from the 1880s until shortly after World War I

(although the active career of several later "golden age" illustrators went on for another few

decades). As in Europe a few decades earlier, newspapers, mass market magazines, and

illustrated books had become the dominant media of public consumption. Improvements in

printing technology freed illustrators to experiment with color and new rendering techniques. A

small group of illustrators in this time became rich and famous. The imagery they created was a

portrait of American aspirations of the time.A prolific artist who linked the earlier and later 19th

century in Europe was Gustave Dor. His sombre illustrations of London poverty in the 1860s

were influential examples of social commentary in art. He remained with the medium of

monochrome engraving in his later more fantastical work, but other artists were discovering the

possibilities of color, particularly under the influence of the Pre-Raphaelite painters and

emulations of hand-printing techniques by the design-oriented Arts and Crafts Movement.

Edmund Dulac, Arthur Rackham, Walter Crane and Kay Nielsen were notable representatives of

this style, which often carried an ethos of neo-medivalism and took mythological and fairy-tale

subjects. By contrast the English illustrator Beatrix Potter based her colored children's

illustrations on accurate naturalistic observation of animal-life. The opulence and harmony of the

work of the "golden age" illustrators was counterpointed in the 1890s by artists like Aubrey

Beardsley who reverted to a sparser black-and-white style influenced by woodcut and silhouette,

anticipating Art Nouveau, and Les Nabis. American illustration of this period was anchored by

the Brandywine Valley tradition, begun by Howard Pyle and carried on by his students, who

included N.C. Wyeth, Maxfield Parrish, Jesse Willcox Smith and Frank Schoonover. A

movement was started in Latin America by Santiago Martinez Delgado who worked in the 1930s

for Esquire Magazine while an art student in Chicago, and later in his native Colombia with the

Vida Magazine, Martinez a disciple of Frank Lloyd Wright worked in the Art Deco style. Also in

the 1930s the influence of propaganda art and expressionism was felt in the work of the British

freelance illustrator Arthur Wragg. His stylised monotone shapes suggested the block-printing

techniques used for political posters, but by this time the technology of transferring artwork to
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printing plates by photographic means had advanced to the extent that Wragg could produce all

his work in pen and ink. Today, there is a growing interest in collecting and admiring original

artwork that was used as illustrations in books, magazines, posters, etc. Various museum

exhibitions, magazines and art galleries have devoted space to the illustrators of the past.In the

visual art world, illustrators have sometimes been considered less important in comparison with

fine artists and graphic designers. But as the result of computer game and comic industry growth,

illustrations are becoming valued as popular and profitable art works that can acquire a wider

market than the other two, especially in Korea, Japan, Hong Kong and USA.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn about ObjectARX

 Develop basic concepts regarding AutoCAD

Definition/Overview:

Computer Aided Drafting: AutoCAD is a CAD software application for 2D and 3D design and

drafting, developed and sold by Autodesk, Inc. Initially released in late 1982, AutoCAD was one

of the first CAD programs to run on personal computers, and notably the IBM PC. Most CAD

software at the time ran on graphics terminals connected to mainframe computers or mini-

computers.In earlier releases, AutoCAD used primitive entities such as lines, polylines, circles,

arcs, and text as the foundation for more complex objects. Since the mid-1990s, AutoCAD has

printing plates by photographic means had advanced to the extent that Wragg could produce all

his work in pen and ink. Today, there is a growing interest in collecting and admiring original

artwork that was used as illustrations in books, magazines, posters, etc. Various museum

exhibitions, magazines and art galleries have devoted space to the illustrators of the past.In the

visual art world, illustrators have sometimes been considered less important in comparison with

fine artists and graphic designers. But as the result of computer game and comic industry growth,

illustrations are becoming valued as popular and profitable art works that can acquire a wider

market than the other two, especially in Korea, Japan, Hong Kong and USA.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn about ObjectARX

 Develop basic concepts regarding AutoCAD

Definition/Overview:

Computer Aided Drafting: AutoCAD is a CAD software application for 2D and 3D design and

drafting, developed and sold by Autodesk, Inc. Initially released in late 1982, AutoCAD was one

of the first CAD programs to run on personal computers, and notably the IBM PC. Most CAD

software at the time ran on graphics terminals connected to mainframe computers or mini-

computers.In earlier releases, AutoCAD used primitive entities such as lines, polylines, circles,

arcs, and text as the foundation for more complex objects. Since the mid-1990s, AutoCAD has

printing plates by photographic means had advanced to the extent that Wragg could produce all

his work in pen and ink. Today, there is a growing interest in collecting and admiring original

artwork that was used as illustrations in books, magazines, posters, etc. Various museum

exhibitions, magazines and art galleries have devoted space to the illustrators of the past.In the

visual art world, illustrators have sometimes been considered less important in comparison with

fine artists and graphic designers. But as the result of computer game and comic industry growth,

illustrations are becoming valued as popular and profitable art works that can acquire a wider

market than the other two, especially in Korea, Japan, Hong Kong and USA.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn about ObjectARX

 Develop basic concepts regarding AutoCAD

Definition/Overview:

Computer Aided Drafting: AutoCAD is a CAD software application for 2D and 3D design and

drafting, developed and sold by Autodesk, Inc. Initially released in late 1982, AutoCAD was one

of the first CAD programs to run on personal computers, and notably the IBM PC. Most CAD

software at the time ran on graphics terminals connected to mainframe computers or mini-

computers.In earlier releases, AutoCAD used primitive entities such as lines, polylines, circles,

arcs, and text as the foundation for more complex objects. Since the mid-1990s, AutoCAD has
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supported custom objects through its C++ API. Modern AutoCAD includes a full set of basic

solid modeling and 3D tools, but lacks some of the more advanced capabilities of solid modeling

applications[citation needed].AutoCAD supports a number of application programming

interfaces (APIs) for customization and automation. These include AutoLISP, Visual LISP,

VBA, .NET and ObjectARX.

Key Points:

1. ObjectARX

ObjectARX is a C++ class library, which was also the base for products extending AutoCAD

functionality to specific fields, to create products such as AutoCAD Architecture, AutoCAD

Electrical, AutoCAD Civil 3D, or third-party AutoCAD-based applications.AutoCAD's native

file format, DWG, and to a lesser extent, its interchange file format, DXF, have become de facto

standards for CAD data interoperability. AutoCAD in recent years has included support for

DWF, a format developed and promoted by Autodesk for publishing CAD data. In 2006,

Autodesk estimated the number of active DWG files to be in excess of one billion. In the past,

Autodesk has estimated the total number of DWG files in existence to be more than three

billion.AutoCAD currently runs exclusively on Microsoft desktop operating systems. Versions

for Unix and Macintosh were released in the 1980s and 1990s, but these were later dropped.

AutoCAD can run on an emulator or compatibility layer like Virtual PC or Wine, albeit subject

to various performance issues that can often arise when working with 3D objects or large

drawings.AutoCAD and AutoCAD LT are available for German, French, Italian, Spanish,

Japanese, Korean, Chinese Simplified (No LT), Chinese Traditional, Russian, Czech, Polish,

Hungarian (No LT), Brazilian Portuguese (No LT), Danish, Dutch, Swedish, Finnish, Norwegian

and Vietnamese. The extent of localization varies from full translation of the product to

documentation only. AutoCAD LT is a "scaled down" version of AutoCAD. It costs less

(approx. $900 USD versus around $4,000 USD for the full AutoCAD). It is also available for

purchase at computer stores, unlike AutoCAD which has to be purchased from an official

Autodesk dealer. It was developed so Autodesk could have an entry-level CAD package

available to compete in that price class. Today AutoCAD LT is marketed as a CAD package for

those who only need 2D functionality. Compared to the full edition of AutoCAD, AutoCAD LT
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lacks several features. Most notably, it has no 3D modeling capabilities (though it has a full suite

of 3D viewing functions for looking at 3D models created in other CAD packages) and does not

include any programming interfaces, such as support for most 3rd party programs and does not

support LISP programs. A full listing of differences is on the Autodesk website. AutoCAD LT

originated by taking the codebase of AutoCAD and commenting out substantial portions, which

allowed AutoCAD and AutoCAD LT to be developed simultaneously.

2. AutoCAD

AutoCAD is licensed at a significant discount over commercial retail pricing to qualifying

students and teachers, with both a 14 month and perpetual license available. The student version

of AutoCAD is functionally identical to the full commercial version, with one exception: DWG

files created or edited by a student version have an internal bit-flag set (the "educational flag").

When such a DWG file is printed by any version of AutoCAD (commercial or student), the

output will include a plot stamp / banner on all four sides. Objects created in the Student Version

cannot be used for commercial use. These Student Version objects can and will 'infect' a

commercial version DWG file if imported.The Autodesk student community provides registered

students with free access to different Autodesk applications. While AutoCAD is not available as

as standalone downloadable application, students have access to some other applications, which

include AutoCAD, such as Civil3D or AutoCAD Architecture. Autodesk has also developed a

few vertical programs, sometimes called Desktops, for discipline-specific enhancements.

AutoCAD Architecture (formerly Architectural Desktop), for example, permits architectural

designers to draw 3D objects such as walls, doors and windows, with more intelligent data

associated with them, rather than simple objects such as lines and circles. The data can be

programmed to represent specific architectural products sold in the construction industry, or

extracted into a data file for pricing, materials estimation, and other values related to the objects

represented. Additional tools allow designers to generate standard 2D drawings, such as

elevations and sections, from a 3D architectural model. Similarly, Civil Design, Civil Design 3D,

and Civil Design Professional allow data-specific objects to be used, allowing standard civil

engineering calculations to be made and represented easily. AutoCAD Mechanical, AutoCAD

Electrical, AutoCAD Civil 3D, and AutoCAD Map 3D are other examples of industry-specific

CAD applications built on the AutoCAD platform.
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In Section 4 of this course you will cover these topics:

Block Diagrams, Logic Diagrams And Component Outlines

Electronics Symbols

Schematic Diagrams

Topic Objective:

At the end of the topic the students will be able to:

 Learn Using a Block Diagram

 Understated some basic concepts regarding Truth Table

Definition/Overview:

Block Diagram: A block diagram is a pictorial model of a process or system. They are heavily

used in the engineering world in hardware design, software design, and process flow diagrams.

Key Points:

1. Using a Block Diagram

The block diagram is typically used for a higher level, less detailed description aimed more at

understanding the overall concepts and less at understanding the details of implementation .

Contrast this with the schematic diagram and layout diagram used in the electrical engineering

world, where the schematic diagram shows the details of each electrical component and the

layout diagram shows the details of physical construction. For example, a block diagram of a

radio is not expected to show each and every wire and dial and switch, but the schematic diagram

is. The schematic diagram of a radio does not show the width of each wire in the printed circuit

board, but the layout diagram does.To make an analogy to the map making world, a block

In Section 4 of this course you will cover these topics:

Block Diagrams, Logic Diagrams And Component Outlines

Electronics Symbols

Schematic Diagrams
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diagram is similar to a highway map of an entire nation. The major cities (functions) are listed

but the minor county roads and city streets are not. When troubleshooting, this high level map is

useful in narrowing down and isolating where a problem or fault is.Block diagrams rely on the

principle of the black box where the contents are hidden from view either to avoid being

distracted by the details or because the details are not known. We know what goes in, we know

what goes out, but we can't see how the box does its work. In electrical engineering a design will

often begin as a very high level block diagram, becoming more and more detailed block

diagrams as the design progresses, finally ending in block diagrams detailed enough that each

individual block can be easily implemented (at which point the block diagram is also a schematic

diagram). This is known as top down design. (Hayes 1988, p. 92)Geometric shapes (e.g.

rectangles, circles etc.) are often used in the diagram to aid interpretation and clarify meaning of

the process or model. The geometric shapes are connected by lines to indicate association and

direction/order of traversal. Each engineering discipline has their own meaning for each shape.

2. Truth Table

A truth table is a table that describes the behaviour of a logic gate. It lists the value of the output

for every possible combination of the inputs and can be used to simplify the number of logic

gates and level of nesting in an electronic circuit. In general the truth table does not lead to an

efficient implementation; a minimization procedure, using Karnaugh maps, the QuineMcCluskey

algorithm or a heuristic algorithm is required for reducing the circuit complexity. The simplest

form of electronic logic is diode logic. This allows AND and OR gates to be built, but not

inverters, and so is an incomplete form of logic. Further, without some kind of amplification it is

not possible to have such basic logic operations cascaded as required for more complex logic

functions. To build a complete logic system, valves (vacuum tubes) or transistors can be used.

The simplest family of logic gates using bipolar transistors is called resistor-transistor logic, or

RTL. Unlike diode logic gates, RTL gates can be cascaded indefinitely to produce more complex

logic functions. These gates were used in early integrated circuits. For higher speed, the resistors

used in RTL were replaced by diodes, leading to diode-transistor logic, or DTL. It was then

discovered that one transistor could do the job of two diodes in the space of one diode even

better, by more quickly switching off the following stage, so transistor-transistor logic, or TTL,

was created. In virtually every type of contemporary chip implementation of digital systems, the
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bipolar transistors have been replaced by complementary field-effect transistors (MOSFETs) to

reduce size and power consumption still further, thereby resulting in complementary metal-

oxide-semiconductor (CMOS) logic. For small-scale logic, designers now use prefabricated logic

gates from families of devices such as the TTL 7400 seriesby Texas Instruments and the CMOS

4000 series by RCA, and their more recent descendants. Increasingly, these fixed-function logic

gates are being replaced by programmable logic devices, which allow designers to pack a large

number of mixed logic gates into a single integrated circuit. The field-programmable nature of

programmable logic devices such as FPGAs has removed the 'hard' property of hardware; it is

now possible to change the logic design of a hardware system by reprogramming some of its

components, thus allowing the features or function of a hardware implementation of a logic

system to be changed.Electronic logic gates differ significantly from their relay-and-switch

equivalents. They are much faster, consume much less power, and are much smaller (all by a

factor of a million or more in most cases). Also, there is a fundamental structural difference. The

switch circuit creates a continuous metallic path for current to flow (in either direction) between

its input and its output. The semiconductor logic gate, on the other hand, acts as a high-gain

voltage amplifier, which sinks a tiny current at its input and produces a low-impedance voltage at

its output. It is not possible for current to flow between the output and the input of a

semiconductor logic gate.Another important advantage of standardised integrated circuit logic

families, such as the 7400 and 4000 families, is that they are cascadable. This means that the

output of one gate can be wired to the inputs of one or several other gates, and so on. Systems of

arbitrary complexity can be built without great concern of the designer for the internal workings

of the gates, provided the limitations of each integrated circuit are considered.The output of one

gate can only drive a finite number of inputs to other gates, a number called the 'fanout limit'.

Also, there is always a delay, called the 'propagation delay', from a change in input of a gate to

the corresponding change in its output. When gates are cascaded, the total propagation delay is

approximately the sum of the individual delays, an effect which can become a problem in high-

speed circuits. Additional delay can be caused when a large number of inputs are connected to an

output, due to the distributed capacitance of all the inputs and wiring and the finite amount of

current that each output can provide.

There are two sets of symbols in common use, both now defined by ANSI/IEEE Std 91-1984 and

its supplement ANSI/IEEE Std 91a-1991. The "distinctive shape" set, based on traditional
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schematics, is used for simple drawings and is quicker to draw by hand. It is sometimes

unofficially described as "military", reflecting its origin if not its modern usage. The "rectangular

shape" set, based on IEC 60617-12, has rectangular outlines for all types of gate, and allows

representation of a much wider range of devices than is possible with the traditional symbols.

The IEC's system has been adopted by other standards, such as EN 60617-12:1999 in Europe and

BS EN 60617-12:1999 in the United Kingdom.The goal of IEEE Std 91-1984 was to provide a

uniform method of describing the complex logic functions of digital circuits with schematic

symbols. These functions were more complex than simple AND and OR gates. They could be

medium scale circuits such as a 4-bit counter to a large scale circuits such as a microprocessor.

The 1984 version did not include the "distinctive shape" symbols. These were added to the 1991

supplement with this note: "The distinctive-shape symbol is, according to IEC Publication 617,

Part 12, not preferred, but is not considered to be in contradiction to that standard."In the 1980s,

schematics were the predominant method to design both circuit boards and custom ICs known as

gate arrays. Today custom ICs and the field-programmable gate array are typically designed with

Hardware Description Languages (HDL) such as Verilog or VHDL. The need for complex logic

symbols has diminished and distinctive shape symbols are still the predominate style.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Comprehend the notion of Pictogram

 Identify different electronic symbols
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Definition/Overview:

Electronics Symbols: An electronic symbol is a pictogram used to represent various electrical

and electronic devices (such as wires, batteries, resistors, and transistors) in a drawing of an

electrical or electronic circuit. These symbols can (because of remaining traditions) vary from

country to country, but are today to a large extent internationally standardized. Some symbols

(such as those of vacuum tubes) became virtually extinct with the development of new

technologies.

Key Points:

1. Pictogram

A pictogram (also spelled pictogramme) or pictograph is a symbol representing a concept,

object, activity, place or event by illustration. Pictography is a form of writing in which ideas are

transmitted through drawing. It is a basis of cuneiform and, to some extent, hieroglyphic writing,

which uses drawings also as phonetic letters or determinative rhymes.Early written symbols were

based on pictograms (pictures which resemble what they signify) and ideograms (symbols which

represent ideas). They were used by the ancient Chinese culture since around 5000 BC and began

to develop into logographic writing systems around 2000 BC. Pictograms are still in use as the

main medium of written communication in some non-literate cultures in Africa, The Americas,

and Oceania. Pictograms are often used as simple symbols by most contemporary cultures.

Pictograms were extensively used on a London Suburban map of the London & North Eastern

Railway map in 1937, and remain in common use today, serving as signs or instructions.

Because of their graphical nature and fairly realistic style, they are widely used to indicate public

toilets, or places such as airports and train stations. However, even these symbols are highly

culture-specific. For example, in some cultures men commonly wear dress-like clothing, so even

restroom signage is not universal.A standard set of pictograms was defined in the international

standard ISO 7001: Public Information Symbols. Another common set of pictograms are the

laundry symbols used on clothing tags and chemical hazard labels. Pictography hinders search-

engine capability, requiring symbol searching, while text-based writing also facilitates spoken

words, even new words by use of pronunciation rules, and text enables sorting information

alphabetically.
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Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn about Schematic Diagram of a Chemical Process

 Understand Schematic Diagram for a Circuit

 Develop learning regarding Standards set for Schematic Diagram

 Identify different Codes for Schematic Diagrams in European, American and Australian

Standards

Definition/Overview:

Schematic Diagrams: A schematic is a diagram that represents the elements of a system using

abstract, graphic symbols rather than realistic pictures. A schematic usually omits all details that

are not relevant to the information the schematic is intended to convey, and may add unrealistic

elements that aid comprehension. For example, a subway map intended for riders may represent

a subway station with a dot; the dot doesn't resemble the actual station at all but gives the viewer

the information he needs without unnecessary visual clutter.

Key Points:

1. Schematic Diagram of a Chemical Process

A schematic diagram of a chemical process uses symbols to represent the vessels, piping, valves,

pumps, and other equipment of the system, emphasizing their interconnection paths and

suppressing physical details. In an electronic circuit diagram, the layout of the symbols may not
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resemble the layout in the physical circuit. In the schematic diagram, the symbolic elements are

arranged to be more easily interpreted by the viewer. In electronic design automation, until the

1980s schematics were virtually the only formal representation for circuits. More recently, with

the progress of computer technology, other representations were introduced and specialized

computer languages were developed, since with the explosive growth of the complexity of

electronic circuits, traditional schematics are becoming less practical. For example, hardware

description languages are indispensable for modern digital circuit design.Schematics for

electronic circuits are prepared by designers using EDA (Electronic Design Automation) tools

called schematic capture tools or schematic entry tools.

These tools go beyond simple drawing of devices and connections. Usually they are integrated

into the whole IC design flow and linked to other EDA tools for verification and simulation of

the circuit under design. Schematic diagrams are used extensively in repair manuals to help users

understand the relative position of parts and to provide graphical instruction to assist in taking

apart and rebuilding mechanical assemblies. Many automotive and motorcycle repair manuals

devote a significant number of pages to schematic diagrams. A circuit diagram (also known as an

electrical diagram, elementary diagram, or electronic schematic) is a simplified conventional

pictorial representation of an electrical circuit. It shows the components of the circuit as

simplified standard symbols, and the power and signal connections between the devices.

Arrangement of the components interconnections on the diagram does not correspond to their

physical locations in the finished device. Unlike a block diagram or layout diagram, a circuit

diagram shows the actual wire connections being used. The diagram does not show the physical

arrangement of components. A drawing meant to depict what the circuit actually looks like is

called "artwork" or "layout".Circuit diagrams are used for the design (circuit design),

construction (such as PCB layout), and maintenance of electrical and electronic equipment.

2. Schematic Diagram for a Circuit

On a circuit diagram, the symbols for components are labelled with a descriptor (or reference

designator) matching that on the list of parts. For example, C1 is the first capacitor, L1 is the first

inductor, Q1 is the first transistor, and R1 is the first resistor (note that it isn't written R1, L1,).

The letters that precede the numbers were chosen in the early days of the electrical industry, even

before the vacuum tube (thermionic valve), so "Q" was the only one available for semiconductor
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devices in the mid-twentieth century. Often the value or type designation of the component is

given on the diagram beside the part, but detailed specifications would go on the parts list.

Circuit diagram symbols have differed from country to country and have changed over time, but

are now to a large extent internationally standardized. Simple components often had symbols

intended to represent some feature of the physical construction of the device. For example, the

symbol for a resistor shown here dates back to the days when that component was made from a

long piece of wire wrapped in such a manner as to not produce inductance, which would have

made it a coil. These wirewound resistors are now used only in high-power applications, smaller

resistors being cast from carbon composition (a mixture of carbon and filler) or fabricated as an

insulating tube or chip coated with a metal film. The internationally standardized symbol for a

resistor is therefore now simplified to an oblong, sometimes with the value in ohms written

inside, instead of the zig-zag symbol. A less common symbol is simply a series of peaks on one

side of the line representing the conductor, rather than back-and-forth as shown here.

3. Standards set for Schematic Diagram

There are several national and international standards for graphical symbols in circuit diagrams,

in particular:

 IEC 60617 (also known as British Standard BS 3939)

 ANSI standard Y32 (also known as IEEE Std 315)

IEC 60617 originally consisted of 13 parts, from resistors and capacitors to logic symbols and

even a generalised drawing standard of connections and bus line widths. It is now published as a

subscription online database IEC 60617-DB.

Different symbols may be used depending on the discipline using the drawing; for example,

lighting and power symbols used as part of architectural drawings may be different from symbols

for devices used in electronics.The linkages between leads were once simple crossings of lines;

one wire insulated from and "jumping over" another was indicated by it making a little

semicircle over the other line. With the arrival of computerized drafting, a connection of two

intersecting wires was shown by a crossing with a dot or "blob", and a crossover of insulated

wires by a simple crossing without a dot. However, there was a danger of confusing these two

representations if the dot was drawn too small or omitted. Modern practice is to avoid using the

"crossover with dot" symbol, and to draw the wires meeting at two points instead of one. It is
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also common to use a hybrid style, showing connections as a cross with a dot while insulated

crossings use the semicircle.

4. Codes for Schematic Diagrams in European, American and Australian Standards

The following codes which vary slightly from the American codes are in common use in

European and Australian standard electrical circuit diagrams. These codes are used for the

"reference designators" printed on PCBs (which match the corresponding ones written on the

corresponding schematic).

 A: Assemblies

 B: Transducers (photo cells, inductive proximity, thermocouple, flame detection)

 C: Capacitors

 D: Storage devices

 E: Miscellaneous

 F: Fuses

 G: Generator, battery pack

 H: Indicators, lamps (not for illumination), signalling devices

 K: Relays, contactors

 L: Inductors and filters

 M: Motors

 N: Analogue devices

 P: Measuring/test equipment

 Q: Circuit breakers, isolators, re-closers

 R: Resistors, brake resistors

 S: Switches, push buttons, emergency stops and limit switches

 T: Transformers

 U: Power converters, variable speed drives, soft starters, DC power supplies

 V: Semiconductors

 W: Wires, conductors, power, neutral and earthing busses

 X: Terminal strips, terminations, joins

 Y: Solenoids, electrical actuators
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 Z: Filters

It is a usual although not universal convention that schematic drawings are organized on the page

from left to right and top to bottom in the same sequence as the flow of the main signal or power

path. For example, a schematic for a radio receiver might start with the antenna input at the left

of the page and end with the loudspeaker at the right. Positive power supply connections for each

stage would be shown towards the top of the page, with grounds, negative supplies, or other

return paths towards the bottom. Schematic drawings intended for maintenance may have the

principle signal paths highlighted to assist in understanding the signal flow through the circuit.

More complex devices have multi-page schematics and must rely on cross-reference symbols to

show the flow of signals between the different sheets of the drawing.Detailed rules for the

preparation of circuit diagrams (and other document kinds used in electrotechnology) are

provided in the International standard IEC 61082-1.Relay logic line diagrams (also called ladder

logic diagrams) use another common standardized convention for organizing schematic

drawings, with a vertical power supply "rail" on the left and another on the right, and

components strung between them like the rungs of a ladder.

In Section 5 of this course you will cover these topics:

Printed Circuit Diagrams

Wiring Diagrams

Residential And Industrial Electrical Wiring Diagrams

Topic Objective:

At the end of the topic the students will be able to:

 Develop learning regarding Circuit Boards

 Understand Utilization of Printed Circuit Board diagrams

 Learn about the Testing Phase of PCB

 Z: Filters
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provided in the International standard IEC 61082-1.Relay logic line diagrams (also called ladder

logic diagrams) use another common standardized convention for organizing schematic

drawings, with a vertical power supply "rail" on the left and another on the right, and

components strung between them like the rungs of a ladder.

In Section 5 of this course you will cover these topics:

Printed Circuit Diagrams

Wiring Diagrams

Residential And Industrial Electrical Wiring Diagrams

Topic Objective:

At the end of the topic the students will be able to:

 Develop learning regarding Circuit Boards

 Understand Utilization of Printed Circuit Board diagrams

 Learn about the Testing Phase of PCB
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Definition/Overview:

Printed Circuit Diagrams: A printed circuit board, or PCB, is used to mechanically support and

electrically connect electronic components using conductive pathways, or traces, etched from

copper sheets laminated onto a non-conductive substrate. Alternative names are printed wiring

board (PWB),and etched wiring board. A PCB populated with electronic components is a printed

circuit assembly (PCA), also known as a printed circuit board assembly (PCBA).PCBs are

rugged, inexpensive, and can be highly reliable. They require much more layout effort and

higher initial cost than either wire-wrapped or point-to-point constructed circuits, but are much

cheaper and faster for high-volume production. Much of the electronics industry's PCB design,

assembly, and quality control needs are set by standards that are published by the IPC

organization.

Key Points:

1. Concepts regarding Circuit Boards

The vast majority of printed circuit boards are made by bonding a layer of copper over the entire

substrate, sometimes on both sides, (creating a "blank PCB") then removing unwanted copper

after applying a temporary mask (eg. by etching), leaving only the desired copper traces. A few

PCBs are made by adding traces to the bare substrate (or a substrate with a very thin layer of

copper) usually by a complex process of multiple electroplating steps.

There are three common "subtractive" methods (methods that remove copper) used for the

production of printed circuit boards:

 Silk screen printing uses etch-resistant inks to protect the copper foil. Subsequent etching

removes the unwanted copper. Alternatively, the ink may be conductive, printed on a blank (non-

conductive) board. The latter technique is also used in the manufacture of hybrid circuits.

 Photoengraving uses a photomask and chemical etching to remove the copper foil from the

substrate. The photomask is usually prepared with a photoplotter from data produced by a

technician using CAM, or computer-aided manufacturing software. Laser-printed transparencies
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are typically employed for phototools; however, direct laser imaging techniques are being

employed to replace phototools for high-resolution requirements.

 PCB milling uses a two or three-axis mechanical milling system to mill away the copper foil

from the substrate. A PCB milling machine (referred to as a 'PCB Prototyper') operates in a

similar way to a plotter, receiving commands from the host software that control the position of

the milling head in the x, y, and (if relevant) z axis. Data to drive the Prototyper is extracted from

files generated in PCB design software and stored in HPGL or Gerber file format.

"Additive" processes also exist. The most common is the "semi-additive" process. In this

version, the unpatterned board has a thin layer of copper already on it. A reverse mask is then

applied. (Unlike a subtractive process mask, this mask exposes those parts of the substrate that

will eventually become the traces.) Additional copper is then plated onto the board in the

unmasked areas; copper may be plated to any desired weight. Tin-lead or other surface platings

are then applied. The mask is stripped away and a brief etching step removes the now-exposed

original copper laminate from the board, isolating the individual traces. The additive process is

commonly used for multi-layer boards as it facilitates the plating-through of the holes (to

produce conductive vias) in the circuit board.

2. Utilization of Printed Circuit Board

After the printed circuit board (PCB) is completed, electronic components must be attached to

form a functional printed circuit assembly, or PCA (sometimes called a "printed circuit board

assembly" PCBA). In through-hole construction, component leads are inserted in holes. In

surface-mount construction, the components are placed on pads or lands on the outer surfaces of

the PCB. In both kinds of construction, component leads are electrically and mechanically fixed

to the board with a molten metal solder. There are a variety of soldering techniques used to

attach components to a PCB. High volume production is usually done with machine placement

and bulk wave soldering or reflow ovens, but skilled technicians are able to solder very tiny parts

(for instance 0201 packages which are 0.02" by 0.01") by hand under a microscope tweezers and

a fine tip soldering iron for small volume prototypes. Some parts are impossible to solder by

hand, such as Ball Grid Array (BGA) packages.

Often, through-hole and surface-mount construction must be combined in a single PCA because

some required components are available only in surface-mount packages, while others are
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available only in through-hole packages. Another reason to use both methods is that through-hole

mounting can provide needed strength for components likely to endure physical stress, while

components that are expected to go untouched will take up less space using surface-mount

techniques.

3. Testing Phase of PCB

After the board is populated, the populated board may be tested.

 while the power is off, visual inspection, automated optical inspection. JEDEC guidelines for

PCB component placement, soldering, and inspection are commonly used to maintain quality

control in this stage of PCB manufacturing.

 while the power is off, analog signature analysis, power-off testing.

 while the power is on, in-circuit test, where physical measurements (i.e. voltage, frequency) can

be done.

 while the power is on, functional test, just checking if the PCB does what it had been designed

for.

To facilitate these tests, PCBs may be designed with extra pads to make temporary connections.

Sometimes these pads must be isolated with resistors. The in-circuit test may also exercise

boundary scan test features of some components. In-circuit test systems may also be used to

program nonvolatile memory components on the board. In boundary scan testing, test circuits

integrated into various ICs on the board form temporary connections between the PCB traces to

test that the ICs are mounted correctly. Boundary scan testing requires that all the ICs to be

tested use a standard test configuration procedure, the most common one being the Joint Test

Action Group (JTAG) standard. When boards fail the test, technicians may desolder and replace

failed components (professionel term: rework). Multiwire is a patented technique of

interconnection which uses machine-routed insulated wires embedded in a non-conducting

matrix (often plastic resin). It was used during the 1980s and 1990s. (Augat Inc., U.S. Patent

4,648,180)

Since it was quite easy to stack interconnections (wires) inside the embedding matrix, the

approach allowed designers to forget completely about the routing of wires (usually a time-
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consuming operation of PCB design): Anywhere the designer needs a connection, the machine

will draw a wire in straight line from one location/pin to another. This led to very short design

times (no complex algorithms to use even for high density designs), reduced cross talk (an

electrical phenomenon appearing where a current in one wire generates another current in

another conductor, that is highly amplified when wires are parallel - this nearly never happens in

Multiwire), but the cost is too high to compete with cheaper PCB technologies when large

quantities are needed. Surface-mount technology was developed in the 1960s, gained momentum

in the early 1980s and became widely used by the mid 1990s. Components were mechanically

redesigned to have small metal tabs or end caps that could be directly soldered to the surface of

the PCB. Components became much smaller and component placement on both sides of the

board became far more common with surface-mounting than through-hole mounting, allowing

much higher circuit densities. Surface mounting lends itself well to a high degree of automation,

reducing labour cost and greatly increasing production and quality rates. Surface mount devices

(SMDs) can be one-quarter to one-tenth the size and weight, and passive components can be one-

half to one-quarter the cost of through-hole parts. Integrated circuits (where the chip itself is the

most expensive part) are often priced the same regardless of package type however. As of 2006,

some wire-ended components, such as small signal switch diodes, e.g. 1N4148, are actually

significantly cheaper than corresponding SMD versions.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Learn about Importance of Wiring Diagrams

 Understand the notion of Wiring Diagram as a Comprehensive Diagram
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Definition/Overview:

Wiring Diagram: A wiring diagram is a detailed diagram of each circuit installation showing

all of the wiring, connectors, terminal boards, and electrical or electronic components of the

circuit. It also identifies the wires by wire numbers or color coding.

Key Points:

1. Importance of Wiring Diagrams

Wiring diagrams are necessary to troubleshoot and repair electrical or electronic circuits. The

wiring diagram for an automobile is shown in figure 3-11. It shows all the electrical components

and that the interconnecting wiring is color coded. ou should use the schematic diagram

previously discussed to determine where the trouble might be in the circuit when a malfunction

occurs. The schematic diagram does not show the terminals, connector points, and so forth, of

the circuit. Therefore, you must go to the circuit wiring diagram to determine where to make the

voltage or resistance checks in the circuit when troubleshooting. Following is an example of how

to use a schematic diagram in conjunction with a wiring diagram to troubleshoot a circuit. In the

discussion of schematic diagrams, you will recall that when the light switch is pulled to the

PARK position, the tail lights, side panel lights, tag light, and the instrument lights come on.

Now, suppose that when the light switch is pulled to the PARK position all the lights come on,

except the tag

2. Wiring Diagram as a Comprehensive Diagram

A wiring diagram is a comprehensive diagram of each electrical circuit system showing all the

connectors, wiring, terminal boards, signal connections (buses) between the devices and

electrical or electronic components of the circuit. It also identifies the wires by wire numbers or

colour coding. Wiring diagrams are necessary to troubleshoot and fix electrical or electronic

circuits.
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A circuit diagram makes use of standardized symbols that represent electrical components or

devices. It is easier to draw these symbols than drawing the concrete pictures of the components.

The actual components might change appearance as the electronics industry revises them or

renders them obsolete. The diagrams describe the way in which the components are connected

electrically. There are drawn lines that stand for wires or conductors between the appropriate

connection points on the symbols; no particular type of wire or physical distance between

components is implied; two components might be separated by a few inches or centimeters or a

meter or feet.

Example/Case Study:

Topic Objective:

At the end of the topic the students will be able to:

 Have a detailed knowledge of Presentation of Complicated Electronic Circuits

 Develop learning regarding legends used in Circuit Diagrams

 Comprehend Symbols Used in Circuit Diagrams

 Develop learning regarding Circuit Boards

 Understand Standards for Circuit Diagrams

 Identify different phases of Organization of Circuit Drawings

 Understand Art Work of Circuit Drawings

Definition/Overview:

A Circuit Diagram: A circuit diagram (also known as an electrical diagram, wiring diagram,

elementary diagram, or electronic schematic) is a simplified conventional pictorial representation
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of an electrical circuit. It shows the components of the circuit as simplified standard symbols,

and the power and signal connections between the devices. Arrangement of the components

interconnections on the diagram does not correspond to their physical locations in the finished

device. Unlike a block diagram or layout diagram, a circuit diagram shows the actual wire

connections being used. The diagram does not show the physical arrangement of components. A

drawing meant to depict what the physical arrangement of the wires and the components they

connect is called "artwork" or "layout" or the "physical design." Circuit diagrams are used for the

design (circuit design), construction (such as PCB layout), and maintenance of electrical and

electronic equipment.

Key Points:

1. Presentation of Complicated Electronic Circuits

An electrical circuit is a path which electrons from a voltage or current source follow. The point

where those electrons enter an electrical circuit is called the "source" of electrons. The point

where the electrons leave an electrical cirucit is called the "return" or "earth ground". The exit

point is called the "return" because electrons always end up at the source when they complete the

path of an electrical circuit. The part of an electrical circuit that is between the electrons' starting

point and the point where they return to the source is called an electrical circuit's "load".

Electrical circuits typically use alternating current sources. The load of an electrical circuit may

be as simple as the wiring for a house, with outlet boxes to which electrical applicances like

refrigerators, televisions, or microwave ovens can be connected as loads. But the loads for

electrical circuits can also be quite complicated, such as the load upon the output of a

hydroelectric power generating station. Electronic circuits typically use low voltage direct

current sources. The load of an electronic circuit may be as simple as a few resistors, capacitors,

and a lamp, all connected together to create the flash in a digital camera. Or an electronic circuit

can be complicated, connecting thousands of resistors, capacitors, and transistors to create the

microprocessors that make computers possible.

Electrical and electronic circuits can be complicated. Making a drawing of the connections to all

the component parts in the circuit's load makes it easier to understand how circuit components

are connected. Drawings for electronic circuits are called "circuit diagrams". Drawings for
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electrical circuits are called "wiring diagrams". Circuit diagrams and wiring diagrams are

usually drawn by skilled draftsmen, and then printed. But they can also be simple pencil

sketches drawn by technicians or other workers. Wiring and circuit diagrams use special symbols

recognized by everyone who uses the drawings. The symbols on the drawings show how

components like resistors, capacitors, inductors, motors, outlet boxes, lights, switches, and other

electrical and electronic components are connected together. The diagrams are a big help when

workers try to find out why a circuit doesn't work correctly. The current flowing in an electrical

or electronic circuit can be suddenly increased when a component part fails. The increase in

current can cause serious damage to other components in the circuit. Or the failure can create a

fire hazard. To protect the other components, or to prevent a fire hazard, a device called a

"circuit breaker" can be wired into a circuit. The circuit breaker will open, or "break", the circuit

in which it is installed when the current in that circuit becomes too high. The standard return for

electrical and electronic circuits is the earth ground. When an improperly designed electrical or

electronic device fails, it may open the return circuit to the earth ground. The user of the device

could become a part of the device's electrical circuit by providing a return path for the electrons

through the user's body instead of the circuit's earth ground. When the user's body becomes part

of an electrical circuit, the user can be seriously shocked, or even killed by electrocution. To

prevent the danger of electrical shock and the possibility of electrocution, ground fault interrupt

devices detect open circuits to earth ground in attached electrical or electronic devices. When an

open circuit to earth ground is detected, the GFI device immediately opens the voltage source to

the device. GFI devices are similar to circuit breakers, but are designed to protect humans rather

than circuit components.

2. Legends in Circuit Diagrams

On a circuit diagram, the symbols for components are labelled with a descriptor (or reference

designator) matching that on the list of parts. For example, C1 is the first capacitor, L1 is the first

inductor, Q1 is the first transistor, and R1 is the first resistor (note that this is not written as a

subscript, as in R1, L1,). The letters that precede the numbers were chosen in the early days of the

electrical industry, even before the vacuum tube (thermionic valve), so "Q" was the only one

available for semiconductor devices in the mid-twentieth century[verification needed]. Often the value
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or type designation of the component is given on the diagram beside the part, but detailed

specifications would go on the parts list.

3. Symbols Used in Circuit Diagrams

Circuit diagram symbols have differed from country to country and have changed over time, but

are now to a large extent internationally standardized. Simple components often had symbols

intended to represent some feature of the physical construction of the device. For example, the

symbol for a resistor shown here dates back to the days when that component was made from a

long piece of wire wrapped in such a manner as to not produce inductance, which would have

made it a coil. These wirewound resistors are now used only in high-power applications, smaller

resistors being cast from carbon composition (a mixture of carbon and filler) or fabricated as an

insulating tube or chip coated with a metal film. The internationally standardized symbol for a

resistor is therefore now simplified to an oblong, sometimes with the value in ohms written

inside, instead of the zig-zag symbol. A less common symbol is simply a series of peaks on one

side of the line representing the conductor, rather than back-and-forth as shown here.

4. Standards for Circuit Diagrams

There are several national and international standards for graphical symbols in circuit diagrams,

in particular:

 IEC 60617 (also known as British Standard BS 3939)

 ANSI standard Y32 (also known as IEEE Std 315)

IEC 60617 originally consisted of 13 parts, from resistors and capacitors to logic symbols and

even a generalised drawing standard of connections and bus line widths. It is now published as a

subscription online database IEC 60617-DB . Different symbols may be used depending on the

discipline using the drawing; for example, lighting and power symbols used as part of

architectural drawings may be different from symbols for devices used in electronics. The

linkages between leads were once simple crossings of lines; one wire insulated from and
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"jumping over" another was indicated by it making a little semicircle over the other line. With

the arrival of computerized drafting, a connection of two intersecting wires was shown by a

crossing with a dot or "blob", and a crossover of insulated wires by a simple crossing without a

dot. However, there was a danger of confusing these two representations if the dot was drawn too

small or omitted. Modern practice is to avoid using the "crossover with dot" symbol, and to draw

the wires meeting at two points instead of one. It is also common to use a hybrid style, showing

connections as a cross with a dot while insulated crossings use the semicircle.

5. Organization of Circuit Drawings

It is a usual although not universal convention that schematic drawings are organized on the page

from left to right and top to bottom in the same sequence as the flow of the main signal or power

path. For example, a schematic for a radio receiver might start with the antenna input at the left

of the page and end with the loudspeaker at the right. Positive power supply connections for each

stage would be shown towards the top of the page, with grounds, negative supplies, or other

return paths towards the bottom. Schematic drawings intended for maintenance may have the

principle signal paths highlighted to assist in understanding the signal flow through the circuit.

More complex devices have multi-page schematics and must rely on cross-reference symbols to

show the flow of signals between the different sheets of the drawing. Detailed rules for the

preparation of circuit diagrams (and other document kinds used in electrotechnology) are

provided in the International standard IEC 61082-1. Relay logic line diagrams (also called ladder

logic diagrams) use another common standardized convention for organizing schematic

drawings, with a vertical power supply "rail" on the left and another on the right, and

components strung between them like the rungs of a ladder.

6. Art Work of Circuit Drawings

Once the schematic has been made, it is converted into a layout that can be fabricated onto a

Printed Circuit Board (PCB). The layout is usually prepared by the process of schematic capture.

The result is what is known as a Rat's Nest. The Rat's Nest is a jumble of wires (lines) criss

crossing each other to their destination nodes. These wires are routed either manually or by the

use of Electronics Design Automation (EDA) tools. The EDA tools arrange and rearrange the
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placement of components and finds paths for tracks to connect various nodes. This results into an

Art Work.
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