SS1 TECHNICAL DRAWING LESSON NOTES

FIRST TERM
WEEK 1: INTRODUCTION TO TECHNICAL DRAWING

Lesson Objectives: By the end of this lesson, students will be able to:

b S

Define Technical Drawing and explain its importance
Identify career opportunities in Technical Drawing

Name, draw, and state the uses of basic drawing instruments
Select appropriate pencil grades for different drawing tasks

A. MEANING AND IMPORTANCE OF TECHNICAL DRAWING

Definition: Technical Drawing is a detailed, standardized graphical language used by engineers,
architects, and designers to communicate design concepts and technical specifications for
constructing objects, buildings, or systems.

Why Technical Drawing Matters:

Universal Language: Uses symbols and conventions understood globally, breaking
language barriers

Precision Communication: Conveys exact sizes, shapes, and specifications without
ambiguity

Permanent Record: Provides a documented history of designs for future reference or
modification

Manufacturing Guide: Serves as an essential blueprint for builders, manufacturers, and
technicians

Visual Concept:

IDEA » TECHNICAL DRAWING - FINAL PRODUCT

(Universal Blueprint)

B. CAREER OPPORTUNITIES IN TECHNICAL DRAWING

Technical drawing skills open doors to various professional fields:

ARCHITECTURE & CONSTRUCTION:

Architect
Interior Designer
Town Planner




¢ Quantity Surveyor
e Building Contractor

ENGINEERING FIELDS:

e Civil Engineer

e Mechanical Engineer
e FElectrical Engineer

e Structural Engineer

MANUFACTURING & DESIGN:

e Industrial Designer

e CAD Operator

e Tool and Die Designer
e Product Designer

e Jewelry Designer

OTHER SPECIALIZED FIELDS:

e Cartographer (Map Maker)
e Surveyor

e Draughtsman

e Furniture Designer

C. DRAWING INSTRUMENTS AND THEIR USES
1. DRAWING BOARD

« Smooth, flat surface
STANDARD DRAWING
BOARD

Uses:

e Provides a stable, smooth surface for drawing
e Serves as a guide for T-square movement
e Made of softwood to allow pinning of drawing sheets




2. T-SQUARE

BLADE (Long straight edge)

< —>

H HEAD (Fixed at 90° to blade)

Correct Usage:

Drawing Board Edge

— T-SQUARE « Blade flat on board

T
Head firmly against board edge

Uses:

e Drawing horizontal lines
e Supporting set squares for vertical/angled lines
e Aligning drawing paper on the board

3. SET SQUARES (TRIANGULAR SCALES)
Two Standard Types:

45° SET SQUARE 60°/30° SET SQUARE
90° 90°

\\ /4 30°
45°°|45°°
AN N\




Creating Angles by Combination:

15° Angle Creation 75° Angle Creation
(60° - 45°) (45° + 30°)

45°// 60°
15°// 75°

-4 1 |

45°
30°

4. DRAWING PENCILS AND GRADES

Pencil Grade Spectrum:

HARD LEAD « | - SOFT LEAD

(Light Lines) (Dark Lines)

9H 8H 7H 6H 5H 4H 3H 2HH F HB B 2B 3B 4B

Construction Lettering & Final Outlines
Lines General Work & Borders

Correct Pencil Sharpening:

CONICAL POINT (Correct)
/\

Exposed
Lead

e Rotate while sharpening
e Consistent line quality

WEDGE POINT (Incorrect)
/—\

One-sided
Wear

e Uneven line width
e Quick deterioration




5. COMPASS
Parts and Usage:

Adjustment Wheel

o — Hinge

/\
/
/

/

Needle Lead Pencil

Point Holder
v v
. ESN
Using the Compass:

1. Set Radius: Adjust compass to required measurement
2. Position: Place needle point at circle center
3. Draw: Rotate clockwise while maintaining vertical pressure

6. PROTRACTOR
Reading a Semicircular Protractor:

Outer Scale (0°-180°)

160° 20°
150° 30°

140°\ /£e° Inner Scale (180°-0°)
130° | 50°
Center Point

v Place on vertex




7. STANDARD DRAWING SHEET SIZES (ISO A-Series)

Ao (Largest) 841 x 1189mm

Al 594x841mm

A2 420x594

A3
297x%
420

A4
21
Ox
29
7

Each smaller size is exactly half the previous size
8. SCALE RULE
Triangular Scale Features:

Cross-section View:

o
/oo

1:100 1:5

Common Scales: 1:1, 1:5, 1:10, 1:20, 1:50, 1:100, 1:200




9. BASIC DRAWING INSTRUMENT SET

TECHNICAL DRAWING KIT

o——o  Compass
\I/
° Divider
[ J [ J

= Ruling Pen
e Extension Bar

o Lead Holder

EVALUATION QUESTIONS

1. Define Technical Drawing and state three reasons why it is important.
2. List five professional careers that require Technical Drawing skills.
3. State two uses each of:

o (a) T-square

o (b) Compass

o (c) Set squares
4. Which pencil grade would you use for:

o (a) Construction lines

o (b) Final outlines and borders
5. Draw and label:

o (a) A 45° set square with all angles marked

o (b) A compass showing its main parts

ASSIGNMENT (Total: 40 marks)
1. Instrument Diagrams (15 marks) Draw and label the following drawing instruments:

e T-square (showing head and blade clearly)
e Both 45° and 60°/30° set squares with all angles marked
e Compass with all main parts labeled

2. Comparison Table (15 marks) Create a table comparing drawing instruments:

Drawing Tool | Primary Uses | Key Features | Care/Maintenance

T-square




Drawing Tool

Primary Uses

Key Features

Care/Maintenance

Compass

Set squares

3. Angle Construction (10 marks) Using diagrams, explain step-by-step how to construct a 75°

angle by combining set squares.




WEEK 2: SAFE WORKING HABITS

Lesson Objectives: By the end of this lesson, students will be able to:

b S

Explain the importance of safety in technical drawing
Demonstrate correct posture and workspace organization
Handle drawing instruments safely

Apply safety checklist procedures in the drawing studio

A. IMPORTANCE OF SAFETY IN TECHNICAL DRAWING

Why Safety Matters:

Prevent Injuries: Avoid cuts, eye strain, and musculoskeletal problems

Protect Equipment: Extend the lifespan of expensive drawing instruments
Ensure Quality Work: Safe practices lead to cleaner, more accurate drawings
Improve Efficiency: Organized workspace reduces time wasted searching for tools

Key Safety Principle: 4 safe artist is an effective artist

B. PROPER DRAWING POSTURE

Correct Sitting Position:

Back: Straight and supported by chair
Eyes: 40-50cm from drawing surface
Shoulders: Relaxed and even

Elbows: Bent at 90°, resting comfortably
Feet: Flat on floor, not crossed

Drawing Board Angle: Tilted at 10-15° for comfortable viewing and to reduce neck strain

Common Posture Mistakes to Avoid:

X Slouching - causes back pain
X Leaning too close - strains eyes and neck
X Twisting sideways - creates muscle imbalance

C. SAFE HANDLING OF DRAWING INSTRUMENTS

Compass Safety:

Storage: Always close compass when not in use
Carrying: Hold with needle point facing downward




e Use: Apply gentle pressure to avoid slipping
Pencil Sharpening Safety:

e Direction: Always point sharpener away from body
e Technique: Use gentle, rotating motions
e Disposal: Properly dispose of sharpening debris immediately

Cutting Tool Safety:

e Use cutting mats underneath work
e Cut away from body and fingers
e Store blades in protective covers

D. WORKSPACE ORGANIZATION
Organized Workspace Features:

e T-square aligned with drawing board edge

e Set squares stacked neatly when not in use

e Pencils sharpened and organized by grade

e Compass and dividers closed and stored safely
e Current drawing centered on board

o All other materials stored in designated areas

What to Avoid:

e X Open compasses left on drawing surface
e X Scattered pencils and tools

e X Food and drinks near drawings

e X Clutter obstructing work area

Benefits of Organization:

e Faster access to needed tools
e Reduced instrument damage
e (leaner, smudge-free drawings
e More efficient work process

E. IDEAL DRAWING STUDIO LAYOUT
Essential Studio Features:
¢ Adequate Spacing: Minimum 1 meter between drawing boards

e Proper Lighting: Combination of natural light and adjustable lamps
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e Storage Systems: Designated spaces for instruments and materials
o Safety Equipment: Visible first aid kit and fire extinguisher
e Clear Access: Unobstructed exit routes and movement paths

Workstation Requirements:

e Stable, adjustable drawing boards

e Comfortable, ergonomic chairs

e Sufficient desktop space for reference materials
¢ Good ventilation and temperature control

F. DAILY SAFETY CHECKLIST
BEFORE STARTING WORK:

1. Workspace clean and organized
All instruments in good condition

Lighting adjusted properly

el

Chair and board at correct height
5. Needed materials within reach
DURING WORK SESSIONS:
1. Maintaining correct posture
Sharp tools handled safely
Work area kept tidy

S

Instruments returned after use

5. No eating or drinking at workstation
AFTER COMPLETING WORK:

1. All instruments cleaned and stored
Compass and dividers properly closed
Drawing secured in portfolio

Work surface cleared completely

A

Report any damaged equipment

1l




EVALUATION QUESTIONS

Explain three reasons why safety is important in technical drawing.

Describe the correct sitting posture for technical drawing work.

Identify two safe practices for handling compasses and two for sharpening pencils.
List four characteristics of a well-organized drawing workspace.

5. Create a simple safety checklist for the beginning of a drawing session.

ASSIGNMENT (Total: 40 marks)

PP =

1. Safety Awareness Poster (20 marks) Design a poster that illustrates:

e Three safe drawing practices with simple diagrams
e Three unsafe practices clearly marked with "X"
e Brief explanatory captions for each point

2. Workspace Organization Plan (10 marks) Draw and label a well-organized drawing
workstation layout, showing proper placement of:

e Drawing board and T-square
e Set squares and compass

e Pencils and other materials

e Reference materials

3. Studio Safety Checklist (10 marks) Design a comprehensive safety checklist that could be
used in your school's drawing studio, covering:

e Before work preparation
¢ During work monitoring
e After work cleanup procedures

12




WEEK 3: BOARD PRACTICE

Lesson Objectives: By the end of this lesson, students will be able to:

Properly fix drawing sheet to the board

Sharpen pencils to achieve perfect conical points
Draw accurate borderlines with correct margins
Create and fill a standard title block

Set up a complete drawing sheet professionally

Nk W=

A. FIXING DRAWING SHEET TO BOARD
Step-by-Step Procedure:
1. Prepare the Surface

o Clean drawing board with soft cloth
o Ensure surface is smooth and free of debris

2. Position the Sheet

SHEET
Centered

o Center A4 sheet on board
o Leave equal space on all sides

3. Align with T-square

o Place T-square head against board edge
o Align top edge of sheet with T-square blade
o Ensure perfect horizontal alignment

1. Secure with Tape

o Use masking tape (30-40mm length)
o Tape all four corners diagonally
o Ensure tape lies flat without wrinkles

13




B. PENCIL SHARPENING TECHNIQUE
Three-Step Sharpening Process:
Step 1: Expose the Lead

e Remove 15-20mm of wood using knife or sharpener
e Cut away from body for safety

Step 2: Shape with Sandpaper

« Sandpaper block

Q/ « Rotate pencil while shaping

e Use fine-grit sandpaper
e Rotate pencil continuously
e Maintain consistent pressure

Step 3: Achieve Perfect Point

CONICAL POINT (Correct)

/\

¢ Benefits: 360° rotation capability, consistent line width, durable point
e Test: Draw thin, clean line on scrap paper

Common Mistakes:

e X Wedge shape - produces uneven lines
e X Over-sharpening - leads to frequent breakage
e X Uneven sharpening - causes irregular line quality

14




C. DRAWING BORDERLINES
Standard A4 Sheet Margins:

1 ?

10mm TOP 10mm

! !

«20mm > | «<l10mm
LEFT RIGHT |

WORKING AREA (257x190mm)

T T
10mm BOTTOM 10mm
{ {

e Left Margin: 20mm (for binding/filing)
e Other Margins: 10mm each
e  Working Area: 257mm x 190mm

Drawing Procedure:
1. Mark )fargin Points

o Use scale rule to lightly mark all corner points

o Use H or 2H pencil for construction lines
2. Draw Horizontal [ ines

o Use T-square for top and bottom borders
o Apply consistent, light pressure
3. Draw Vertical | ines

Se;‘Square

Left Right

T-square

15




o Use set square against T-square for verticals
o Ensure perfect 90° angles at corners

D. TITLE BLOCK DESIGN
Standard Position: Bottom right corner
Recommended Dimensions:

e  Width: 100-150mm
e Height: 40-50mm

Title Block Layout:
DRAWING TITLE < 15mm
(e.g., BOARD PRACTICE)
SCALE: 1:1 DATE: 15/09/2024 < 10mm
DRAWN BY: SHEET NO.: 1 < 10mm
(Student Name) OF 1
SCHOOL NAME < 10mm

(Your School Details)

Information Requirements:

e Drawing Title: Clear, descriptive name

e Scale: Ratio of drawing to actual size

e Date: Day/Month/Year format

e Drawn By: Your full name

e Sheet Number: Current sheet / Total sheets
e School: Official school name

lo




E. COMPLETE BOARD SETUP

Final Sheet Organization:

BORDER

WORKING AREA
(Main Drawing Space)

TITLE
BLOCK

BORDER

Quality Checklist:

e / Paper securely fixed and properly aligned
e V/ Borderlines straight and accurately spaced
e / Title block complete and neatly lettered

e V Work area clean and ready for drawing

e / Appropriate pencil grades selected

EVALUATION QUESTIONS
1. List the four steps for properly fixing a drawing sheet to the board.
2. Describe the correct technique for achieving a conical pencil point.
3. What are the standard margin measurements for an A4 drawing sheet?
4. Identify the six essential pieces of information in a title block.

5. Explain why the left margin is wider than the other margins.
PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Board Setup (30 marks) Using an A4 drawing sheet, demonstrate:
1. Sheet Fixing (5 marks)

o Proper alignment and secure taping
2. Porderlines (10 marks)

17




o Left: 20mm, Others: 10mm
o Straight, accurate lines
3. Title Block (15 marks)

o Correct position and dimensions
o Proper compartments
o Neat, complete information

PART B: Pencil Preparation (10 marks)

e Sharpen H and 2B pencils to perfect conical shape
e Submit for quality inspection

PART C: Layout Diagram (10 marks)

e Draw labeled diagram showing:
o All margin measurements
o Title block with dimensions
o Working area size

Assessment Criteria:

e Accuracy of measurements

e Neatness of execution

e Completeness of information

e Proper technique demonstration

18




WEEK 4: LINES - TYPES AND APPLICATIONS

Lesson Objectives: By the end of this lesson, students will be able to:

b S

Identify and draw 7 standard line types used in technical drawing
Apply correct line thickness and style for different purposes
Create perpendicular and parallel lines accurately

Use appropriate line types in practical drawing exercises

A. IMPORTANCE OF LINES IN TECHNICAL DRAWING

Lines are the alphabet of technical drawing - each type has a specific meaning and purpose.
Using correct line types ensures that drawings are universally understood.

Key Functions:

Define Shape: Outline the object's form

Show Features: Indicate hidden or internal details

Provide Information: Display dimensions and specifications
Guide Construction: Show cutting planes and center lines

B. STANDARD LINE TYPES AND THEIR USES

1. CONTINUOUS THICK LINE

Thickness: 0.5-0.7mm (Use HB or 2B pencil)
Applications:

o Visible outlines and edges

o Main object boundaries
[ xample:

« All visible edges

2. CONTINUOUS THIN LINE

Thickness: 0.25-0.35mm (Use H pencil)
Applications:

o Dimension lines

o Extension lines

19




o Construction guidelines
o [xamples:

Dimension: «—5omm———————
Extension:

3. DASHED LINE

e Thickness: 0.35mm

e Pattern: 3-5mm dashes with 1-2mm gaps
e Applications: Hidden features and edges
o [xample:

[ - - - } « Hidden internal edge

4. CHAIN THIN LINE

e Thickness: 0.25mm

e Pattern: Long dash (12-20mm), short dash (3mm)
e Applications: Center lines, symmetry axes

e [xample:

— — — o — — — « (Center point

5. CHAIN THICK LINE

e Thickness: 0.5-0.7mm
e Applications: Cutting planes, section lines
e [xample:

20




OBJECT

« Cutting plane A-A
SECTION

6. SHORT BREAK LINE
—/\N\VNN\—
e Applications: Short breaks to save space
o [xample:

/N

OBJECT

7. LONG BREAK LINE
—NNV

e Applications: Long breaks for extended objects
e [xample:

LONG PIPE
L VLA VR O VR PR P P U

C. LINE THICKNESS COMPARISON
Visual Guide to Line Weights:

THICK (©.7mm) == Visible outlines
MEDIUM (@.5mm) —— Hidden lines
THIN (©.35mm) —— Dimension lines
VERY THIN (©.25mm) ——  — C(Center lines

Practical Application Example:

« Thick outline (visible)

[ - _ _ ] « Thin dashed (hidden)

l « Very thin chain (center)
|

« —» « Thin continuous (dimension)




D. DRAWING PERPENDICULAR AND PARALLEL LINES

Perpendicular Lines (90° angles):

Drawing Method:
Step 1: Base line Step 2: Position square Step 3: Draw vertical

/

Parallel Lines (equal spacing):

Drawing Method:
Step 1: First line Step 2: Slide T-square Step 3: Second line

Maintain equal spacing throughout

Key Differences:

PERPENDICULAR (1) PARALLEL (/)

Never intersect
Constant spacing

Intersect at 90°

E. PRACTICE EXERCISES

Exercise 1: Line Type Mastery Draw each line type (minimum 100mm length):

1. - Continuous thick (0.7mm)
2. - Continuous thin (0.25mm)
3. —— = === - Dashed line

4 - — - — - - Chain thin line

5. = = = = =- Chain thick line
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Exercise 2: Practical Application

Center lines

« Thick outline

« Dashed hidden

« Center point

Exercise 3: Geometric Precision

e Draw 5 parallel horizontal lines with 10mm spacing
e Create a grid of perpendicular lines forming squares
e Ensure all intersections are exactly 90°

F. REAL-WORLD APPLICATION

Complete Drawing Example:

<« somm———

T

/ J—\ 60mm

\—/

Hole ¢20 !

Legend:

Visible outline (thick)
Dimension line (thin)

— — = Center line (chain thin)
— — = Hidden feature (dashed)

EVALUATION QUESTIONS
I [dentify which line type you would use for:

(a) Visible object edges

(b) Hidden internal features
(c) Center of a circle

o (d) Dimension measurements

O O O

2. Fxplain the difference between perpendicular and parallel lines with simple diagrams.
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3. What pencil grade and thickness would you use for drawing dimension lines?

%, Praw and label examples of three different line types.

5. Why is it important to use standardized line types in technical drawing?

ASSIGNMENT (Total: 50 marks)

PART A: Line Types Reference Chart (20 marks) Create a comprehensive chart showing:

Line Type Appearance | Thickness | Applications Pencil Grade
Continuous Thick 0.7mm Visible outlines | 2B/HB
Continuous Thin | ——— 0.25mm | Dimensions H

Dashed - == 0.35mm | Hidden features | H

Chain Thin - - 0.25mm | Center lines H

Chain Thick === 0.7mm Cutting planes | 2B

PART B: Practical Drawing Exercise (30 marks)
1. Rectangle with Features (15 marks)

O O O

©)

Draw 100mm X 60mm rectangle with thick outline
Add center lines (chain thin)

Include dimension lines (thin)

Show a hidden circle (dashed) at center

2. |ine Practice (10 marks)

O
O

Five parallel lines with 15mm spacing
Perpendicular cross pattern

3. Labeling (5 marks)

O
O

Clearly identify each line type used
Include measurements and annotations

Assessment Criteria:

e Correct line type selection and execution

e Accurate spacing and alignment

e Proper line thickness and quality

e Neatness and completeness of work
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WEEK 6: LETTERING AND NUMBERING IN TECHNICAL
DRAWING

Lesson Objectives: By the end of this lesson, students will be able to:

Apply proper lettering techniques using single-stroke Gothic style
Maintain consistent letter height, spacing, and alignment

Write numbers and fractions correctly for technical applications
Create professional title blocks with uniform lettering

Identify and avoid common lettering mistakes

AN e

A. IMPORTANCE OF PROFESSIONAL LETTERING
Why Lettering Matters in Technical Drawing:

¢ Universal Communication: Ensures drawings are understood globally
e Clarity and Precision: Prevents misinterpretation of critical information
o Professional Standards: Reflects quality and attention to detail

e Legal Documentation: Provides permanent, unambiguous records

e Manufacturing Accuracy: Ensures correct fabrication and assembly

Key Principle: [f'it isn't written clearly, it can't be built correctly

B. LETTERING STYLES AND STANDARDS
1. SINGLE-STROKE GOTHIC LETTERS (Uppercase)

e Standard Heights: 3mm, Smm, 7mm, 10mm
e Style Characteristics: Uniform stroke width, simple geometric forms

Alphabet Construction:

STRAIGHT-LINE LETTERS:
T

L
C09gC-
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MIXED STROKE LETTERS:
B D P R U

2. LOWERCASE LETTER HEIGHT SYSTEM

« Ascender Line (Full Height)
« Waist Line (2/3 Height)

abcefghijklm

« Base Line
« Descender Line

g J p q vy

e Body Height: 2/3 of capital letter height
e Ascenders (b, d, f, h, k, 1, t): Extend to full capital height
e Descenders (g, j, p, q, Y): Extend below base line

C. PRINCIPLES OF LETTER SPACING
Optical Spacing (Not Mathematical):

WRONG - Equal Measurement: T T T T T
ECHEIEIEIED

CORRECT - Optical Balance: LIMIT
LT
T3eee

Spacing Rules by Letter Shape:

Straight to Straight: Normal spacing (H I L E)

Straight to Curved: Reduced spacing (H O D C)
Curved to Curved: Minimum spacing (O O C C)
Diagonal to Any: Adjust based on visual balance

b S

Word Spacing Standard:
TECHNICAL DRAWING

<« —>

Word 0 Word
Space

e Space between words = Width of capital "O"
e Maintains readable separation without disconnection
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D. GUIDE LINE CONSTRUCTION
Essential Guide Line Types:

UPPERCASE ONLY:

« Top Guide
TECHNICAL DRAWING

Bottom Guide

1\

MIXED CASE:
« Ascender Line
« Waist Line
Technical Drawing
« Base Line
« Descender Line

Guide Line Benefits:

e Ensures uniform letter height

e Maintains horizontal alignment
e Provides consistent baseline

e Creates professional appearance

E. TECHNICAL NUMBERING STANDARDS
Number Formation (0-9):

0 1

i

13086 JE

e Height: Matches capital letters

e Width: Proportional to shape (1 narrower, 0/8 wider)
e Style: Consistent with Gothic lettering

Number Spacing in Dimensions:

«— 250 — mm

Equal, clear spacing

F. FRACTION CONSTRUCTION
Two Standard Methods:

SLANTED LINE (Common): HORIZONTAL LINE (Formal):
3 3
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4 4

Height Ratio: 3:5:3 Clean, centered

(num:1line:den)

Fraction Spacing in Dimensions:

«—— 12 4 — inches

Number Fraction
space (reduced size)

G. PRACTICE EXERCISES

Exercise 1: Alphabet Mastery

ABCDEFGHIIJKLMNOP

QRSTUVNWXYZ

e Use Smm guide lines
e Practice complete alphabet 3 times
e Focus on consistent height and spacing

Exercise 2: Technical Terminology

FRONT ELEVATION

SIDE VIEW

SECTION A-A

SCALE 1:50

Exercise 3: Number and Dimension Practice

0123456789

l
|
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H. TITLE BLOCK LETTERING APPLICATION

Professional Title Block Example:

GEOMETRIC CONSTRUCTION

4

SCALE: 1:1 DATE: 15/10/24 «

DRAWN BY: SHEET: 1 OF 1 «
JOHN ADEOLU

GOVERNMENT SECONDARY SCHOOL
LAGOS STATE

+

Title Block Standards:

e Main Title: 7mm height (emphasized)

e Secondary Information: 3.5mm height

e Consistent Style: All uppercase Gothic

e Proper Spacing: Optical balance throughout

I. COMMON LETTERING ERRORS TO AVOID
Inconsistent Height:

TeChNiCaL X (Mixed heights)
TECHNICAL v (Uniform height)

Poor Spacing:

TECHNICAL X (Too wide)
TECHNICAL X (Too narrow)
TECHNICAL v (Optically balanced)

Style Inconsistency:

TeCHNicAL X (Mixed case/style)
TECHNICAL v (Uniform style)

Alignment Issues:

Technical X (Wandering baseline)
TECHNICAL v (Perfect alignment)

29
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EVALUATION QUESTIONS

PP =

5.

Why is consistent lettering important in technical drawings?

What are the standard height ratios between uppercase and lowercase letters?
Explain the principle of "optical spacing" versus mathematical spacing.
Draw the numbers 3, 5, and 8 showing proper Gothic formation.

Identify three common lettering mistakes and how to correct them.

ASSIGNMENT (Total: 50 marks)
PART A: Alphabet and Number Practice (20 marks) Using Smm guide lines, create:

W=

Complete uppercase alphabet A-Z

Complete lowercase alphabet a-z

Numbers 0-9

Assessment: Consistency, proportion, spacing

PART B: Technical Terminology (20 marks) Write the following phrases (Smm height):

X NN R W=

TECHNICAL DRAWING

FRONT ELEVATION

SIDE VIEW

SECTION B-B

SCALE 1:100

DIMENSIONS IN MILLIMETRES
MATERIAL: ALUMINIUM
FINISH: PAINTED

PART C: Professional Title Block (10 marks) Design and letter a complete title block
containing:

Drawing Title: "CIRCLE CONSTRUCTIONS"
Scale: "FULL SIZE"

Date: Current date

Drawn By: Your name

Sheet: "1 OF 1"

School: Your school's full name

Grading Criteria:

Letter height consistency
Optical spacing balance
Overall neatness and alignment
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Professional appearance
Compliance with Gothic style standards

3




WEEK 8: PLANE GEOMETRY - DIVISION OF LINE

Lesson Objectives: By the end of this lesson, students will be able to:

Bisect a line accurately using compass and straightedge

Divide lines into any number of equal parts using geometric methods
Apply proportional division techniques for given ratios

Use line division skills in practical technical applications

b S

A. INTRODUCTION TO LINE DIVISION
Why Line Division Matters:

e Precision Engineering: Equal spacing for rivets, bolts, and components
e Architectural Design: Proportional window and door placements

e Manufacturing: Accurate part division in machine components

e Surveying: Land plot division and boundary marking

Key Principle: Geometric construction ensures accuracy beyond measurement

B. BISECTION OF A LINE (2 Equal Parts)
Definition: Dividing a line into two equal segments
Method: Compass Construction

Step 1: Original Line
Ae oB

Step 2: Arcs from A & B
/N ;
\—/

Step 3: Intersection Points
_X_

\d

B
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Step 4: Bisector Line
_X_
Ae ° oB
M (Midpoint)

_X_

Key Points:

e Compass radius must be greater than half the line length

e Intersection points create a perpendicular bisector
e Method works for lines of any length or orientation

Verification:

Ae ® oB
—«—> «—>
AM = MB vV

C. TRISECTION OF A LINE (3 Equal Parts)
Method: Parallel Line Construction

Step 1: Base Line and Ray
Ae oB

\

\

C

Step 2: Equal Divisions on Ray
Ae oB

A

\03
C

Step 3: Connect and Draw Parallels
Ao—P—Q

e

Result: AP = PQ = QB

Construction Details:
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e Use set squares to ensure parallel lines
e Ray angle can be any convenient angle (30°-60° recommended)
e Equal spacing on ray can be done with compass or dividers

D. DIVIDING INTO ANY NUMBER OF EQUAL PARTS
General Method for 'n' Parts:

Example: 5 Equal Parts

Step 1: Base Setup
Ae oB

\

\

C

Step 2: Mark 'n' Equal Divisions

Ae oB
ol
\\02
3
o4
o5
C

Step 3: Connect and Draw Parallels
Ae—P—Q—R-S oB

-|—|-|1 /

Result: AP = PQ = QR = RS = SB
Key Applications:

e 7 parts: Machine gear spacing

e 4 parts: Window pane divisions

e 6 parts: Bolt hole patterns

e 8 parts: Architectural grid systems

E. PROPORTIONAL DIVISION (Given Ratios)

Example 1: Ratio 2:3 Division
H




Total Parts: 2 + 3 =5

Construction:
Ae P oB

s ;!

o3 /
\“.‘5_ —’

C

Result: AP:PB = 2:3
If AB = 100mm » AP = 40mm, PB = 60mm

Example 2: Ratio 3:2:1 Division

Total Parts: 3+ 2 +1 =6

Construction:
Ae

Result: AP:PQ:QB = 3:2:1
If AB = 120mm » AP = 60mm, PQ = 40mm, QB = 20mm

Calculation Formula:

For ratio a:b:c and total length L:
First part = (a/(a+b+c)) x L
Second part = (b/(a+b+c)) x L
Third part = (c/(a+b+c)) x L

F. GOLDEN RATIO DIVISION

Mathematical Proportion:

Ae P oB
61.8% 38.2%

AP:PB = 1.618:1 (Golden Ratio)

Construction Method:
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Bisect the line to find midpoint

Construct perpendicular at one end

Use geometric construction to locate golden section point
Widely used in art, architecture, and design

b=

G. PRACTICAL APPLICATIONS
Engineering Applications:

RIVET SPACING (6 rivets, 5 spaces):
o — 00— 00— 0

« 250mm -
Spacing = 250mm + 5 = 50mm

Architectural Applications:

WINDOW DIVISION:

1 2 3 4 « Equal widths

Surveying Applications:

LAND DIVISION (Ratio 2:3:5):
Owner A Owner B Owner C

2 3 5

Total: 1000m2 > A:200m2, B:300m2, C:500m2

H. CONSTRUCTION PRACTICE EXERCISES

Exercise Layout:

1. BISECTION:
Ae eB (100mm)
"Construct perpendicular bisector"

2. TRISECTION:
Ce oD (120mm)
"Divide into three equal parts"

3. FIVE EQUAL PARTS:
Ee oF (150mm)
"Divide into five equal segments"”

4. RATIO DIVISION:
Ge oH (140mm)
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"Divide in ratio 3:4"

5. COMPLEX RATIO:

Te

eJ (180mm)

"Divide in ratio 2:3:4"

Construction Standards:

Light Lines: Construction guidelines (2H pencil)
Dark Lines: Final division lines (HB pencil)
Accuracy: £0.5mm tolerance acceptable
Neatness: Clean intersections, precise points

EVALUATION QUESTIONS
1. Explain why geometric construction is preferred over measurement for line division.
2. Describe the step-by-step process for bisecting a line using a compass.
3. How would you divide a 90mm line into 5 equal parts using parallel lines?
4. Calculate the segment lengths when dividing a 120mm line in ratio 2:3:1.

5.

Identify three real-world applications where line division skills are essential.

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Basic Bisection (10 marks)

Draw horizontal line AB = 120mm
Construct accurate perpendicular bisector
Label midpoint M

Verify with measurements

PART B: Trisection Mastery (10 marks)

Draw line CD = 150mm at 30° angle
Divide into three equal parts

Label division points P and Q

Show all construction lines

PART C: Multiple Division (15 marks)

Draw line EF = 140mm

Divide into seven equal parts

Label all division points clearly
Demonstrate parallel line construction

PART D: Ratio Applications (15 marks)

1.

Simple Ratio: Line GH = 100mm, divide 2:3
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2. Complex Ratio: Line IJ = 120mm, divide 1:2:3
3. Include calculations and verification measurements

Quality Standards:

e / Construction lines visible but light

e V/ Final division lines dark and precise

e / Accurate measurements within tolerance
e / Professional labeling and presentation

e / Clean, smudge-free drawing surface

Pro Tip: Practice each method multiple times - geometric skill comes with repetition!
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WEEK 9: CIRCLES - PROPERTIES AND CONSTRUCTIONS

Lesson Objectives: By the end of this lesson, students will be able to:

Identify and define all parts of a circle

Construct circles accurately using compass and geometric methods
Divide circles into equal parts (2, 3, 4, 6, 8, 12)

Apply circle geometry to practical technical applications

Calculate circle dimensions using mathematical formulas

Nk W=

A. DEFINITION AND BASIC PROPERTIES
Circle Definition: A closed curve where every point is equidistant from a fixed center point.
Fundamental Elements:

Cj;cum{irence
|\\ oC/l

Key Measurements:

e Radius (r): Distance from center to circumference

e Diameter (d): Distance across through center (d = 2r)
e Circumference: Total distance around circle

« Center Point (C)

Mathematical Relationship: Diameter = 2 x Radius

B. ESSENTIAL PARTS OF A CIRCLE

1. Radius and Diameter:

Radius Properties: Diameter Properties:
/r‘1 A
| o—ra- /I\
Lp,— |-e—| d = 2r
/ \I{
All radii are equal B
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2. Chord, Arc, and Segment:

CHORD: ARC:
A A
/\ /—\
\ )
B B (Shaded area)
e Line joining two points e Part of circumference e Region between chord
e Diameter is longest chord ¢ Minor (shorter) and arc
e Major (longer) e Minor/Major segments

3. Sector and Special Lines:

SECTOR: TANGENT: SECANT:
A

/
/I\ ——
\)/ /3
(Touches at one point) \—/
(Cuts at two points)

e Pizza slice shape e Perpendicular to radius e Line intersecting
circle
e Bounded by two radii e Single point of contact at two points

C. TYPES OF CIRCLE RELATIONSHIPS
Concentric vs Eccentric:

CONCENTRIC: ECCENTRIC:

e A
//—ﬂ {n/ {u/
\\ \———/ Different centers

(May overlap)

Same center, different sizes

Tangent Circles:

EX}ERNQ; TAQGENT: IN}ERNAL TQNGENT:
A | e

Touching at one point \\
externally Smaller inside larger
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D. PROFESSIONAL CIRCLE CONSTRUCTION

Compass Technique:

Step 1: Set Radius Step 2: Position Step 3: Rotate
o—o | /I\
| r | v | o |
—e— \|/
Center 360°

Result: Perfect Circle
/—\
| e | Radius = r
\—/

Common Errors to Avoid:

e X Slipping center - creates irregular shape

e X Changing radius - produces oval/ellipse
e X Inconsistent pressure - causes wobbles

e / Steady hand, fixed radius - perfect circle

E. CIRCLE DIVISION TECHNIQUES
1. Division into 2 Equal Parts (Semicircles):
Any diameter creates two equal halves:
A
/I\
|-e—| Diameter AB

\I/
B

Each semicircle = 180°

2. Division into 3 Equal Parts (120° sectors):

Construction Steps:

1. Mark point A on circumference
2. Radius = r, swing arc to B

3. Repeat from B to C

4. Join center to A, B, C

Ae
/1IN
| TT |eB  120° sectors
Ce
3. Division into 4 Equal Parts (Quadrants):
H




Two perpendicular diameters:

/‘\

D—e—B 90° quadrants

\{/

4. Division into 6 Equal Parts (60° sectors):

Using radius as step-off distance:

Forms regular hexagon when connected

5. Division into 8 Equal Parts (45° sectors):

Bisect 90° angles from quadrant division:
1

|
8/ \2
/7N
7F—e—3
\6\\|//4/
_l,

6. Division into 12 Equal Parts (30° sectors):

Combine 6-part division with bisection:
1 12 11

Applications: Clock faces, compass roses
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F. PRACTICAL APPLICATIONS AND EXAMPLES
Everyday Circular Objects:

NATURAL: MAN-MADE : ARCHITECTURAL:

e Sun, Moon e Wheels, Gears e Domes, Arches

e Tree rings e Coins, Buttons e Circular windows
e Fruits e Clocks, CDs e Columns

e Eyes, Flowers e Pipes, Tanks e Rotundas
Technical Applications:

ENGINEERING: DESIGN: CONSTRUCTION:

e Gear systems e Logo design e Manhole covers

e Pulley mechanisms e Pattern creation e Circular foundations
e Bearing surfaces e Clock faces e Arch structures

e Pipe fittings ¢ Wheel designs e Dome construction

G. CIRCLE MATHEMATICS AND FORMULAS
Essential Calculations:

Given: Radius (r), Diameter (d), m = 3.1416 or 22/7

1. DIAMETER: d = 2r
2. CIRCUMFERENCE: C = 2nr or C = md
3. AREA: A = nir?

Example: r = 7cm
ed=2x7 = 14cm

C=2x (22/7) x 7 = 44cm
e A = (22/7) x 72 = 154cm?

Quick Reference Table:
Division Angle Construction Method
2 180° Any diameter
3 120° Radius step-off
4 90° Perpendicular diameters
6 60° Radius step-off
8 45° Bisect 90° angles
12 30° Bisect 60° angles
EVALUATION QUESTIONS

1. Define and distinguish between: radius, diameter, and chord.
2. Explain the geometric construction for dividing a circle into six equal parts.
3. Calculate the diameter and circumference of a circle with radius 8.5cm.
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4. Identify three practical applications of circle geometry in engineering.
5. Describe the difference between tangent and secant lines with diagrams.

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Circle Components (15 marks)

e Draw circle with radius 40mm
e Label and demonstrate:

o Center point and radius
Diameter and chord
Arc and sector (shaded)
Tangent and secant lines
Segment (different shading)

o O O O

PART B: Circle Relationships (15 marks)

1. Concentric Circles: Three circles (r=20mm, 30mm, 40mm) sharing center
2. Tangent Circles: Two circles internally tangent
3. Intersecting Circles: Two circles crossing at two points

PART C: Division Applications (20 marks)

1. Triangle Formation: Divide circle (r=30mm) into 3 equal parts and connect to form
equilateral triangle

2. Hexagon Construction: Divide circle (r=35mm) into 6 equal parts and connect to form
regular hexagon

3. Octagon Layout: Divide circle (r=30mm) into 8 equal parts showing construction lines
Professional Standards:

e / Construction lines: Light (2H pencil)

e / Final lines: Dark and precise (HB/2B pencil)

e / Accurate measurements within £0.5mm tolerance
e V Clear labeling and professional presentation

e V/ Clean, organized drawing layout

Pro Tip: Practice compass control - smooth rotation with consistent pressure creates perfect
circles!

Real-World Connection: These circle division techniques are used in clock making, gear
design, architectural planning, and many engineering applications where precise angular
division is required.
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WEEK 10: ANGLES — CONSTRUCTION AND MEASUREMENT

Lesson Objectives: By the end of this lesson, students will be able to:

Define angles and identify their components in various contexts
Classify angles into six main types based on their measurements
Measure angles accurately using a protractor

Construct angles using geometric tools and methods

Apply angle knowledge to practical building and design situations

Nk W=

A. UNDERSTANDING ANGLES

Definition: An angle is formed when two straight lines (called arms) meet at a point (called the
vertex), or by the rotation of a line about a fixed point.

Two Methods of Formation:

METHOD 1: Two Lines Meeting METHOD 2: Rotation
B B (Final position)

/ |
/e /e/ O Rotation

A—=C A——C (Start position)

Vertex: A Angle = Amount of rotation
Arms: AB and AC

Angle Notation:

/

/

A———C

e Three Letters: ZBAC or ZCAB (vertex in middle)
Single Letter: ZA (when clear)

Greek Letters: 6 (theta), a (alpha), B (beta)
Numbers: Z1, Z£2, Z3
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B. PRACTICAL APPLICATIONS IN BUILDINGS
Structural Angles:

VERTICAL WALLS: ROOF PITCHES:
Steep: Moderate: Flat:

/| /-
90° (Right Angle) 60° 30° 5°
Ground | | |/ I—I

GABLE ROOF:

45°\45° Symmetrical angles

HOUSE

Access Design:

STAIRCASE (30°-40°): WHEELCHAIR RAMP (<5°):
/A\
% \
/ Gentle slope for accessibility

C. ANGLES AS ROTATION

Rotational Concepts:

90° (Quarter Turn): 180° (Half Turn): 360° (Full Turn):
Start: — Start: — Start: —
O 90° O 180° O 360°
End: | End: «—— End: —
T
Clock Analogy:
12
11 1
10 2
9 —e— 3 Center
8 4
7 5
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6

Angle Movements:

e 123 = 90° e Each hour = 30°
e 1256 = 180° e 1259 = 270°

e Back to 12 = 360°

D. ANGLE CLASSIFICATION SYSTEM

Angle Type | Degree Range | Visual Example | Key Characteristics
Acute 0°<0<90° \45°\ Sharp, narrow opening
Right 0=90° | 90° |—I Perfect corner, L-shaped
Obtuse 90° <0 <180° | \120°\ Wide, blunt opening
Straight 0=180° —gs— Forms straight line
Reflex 180° <0 <360° | 1| 270°¢—> | The "larger” angle
Complete | 6 =360° O Full rotation

E. ANGLES IN GEOMETRIC SHAPES
Triangles (Sum = 180°):

Equ11ateral: Isosceles: Ri;lght—Angled:
60° 60° 70°\70°
40° 90°
All angles 60° Two angles equal One 90° angle

Quadrilaterals (Sum = 360°):

Square: Rectangle:
1 —
90° 90°| ||90° 9@‘|’|

|
90° 90° | |9e°  90°|
L 1 L |
All angles 90° All angles 90°

1




F. PROFESSIONAL ANGLE MEASUREMENT

Protractor Fundamentals:

180° 170° 10° 0°

160 \ 2e°
150° |

140°46°
130° | 50°
120°60°
110°70°
100°80°
99°
Center Point

Step-by-Step Measurement:

1. POSITION: 2. ALIGN: 3. READ:
Place center on Baseline along Read scale where
vertex one arm second arm crosses
B B B (50°)
0 8 —\ 0
A——=C A——C A—F—C

Protractor placed Angle = 50°
Common Errors:

e X Wrong scale reading - use inner/outer scale correctly
e X Misaligned center - ensure exact vertex positioning
e X Incorrect baseline - align with one arm properly

G. ANGLE CONSTRUCTION TECHNIQUES

Using Set Squares (Standard Angles):

45° Angle: 60° Angle: 30° Angle:
frs oo oo
45° set square 60° set square Combination

Using Protractor (Any Angle):
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Constructing 75°:

Step 1: Baseline Step 2: Mark 75° Step 3: Draw arm

ePp 75°

ot/

A—\ A

B
Angle Construction Sequence:

1. Draw baseline and mark vertex

Place protractor center on vertex

Align baseline with protractor zero line
Mark required angle measurement
Draw second arm through mark

Label the angle clearly

Sk WD

H. ANGLE RELATIONSHIPS

Complementary Angles (Sum = 90°):

%W

60°
60° + 30° = 90°

Supplementary Angles (Sum = 180°):

120° 60°

120° + 60° = 180°

Vertically Opposite Angles (Equal):
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a=c and b=4d
(Opposite angles are equal)

EVALUATION QUESTIONS
1. Define an angle and identify its three main components.
2. Classify angles into the six main types with their degree ranges.
3. Explain how to measure a 125° angle using a protractor.
4. Construct a 45° angle using only a set square and straightedge.

5. If two angles are supplementary and one measures 110°, what is the other?

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Angle Identification (15 marks) Draw and label clear examples of:

1. Acute angle (35°)
2. Right angle (90°)
3. Obtuse angle (120°)
4. Straight angle (180°)

5. Reflex angle (250°)

PART B: Measurement SKkills (15 marks) Accurately measure five provided angles using a
protractor, showing:

e Correct protractor placement
e Accurate scale reading
e (Clear recording of measurements

PART C: Construction Challenge (20 marks) Using protractor and geometric tools, construct:

1. 35°angle
2. 75° angle
3. 105° angle
4. 145° angle

5. 210° reflex angle
Professional Standards:

e / Clean, precise construction lines

e / Accurate measurements within +1°

e V Clear labeling and professional presentation
e / Proper tool usage and technique

Real-World Application Tip: These angle skills are essential for architects, engineers, and
builders who must ensure structural integrity through precise angular measurements in
buildings, bridges, and mechanical systems.
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WEEK 11: TRIANGLES - PROPERTIES AND
CONSTRUCTIONS

Lesson Objectives: By the end of this lesson, students will be able to:

Identify triangle types by sides and angles

Apply the angle sum property in triangle calculations
Construct triangles using SSS, SAS, ASA, and RHS methods
Create inscribed and circumscribed circles for triangles
Explain the structural importance of triangles in engineering

AN e

A. THE STRUCTURAL POWER OF TRIANGLES

Why Triangles are Essential in Construction:

TRUSS SYSTEM EXAMPLE:

/ « Roof covering

/Tr‘uss
Tr

[l

House ’

Key Structural Advantages:

e Inherent Stability: Three fixed points create rigid structure
¢ Load Distribution: Forces spread evenly across all sides

e Structural Efficiency: Minimal material for maximum strength
¢ Deformation Resistance: Maintains shape under pressure

Common Applications: Roof trusses, Bridge supports, Tower construction, Shelf brackets

B. TRIANGLE FUNDAMENTALS

Basic Definition: A closed two-dimensional figure with three straight sides and three angles.
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Standard Labeling Convention:

A (Vertex)

/N

/ |h \ « Side c (opposite ZC)

(7‘

[
B M C

Base (a) (Midpoint)
Components:

e Vertices: A, B, C (corner points)

e Sides: a, b, c (lengths opposite respective vertices)

e Height (h): Perpendicular distance from vertex to base

e Base: Reference side (usually bottom)

C. CLASSIFICATION BY SIDE LENGTHS

Triangle

Type Diagram Properties Real-World Examples

Equilateral /\/ 60°\60° / 60°\ * All sides equale All Traffic signs, Truss joints,
angles = 60° 3 lines of | Decorative patterns
symmetry

Isosceles /\/70°\70°/40°\ » Two sides equals Two | Roof gables, Aircraft
base angles equale 1 line | wings, Architectural
of symmetry arches

Scalene /\/ 70°\50° / 60°\ * No sides equal* No Irregular land plots,
angles equal® No Custom frameworks,
symmetry Natural formations

D. CLASSIFICATION BY ANGLE TYPES

Triangle

Type Diagram Properties Key Features

Acute- /\/60°|70°\/50°\ * All angles < 90° Sum = | Can be equilateral,

Angled 180° isosceles, or scalene

Right- / | / | / 90° |  — * One angle = 90°e Building corners, Set

Angled Hypotenuse longest sides | squares, Structural
a?+b>=c? supports

Obtuse- / \/120°\/30°39°\— * One angle > 90°¢ Other | Certain roof sections,

Angled two acute® Sum = 180° Mechanical linkages
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Special Right Triangles:

45°-45°-90° Triangle: 30°-60°-90° Triangle:
60°
45°
/30°
45° 99°
Ratio: 1:1:v2 Ratio: 1:v3:2

E. ANGLE SUM PROPERTY AND CALCULATIONS

Fundamental Theorem: The sum of the three interior angles in any triangle is always 180°.

Proof by Geometry:
Step 1: Draw triangle Step 2: Tear corners Step 3: Arrange
/\ a a By
B v T
180°

Practical Applications:

Example 1: Find missing angle
Given: ZA = 60°, /4B = 70°
Solution: ZC = 180° - (60° + 70°) = 50°

Example 2: Isosceles triangle
Given: Vertex angle = 80°
Solution: Each base angle = (180° - 80°) + 2 = 50@°

F. TRIANGLE CONSTRUCTION METHODS
Method 1: SSS Construction (Side-Side-Side)

Given: Sides 5cm, 6cm, 7cm

Step 1: Base line Step 2: Arcs from B & C  Step 3: Connect vertices
Be———  o(C A
7cm /
5c7/ 6cm
Be————  oC
7¢cm

Method 2: SAS Construction (Side-Angle-Side)
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Given: Sides 5cm, 6cm with 60° included angle

Step 1: Base & angle Step 2: Mark length Step 3: Complete triangle
Ce Ce Ce
/ /N
6cm// 6cm/ 6cm
/60° /60° /60°| \
Ae oB Ae oB Ae oB
5cm 5cm 5cm

Method 3: ASA Construction (Angle-Side-Angle)

Given: Side 7cm with 50° and 60° at ends

Step 1: Base line Step 2: Construct angles Step 3: Intersection
Ae—— B C C
/I\ /I\
Ae oB Ae oB
50° | 60° 50° | 60°
7cm 7cm

Method 4: RHS Construction (Right-Hypotenuse-Side)

Given: Right angle, hypotenuse 10cm, side 6cm

Step 1: Base & right angle Step 2: Arc from B Step 3: Complete
‘ Ce Ce
Ae oB Ao—l— —eB Ao—l—oB
6cm 6cm 10cm 6cm

G. SPECIAL TRIANGLE CIRCLES
Inscribed Circle (Incircle):

A

/

/// e} « Circle touches all sides

B—«C

Construction:

1. Draw angle bisectors from all vertices

2. Intersection point = Incenter (o)

3. Draw perpendicular to any side for radius
4. Construct circle with incenter and radius
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Circumscribed Circle (Circumcircle):
/=A=\

/\

Construction:

1. Draw perpendicular bisectors of two sides
2. Intersection point = Circumcenter (e)

3. Measure distance to any vertex (radius)
4. Construct circle through all vertices

« Circle passes through
all vertices

Be oC

Comparison Table:

Circle Type | Position Touches Center Construction
Incircle Inside All three Incenter (Angle Angle bisectors —
triangle sides bisectors) Perpendicular
Circumcircle | Outside All three Circumcenter Perpendicular bisectors
triangle vertices (Perpendicular — Vertex distance
bisectors)

H. PRACTICAL APPLICATIONS
Engineering Structures:

ROOF TRUSS: BRIDGE SUPPORT:

N QIO

Multiple triangles

/ \ for load distribution
Everyday Objects:
MUSICAL TRIANGLE: WARNING SIGNS:

(o]
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AN




EVALUATION QUESTIONS

Explain why triangular structures are more stable than rectangular ones in construction.
Calculate the missing angle in a triangle where two angles measure 55° and 75°.
Describe the step-by-step process for constructing a triangle using the SSS method.
Differentiate between the incircle and circumcircle of a triangle.

Identify which triangle construction method you would use given: two angles and the
included side.

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Triangle Classification (15 marks) Construct and label:
I Fquilateral Triangle (side 5cm)

o Mark all 60° angles
o Indicate equal sides
2. [sosceles Triangle (equal sides 6em, base 4em)

AP e

o Mark equal sides and base angles
o Show axis of symmetry
3. Scalene Triangle (sides 4cm, 5cm, 6cm)

o Label all side measurements
o Indicate all different angles

PART B: Construction Techniques (20 marks) Using geometric methods, construct:

1. SSS Method: Triangle with sides 7cm, 6cm, Scm
2. SAS Method: Triangle with sides 6cm, Scm and 60° included angle
3. ASA Method: Triangle with 7cm side and 45°, 60° adjacent angles

PART C: Special Circles (15 marks)

1. Incircle Construction: Triangle with sides 6cm, 7em, 8cm

o Show angle bisectors
o Label incenter
o Construct inscribed circle
2. (ircumeircle (onstruction: [ quilateral triangle (side 6em)

o Show perpendicular bisectors
o Label circumcenter
o Construct circumscribed circle

Professional Standards:
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e / Construction lines: Light and precise (2H pencil)
e V/ Final lines: Dark and clear (HB/2B pencil)

e / Accurate measurements within £0.5mm tolerance
e / Neat labeling and professional presentation

e / Clean, organized layout with title block

Engineering Insight: Triangular structures are fundamental in engineering because they're the
only polygons that are inherently rigid. This principle is used in everything from simple roof
trusses to massive bridge supports and even space frame structures in modern architecture.
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WEEK 12: QUADRILATERALS - PROPERTIES AND
CONSTRUCTIONS

Lesson Objectives: By the end of this lesson, students will be able to:

Define quadrilaterals and identify their key properties
Construct various quadrilaterals using geometric methods
Compare and contrast different quadrilateral types

Apply quadrilateral knowledge to real-world design problems
Calculate missing angles and dimensions in quadrilaterals

AN e

A. INTRODUCTION TO QUADRILATERALS

Definition: A quadrilateral is a closed plane figure with four straight sides, four angles, and four
vertices.

Fundamental Properties:

Basic Structure:
B

A
| } 4 Sides: AB, BC, CD, DA
| | 4 Angles: ZA, 4B, ZC, 4D
| | 4 vertices: A, B, C, D
D C
Key Theorem: Sum of interior angles = 360°
Proof: Any quadrilateral divides into 2 triangles

A——— B
\ Triangle ABD = 180°
\ Triangle BCD = 180°
\ Total = 360°

D—\ C
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B. QUADRILATERAL FAMILY TREE
Hierarchical Relationships:

QUADRILATERAL

PARALLELOGRAM TRAPEZIUM (1 pair // sides)

ISOSCELES TRAPEZIUM
RECTANGLE RHOMBUS |
RIGHT TRAPEZIUM

SQUARE

Special Member: KITE (adjacent sides equal)

C. DETAILED QUADRILATERAL TYPES
1. SQUARE - The Perfect Quadrilateral

Definition: All sides equal, all angles 90°

Properties:
A —5cm— B

° « Center point
5cm 5cm

D —5cm— C

e All sides: AB = BC = CD = DA

All angles: 90°

Diagonals: Equal, bisect at 90°, create 45° angles
Symmetry: 4 lines, rotational order 4
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Construction Methods:

METHOD 1 - Using sides: METHOD 2 - Using diagonals:
De oC Be
‘ Ae——e(
Ae——— B \ /
De

2. RECTANGLE - The Right-Angled Workhorse

Definition: Opposite sides equal, all angles 90°

Properties:

A 8cm B

. < Center
5cm 5cm

D 8cm C
e Opposite sides equal: AB = DC, AD = BC
e All angles: 90°
e Diagonals: Equal, bisect each other
e Symmetry: 2 lines, rotational order 2

Diagonal Formula: d? = length? + width?
Example: 8cm x 5cm » d? = 82 + 52 = 89 » d = 9.43cm

3. PARALLELOGRAM - The Slanted Rectangle

Definition: Opposite sides parallel and equal

Properties:
A—6cm—— B

4c7// 3 \\icm

Opposite sides parallel and equal

Opposite angles equal: ZA = ZC, 4B = 4D
Adjacent angles supplementary: ZA + 4B = 180°
e Diagonals bisect each other
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Angle Relationships:

A——— B
/60° 120°\ ZA + 4B = 60° + 120° = 180°
/ \ Z4A = ZC = 60°

/ \ 4B = 4D = 120°

D C

4. RHOMBUS - The Diamond

Definition: All sides equal, opposite angles equal

Properties:
A

5c7/ ° \{cm All sides = 5cm
D——B
\\//5cm

C

e All sides equal

Opposite angles equal

Diagonals perpendicular and bisect angles
Special case: Square when all angles = 90°

Construction using diagonals:
Given: Diagonals 8cm and 6cm
Step 1: Draw AC = 8cm, find midpoint M
Step 2: Draw perpendicular through M
Step 3: Mark 3cm above and below M
Step 4: Connect vertices A, B, C, D

5. TRAPEZIUM - The Single-Parallel Specialist

Definition: Exactly one pair of parallel sides

Types:
ISOSCELES TRAPEZIUM: RIGHT TRAPEZIUM:
A —5cm— B A————B
/ \ | |
STm STm 9T° 9T°
D —8cm— C D—C
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Properties:

e One pair of parallel sides (bases)

e Non-parallel sides called legs

e Isosceles: Legs equal, base angles equal
e Right: Two right angles

6. KITE - The Adjacent Equal Specialist

Definition: Two pairs of adjacent sides equal

Properties:

ch \\6cm AB = AD, CB =

D———8B

N
\ /

Two pairs adjacent sides equal
One pair of opposite angles equal
Diagonals perpendicular

Longer diagonal bisects shorter
One line of symmetry

D. COMPREHENSIVE PROPERTIES COMPARISON

Property Square | Rectangle | Rhombus | Parallelogram | Trapezium | Kite
All sides equal v X v X X X
Opposite sides equal v v v v X X
All angles 90° v v X X X X
Opposite angles equal v v v v X X
Diagonals equal v v X X X X
Diagonals perpendicular | v/ X v X X v
Diagonals bisect angles | v/ X v X X X
Lines of symmetry 4 2 2 0 1 1
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E. CONSTRUCTION TECHNIQUES
Square Construction (Side Method):

Step 1: Base AB = 5cm
Ae——— B
5cm

Step 2: 90° perpendiculars at A and B

Ae oB
5cm

Step 3: Mark 5cm on perpendiculars
De Ce

Ae oB

Step 4: Connect D to C
Do——— o(C

Ae oB

Rectangle Construction:

Step 1: Base = length

Step 2: 90° perpendiculars at ends
Step 3: Mark width on perpendiculars
Step 4: Connect opposite vertices

Rhombus Construction (Diagonal Method):

Step 1: Draw horizontal diagonal

Step 2: Find midpoint and draw perpendicular
Step 3: Mark half of vertical diagonal

Step 4: Connect all vertices

F. REAL-WORLD APPLICATIONS
Architectural Examples:

BUILDING ELEMENTS: STRUCTURAL COMPONENTS:

RECTANGLE | Doors //\\ Triangular bracing
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WINDOWS \ in rectangular

frames

Windows /

FLOORING PATTERNS: ROOF DESIGN:

Square tiles //\

Classroom Identification:

Trapezoidal
roof panels

e Rectangles: Doors, windows, whiteboards, books, tables

e Squares: Floor tiles, ceiling tiles, some paper

e Trapeziums: Desk side views, some chair backs
e Parallelograms: Slanted shelves, window louvers
¢ Rhombuses: Decorative patterns, diamond shapes
e Kites: Decorative art, some signage

G. PRACTICAL CALCULATIONS

Angle Calculations:

Given: Three angles of quadrilateral = 85°, 95°, 80°

Find: Fourth angle

Solution: 85° + 95° + 80° + x = 360°
260° + x = 360°
X = 360° - 260° = 100°

Diagonal Calculations:

Square: Diagonal = side x V2
Rectangle: Diagonal = V(length? + width?)

Rhombus: Diagonals can be calculated from side and angle

EVALUATION QUESTIONS
1. Define a quadrilateral and state its four key properties.
2. Explain the difference between a square and a rhombus with diagrams.
3. Calculate the fourth angle of a quadrilateral with angles 110°, 75°, and 85°.
4,

Describe the step-by-step construction of a rectangle given length and width.

5. Identify three real-world examples each of rectangles and trapeziums.

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Geometric Constructions (20 marks)
o4




won =

Square: Side S5cm with full construction lines
Rectangle: 8cm x 5cm with perpendicular construction
Rhombus: Diagonals 8cm and 6¢cm showing equal sides
Trapezium: Bases 7cm and 4cm, height 4cm

PART B: Properties Analysis (15 marks) Create a comparative table showing:

Side properties (equal/parallel)

Angle properties

Diagonal characteristics

Symmetry elements For: Square, Rectangle, Rhombus, Parallelogram, Trapezium

PART C: Real-World Application (15 marks) Document and sketch 5 classroom objects:

W=

4.

Identify each quadrilateral type

Measure approximate dimensions

Explain why that shape is appropriate for the object
Suggest alternative shapes and discuss practicality

Professional Standards:

v/ Accurate constructions within =1mm tolerance

v’ Clear construction lines (2H pencil) and final lines (HB/2B)
v’ Neat labeling and professional presentation

v/ Complete analysis with practical insights

Design Insight: Quadrilaterals form the basis of most architectural and product designs

because they efficiently enclose space while providing structural stability. The choice of specific
quadrilateral type depends on functional requirements, manufacturing constraints, and aesthetic

considerations.
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SS1 TECHNICAL DRAWING LESSON NOTES

SECOND TERM

WEEK 1: INTRODUCTION TO POLYGONS - PROPERTIES AND
CONSTRUCTION

Lesson Objectives: By the end of this lesson, students will be able to:

Define polygons and classify them based on various properties
Calculate interior and exterior angles of regular polygons
Construct regular polygons using geometric methods

Identify polygon applications in real-world contexts
Differentiate between convex and concave polygons

AN e

A. FUNDAMENTALS OF POLYGONS

Definition: A polygon is a closed two-dimensional figure formed by three or more straight line
segments that connect end-to-end to create a closed chain.

Essential Characteristics:

e v Composed entirely of straight line segments

e / Forms a closed boundary with no gaps

e V/ Segments intersect only at endpoints (vertices)
e V/ Minimum of three sides required

Polygon Recognition:

VALID POLYGONS: INVALID SHAPES:
Triangle v/ Curved shapes X
/\\ o (Circle)
Square v Open shapes X
Hexagon v/ Self-intersecting X

T
/

T
~
S 2
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B. POLYGONS IN EVERYDAY LIFE
Road Sign Applications:
1. Triangular Signs (Warning):

/I

/ ! YIELD - Equilateral Triangle

e Examples: School zones, pedestrian crossings, sharp curves
e Purpose: Immediate recognition through unique shape

2. Square/Rectangular Signs (Information):

Hospital - Square

e Examples: Parking, bus stops, directional information
e Purpose: Standardized information presentation

3. Octagonal Signs (Regulatory):
1

/ \

| STOP | STOP - Regular Octagon

\ /

L 1

e Unique Feature: Recognizable even when obscured
e Purpose: Critical regulatory commands

4. Pentagonal Signs (School Zones):

I/ \I
\/

School Zone - Pentagon

C. COMPREHENSIVE POLYGON CLASSIFICATION

1. Classification by Number of Sides:

Sides | Name Example | Key Features
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Sides | Name Example | Key Features

3 Triangle /\ Simplest polygon, 180° sum
4 Quadrilateral | 360° sum, various types

5 Pentagon /—\ 540° sum, golden ratio

6 Hexagon /—\ 720° sum, honeycomb shape
7 Heptagon Complex | 900° sum, rare in nature

8 Octagon /—\ 1080° sum, stop signs

9 Nonagon Complex | 1260° sum

10 Decagon Complex | 1440° sum

2. Classification by Regularity:
Regular Polygons:

e All sides equal length

e All interior angles equal

e Can be inscribed in a circle
e High degree of symmetry

Irregular Polygons:

e Sides and/or angles unequal
e More common in natural forms
e Variable symmetry

3. Classification by Shape:
Convex Polygons:

Regular Pentagon:

) | All vertices point outward
All interior angles < 180°
. No "dents"

e All diagonals lie entirely within the polygon
¢ Any line segment between two points stays inside

Concave Polygons:

Concave Pentagon:

| Has at least one "dent"
At least one interior angle > 180°
Some diagonals extend outside
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e At least one reflex interior angle (> 180°)
e Appears to have a "cave" or indentation

D. MATHEMATICAL PROPERTIES OF POLYGONS
1. Interior Angles: Sum of Interior Angles Formula:

Sum = (n - 2) x 180@°
where n = number of sides

Examples:

Triangle (n=3): (3-2) x 180° = 180°
Quadrilateral (n=4): (4-2) x 180° = 360°
Pentagon (n=5): (5-2) x 180° = 540°
e Hexagon (n=6): (6-2) x 180° = 720°

Regular Polygon Interior Angles:

Each interior angle = (n - 2) x 180° + n

2. Exterior Angles: Fundamental Property: Sum of all exterior angles = 360° (always)
Regular Polygon Exterior Angles:

Each exterior angle = 360° + n

Angle Comparison Table:

Polygon | Sides | Interior Sum | Each Interior | Each Exterior
Triangle |3 180° 60° 120°

Square 4 360° 90° 90°

Pentagon | 5 540° 108° 72°

Hexagon | 6 720° 120° 60°

Octagon | 8 1080° 135° 45°

3. Diagonals: Diagonal Count Formula:

Number of diagonals = n(n - 3) + 2
where n = number of sides

Examples:

e Triangle (n=3): 3(3-3)+2 = 0 (no diagonals)
¢ Quadrilateral (n=4): 4(4-3)+2 = 2 diagonals
e Pentagon (n=5): 5(5-3)+2 =5 diagonals
e Hexagon (n=6): 6(6-3)+2 =9 diagonals
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E. GEOMETRIC CONSTRUCTION METHODS
Method 1: Circle Inscription Technique
Regular Pentagon Construction:
Step 1: Draw circle with chosen radius
/—\
e |
\—/
Step 2: Calculate central angle = 360° + 5 = 72°

Step 3: Mark points at 72° intervals
Ae
/I
Ee—e—\eoB
\\//

De—e(C

Step 4: Connect consecutive points
Regular Pentagon ABCDE

Regular Hexagon Construction: Special Property: Side length = Circle radius

Construction:

1. Draw circle radius r

2. Mark point A on circumference

3. With radius r, step around circle
4. Connect points to form hexagon

le e2
/N
6e ° e3

\5/ \/

o4

Regular Octagon Construction:

Method:

1. Draw circle and two perpendicular diameters
2. Bisect the 90° angles to get 45° divisions
3. Mark 8 equidistant points
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4.

Connect to form octagon

le

/\

Se——e2
70— —e3

\I/

4e

Method 2: Side-Length Construction

Regular Hexagon from Given Side:

Given: Side AB = 5cm

3.
4.

. Draw AB = 5cm

Ae————— B

. Construct equilateral triangles on AB

Ce

5cm// \\5cm

Ae oB

Use compass to step off equal sides
Complete hexagon

Method 3: Square Transformation

Regular Octagon from Square:

1.

Draw square with side s

. Draw diagonals and mark center points
. Cut corners by connecting marked points
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F. IRREGULAR POLYGON CONSTRUCTION
Example: Irregular Pentagon Construction

Given sides: AB=4cm, BC=5cm, CD=6cm, DE=4.5cm, EA=5.5cm

Construction Sequence:
1. Draw AB = 4cm
Ae————— B

2. From B, arc radius 5cm
3. From A, arc radius 5.5cm - point E
Ee

/
/

Ae oB

4. Continue with remaining sides
5. Connect points A-B-C-D-E

Construction Principles:

e Start with known side or angle

e Use compass for accurate length transfer
e Ensure closure of the figure

e Verify angle relationships

G. PRACTICAL APPLICATIONS AND DESIGN
Architectural Uses:

e Hexagonal: Floor tiling, honeycomb structures
e Octagonal: Building layouts, decorative elements
e Pentagonal: Unique architectural features

Engineering Applications:

e Triangular: Structural trusses, bracing
e Square/Rectangular: Standard building components
e Polygonal: Bolt patterns, gear designs

Design Considerations:

e Regular polygons for symmetry and aesthetics

e Irregular polygons for organic, natural designs

e Polygon choice affects structural integrity

e Manufacturing constraints influence shape selection
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EVALUATION QUESTIONS

1. Define a polygon and list four essential characteristics that distinguish polygons from other shapes.
2. (alculate the following for a regular nonagon (9sided polygon):

Sum of interior angles
Measure of each interior angle
Measure of each exterior angle
o Number of diagonals
3. Describe the step-by-step geometric construction of a regular hexagon given a side length of 6cm.

O O O

4§, Differentiate between convex and concave polygons with clear diagrams and examples.

5. Fxplain why regular polygons are preferred over irregular polygons for technical applications in engineering
and design.

PRACTICAL ASSIGNMENT (Total: 50 marks)

PART A: Real-World Polygon Analysis (10 marks) Sketch and analyze three polygon-based
road signs, including:

e Shape identification and number of sides
e (lassification as regular or irregular
e Functional rationale for shape choice

PART B: Mathematical Properties (15 marks) Complete the comprehensive properties table:

Polygon | Sides | Interior Sum | Each Interior | Each Exterior | Diagonals

Pentagon | 5

Hexagon

6
Heptagon | 7
Octagon | 8

PART C: Geometric Construction (25 marks)

1. Regular Pentagon: [nscribed in circle (radius 4em) showing all construction lines and 72° central angles

2. Regular Hexagon: (onstructed from given side length (5em) using geometric methods

3. Regular (Jetagon: [nscribed in circle (radius 4cm) demonstrating angle bisection technique
Professional Standards:

e / Construction lines: Light and precise (2H pencil)
e V/ Final lines: Dark and clean (HB/2B pencil)
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e V Accurate measurements within +1° angular tolerance
e / Clear labeling and professional presentation
e / Proper use of geometric construction principles

Design Insight: The choice between regular and irregular polygons in technical design
represents a fundamental trade-off between manufacturing efficiency (regular) and functional
optimization (irregular). Understanding polygon properties enables designers to make informed
decisions based on structural requirements, aesthetic goals, and production constraints.

Pro Tip: Master the circle-inscription method for regular polygons - it's the foundation for most
geometric constructions and develops spatial reasoning skills essential for advanced technical
drawing.
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WEEK 2: ADVANCED POLYGON CONCEPTS AND APPLICATIONS
Lesson Objectives: By the end of this lesson, students will be able to:

Analyze polygon symmetry and rotational properties

Apply advanced construction methods for complex polygons
Solve practical polygon construction challenges

Understand tessellation principles and applications

Connect polygon geometry to real-world engineering and design

AN e

A. SYMMETRY ANALYSIS IN POLYGONS
Lines of Symmetry: Lines that divide a shape into two identical mirror-image halves
Regular Polygon Symmetry Patterns:

Regular Pentagon (5 lines): Regular Hexagon (6 lines):
|/+\| | |
/ A/

\V,

Square (4 lines): Equilateral Triangle (3 lines):

N /

| -

Key Principle: A regular n-sided polygon has exactly n lines of symmetry

Rotational Symmetry: Number of times a shape matches its original position during a 360°
rotation

Rotational Symmetry Orders:

e Regular Pentagon: Order 5 (matches every 72°)

¢ Regular Hexagon: Order 6 (matches every 60°)

e Square: Order 4 (matches every 90°)

e Equilateral Triangle: Order 3 (matches every 120°)

Mathematical Relationship:

For regular polygons: Rotational Symmetry Order = Number of Sides
Angle of rotation for match = 360° + n
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B. ADVANCED CONSTRUCTION TECHNIQUES
General Method for Any Regular Polygon:

Step 1: Calculate central angle = 360° + n

Step 2: Draw circle with desired radius

Step 3: Mark points at calculated angle intervals
Step 4: Connect consecutive points

Example: Regular Heptagon (7 sides)
Central angle = 360° + 7 = 51.43°

Golden Ratio Pentagon Construction (Compass Only):

Traditional Method Using Geometric Proportions:

Step 1: Draw circle with diameter AB
Ae———eoe——— B
C (center)

Step 2: Construct perpendicular diameter DE
De
Ae——e——eB
C

Ee

Step 3: Bisect radius AC to find point M
De

Ae—M—e

C

oB

Step 4: Draw arc from M through D to locate F
De
Ae——e——eB——eoF
M C

Step 5: Distance DF = side length of pentagon

Decagon from Pentagon Method:

Efficient Construction Technique:

1. Construct regular pentagon in circle

2. Bisect each arc between pentagon vertices

3. Mark 10 equidistant points (5 original + 5 new)
4. Connect to form regular decagon
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/o\

e—e—e 10 vertices total

\e/

[ J
Construction Accuracy Tips:

e Use sharp pencils for precise points

e Maintain consistent compass radius

e Double-check angle measurements

e Verify side length equality

e Ensure all vertices lie on the circumference

C. PRACTICAL CONSTRUCTION CHALLENGES
Challenge 1: Polygon from Given Perimeter

Problem: Construct regular hexagon with perimeter 30cm

Solution:

Step 1: Calculate side length = 30cm + 6 = 5cm
Step 2: Construct hexagon with 5cm sides

Step 3: Verify perimeter = 6 x 5cm = 30cm

Construction:
e—5cm—e

/N /N
[ ] [ [ ]
\/ N/
e—5cm—e
Challenge 2: Maximum Square in Given Circle

Problem: Inscribe largest square in circle radius 5cm

Solution:

Step 1: Draw circle radius 5cm

Step 2: Draw perpendicular diameters
Step 3: Connect diameter endpoints

Mathematical basis:
Square diagonal = circle diameter = 10cm
Side length = diagonal + v2 = 10 + V2 = 7.07cm

Challenge 3: Circumscribed Hexagon Around Circle

Problem: Construct regular hexagon around circle radius 4cm




Solution:

Step 1: Draw circle and mark 6 radii at 60° intervals
Step 2: Draw tangents perpendicular to each radius
Step 3: Extend tangents to form hexagon

Result: Circle touches each side at midpoint

Engineering Application Insight: Circumscribed polygons are crucial in mechanical design for
creating external threads, bolt heads, and mounting fixtures

D. TESSELLATION AND POLYGON COMBINATIONS

Regular Tessellations: Patterns using only one type of regular polygon that cover a plane
without gaps

The Only Three Regular Tessellations:

1. Equilateral Triangles (6 around each vertex)
60° x 6 = 360° V

2. Squares (4 around each vertex)
90° x 4 = 360° V

3. Regular Hexagons (3 around each vertex)
120° x 3 = 360° V

Why Other Regular Polygons Don't Work:

e Pentagon: 108° doesn't divide evenly into 360°
e Heptagon and above: Interior angles too large

Semi-Regular Tessellations: Patterns using two or more regular polygons
Common Semi-Regular Patterns:

Triangle + Hexagon: Square + Octagon:

— =\
<>< >| \E/D

Applications: Islamic art, floor tiling, architectural patterns
Tessellation Design Principles:
e Vertex rule: Angles around each point sum to 360°

e No gaps or overlaps between shapes
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e Pattern repeatability across the plane
e Aecsthetic balance and visual appeal

E. REAL-WORLD APPLICATIONS AND CASE STUDIES
Architectural Masterpieces:
The Pentagon Building:

e Shape: Regular pentagon

e Purpose: U.S. Department of Defense headquarters

e Design rationale: Efficient circulation, symbolic strength

e Construction: Reinforced concrete with five concentric rings

Hexagonal Architecture:

/—\/—\

| | | Applications:

\—/\—/ ¢ Honeycomb structures (natural efficiency)
e Pavilion designs
e Modular building systems
e Space-frame structures

Engineering Applications:
Mechanical Fasteners:

Hexagonal Nuts and Bolts:
| |  Why hexagon?
\——/ e 6 contact points for tools
e Multiple gripping angles (60° increments)
¢ High torque transmission
e Space efficiency
e Manufacturing simplicity

Octagonal Applications:

| | Uses:
\—/ + Stop signs (immediate recognition)
e Gazebo and pagoda designs
e Structural columns
e Decorative elements

Industrial Design:

e Triangular: Truss bridges, roof supports
e Square: Modular components, storage systems
e Pentagonal: Unique product differentiation

79




e Hexagonal: Optimal packing efficiency

F. PROBLEM-SOLVING FRAMEWORK
Polygon Construction Strategy:

1. Identify given parameters (sides, perimeter, circumradius, inradius)
Calculate missing dimensions using geometric formulas

Select appropriate construction method

Execute with precision tools

Verify accuracy through measurement

Aol

Common Calculation Formulas:

Regular Polygon Properties:

e Side from perimeter: s =P + n

e Central angle: a = 360° + n

e Interior angle: 6 = (n - 2) x 180° + n

e Circumradius from side: R = s + (2 x sin(180°/n))
e Inradius from side: r = s = (2 x tan(186°/n))

Example Problem Solution:

Problem: Regular octagon with perimeter 64cm

Solution:

1. Side length = 64cm + 8 = 8cm

2. Interior angle = (8-2) x 180° + 8 = 135°

3. Construct using side-length or circle method

EVALUATION QUESTIONS

1. A regular nonagon (9 sides) is used in a decorative pattern. (‘alculate:

o Its rotational symmetry order
o The central angle between vertices
o The number of lines of symmetry

2. Fxplain why regular pentagons cannot tessellate a plane, but the combination of pentagons and other polygons
can create semiregular patterns.

3. Describe the step-by-step process for constructing a regular heptagon using only a compass and straightedge,
given a specified side length.

%. A mechanical engineer needs to design a hexagonal bolt head that fits a standard wrench. [f the distance
between parallel sides must be 2cm, calculate the required side length and construct the hexagon.
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5. Analyze the structural advantages of hexagonal patterns in natural formations (honeycombs) and man-nade
structures, citing at least three specific benefits.

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Advanced Geometric Constructions (25 marks)
1. Regular Heptagon Construction (15 marks)

o Inscribe in circle radius 4cm
o Calculate and mark 51.43° central angles
o Show all construction lines and geometric relationships
o Verify side length equality
2. Decagon from Pentagon )fethod (10 marks)

Construct regular decagon using pentagon as base
Side length = 3cm

Demonstrate arc bisection technique

Ensure all vertices equidistant from center

O O O O

PART B: Applied Design Project (15 marks)
1. Tessellation Pattern [Jesign (10 marks)

Create original tessellation using two different regular polygons
Minimum design area: 6cm x 6cm

Demonstrate mathematical validity (angles sum to 360° at vertices)
Include color coding for different polygon types

2. Fngineering Analysis (5 marks)

O O O O

o Select three everyday polygonal objects
o For each: identify polygon type, count sides, analyze functional advantages
o Suggest alternative shapes and evaluate practicality

PART C: Complex Problem Solving (10 marks)
. PerimeterPased Construction (5 marks)

o Regular octagon perimeter = 64cm
o Calculate side length = 8cm
o Construct using most efficient method

o Verify interior angles = 135°
2. (omparative Analysis (5 marks)

o Compare construction methods for regular pentagon
o Evaluate accuracy, efficiency, and practical applications
o Recommend optimal method for specific engineering contexts
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Professional Standards:

v/ Mathematical precision in calculations

v Clean, accurate construction lines

v’ Proper tool usage and technique

v  Clear labeling and professional presentation
v  Practical application insights

Engineering Insight: The choice between inscribed and circumscribed polygons in mechanical
design often depends on manufacturing constraints and functional requirements. Understanding
both methods enables designers to optimize components for specific applications, whether for
internal fitting (inscribed) or external engagement (circumscribed).

Advanced Tip: Mastering polygon constructions develops spatial reasoning and problem-
solving skills that transfer directly to CAD modeling, architectural planning, and mechanical
design. The geometric principles learned here form the foundation for computational geometry
in modern engineering software.
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WEEK 3: ADVANCED POLYGON APPLICATIONS AND PROBLEM
SOLVING

Lesson Objectives: By the end of this lesson, students will be able to:

Solve complex polygon property calculations
Construct polygons at various scales with precision
Create compound shapes and star polygons

Apply polygon knowledge to practical design projects
Analyze and solve real-world polygon problems

AN e

A. COMPREHENSIVE POLYGON CALCULATIONS
Advanced Angle Calculations: Mastering the mathematical relationships in polygons
Problem-Solving Framework:

Given: Number of sides (n), interior angle, or exterior angle
Find: Missing properties using formulas:

1. Sum of interior angles = (n - 2) x 180°

2. Each interior angle (regular) = (n - 2) x 180° =+ n
3. Each exterior angle (regular) = 360° + n

4. Number of diagonals = n(n - 3) + 2

Worked Examples:

Example 1: Regular Dodecagon (12 sides)

Each interior angle = (12 - 2) x 180° + 12
= 10 x 180° + 12
= 1800° + 12 = 150°

Example 2: Finding Sides from Interior Angle
Given: Interior angle = 140°

140° = (n - 2) x 180° + n

140n = 180n - 360

360 = 40n
n = 9 sides (Nonagon)

Example 3: Finding Sides from Exterior Angle

Given: Exterior angle = 45°

45° = 360° + n

n = 360° + 45° = 8 sides (Octagon)
Perimeter and Diagonal Problems:

Example 4: Perimeter Calculations
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Regular pentagon side = 6.5cm
Perimeter = 5 x 6.5 = 32.5cm

Regular octagon perimeter = 56cm
Side = 56 + 8 = 7cm

Example 5: Diagonal Analysis

Regular decagon (10 sides):
Diagonals = 10(10 - 3) + 2 = 35 diagonals

Given 20 diagonals:
20 = n(n - 3) + 2

40 = n? - 3n
nz - 3n - 40 = 0
(n - 8)(n+5) =290

n = 8 sides

B. PRECISION CONSTRUCTION AT VARIOUS SCALES
Small-Scale Construction (2-3cm sides): Developing fine motor skills and precision
Technical Challenges:

e Requires extremely sharp pencil points

e Steady hand and good lighting essential
e Use of fine-tip compasses recommended
e Magnification tools can be helpful

Application: Jewelry design, micro-mechanical components, detailed architectural elements
Medium-Scale Construction (5-7cm sides): Ideal for learning and standard technical work
Benefits:

e Clear visibility of construction lines
e Accurate measurement possible

e Suitable for A4 paper size

e Perfect for classroom demonstrations

Example: Regular Pentagon Construction

Step 1: Base line AB = 6cm

Step 2: Construct 72° angles at ends
Step 3: Mark 6cm on angle lines

Step 4: Complete pentagon
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Large-Scale Construction (8-10cm sides): Demonstration and display purposes
Considerations:

e Requires A3 or larger paper

e More time-consuming but highly impressive
e Excellent for developing spatial reasoning

e Ideal for technical presentations

C. COMPOUND SHAPES AND INSCRIBED POLYGONS
Geometric Relationships: Exploring polygons within polygons
Square Inscribed in Octagon:

Construction Method:

1. Construct regular octagon
2. Identify alternate vertices
3. Connect vertices 1, 3, 5, 7
4. Verify square properties

le—e?2

ANA

Se——e—/—e3

70— —e—\—e4

Square vertices: 1, 3, 5, 7
Hexagon Inscribed in Triangle:

Advanced Construction:

1. Draw equilateral triangle

2. Divide each side into three equal parts
3. Connect division points parallel to sides
4. Central hexagon emerges naturally
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A
I\
S\
B——C

Engineering Insight: Inscribed shapes are crucial in mechanical design for creating internal
gears, bearing races, and multi-component assemblies

D. STAR POLYGONS AND COMPLEX FORMS
Pentagram Construction: 7%e classic 5-pointed star
Construction Steps:

. Construct regular pentagon

. Extend all sides until they intersect

. Identify the five outer intersection points
. Connect these points to form the star

AWN PR

A
/|\
B C
JAVAN
E——e—0D

Historical Significance:

e Used in heraldry and national flags
e Ancient symbol in multiple cultures
e Represents mathematical perfection
e Common in decorative arts

Hexagram Construction: The Star of David - two overlapping triangles
Construction Method:

. Draw first equilateral triangle

. Draw inverted equilateral triangle
. Ensure precise 60° angles

. Verify symmetrical overlap

Al

AwWN R
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Applications:

Religious and cultural symbols
Architectural decoration
Security patterns

Corporate logos

E. PRACTICAL DESIGN PROJECTS

Project 1: Honeycomb Tessellation Pattern Mathematical perfection in nature

Design Specifications:

e Regular hexagons only

e No gaps or overlaps
e Continuous repeating pattern

e Minimum 6X6 unit area

Construction Process:

Step 1: Draw central hexagon

Step 2: Add surrounding hexagons

Step 3: Verify 120° angles at vertices
Step 4: Extend pattern uniformly

/ —\{—\
0
\—=/\—/

Real-World Applications:

e Aecrospace honeycomb structures

e Efficient packaging designs
e Architectural facades

e Weight-optimized components

Project 2: Professional Logo Design Applying
Design Process:

. Select appropriate polygon (triangl
. Incorporate company initials

. Add decorative elements

. Ensure scalability and recognition

AWN R

polygon principles to branding

e to octagon)
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Example: Technology Company

\
\
e | Pentagon with

|
\ // circuit pattern

TECH CO

Project 3: Architectural Window Design Combining aesthetics and structure
Design Considerations:

e Structural integrity of frame

e Light transmission optimization
e Weather sealing requirements

e Maintenance accessibility

Octagonal Window Example:

/[—\

e

/

Features:

e 8 equal sides for symmetry
Central support cross
Equal glass panel sizes
Strong frame corners

F. PROBLEM-SOLVING FRAMEWORK
Systematic Approach to Polygon Problems:
Step 1: Problem Analysis

¢ Identify given information
e Determine required outputs
e Select appropriate formulas

Step 2: Mathematical Solution

e Apply polygon formulas
e Show all working steps
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e Verify dimensional consistency
Step 3: Geometric Construction

e Choose appropriate scale
e Select construction method
e Execute with precision

Step 4: Verification

e Check angle sums
e Verify side equality
e Confirm perimeter/diagonals

Advanced Challenge Problems:
Problem 1: Multi-layer Design

Design a pattern with:

e Outer octagon (side 8cm)

e Inner hexagon (inscribed)

e Central square (inscribed in hexagon)

Requires understanding of:

e Polygon inscription methods
e Scale relationships

e Geometric proportions

Problem 2: Structural Analysis

A hexagonal bolt head must withstand 50Nm torque.
Given material strength, determine:

e Minimum side length

e Optimal construction method

e Safety factor considerations

Applies polygon knowledge to engineering design.

EVALUATION QUESTIONS
1. A regular polygon has an interior angle of 165°. (alculate:

The number of sides
The sum of all interior angles
The number of diagonals
o Construct this polygon with Scm sides
2. Fxplain the geometric relationship between a regular pentagon and its inscribed pentagram. (onstruct both
shapes showing their mathematical connection.

O O O
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3. Jesign a tessellation pattern using regular octagons and squares that covers a plane without gaps. (alculate
the required size relationships between the shapes.

%. A mechanical component requires a hexagonal pattern with 20mm between parallel sides. (‘alculate the side
length and construct the hexagon using geometric methods.

5. Analyze three different construction methods for regular heptagons and recommend the most accurate
technique for precision engineering applications.

PRACTICAL ASSIGNMENT (Total: 50 marks)
PART A: Advanced Calculations (15 marks)

Complete the Comprehensive Properties Table:

Polygon Sides | Interior Sum | Each Interior | Each Exterior | Diagonals
Nonagon 9

Decagon 10

Dodecagon | 12

Solve Complex Problems:

1. Polygon with 44 diagonals - find number of sides
2. Regular polygon with interior angle 156° - identify polygon
3. Regular heptagon with side 4.5cm - calculate perimeter

PART B: Precision Constructions (25 marks)
1. Regular Pentagon Mastery (10 marks)

e Side length: S5cm

e Show all geometric construction lines
e Demonstrate angle verification

e Label vertices and key points

2. Octagon in Circle (8 marks)

Inscribed in circle radius 4cm

Mark 45° central angles

Show perpendicular bisector method

Verify side length equality
3. Hexagram Construction (7 marks)

e Two overlapping equilateral triangles
e Side length: 4cm each

e Demonstrate precise 60° angles

e Show symmetrical overlap
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PART C: Design Application (10 marks)
Tessellation Design Project:

e Use regular hexagons OR equilateral triangles
e Design area: 10cm % 10cm minimum

e Include at least 10 complete polygons

e Demonstrate mathematical validity

e Show creative pattern arrangement

Professional Standards:

e / Mathematical accuracy in calculations
e V/ Precision in geometric constructions

e / Clean, organized presentation

e / Proper tool usage and technique

e V Creative and practical design solutions

Engineering Application: The ability to construct precise polygons is fundamental in
mechanical engineering for gear design, in architecture for structural elements, and in product
design for aesthetic patterns. Mastering these skills provides a foundation for computer-aided
design and manufacturing processes.

Advanced Insight: The most efficient natural structures often use hexagonal patterns because
they provide maximum strength with minimum material. Understanding polygon mathematics
enables engineers to replicate these efficient patterns in human-made structures, from aerospace
components to architectural systems.

Pro Tip: When constructing complex polygons, always begin with the most accurate method
available and verify your work at multiple stages. Small errors in initial construction compound
significantly in final results.
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WEEK 4: SCALES IN TECHNICAL DRAWING
INTRODUCTION

Technical drawings represent objects that are often too large or too small to be drawn at their
actual size. Scales provide the essential link between the drawing and the real-world object,
ensuring accuracy, clarity, and effective communication.

A. MEANING AND IMPORTANCE OF SCALES

Definition: A scale is the defined ratio between the linear dimensions of an object as drawn and
the actual linear dimensions of the object itself.

Why Are Scales Essential?
Scales solve two fundamental problems in technical drawing:

1. Reduction for [ arge (hjects: |t is impractical to draw a building, a bridge, or a machine at its full size.

o Example: A 50-meter long building cannot be drawn on an A3 sheet. Using a
scale of 1:100, the drawing length becomes a manageable 50 cm.
2. Fnlargement for Small (Jhjects: Tiny components need to be enlarged to show detail clearly.

o Example: The intricate mechanism of a watch is only 2mm across. Using a scale
of 10:1, the drawing becomes a clear 20mm, allowing all details to be seen and
dimensioned.

Scale Notation
Scales are written as a ratio: Drawing Length : Actual Length

o Reduction Scales (Jrawing is smaller): The second number is larger.

o 1:2 — 1 unit on drawing = 2 units in reality (Half size)
o 1:50 — I cm on drawing = 50 cm in reality
o 1:100 — 1 cm on drawing = 100 cm (1 m) in reality

¢ [Fnlargement Scales (Jrawing is larger): The first number is larger.

o 2:1 — 2 units on drawing = 1 unit in reality (Twice size)
o 5:1 — 5 units on drawing = 1 unit in reality (Five times size)
o T[ull Size:

o 1:1 — Drawing size = Actual size

92




B. TYPES OF SCALES AND THEIR CONSTRUCTION
1. Representative Fraction (RF)

The Representative Fraction expresses the scale as a simple fraction or ratio, where the
numerator represents the drawing distance and the denominator the actual distance.

e RF = (Length on Drawing) / (Actual Length)
Examples:

e Scale 1:50 — RF =1/50
e Scale5:1 > RF=5/1=5

Calculating the RF:

e Example: If 2 cm on a drawing represents 1 meter in reality:
o RF=2cm/1m=2cm/100cm=2/100=1/50
o Therefore, the scale is 1:50.

2. Plain Scale

A plain scale represents two units (e.g., meters and decimeters) using a straight line divided into
primary divisions and subdivisions.

Construction of a Plain Scale (Example: 1:100, to read up to 8 meters)
1. Determine [Jrawing [ ength:

o Maximum Length to Show = 8 m = 800 cm
o Scale=1:100
o Length of Scale on Paper = 800 cm / 100 = 8 cm

2. Praw a line 8 cm long. [)ivide it into 8 equal primary divisions. F ach division represents 1 meter.

3. Subdivide the first division: [)ivide the leftmost primary division (04m) into 10 equal parts. F ach of these
subdivisions represents 1 decimeter (0.1 m).

1. abel the Scale:

o Mark the primary divisions to the right of zero (0, 1, 2...8 m).
o Mark the subdivisions to the left of zero (10, 9, 8...1 dm).
o Add atitle and the RF.
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PLAIN SCALE (RF = 1/100)

<---- Subdivisions (Decimeters) ---><------ Primary Divisions (Meters) --
-—-->
1 .9 .8 .7 .6 .5 .4 .3 .2 .1 |e 1 2 3 ...
8
l l l l | | | |
| I I |
T
Zero

How to Read a Plain Scale: To measure 5.7 meters:

1. Place one leg of the divider at the 'S' meter mark.
2. Place the other leg 7 subdivisions to the left (on the 0.7 m mark).
3. The total distance between the two legs represents 5.7 m.

3. Diagonal Scale

A diagonal scale uses the principle of similar triangles to show three successive units (e.g.,
meters, decimeters, centimeters) and provides higher precision than a plain scale.

Principle: A diagonal divides a small unit into a number of equal parts by using vertically
divided parallel lines.

Construction of a Diagonal Scale (Example: 1:50, to read up to 6 meters)
I Jetermine Jrawing [ ength:

o Maximum Length = 6 m = 600 cm
o Scale=1:50
o Length of Scale =600 cm /50 =12 cm
2. Draw a rectangle 12 cm long and 510 em high (the height is arbitrary but must be divided into equal parts).

3. Jivide the base: [)ivide the 12 cm length into 6 equal primary divisions (each 2 cm representing 1 meter).
4. Divide the height; Divide the height into 10 equal horizontal lines. F ach line represents 1 decimeter (0.1 m).
5. Subdivide the first division: [)ivide the leftmost primary division (04m) into 10 equal vertical parts.

6. Praw diagonals: [Jraw lines from the subdivided points on the vertical axis to the corresponding points on the
first vertical line of the grid.

DIAGONAL SCALE (RF = 1/50)
Decimeters
T
10 |
9 |
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0 1 2 3 4 5 6 7 8 9 10 cm 1 2 3
Meters
1
Centimeters

How to Read a Diagonal Scale: To measure 3.47 meters (3 m, 4 dm, 7 cm):

1. Locate the 3 m point on the primary scale.
2. Move vertically upwards to the 4th horizontal line (4 dm).

3. Move diagonally along the 4th horizontal line until you intersect the 7th vertical line
within the first division (7 cm).

4. This point represents 3.47 m.

C. PRACTICAL APPLICATIONS OF SCALES

Field Application Common Scales
Architecture Floor Plans, Elevations 1:50, 1:100
Site Plans 1:200, 1:500
Location Plans 1:1250, 1:2500
Engineering Small Components (e.g., screws) 2:1, 5:1, 10:1
Machine Parts 1:1,1:2, 1:5
Large Assemblies (e.g., engine) 1:10, 1:20
Cartography Town Maps 1:10,000
Road Maps 1:50,000
Regional Maps 1:250,000

D. CALCULATIONS WITH SCALES
1. Finding Drawing Size

e Problem: An 80m long object is drawn at 1:200. What is its drawing length?
e Solution:
o Actual =80 m = 8000 cm
o Drawing Length = Actual / Scale Denominator = 8000 cm / 200 = 40 cm
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2. Finding Actual Size

e Problem: A line on a drawing is 25 cm long at a scale of 1:50. What is the actual length?

e Solution:
o Actual Length = Drawing x Scale Denominator = 25 cm x 50 = 1250 cm = 12.5
m

3. Finding the Scale

e Problem: A 15m actual distance is represented by 30cm on a drawing. What is the scale?
e Solution:

o Convert to same units: Actual = 15 m = 1500 cm, Drawing = 30 cm

o Scale = Drawing : Actual =30:1500=1:50

o Scale is 1:50

4. Area Calculations

e Problem: A room is drawn as 4cm X 3cm at a scale of 1:100. What is the actual area?
e Solution:
o Method 1: Find actual dimensions first.
= Actual Length=4 cm x 100 =400 cm =4 m
=  Actual Width=3 cm x 100 =300 cm =3 m
= Actual Area=4 m x 3 m =12 m?
o Method 2: Use the area scale factor.
= Linear Scale = 1:100 — Area Scale = (100)?> = 1:10,000
* Drawing Area=4 cm x 3 cm = 12 cm?
= Actual Area =12 cm? x 10,000 = 120,000 cm? = 12 m?

E. DIMENSIONING ON SCALED DRAWINGS

Even when a drawing is scaled, dimensions must always show the true, actual measurement of
the object.

Rules for Good Dimensioning:

e Dimensions are placed outside the outline of the object.

e A gap should exist between the object and the extension line.

e Dimension lines are fine, dark, and solid.

e Arrowheads are slim and should touch the extension lines.

e The dimension value (in mm or m) is placed above and centered on the dimension line.

Correct Dimensioning Example:
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30

<« 50 -

Chain Dimensioning: For multiple features, provide both overall dimensions and smaller part
dimensions.

«—20—>¢—30—><—20—>

40

EVALUATION QUESTIONS

PP =

~

Define the term "scale" as used in technical drawing.
Explain the practical difference between a scale of 1:50 and 50:1.
Convert the statement scale "1 cm = 5 m" into a Representative Fraction (RF).

Which type of scale is used to show three different units (e.g., m, dm, cm) and why is it
more precise?

A line on a drawing is 8 cm long. If the scale is 1:100, what is the actual length of the
object?

Construct a plain scale of 1:50 to read up to 8 meters and show decimeters.

List three different fields that use scaled drawings and give one example scale for each.

An actual distance of 25 meters is represented by 50 cm on a drawing. What is the scale
of the drawing?

ASSIGNMENT
PART A: Calculations (20 marks)

1

(Complete the table below:

Drawing Size | Scale | Actual Size

6 cm 1:100 | ?

? 1:50 | 20m

15cm ? 7.5m

4 cm 1:200 | ?

(Convert the following to a R epresentative fraction (RF): 2) lem:2mb)lem:50 ecme) 2 em: 5 m
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3. A room measures 6 m by f m and is to be drawn at a scale of L:100. a) What will its dimensions be on the
drawing (in cm)? b) What will the area of the room be on the drawing (in em?)? ¢) What is the actual area of
the room (in m?)?

PART B: Scale Construction (30 marks)
. (onstroct a Plain Scale:

RF =1/100
To read up to 12 meters
Capable of showing decimeters

O O O O

On your constructed scale, clearly indicate and label the distances 5.7 m, 8.4 m,
and 10.2 m.

2. (onstruct a [)iagonal Scale:

RF =1/50

To read up to 6 meters

Capable of showing decimeters and centimeters

The height of the scale should be a minimum of 8 cm.

On your constructed scale, clearly indicate and label the points representing 2.34
m, 4.56 m, and 5.78 m.

O O O O O

Requirements for Construction:

e Accuracy in divisions and measurements.
e Clear and complete labeling.

e Neat presentation and line work.

e Proper title and RF clearly stated.
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WEEK 6: ENLARGEMENT AND REDUCTION OF PLANE FIGURES
INTRODUCTION

In technical drawing, we often need to change the size of figures while preserving their essential
shape and proportions. This process is fundamental in creating scale drawings for architecture,
engineering, and design.

Definitions:

¢ Enlargement: Increasing the size of a figure while maintaining its shape and proportions
¢ Reduction: Decreasing the size of a figure while maintaining its shape and proportions

Principle of Similar Figures: Enlarged and reduced figures are mathematically similar to the
original.

Original Figure Enlarged (k=2) Reduced (k=1/2)

i

Properties Maintained:

e All corresponding angles remain equal
e Relative proportions between sides are preserved
e Overall shape remains identical

Properties Changed:

e Length of all sides
e Perimeter
e Area

B. SCALE FACTOR AND ITS EFFECTS

Scale Factor (k) = Dimension of New Figure +~ Dimension of Original Figure

Types of Scale Factors:
e Fnlargement (k > 1): Figure becomes larger

o k=2 — Double the size
o k=1.5— One and a half times the size
o k=3 — Triple the size

o Reduction (k < 1): Figure becomes smaller

o k=1/2 — Half the size
o k=0.75 — Three-quarters the size
o k=1/3 — One-third the size
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o [Full Size (k = I): No change in size
Mathematical Effects of Scale Factor:

If scale factor = K, then:

Measurement Effect | Example (k=3)
Linear Dimensions (sides, heights) | x k 4cm — 12cm
Perimeter x k 16cm — 48cm
Area x k2 16cm? — 144cm?
Volume (3D objects) xk* | 8cm?® — 216cm?

Example Calculation: Original square: side = 4cm, Scale factor k =3

e New side =4cm x 3 =12cm

e Original perimeter =4 X 4cm = 16cm

e New perimeter = 16cm % 3 = 48cm

e Original area = 4cm x 4cm = 16cm?

e New area = 16cm? x (3)>= 16cm? x 9 = 144cm?

C. METHOD 1: RAY METHOD (RADIAL PROJECTION)

This method uses a center point (O) from which rays are drawn through key points of the
original figure.

Enlargement by Ray Method:
Given: Triangle ABC, Scale factor k =2
Construction Steps:

1. Choose Center Point O: Select a point outside the figure
2. Draw Rays: From O, draw straight lines through vertices A, B, and C

3. Measure and Mark: For each vertex, measure distance from O to the vertex and mark
the new position at k times that distance
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4. Connect Points: Join the new points to form the enlarged figure
0 (Center Point)

Key Points:

e Center O can be inside, outside, or on the figure

e All corresponding points lie on straight lines through O

e Distance ratio: OA'/OA = OB'/OB = OC'/OC =k
Reduction by Ray Method:

Procedure is identical but with k <1
Example: k = 1/2 (half size)

e Measure OA, OB, OC
e Mark A', B', C' at half the distance from O

D. METHOD 2: GRID METHOD (COORDINATE TRANSFER)

This method uses a coordinate grid to transfer points proportionally. Excellent for irregular

shapes.
Enlargement by Grid Method (k = 2):
Construction Steps:

1. Overlay Grid: Draw a grid of squares over the original figure

2. Create Scaled Grid: Draw a new grid with square size = original square size x k
3. Transfer Points: For each point where the figure intersects the original grid, mark the

corresponding position on the new grid
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4. Connect Points: Join the points in the same sequence as the original
Original (1cm grid) Enlarged (2cm grid)

Advantages of Grid Method:

e Works for any shape, no matter how irregular

e [Easy to implement

e Maintains accuracy for complex curves

e Can use different grid densities for required precision

E. METHOD 3: DIAGONAL METHOD (FOR RECTANGLES AND
SIMILAR FIGURES)

Efficient method for rectangular figures using diagonal extension.

Construction Steps (Enlargement k = 2.5):

1. Draw Original: Rectangle ABCD (4cm X 3cm)
2. Extend Sides: Extend sides AB and AD in the direction of enlargement
3. Draw Diagonal: Draw diagonal AC and extend it
4. Mark New Width: From A, mark AB' =k x AB (4cm % 2.5 = 10cm)
5. Find Height: From B', draw vertical to meet the diagonal at C'
6. Complete Rectangle: Draw AD' =k x AD (3cm X 2.5 = 7.5cm) and complete the
rectangle
Ae oB eB' (10cm)

oC oC'
o— oD oD’
D (7.5cm)

Verification: New rectangle = 10cm x 7.5cm (2.5 % original dimensions)

102




F. AREA-BASED ENLARGEMENT AND REDUCTION

When working with area requirements rather than linear dimensions.
Key Principle: Area Scale Factor = (Linear Scale Factor)?

Finding Linear Scale from Area Ratio:
e Linear Scale Factor (k) = V(Area Ratio)
e Area Ratio = New Area + Original Area

Example 1: Enlargement by Area

e Original area = 25cm?

e Required new area = 100cm?

e Arearatio=100~+25=4

e Linear scale factor k = V4 =2

e All linear dimensions multiply by 2

Example 2: Reduction by Area

e Original triangle: base = 6¢cm, height = 4cm, area = /2x6x4 = 12cm?
e Required new area = 3cm? (one-quarter original)

e Arearatio=3+12=1/4

e Linear scale factor k = \(1/4) = 1/2

e New base = 6cm % 0.5 =3cm

e New height =4cm x 0.5 =2cm

G. PRACTICAL APPLICATIONS AND REPRODUCTION

Reproduction to Given Scale:
Example: Reproduce pentagon at scale 1:2 (reduction)
Step-by-Step:

1. List Original Dimensions: All sides and angles
2. Calculate New Dimensions: Multiply all measurements by k = 1/2
3. Construct Using Preferred Method: Ray, grid, or direct measurement method
Original: Reduced (1:2):
2cm 1cm

o—O o—O
3cm 1.5
3cm 2.5cm - 1.5cm 1.25cm
o— ™m0 om0
4cm 2cm
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Industry Applications:
e Architecture: Creating scale models from floor plans
e Manufacturing: Scaling prototypes to production size
e Cartography: Creating maps at different scales
e Graphic Design: Resizing logos and layouts

EVALUATION QUESTIONS

1. Define enlargement and reduction in technical drawing. What properties are maintained
in both processes?

2. If the scale factor is 4, what is the effect on: (a) perimeter, (b) area?

3. A square has sides of 8cm. If enlarged by scale factor 1.5, calculate: (a) new side length,
(b) new perimeter, (c) new area.

4. Describe the construction steps for enlarging a triangle using the ray method.

5. A shape has an area of 50cm?. After enlargement, its area becomes 200cm?. Calculate the
linear scale factor.

6. What is the main advantage of the grid method for enlargement/reduction?

7. A rectangle measures 12cm by 8cm. If reduced by scale factor 1/4, find its new
dimensions.

ASSIGNMENT
PRACTICAL ASSIGNMENT (Total: 50 marks)

PART A: Ray Method Construction (20 marks)
1. Fnlargement Task:

Draw triangle ABC with: AB = 7cm, BC = 6cm, AC = 5cm
Using the ray method, enlarge the triangle by scale factor 2.5
Choose an appropriate center point O

Show all construction lines and rays

o Measure and verify the dimensions of the enlarged triangle

2. Reduction Task:

o O O O

o Draw a regular hexagon with side length Scm
o Using the ray method, reduce it by scale factor 2/3
o Clearly mark your center point O
o Measure the sides of the reduced hexagon to verify accuracy
PART B: Grid Method Application (15 marks)
e Create an irregular shape covering approximately 60% of a 5x5 grid (2cm squares)
e Using the grid method, enlarge your shape by scale factor 1.8
e Show both the original and enlarged grids clearly
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e Accurately transfer the shape maintaining all proportions

e Comment on any challenges encountered during the transfer process
PART C: Area-Based Problems (15 marks)

I Rectangle F nlargement:

A rectangle measures 12cm x 8cm (area = 96cm?)

Calculate the scale factor needed to achieve an area of 216cm?
Determine the new dimensions of the rectangle

Construct the enlarged rectangle using the diagonal method

2. Triangle R eduction:

O O O O

A triangle has base 10cm and area 40cm?

Calculate the height of the original triangle

Determine the scale factor needed to reduce the area to 10cm?
Calculate the new base and height dimensions

Construct the reduced triangle

O O O O O

Assessment Criteria:

e Accuracy of constructions and measurements
e Neatness and clarity of presentation

e Correct application of geometric principles

e Appropriate labeling of all elements

e Correct mathematical calculations
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WEEK 8: EQUAL AREAS OF SIMILAR FIGURES
INTRODUCTION TO EQUAL AREAS

In technical drawing and geometry, we often encounter situations where different shapes have
the same area despite having completely different appearances. Understanding how to convert
between these shapes while preserving area is crucial for practical applications in design,
engineering, and problem-solving.

Fundamental Concept: Multiple geometric shapes can enclose identical areas while having
different perimeters, angles, and overall forms.

Square (4x4) Rectangle (2x8) Right Triangle
/
4cm 2cm 6cm /
/
4cm 8cm 8cm
Area = 16cm? Area = 16cm? Area = 16cm?

Practical Applications:

e Land Surveying: Converting irregular plots to regular shapes for easier measurement
and documentation

e Material Estimation: Calculating required materials for complex shapes by converting
to simpler equivalents

e Architectural Design: Transforming spaces while maintaining floor area requirements

e Manufacturing: Optimizing material usage by reshaping components without changing
area

e Problem Solving: Simplifying complex geometric problems through shape conversion

B. MATHEMATICAL FOUNDATIONS

Key Area Formulas:

Shape Area Formula Variables

Rectangle A=1xw 1 = length, w = width

Square A=¢? s = side length

Triangle A=%xbxh b = base, h = height
Parallelogram | A=b xh b = base, h = height
Trapezium A ="(a+Db)xh|a,b=parallel sides, h = height
Circle A=mnr? r = radius

Conversion Principle: For any two shapes with equal area: Area: = Area:
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C. TRIANGLE TO RECTANGLE CONVERSION
Method 1: Mathematical Calculation

Given: Triangle with base (b) and height (h)
e Triangle Area: A=">2xb xh
To find rectangle dimensions:

e Choose one dimension (length or width)
e Calculate the other using: chosen dimension x unknown dimension =% x b x h

Example: Triangle with base 8cm, height 6cm

e Area=".x8 x6=24cm?

e Rectangle options:
o 8cm x 3cm (Area = 24cm?)
o 6cm X 4cm (Area = 24cm?)
o 12cm x 2cm (Area = 24cm?)

Method 2: Geometric Construction
Construction Steps:

Draw triangle ABC with base BC and height h

Find midpoint M of the height

Through M, draw line parallel to base BC

From B and C, drop perpendiculars to this line

The resulting rectangle has area equal to the triangle

AN e

h/2

Base b

Verification: Rectangle area = b x (h/2) = Y2bh = Triangle area

D. RECTANGLE TO TRIANGLE CONVERSION
Construction Method:

Given: Rectangle length (1), width (w)
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e Rectangle Area: A=1xw
Triangle dimensions for equal area:

e s xbase x height=1xw
e Ifbase =1, then height = 2w
e Ifbase =2l, then height =w

Geometric Construction:

1. Draw rectangle ABCD
2. Extend side AB
3. Mark point P such that AP =2 x width (if using base = length)
4. Join P to C and D to form triangle
P
\
\ 2w
\
\
Ae———eB
| '
De——oC
1

Area Verification: 2 X 1 x2w=1xw V/

E. RECTANGLE TO SQUARE CONVERSION
Mathematical Method:

e Rectangle Area: A=1xw

e Square side: s = V(I x w)

Example: Rectangle 9cm x 4cm

e Area=36cm?
e Square side = V36 = 6cm

Geometric Construction (Mean Proportional):
Steps:

1. Draw rectangle ABCD with AB = length, AD = width
Extend AB to point E such that BE = width

Find midpoint M of AE

Draw semicircle with center M and radius AM

At point B, erect perpendicular to meet semicircle at F
BF is the side of the required square

Sk WD
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Ae——eB oF

De——e(C
M Width

Mathematical Basis: BF = V(AB x BE) = \/(length x width)

F. TRIANGLE TO PARALLELOGRAM CONVERSION
Construction Method:

Given: Triangle with base b and height h

e Triangle Area: A="2xb xh
Parallelogram with same base:

e Base=b

e Height=h/2

e Area=>b x (h/2)='bh v/
Geometric Steps:

Draw triangle ABC

Find midpoint M of base BC

Through A, draw line parallel to BC

From B and C, draw lines parallel to AM

Complete parallelogram BDEC
De————  E

AN e

Be ° oC

Verification: Parallelogram BDEA has same area as triangle ABC
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G. SQUARE TO TRIANGLE CONVERSION
Method:

Given: Square side s
e Square Area: A =2
Triangle dimensions:

e 5> x base x height = s?

e Multiple combinations possible:
o Base =s, Height = 2s
o Base =2s, Height=s
o Base = 3s, Height = (2/3)s

Construction Example (Base = s, Height = 2s):

Draw square ABCD

Extend side AB

Mark point P such that AP = 2s
JoinPto Cand D

PP =

De

Area Check: 2 x s x 2s =82

H. TRAPEZIUM TO TRIANGLE CONVERSION
Method:

Given: Trapezium with parallel sides a, b and height h
e Trapezium Area: A ="5(a+b)*xh
Equivalent Triangle:

e Base=a+b
e Height=h
e Area='s(atb)xh v
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Geometric Construction:

1. Draw trapezium ABCD with AB =a, DC =b
2. Extend sides AD and BC to meet at P
3. Triangle PDC has area proportional to trapezium
4. Use intercept theorem to find exact triangle
P
/\
/ |\
/ |h\
/ \
Ae oB
\ /
\ | /
\|/
De—e(C
b

Alternative Method: Extend base to length (a + b) and maintain same height

I. PARALLELOGRAM TO RECTANGLE CONVERSION
"Cut and Paste" Method:

Given: Parallelogram base b, height h
e Area=bxh

Conversion Process:

1. Draw parallelogram ABCD

2. Identify right triangle at one end

3. Cut this triangle and translate to opposite side

4. Result is rectangle with same base and height

Original Parallelogram: Converted Rectangle:
De oC De——  C
/ /
/ / > h
/ /
Ae oB Ae——— B
b

Area Preservation: Both shapes have area = base x height




J. MULTIPLE CONVERSIONS AND PRACTICAL APPLICATIONS

Example: Triangle — Square — Rectangle

Original Triangle: Base = 12cm, Height = 8cm
o Area="'5x 12 x 8 =48cm?

Step 1: Triangle to Square

e Square side = V48 ~ 6.93cm
e Area=6.932=48cm? v/

Step 2: Square to Rectangle

e Choose length = 8cm

e Width=48 + 8§ = 6cm

o Area=8x6=48cm? vV
Real-World Applications:

1. Construction Planning: Converting irregular land areas to standard shapes for material
estimation

2. Manufacturing Optimization: Reshaping components to minimize waste while
maintaining functional area

3. Architectural Design: Transforming room layouts while preserving floor area
requirements

4. Agricultural Planning: Converting irregular fields to rectangular plots for irrigation
planning

CONSTRUCTION PRINCIPLES AND BEST PRACTICES

Accuracy Guidelines:
e Use sharp pencils and proper drawing instruments
e Keep construction lines light and visible
e Double-check all measurements before final inking
e Verify area calculations mathematically
e Label all vertices and dimensions clearly
Common Pitfalls to Avoid:
e Confusing linear scale with area scale
e Incorrect application of area formulas
e Poor choice of center points in radial methods
e Inaccurate bisection of lines and angles
e Failure to verify results mathematically
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EVALUATION QUESTIONS

L

[efine equal area conversion and explain two practical applications in technical fields.

2. ) triangle has base 10cm and height 6em. (alculate three different possible dimension combinations for an
equivalent rectangle.

3. (onvert a rectangle measuring 8cm  5em to an equivalent square using both mathematical calculation and
geomefric construction.

§.  Fxplain why multiple different shapes can have the same area, providing two specific examples.

5. Describe the geometric construction process for converting a triangle to a parallelogram of equal area.

6. A square has sides of 6em. [f converted to a triangle with base 9em, what height is required to maintain equal
area?

7. List four different shape conversion types possible while preserving area, and state the key mathematical
relationship for each.

ASSIGNMENT

PRACTICAL CONSTRUCTION PROJECT (Total: 50 marks)

PART A: Triangle to Rectangle Conversion (15 marks)

Task: Convert a triangle (base = 10cm, height = 6¢cm) to an equivalent rectangle

Requirements:
o Draw the original triangle with accurate dimensions
Calculate the area mathematically
Show geometric construction for conversion
Draw the resulting rectangle
Verify equal areas through calculation
o Use proper drawing standards and labeling

O
O
O
O

PART B: Rectangle to Square Conversion (15 marks)

Task: Convert a rectangle (12cm x 3cm) to an equivalent square

Requirements:
o Construct the original rectangle
Calculate the required square side length
Show the geometric mean construction method
Draw the resulting square
Provide mathematical verification

0O O O O O

Include all construction lines
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PART C: Multiple Shape Conversions (20 marks)
Task 1: Triangle Transformation Sequence

e Start with triangle: base = 8cm, height = 9cm

e Convert to rectangle (choose appropriate dimensions)
e Convert the rectangle to a square

e Display all three shapes clearly

e Provide area calculations for each

e Show construction lines for all conversions

Task 2: Trapezium Conversion

e Given trapezium: parallel sides = 8cm and 4cm, height = 6cm
e Convert to an equivalent triangle

e Show geometric construction process

e Verify equal areas mathematically

e Use proper technical drawing standards

Assessment Criteria:

e Accuracy of constructions and measurements

e Completeness of all required elements

e Neatness and technical presentation

e Mathematical verification of results

e Clarity of construction lines and labels

e Proper use of drawing instruments and techniques

Submission Requirements:

e Use A3 drawing paper

e Include title block with name, date, and assignment title

e Maintain consistent scale throughout

e Use different line weights (construction lines light, final outlines dark)
e Provide all calculations on the drawing sheet

e Include verification statements for each conversion
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WEEK 9: EQUAL AREAS OF SIMILAR FIGURES (Continued)
INTRODUCTION

Building on basic shape conversions, this week explores advanced techniques for converting
complex shapes while preserving area. These skills are essential for real-world applications in

surveying, manufacturing, and design optimization where irregular shapes must be transformed
into practical, workable forms.

A. ADVANCED CONVERSIONS

Conversion 8: Circle to Square
Mathematical Foundation:

e Circle Area: A = nr?
e Square Area: A =2
e For equal areas: s>=nr> > s = r\n

Example: Circle with radius Scm

e Circle Area =7 X 52 =251 = 78.54cm?
e Square side =5Vn ~ 5 x 1.772 = 8.86cm
e Verification: 8.86%2 = 78.54cm? v/

Geometric Construction Method:

1. Draw circle with center O and radius r
2. Construct square ABCD circumscribing the circle (side = 2r)
3. Use the geometric mean method to find side length = r\n

Square (Area = 4r2) Required Square (Area = nr?2)
El 2r o rvn
2r rvi = 1.772r

Practical Insight: The equivalent square has sides approximately 77.2% longer than the circle's
diameter.

Conversion 9: Circle to Rectangle

Method:

e Circle Area: A = nr?
e Rectangle Area: A=1xw
e For equal areas: 1 x w = nr?
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Example: Circle radius 4cm

e Circle Area=m x 42= 161 =~ 50.27cm?
e Choose length = 8cm
e Width=50.27 + 8 =6.28cm

Construction Approach:

1. Calculate circle area mathematically
2. Choose one dimension based on practical constraints
3. Compute the other dimension using: w = nr?/1

Original Circle Equivalent Rectangle
[:::::::} 8cm 6.28cm
r=4cm
Area = 50.27cm? 8cm

Area = 50.27cm?

B. COMPLEX SHAPE CONVERSIONS

Conversion 10: Irregular Polygon to Rectangle

Systematic Approach:
1. Decomposition: Divide the irregular shape into triangles and rectangles
2. Area Calculation: Compute area of each component
3. Summation: Total area = Z(component areas)
4. Reconstruction: Create rectangle with same total area

Example: Irregular Quadrilateral

Be oC
\ /
\ /
4cm \5cm / 3cm
\ /
\ /

Ae ® oD

4cm

Step-by-Step Solution:

1. Divide into triangles: ABC and ACD

2. Calculate areas:
o Triangle ABC: 2 x 6 x 4 =12cm?
o Triangle ACD: 72 X 4 X 3 = 6cm?
o Total Area=12+ 6= 18cm?
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3. Create equivalent rectangle:
o Choose length = 9cm (based on design needs)
o Width=18+9=2cm

Verification: 9cm x 2cm = 18cm? v/

C. GRAPHICAL AREA DETERMINATION
Method 1: Grid Counting Technique

Procedure for Irregular Shapes:

Overlay shape with transparent grid (typically lcm x 1cm)

Count full squares completely within the shape

Estimate partial squares using the "more than half = 1, less than half = 0" rule
Alternative: Estimate fractions for each partial square

Example Grid Analysis:

B

Full square (count as 1)

= More than half (count as 1)
= About half (count as 0.5)

Less than half (count as @)

Calculation:

Full squares: 6 x 1 = 6
More than half: 3 x 1 = 3
About half: 1 x 8.5 = 0.5

Total Area = 9.5 square units
Accuracy: Typically within 5-10% of actual area, depending on grid density.
Method 2: Trapezoidal Rule
Mathematical Foundation:

e Used for areas with irregular curved boundaries

¢ Divide area into equal-width strips

e Measure heights at regular intervals

e Apply formula: Area =d/2 x [ho + h, + 2(h1 + hz + ... + hy-1)]

Example: River Boundary Measurement

Heights measured every 2 meters:
ho = 8m, h1 = 11m, hz = 12m, h3 = 11m, h4 = 10m
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Area

2/2 x [8 + 10 + 2(11 + 12 + 11)]
1 x [18 + 2(34)]

=1 x [18 + 68]

= 86m2

Visual Representation:

Irregular Boundary:
ho=8m h1=11m h2=12m h3=11m h4=10m

\\- . .

< 2m - <« 2m -

D. PRACTICAL APPLICATIONS
Application 1: Land Division and Surveying

Problem: Divide irregular plot equally among multiple owners

Original Irregular Plot:

/ \ Area = 500m?2

Solution Process:

1. Calculate total area using appropriate method

2. Convert to equivalent rectangle

3. Divide rectangle into equal portions
Equivalent Rectangle:

500m? 20m

25m
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Equal Division (5 portions):

100 100 100 100 100
m?2 m?2 m?2 m?2 m?2

Advantages:

e Fair and equal distribution
e (lear boundary establishment
e Simplified legal documentation

Application 2: Material Optimization
Problem: Calculate material requirements for irregular component

Complex Shape:

/
| | Difficult to calculate
\ / material usage

/

Solution: Convert to simple rectangle for material estimation

Equivalent Rectangle:

Same Area Standard material
sheet sizes

Benefits:

e Reduced material waste
e FEasier cost calculation
e Simplified manufacturing process

Application 3: Design Optimization

Case Study: Triangular plot to rectangular conversion

Original Triangle: Equivalent Rectangle:
/\
/ 0\
/ \ 150m? 6m
/ \
/ \
30m 25m
Design Advantages:
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e Better building orientation
e Improved space utilization
e Standard construction techniques applicable
e Enhanced aesthetic appeal

E. ADVANCED TECHNIQUES

Composite Shape Conversions
Problem: Convert combined shapes to single equivalent shape

Semi-circle + Rectangle Combination:

4cm

6cm

Solution Process:

1. (alculate component areas:

o Semi-circle: r = 3cm, Area ="' X 1 X 32~ 14.14cm?
o Rectangle: 6cm x 4cm = 24cm?
o Total Area = 14.14 + 24 = 38.14cm?

2. (reate equivalent rectangle:

o Maintain width = 6¢cm (design constraint)
o Length=38.14+ 6 = 6.36cm
Single Equivalent Rectangle:

6cm

6.36cm
Proportional Scaling with Area Conservation

Concept: Maintain area while changing shape proportions

Different Proportions, Same Area (20cm2?):
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Shape A (5x4): Shape B (10x2): Shape C (8%x2.5):

4cm 2cm 2.5cm

5cm 10cm 8cm

Applications:

Adapting designs to available space
Creating aesthetic variations
Meeting functional requirements
Optimizing material usage

CONSTRUCTION BEST PRACTICES

Accuracy Guidelines:

1.

Measurement Precision: Use appropriate instruments for required accuracy

2. Scale Selection: Choose scales that maximize drawing clarity

3.

Verification: Always verify areas mathematically after construction

4. Documentation: Clearly label all dimensions and calculations

Common Error Prevention:

Double-check area formulas application
Verify geometric construction accuracy

Use consistent units throughout

Cross-verify results using alternative methods

EVALUATION QUESTIONS

L

2.

A circle has radivs 6cm. (alculate the side length of an equivalent square and verify the areas are equal.

Describe the trapezoidal rule for area determination, including the mathematical formula and when it is most
appropriately used.

[ xplain why converting irregular land plots to rectangles is advantageous for property division, providing two
specific benefits.

An irregular shape is drawn on lem graph paper. [Jescribe the grid counting method for area estimation and
how to handle partial squares.

(onvert a trapezium with bases 8cm and 4em and height Sem to an equivalent rectangle, showing all
calculations.

(ompare and contrast the grid counting method and trapezoidal rule for graphical area determination, stating
one advantage of each.
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7.

An irregular plot has area 120m?. [f converted to a rectangle 15m wide, what length is required? Show the
calculation.

ASSIGNMENT
PRACTICAL APPLICATION PROJECT (Total: 50 marks)

PART A: Circle Conversions (15 marks)

Task 1: Circle to Square Conversion

Draw a circle with radius Scm

Calculate its exact area

Determine the side length of an equivalent square
Construct the square using geometric methods
Mathematically verify equal areas

Assessment: Accuracy, construction quality, verification

Task 2: Circle to Rectangle Conversion

Using the same circle (r=5cm)

Convert to a rectangle with length 10cm

Calculate the required width

Construct the rectangle accurately

Assessment: Calculation correctness, dimensional accuracy

PART B: Irregular Shape Analysis (15 marks)

Task: Irregular Pentagon Analysis

Design an irregular pentagon with minimum 5 vertices

Draw it on 1cm graph paper

Estimate the area using grid counting method

Convert to an equivalent rectangle with practical dimensions

Show all measurements and calculations

Assessment: Shape complexity, counting accuracy, conversion validity

PART C: Real-World Applications (20 marks)

Task 1: Land Plot Conversion

A trapezium plot has bases 20m and 12m with height 15m
Draw it to scale 1:100

Calculate the exact area

Convert to a rectangular plot 16m wide

Determine the required length
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e Draw the rectangular plot to the same scale
e Write a brief report explaining advantages of the rectangular configuration
e Assessment: Scale accuracy, calculation correctness, practical insight

Task 2: Composite Figure Conversion

e Create a composite figure comprising:
o Rectangle: 8cm x 4cm
o Triangle on top: base 8cm, height 6cm
e (Calculate the total area
e Convert to a single rectangle 10cm long
e Determine the required width
e Construct both figures showing the conversion
e Verify equal areas mathematically
e Assessment: Composite design, calculation accuracy, construction quality

Submission Requirements:

e Use A3 drawing paper for all constructions

e Include title block with name, date, and assignment details

e Maintain consistent scale and proportion

e Use appropriate line weights (construction lines light, final outlines dark)
e Show all calculations on the drawing sheet

e Provide verification statements for each conversion

e Include brief explanatory notes where applicable

Grading Criteria:

e Technical Accuracy (40%): Correct calculations and constructions
e Completeness (25%): All required elements present

e Presentation Quality (20%): Neatness and clarity

e Practical Insight (15%): Understanding of real-world applications
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WEEK 10: TANGENTS AND TANGENCY - PROPERTIES AND
CONSTRUCTION

INTRODUCTION

Tangents are fundamental geometric elements that describe lines touching curves at single points.
Understanding tangent properties and construction is crucial in engineering, manufacturing, and
design applications ranging from gear systems to architectural curves.

A. FUNDAMENTAL CONCEPTS AND PROPERTIES
Definition of Tangent

A tangent to a circle is a straight line that touches the circle at exactly one point, known as the
point of tangency.

Tangent Line Properties:

T
e T (Point of Tangency)

/I\

| o | center C

\|/

e C (Center)

Key Geometric Relationships
1. Tangent-Radius Perpendicularity:

e The radius to the point of tangency is always perpendicular to the tangent line
e CT 1 Tangent at point T

e This is the most critical property used in constructions

Mathematical Proof:

If CT were not perpendicular to the tangent,
it would intersect the circle at two points -
contradicting the definition of a tangent.

2. Two Tangents from External Point:

e From any external point P, exactly two tangents can be drawn to a circle
e These tangents have equal lengths: PT: = PT:
e The line from the external point to the center bisects the angle between the tangents
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External Point Properties:
P e
/ \

Key Relationships:

e PT, = PT,

e /LT,PT, is bisected by PC
e /PT.C = ZPT,C = 90°

B. CONSTRUCTION METHODS
Method 1: Tangent at a Point on the Circle

Given: Circle with center C, point T on circumference
Construction Steps:

1. Draw radius CT
2. Construct a line perpendicular to CT at point T

Detailed Geometric Construction:

Step 1: Draw circle and mark point T
o (Circle)
e T (Point on circumference)

Step 2: Join C to T (radius)
o
o T

o C

Step 3: Construct perpendicular at T
Method A (Using Compass):
- With T as center, draw arc intersecting CT at P
- With P as center, same radius, draw arc above T
- Repeat from other side, get intersection point R
- Join R-T for tangent

Method B (Using Set Square):
- Place set square with one edge along CT
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- Slide until perpendicular edge passes through T
- Draw line through T

Verification: The constructed line touches the circle only at point T and is perpendicular to
radius CT.

Method 2: Tangents from an External Point
Given: Circle with center C, external point P
Construction Steps:

JoinPto C
Find midpoint M of PC
Draw circle with center M and radius MP

This circle intersects the original circle at tangent points T: and T2
Join P to T: and P to T2

Nk

Mathematical Basis:

e Angle in a semicircle is 90°
e Since PC is diameter of the construction circle, ZPT:C = 90°

e Therefore PT: L CTi, making PT: a tangent
Complete Construction:
P e
A\

/
/ \
T1 o——M———e Tz
\ eC/
\ /
\ /
\/

Where:

¢ M = midpoint of PC

e T1, T, = intersection points of circles
e PT, and PT, are the required tangents

Length Calculation:

e Tangent Length = V(PC? - r?)
e Where PC = distance from external point to center
e r=radius of circle

Example: Circle radius 3cm, point P 8cm from center

e Tangent length = V(8% - 32) = (64 - 9) =55 ~ 7.42cm
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C. TANGENTS TO TWO CIRCLES
Case 1: External Tangents (Same Side)

Used when: Both circles lie on the same side of the tangent line

Construction for Equal Circles:

1. Join centers CiC:
2. Construct perpendicular to C:C: at Ci, marking T:
3. Construct parallel line through Cz, marking T
4. Join TiT:
Equal Circles (r, = rz)
Ty e—e
/I\ / |\
| « C;———e C, |

\-/ \-/
Construction for Unequal Circles (r1 > r2):

Join centers CiC:

Draw auxiliary circle centered at C: with radius (11 - 12)
Construct tangent from C: to this auxiliary circle
Extend this line to find actual tangent points

Unequal Circles (ri > r3):
T, @ o T,

/I\ /I\

| * Ca ° Co |

\-/ o

Case 2: Internal Tangents (Crossing)

B

Used when: The tangent crosses between the two circles

Construction:
1. Join centers CiC:
2. Draw auxiliary circle centered at C: with radius (11 + r2)
3. Construct tangent from C: to this auxiliary circle
4. Project to find crossing tangent points

Internal Tangent:
T, @

/|\

\I/\ /I\
o T,
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D. PRACTICAL APPLICATIONS
Application 1: Belt and Pulley Systems

Problem: Calculate belt length connecting two pulleys

Pulley System:

/—\ [\

| o [=—I o |

\—/

Where:
e "=" represents belt segments (tangents)
e Arcs wrap around pulleys

Calculation Method:

e Belt Length =2 x (Tangent Length) + Arc: + Arc:
e Tangent Length = V[D? - (11 - 12)7] (for external tangents)
e Where D = distance between centers

Example: r: = 6cm, 12 = 4cm, D = 20cm

o Tangent = V[202 - (6-4)2] = V[400 - 4] = V396 ~ 19.90cm
e Belt=2x19.90 + (circumference portions) ~71.22cm

Application 2: Pipe Connections and Transitions
Engineering Use: Designing smooth transitions between circular pipes of different sizes

Pipe Transition:

/
\
/

\
| o I\\
/ \\ Connecting
piece follows
\\\\\ tangent
| [ —\e

[e) -

Application 3: Gear Design and Meshing
Principle: Gear teeth contact occurs along the common tangent to the pitch circles

Gear Meshing:

/—\

| oT |e Teeth contact

\ /\\at tangent point
\\
/ \ oTe

| o/

\—/
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Application 4: Road Design and Transitions

Civil Engineering: Designing smooth transitions between straight road sections and curved
sections using tangent principles.

E. CONSTRUCTION BEST PRACTICES

Accuracy Guidelines:
1. Sharp Instruments: Use fine-tipped pencils and well-adjusted compasses
2. Clear Lines: Construction lines (light), final tangents (dark)
3. Verification: Always check perpendicularity and single-point contact
4. Labeling: Clearly mark all points (centers, tangent points, external points)
Common Errors and Prevention:
e Error: Tangent not perpendicular to radius
o Solution: Double-check perpendicular construction
e Error: Multiple intersection points
o Solution: Ensure tangent touches at exactly one point
e Error: Unequal tangent lengths from external point
o Solution: Verify midpoint and semicircle construction
Verification Techniques:
1. Mathematical Check: Calculate expected lengths and compare with measurements
2. Geometric Check: Use set square to verify perpendicularity
3. Visual Check: Ensure single-point contact with circle

F. ADVANCED CONCEPTS

Tangent Circles:
e Two circles tangent to each other share a common tangent at their point of contact
e External Tangency: Centers distance =11 + 12
e Internal Tangency: Centers distance = |r1 - 12
Tangents to Other Curves:
e The tangent concept extends to ellipses, parabolas, and other curves
e For any smooth curve, the tangent represents the instantaneous direction

EVALUATION QUESTIONS

1. Definition: [efine a tangent to a circle and state its most important geometric property.

2. (onstruction: [Jescribe the step-hy-step procedure to construct a tangent to a circle from an external point,
including the mathematical principle that makes it work.

3. Properties: Prove that two tangents drawn from an external point to a circle are equal in length.
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Application: A belt connects two pulleys with radii 5em and 3em, placed 15¢m apart. (‘alculate the length of the
belt if it uses external tangents.

Analysis: [ xplain why a line drawn through a point on a circle that is perpendicular to the radius at that point
must be a tangent.

(onstruction: [Jescribe how to construct a common external tangent to two circles of unequal radii.

Real-world: Provide two practical engineering applications of tangents and explain their importance in each
case.

ASSIGNMENT
PRACTICAL CONSTRUCTION PROJECT (Total: 50 marks)

PART A: Basic Tangent Constructions (20 marks)

Task 1: Tangent at Point on Circle (10 marks)

Draw a circle with radius 4cm

Mark three distinct points (A, B, C) on the circumference
Construct tangents at each point using geometric methods

Verify perpendicularity using mathematical and geometric checks
Label all construction points clearly

Task 2: Tangents from External Point (10 marks)

Draw a circle with radius 3cm, center O

Mark external point P such that OP = 9cm

Construct both tangents from P to the circle

Measure and record the tangent lengths

Calculate the expected length mathematically and compare with measurement
Show all construction lines and label all points

PART B: Advanced Applications (15 marks)

Task 1: Two-Circle Tangents

Draw two circles: Circle 1 (radius 4cm), Circle 2 (radius 3cm)
Position centers 12cm apart

Construct both external common tangents

Construct one internal common tangent

Label all tangent points and show construction methodology

Task 2: Practical Problem Solving

Design a pulley system with two pulleys (radii Scm and 4cm) placed 18cm apart
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e Calculate the belt length required for external tangent connection

e Construct the system to scale and verify your calculation

e Write a brief report on how tangent principles ensure efficient power transmission
PART C: Real-World Design (15 marks)

Design Challenge: Smooth Transition Curve

e Create a design showing a smooth transition between:
o A straight road section
o A circular curved section
e Use tangent principles to ensure smooth connection
e Calculate the transition points
e Write an explanation of how tangent construction prevents sudden directional changes
¢ Include scale measurements and verification of smoothness

Assessment Criteria:

e Technical Accuracy (40%): Correct geometric constructions and calculations
o Completeness (25%): All required elements present and properly executed

e Presentation Quality (20%): Neatness, clarity, and proper labeling

e Practical Insight (15%): Understanding of real-world applications

Submission Requirements:

e Use A3 drawing paper for constructions

e Include title block with name, date, and assignment details
e Show all construction lines (light) and final lines (dark)

e Provide mathematical calculations alongside constructions
e Include verification statements for key constructions

e Write brief explanatory notes for practical applications

Professional Standards:

e Maintain consistent scale throughout

e Use appropriate line weights and types

e Ensure all text is legible and properly oriented

e Cross-verify results using multiple methods

e Demonstrate understanding of underlying principles

WEEK 11: COMPREHENSIVE REVISION - SECOND TERM
INTRODUCTION TO REVISION

Welcome to your comprehensive revision for the second term! This session is designed to
consolidate your understanding of all technical drawing concepts covered this term. Systematic
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revision is crucial for examination success and long-term knowledge retention. Use this guide to
identify your strengths and areas needing improvement.

A. TERM OVERVIEW AND TOPIC INTEGRATION

Topic Progression and Connections:
FOUNDATION - APPLICATION - ADVANCEMENT

) ) !
Polygons Scales Enlargement
|
)

Equal Areas

l
Tangents

Key Conceptual Links:

e Polygons form the basis of all geometric constructions

e Scales allow practical application of geometric principles

¢ Enlargement/Reduction demonstrates proportional relationships
e Equal Areas shows practical problem-solving applications

e Tangents represent advanced geometric constructions

B. COMPREHENSIVE FORMULA REFERENCE
1. POLYGONS (Weeks 1-3)

Concept Formula Application

Interior Angle Sum (n-2) x 180° Finding total internal angles

Single Interior Angle | (n-2) x 180° +n | Regular polygons only

Single Exterior Angle | 360° +n Regular polygons only
Number of Diagonals | n(n-3) + 2 Complete polygon analysis
Perimeter n x side length | Regular polygons

Memory Aid: "Sum inside, divide for one; Outside, three-sixty divided; Diagonals, n times n-
minus-three, halved."

2. SCALES (Week 4)

Concept Formula/Relationship Application
Representative Fraction | RF = Drawing Size + Actual Size | Scale expression
Drawing Dimension Actual Size + Scale Denominator | Creating scaled drawings
Actual Dimension Drawing Size x Scale Denominator | Interpreting drawings
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Concept

Formula/Relationship

Application

Area Scale Factor

(Linear Scale Factor)?

Volume Scale Factor

(Linear Scale Factor)?

3D object scaling

Key Insight: Area scales as the square, volume as the cube of linear scale.

3. ENLARGEMENT & REDUCTION (Week 6)

Measurement

Scale Factor Effect

Example (k=3)

Linear Dimensions | x k

S5cm — 15¢cm

Perimeter x k 20cm — 60cm
Area x k? 25cm? — 225cm?
Volume x k3 8cm? — 216cm?

Reverse Calculation: k = V(New Area = Original Area)

4. EQUAL AREAS (Weeks 8-9)

Conversion Type

Key Relationship

Application

Triangle — Rectangle

Rectangle Area = 2 x base x height

Land division

Rectangle — Square

Side = V(length x width)

Standardization

Circle — Square

Side = r\n

Trapezium — Triangle

Base = a + b, Height same

5. TANGENTS (Week 10)

Property

Mathematical Expression

Application

Tangent-Radius

Tangent L Radius at point of contact

Construction basis

Equal Tangents

PT:=PT>

External point tangents

Tangent Length

PT = \(PC? - %)

Belt length calculations

C. DETAILED REVISION EXERCISES WITH SOLUTIONS
EXERCISE SET 1: Polygons (15 marks)

Problem 1: A regular polygon has each interior angle measuring 156°. Calculate: a) Number of

sides b) Sum of interior angles ¢) Number of diagonals

Step-by-Step Solution: a) Using interior angle formula:

e 156°=(n-2) x 180° +n
e 156n=180n- 360

e 360=24n

e n=15sides

b) Sum of interior angles:

133

Material calculations

Material optimization

Problem simplification




o (15-2) x180° =13 x 180° =2340°
¢) Number of diagonals:
e n(n-3)+2=15(15-3) +2=15%x12 + 2 = 90 diagonals

Problem 2: Construct a regular pentagon with side length 6cm using the appropriate geometric
method.

Construction Steps:

1. Draw base line AB = 6cm

2. Construct perpendicular bisector of AB

3. Use pentagon-specific construction method (learned in Week 2)
4. Verify all sides equal and angles 108°

EXERCISE SET 2: Scales and Measurements (20 marks)

Problem 1: A building plan is drawn at scale 1:150. The drawing shows a room as 8cm x 6¢cm.
Calculate: a) Actual room dimensions b) Actual room area c) Drawing area and verify area scale
factor

Solution: a) Actual dimensions:

e Length: 8cm x 150 = 1200cm = 12m
e Width: 6cm x 150 = 900cm = 9m

b) Actual area:
e 12m x 9m = 108m?>
c¢) Drawing area and verification:

¢ Drawing area = 8cm X 6cm = 48cm?

e Area scale factor should be (150)* = 22,500

e Actual area in cm? = 1200cm x 900cm = 1,080,000cm?
e Verification: 1,080,000 ~ 48 = 22,500 v/

Problem 2: Construct a diagonal scale of 1:40 to read up to 6 meters, showing decimeters and
centimeters.

Construction Checklist:

Calculate total drawing length: 600cm + 40 = 15cm
Divide into main divisions (meters)

Subdivide first division for smaller units

Add height for diagonal subdivisions

Label clearly with RF
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EXERCISE SET 3: Enlargement and Reduction (15 marks)

Problem 1: A triangular garden has sides 12m, 15m, and 18m. It needs to be reduced to 60% of
its current size for a model. a) Calculate new side lengths b) If the original area is 90m?, calculate
the new area c) Verify the area relationship

Solution: a) New sides (scale factor k = 0.6):

e 12mx0.6=7.2m
e 15mx0.6=9m
e 18m x0.6=10.8m

b) New area:
e Original area X k* =90m? x (0.6)> = 90 % 0.36 = 32.4m?
c) Verification:
e Using Heron's formula on new sides should give 32.4m? v/
Problem 2: Using the ray method, enlarge a rectangle Scm x 3cm by scale factor 2.5.
Construction Steps:

Draw original rectangle

Choose appropriate center point O
Draw rays through all vertices
Mark new positions at 2.5 distance
Complete enlarged rectangle

6. Verify dimensions: 12.5cm % 7.5¢cm

EXERCISE SET 4: Equal Areas (20 marks)

AP e

Problem 1: A triangular piece of land has base 24m and height 18m. Convert it to: a) A
rectangle with the same base b) A square c¢) A rectangle with length 16m

Solution: Original area =5 x 24 x 18 = 216m?
a) Rectangle with base 24m:

e Width=216+24=9m
e Dimensions: 24m X 9m

b) Square:

e Side=1V216~14.7m
e Dimensions: 14.7m x 14.7m

c¢) Rectangle length 16m:
e Width=216+16=13.5m
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e Dimensions: 16m x 13.5m

Problem 2: A circular pond has diameter 10m. Calculate the side of an equivalent square garden
plot.

Solution:

e Radius=5m
e C(irclearea=m x 52 =251 = 78.54m?
e Square side = V78.54 ~ 8.86m
EXERCISE SET 5: Tangents and Applications (20 marks)
Problem 1: From a point 15cm away from the center of a circle with radius 6¢cm, two tangents

are drawn. a) Calculate the tangent length b) Calculate the angle between the two tangents c)
Construct this scenario geometrically

Solution: a) Tangent length:

o PT=1(PC?-1?)=(15-62) =(225 - 36) =189 ~ 13.75cm
b) Angle between tangents:

e Using trigonometry: sin(6/2) =1/PC =6/15=0.4

e 0/2 = arcsin(0.4) =~ 23.58°
o 0~47.16°

Problem 2: Two pulleys with radii 8cm and 5cm have centers 25c¢m apart. Calculate the belt
length for an external drive system.

Solution:

o Tangent length = \[25? - (8-5)?] = \[625 - 9] = V616 ~ 24.82cm
e Belt length =2 x tangent + arc: + arc.
e Detailed calculation required based on contact angles

D. INTEGRATED PROBLEM-SOLVING
COMPREHENSIVE PROBLEM 1: Community Garden Design

A community garden plot has the shape of a regular hexagon with 8m sides. The committee
wants to:

Calculate the total area

Create a scale drawing at 1:100

Divide it into 6 equal triangular plots

Design a circular water feature in the center that uses 20% of the total area
Create paved paths as tangents to the water feature

Aol

Step-by-Step Solution Framework:
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1. Hexagon Analysis:

o Interior angles: 120°
o Can be divided into 6 equilateral triangles
o Area calculation using formula

2. Scale Prawing:

o Convert all dimensions to drawing scale
o Construct accurate hexagon
3. Division Planning:
o Equal area division methods
o Construction of dividing lines

4. Water Feature:

o Area calculation (20% of total)
o Radius determination
o Positioning

5. Path Design:

o Tangent construction principles
o Practical layout considerations

COMPREHENSIVE PROBLEM 2: Manufacturing Optimization

A manufacturer needs to convert triangular metal sheets (base 40cm, height 30cm) into
rectangular panels of the same area. The panels must fit into standard frames of either:

e 25c¢m width

e 35cm length Determine all possible dimensions and calculate material utilization
efficiency.
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SS1 TECHNICAL DRAWING LESSON NOTES

THIRD TERM

WEEK 1: LOCI - CONIC SECTIONS AND MECHANICAL
APPLICATIONS

1. INTRODUCTION TO LOCI AND CONIC SECTIONS

Definition of Locus: In technical drawing, a locus (plural: loci) refers to the path traced by a
point as it moves according to a specific geometric rule or condition. The study of loci forms the
foundation for understanding complex curves and their applications in engineering and design.

Historical Context: Conic sections (parabola, hyperbola, ellipse) were first studied by ancient
Greek mathematicians and remain fundamental in modern engineering, from satellite dishes to
planetary orbits.

2. CONTENT
A. FUNDAMENTAL TYPES OF LOCI

1. Locus of a Point at Fixed Distance from a Fixed Point:

e Condition: Point P moves while maintaining constant distance from fixed point O
e Locus: Circle with center O and radius r

e Equation: (x-h)* + (y-k)> = r?

e Applications: Wheel rotation, gear design, circular motion

2. Locus of a Point at Fixed Distance from a Fixed Line:

e Condition: Point P moves while maintaining constant perpendicular distance from line
AB

e Locus: Pair of parallel lines equidistant from AB
e Applications: Railway tracks, conveyor systems, parallel guides

3. Locus of a Point Equidistant from Two Fixed Points:

e Condition: Point P moves such that PA = PB
e Locus: Perpendicular bisector of segment AB
e Applications: Radio tower placement, boundary definitions, navigation

4. Locus of a Point Equidistant from Two Intersecting Lines:

e Condition: Point P maintains equal perpendicular distance from lines AB and AC
e Locus: Angle bisector of ZBAC

e Applications: Reflection principles, optical systems, angle division
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B. GEOMETRIC CONSTRUCTION METHODS
Construction of Perpendicular Bisector (Locus 3):

Steps:

1. Given line AB, set compass radius > %AB

2. From A, draw arcs above and below AB

3. From B, draw arcs intersecting previous arcs at P and Q
4. Join PQ - this is the perpendicular bisector

Visual:
P e

A.+OB
Qe

Construction of Angle Bisector (Locus 4):

Steps:

1. Given angle BAC, from A draw arc cutting AB and AC at P and Q
2. From P and Q, draw intersecting arcs at R

3. Join AR - this is the angle bisector

Visual:

Qe

/

Ae—eR—eB

\

C. CONIC SECTIONS AS LOCI

Pe

Parabola:

e Definition: Locus of points equidistant from a fixed point (focus) and a fixed line
(directrix)

e Construction Method:
a. Draw directrix line and mark focus F
b. Draw lines parallel to directrix at various distances
c. With F as center, draw arcs with radius equal to distance from directrix
d. Intersection points form parabolic curve
e Applications: Satellite dishes, headlight reflectors, projectile motion

Ellipse:
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e Definition: Locus of points where sum of distances to two fixed points (foci) is constant

e Construction Method (Pin and String):
a. Mark foci Fi and F»
b. Fix string ends at F:1 and F» with length > F.F
c. Keep string taut with pencil and trace curve
e Applications: Planetary orbits, architectural arches, medical devices

Hyperbola:

e Definition: Locus of points where difference of distances to two fixed points is constant
¢ Construction Method:
a. Mark foci Fi and F
b. For various points, maintain |PF: - PF2| = constant
c. Plot intersection points systematically
e Applications: Navigation systems, telescope design, cooling towers
D. PRACTICAL APPLICATION: SLIDER-CRANK MECHANISM

Components and Motion:

¢ Crank (OA): Rotates in circular motion (Locus Type 1)

e Connecting Rod (AP): Transmits motion between crank and slider
e Slider (P): Moves in straight line (Locus Type 2)

e Intermediate Point (M): Traces complex oval path

Step-by-Step Locus Construction for Point M:

Construction Procedure:
1. Draw crank circle with center 0, radius OA
2. Draw slider path line through P
3. Divide crank circle into 12 equal sectors (30° intervals)
4. For each crank position Ai, Az, ..., Aiz:
- Set compass to length AP
- From A, , strike arc on slider path to find P,
- Draw line A, P,
- Mark M, at required position (e.g., midpoint)
5. Connect points M; through M;, with smooth curve
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Visual Representation:

A3 e A2 o
\ M3 //MZ
Ad e—e o—e Al

A6 e—e o—e All
/ M6 \\Mll
A7 o Al0 e

Mechanical Applications:

¢ Internal combustion engines
e Pump mechanisms

e Industrial machinery

e Robotics and automation

3. COMPREHENSIVE WORKED EXAMPLES

Example 1: Intersecting Loci Problem
Problem: Two points A and B are 60mm apart. A point P moves such that:

1. It is always equidistant from A and B
2. Itis always 40mm from point A Find the exact location(s) of point P.

Solution:

Step-by-Step Construction:

1. Draw baseline and mark points A and B 60mm apart

2. Construct perpendicular bisector of AB (Locus 1)

3. Construct circle with center A, radius 4@mm (Locus 2)
4. Find intersection points P; and P,

Mathematical Verification:
Using coordinates: Let A(0,0), B(60,0)
Perpendicular bisector: x = 30
Circle equation: x2 + y2 = 402
Substitute: 302 + y2 = 1600
y2 = 1600 - 900 = 700
y = £J/700 = +26.46mm
. P1(30, 26.46), P.(30, -26.46)
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Example 2: Parabolic Arch Design

Problem: Design a parabolic arch with focus 20mm from vertex and directrix 20mm from focus.

Construction:
Steps:
1. Draw directrix line and vertical axis
2. Mark focus F 20mm from vertex V on axis
3. Mark directrix 20mm from F (opposite V)
4. Draw horizontal lines at various distances from directrix
5. From F, draw arcs with radii equal to distances from directrix
6. Intersection points define parabolic curve

4. ENGINEERING APPLICATIONS AND CASE STUDIES
Real-World Applications of Conic Sections:

Parabolic Applications:

o Satellite Dishes: Signal reflection to/from focus

e Headlights: Light source at focus produces parallel beam
e Suspension Bridges: Cable profiles approximate parabolas
e Projectile Trajectories: Under uniform gravity

Elliptical Applications:

¢ Planetary Orbits: Kepler's first law

e Medical Equipment: Kidney stone lithotripters

e Architecture: Elliptical domes and arches

e Whispering Galleries: Sound reflection properties

Hyperbolic Applications:

e Navigation Systems: LORAN and GPS timing differences
e Cooling Towers: Structural efficiency
e Telescope Design: Cassegrain reflector systems

5. CONSTRUCTION BEST PRACTICES

Tools and Techniques:
e Compass Use: Maintain consistent pressure for accurate arcs
e French Curves: Essential for smooth curve drawing
e Division Accuracy: Use precise geometric methods for circle division
¢ Line Quality: Construction lines (light), final loci (dark)
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Common Errors and Prevention:
¢ Inaccurate Intersections: Ensure compass arcs intersect clearly
e Uneven Curve Smoothing: Use appropriate French curve segments
e Scale Mismatch: Verify all measurements before final drawing
e Label Omission: Clearly mark all points and construction lines

6. REVISION AND ASSESSMENT

Conceptual Questions:
1. Define "locus" and provide three real-world examples not mentioned in these notes.

2. Explain why the perpendicular bisector construction requires a compass radius greater
than half the line length.

3. Describe how the focus-directrix property defines a parabola geometrically.

4. Compare and contrast the definitions of ellipse and hyperbola in terms of distance
relationships.

5. Explain why intermediate points in a slider-crank mechanism trace oval paths rather than
circles or straight lines.

Practical Exercises:

1. Construct the locus of points 25mm from a fixed point O and equidistant from two points
A and B that are 70mm apart.

2. Design a parabolic reflector with focus 30mm from the vertex. Label the directrix and
verify three points on the curve.

3. For a slider-crank mechanism with crank length 35mm and connecting rod 80mm, plot
the locus of a point 25mm from the slider end of the connecting rod.

7. ADVANCED EXTENSIONS

Mathematical Connections:

e Analytical Geometry: Derive equations for each locus type

e Calculus Applications: Find slopes and areas related to loci

e Parametric Equations: Describe mechanical motion mathematically
Computer-Aided Design:

e CAD Software: Automated locus generation

e Simulation Tools: Dynamic analysis of mechanical systems

e 3D Modeling: Extending 2D loci to 3D surfaces

ASSESSMENT

In-Class Evaluation (20 marks):
1. Definitions (5 marks): Define locus and describe four fundamental types with examples.

2. Construction (10 marks): Construct the perpendicular bisector of an 80mm line and an
80° angle bisector.
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3. Application (5 marks): Identify which conic section applies to: satellite dish, planetary
orbit, navigation system.

Take-Home Assignment (30 marks):
Part A: Fundamental Loci (10 marks)

1. Two points C and D are 90mm apart. Construct all points that are:
o Equidistant from C and D
o 50mm from point C Label the intersection points and verify mathematically.

Part B: Mechanical Application (15 marks) 2. Design a slider-crank mechanism with:

e Crank length: 30mm

e Connecting rod: 100mm

e Plot the locus of the midpoint of the connecting rod
e Use 12 positions (30° increments)

e Write a brief analysis of the curve shape

Part C: Engineering Design (5 marks) 3. Research and describe one real-world application of
parabolic reflectors in modern technology. Include diagrams and explain how the focus-directrix
property is utilized.
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WEEK 2: CONIC SECTIONS - ELLIPSE AND PARABOLA
1. INTRODUCTION TO CONIC SECTIONS

Historical Foundation: Conic sections represent one of the most elegant discoveries in
mathematics, dating back to ancient Greek mathematicians like Apollonius of Perga. These
curves emerge from the intersection of a plane with a double-napped cone, creating distinct
shapes based on the intersection angle.

Geometric Definition: Conic sections are the family of curves obtained by intersecting a right
circular cone with a plane at various angles:

e Circle: Plane perpendicular to the axis

e Ellipse: Plane angled less steeply than the cone's side
e Parabola: Plane parallel to the cone's side

e Hyperbola: Plane steeper than the cone's side

2. COMPREHENSIVE CONTENT
A. THE ELLIPSE: GEOMETRY AND CONSTRUCTION

Mathematical Definition: An ellipse is the locus of all points P such that the sum of distances to
two fixed points (foci F: and F) is constant: PF1 + PF: = 2a

Key Elements and Terminology:

e Major Axis (2a): Longest diameter through both foci

e Minor Axis (2b): Shortest diameter perpendicular to major axis
e Foci (Fi, F2): Two fixed points located along major axis

e Vertices (Vi1, V2): Endpoints of major axis

e Center (O): Midpoint between foci and vertices

e Eccentricity (e): Ratio c/a, where 0 <e <1

Relationship Between Axes and Foci:

¢ Focal Distance: c*> = a? - b?
e Eccentricity: e =c/a
e Perimeter Approximation: P ~ n[3(a+b) - \((3a+b)(a+3b))]

CONSTRUCTION METHOD 1: CONCENTRIC CIRCLES METHOD
Procedure for Ellipse Construction:

Steps:
1. Draw horizontal and vertical axes intersecting at O
2. From O, mark major axis vertices Vi, V, at ta
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From O, mark minor axis endpoints M;, M, at b

Draw concentric circles with radii a (major) and b (minor)
Divide both circles into 12 equal sectors (30° intervals)
For each radial line:

- From outer circle point, draw vertical line

- From inner circle point, draw horizontal line

- Intersection point lies on ellipse

7. Connect points with smooth curve using French curve

o uv b w

Visual Guide:
M, @

\

e P (Intersection point)

—e e— Major Axis
0
o M,
Accuracy Tips:

e Use sharp pencil for precise intersections
e Divide circles accurately using protractor
e Ensure perpendicular construction lines

e Use French curve for smooth final curve

CONSTRUCTION METHOD 2: TRAMMEL METHOD

Practical Implementation:

Steps:

1. Cut strip of stiff paper or use trammel instrument
2. Mark point P at one end

3. Mark point A such that PA = b (semi-minor axis)

4. Mark point B such that PB = a (semi-major axis)

5. Place trammel so A slides along major axis

6. Simultaneously ensure B slides along minor axis

7. Trace path of P to generate ellipse

Mathematical Principle:
The method works because it enforces the parametric equations:
X = a-cosB, y = b-sinb

Advantages:

¢ Quick and efficient for single ellipses
e No need for multiple constructions
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e Ideal for workshop applications

B. THE PARABOLA: GEOMETRY AND CONSTRUCTION

Mathematical Definition: A parabola is the locus of all points P equidistant from a fixed point
(focus F) and a fixed line (directrix D): PF = PD

Key Elements and Terminology:

e Focus (F): Fixed point

¢ Directrix (D): Fixed line

e Axis: Line through focus perpendicular to directrix

e Vertex (V): Point on axis midway between focus and directrix
¢ Focal Length (p): Distance from vertex to focus

e Latus Rectum: Chord through focus parallel to directrix

CONSTRUCTION METHOD 1: FOCUS-DIRECTRIX METHOD
Systematic Construction Procedure:

Steps:

. Draw directrix line D and axis perpendicular to it

. Mark focus F at distance p from directrix

. Mark vertex V midway between F and D

. Draw several lines parallel to directrix (ordinates)
For each ordinate L,

- Set compass radius = distance from D to L,

- With center at F, draw arc intersecting L,

- Mark intersection points P, and P, '

6. Connect points with smooth parabolic curve

uuhwNnPR

Mathematical Verification:

For point P(x,y): PF = V(x2 + (y-p)2) =PD =y + p

Squaring: x2 + (y-p)2? = (y+p)?2

Simplifying: x2 = 4py (standard equation)
Construction Details:

e Choose ordinates at regular intervals (e.g., every 10mm)
¢ Ensure compass radius equals perpendicular distance
e Verify symmetry about the axis

CONSTRUCTION METHOD 2: RECTANGLE METHOD

Geometric Approach:
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Steps:

1. Draw rectangle with width AB and height 0OV

2. Divide OV into equal parts (e.g., 6 divisions)

3. Divide OA and OB into same number of parts

4. From V, draw lines to division points on OA and OB
5. Draw vertical lines from divisions on OV

6. Intersection points define parabolic curve

7. Connect points with smooth curve

Visual Representation:

i
/1N

A 0 B

Applications of This Method:

e Architectural arches
e Bridge design
e Projectile trajectory analysis

3. ENGINEERING APPLICATIONS AND CASE STUDIES
Elliptical Applications in Modern Engineering:

Mechanical Systems:

¢ Elliptical Gears: Provide variable speed ratios in machinery
e Piston Motion: Approximates elliptical paths in certain engine designs
e Cam Profiles: Generate specific motion characteristics

Structural Engineering:

¢ Elliptical Arches: Distribute loads efficiently in bridges and buildings
e Stadium Design: Elliptical shapes optimize viewing angles and structural integrity

Scientific Instruments:

e Orbital Mechanics: Planetary orbits follow elliptical paths (Kepler's First Law)

e Medical Devices: Elliptical reflectors in certain imaging systems

e Acoustic Design: Elliptical rooms create unique sound reflection properties
Parabolic Applications in Technology:

Optical and RF Systems:
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o Satellite Dishes: Parabolic reflectors concentrate signals at the focus

e Telescope Mirrors: Reflect incoming light to focal point

e Headlight Reflectors: Produce parallel light beams from focal point source
e Solar Concentrators: Focus sunlight for thermal energy generation

Structural Engineering:

¢ Suspension Bridges: Main cables approximate parabolic curves under uniform load
e Architectural Arches: Parabolic shapes optimize load distribution
e Aerodynamic Designs: Certain airfoil sections use parabolic curves

Everyday Applications:

¢ Projectile Motion: Idealized trajectory in vacuum follows parabolic path
¢ Fountain Design: Water streams often follow parabolic arcs
e Sports Equipment: Certain golf club faces and tennis rackets use parabolic curves

4. COMPREHENSIVE WORKED EXAMPLES

Example 1: Precision Ellipse Construction

Problem: Construct an ellipse with major axis 100mm and minor axis 60mm using the
concentric circle method.

Detailed Solution:

Step-by-Step Procedure:

1. Establish coordinate system:
- Draw horizontal and vertical axes intersecting at O
- Major axis: 100mm -» a = 50mm
- Minor axis: 60mm - b = 30mm

2. Draw construction circles:
- Outer circle: radius 50mm centered at O
- Inner circle: radius 30mm centered at O

3. Divide circles:
- Use protractor to create 30° increments (12 divisions)
- Number divisions 1-12 clockwise

4. Construct intersection points:
- From point 1 on outer circle (30°): draw vertical line
- From point 1 on inner circle: draw horizontal line
- Mark intersection as P,
- Repeat for all 12 points

5. Verification:
- Check symmetry in all quadrants
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- Ensure smooth transition between points
- Major axis endpoints should be at (x50, 0)
- Minor axis endpoints should be at (@0, %30)

6. Final curve:

- Use French curve to connect points smoothly
- Darken final ellipse line

Mathematical Check:

e Foci distance: ¢ = V(a% - b2 = V(2500 - 900) = V1600 = 40mm

e Eccentricity: e = ¢/a=40/50=0.8

e Verify random point: For P at (40, y), should satisfy (40/50)* + (y/30)* =1
Example 2: Parabolic Reflector Design

Problem: Design a parabolic reflector with focal length 20mm using focus-directrix method.
Construction Details:

Parameters:

- Focal length p = 20mm

- Directrix to focus distance = 2p = 40mm

- Vertex position: 20mm from focus, 20mm from directrix

Construction Steps:

. Draw directrix line (vertical)

. Draw axis perpendicular to directrix

. Mark focus F: 4@mm from directrix along axis
. Mark vertex V: midway between F and directrix
. Choose ordinates at 5mm intervals from vertex
For each ordinate distance d from directrix:
- Compass radius = d

- From F, draw arc intersecting ordinate line
- Mark intersection points

7. Connect points with smooth curve

AUV h wWNPRE

Quality Checks:

- Curve should be symmetrical about axis
- All points satisfy PF = PD

- Latus rectum should measure 4p = 80mm

5. CONSTRUCTION BEST PRACTICES AND TROUBLESHOOTING

Common Construction Errors and Solutions:
Ellipse Construction Issues:

e Problem: Egg-shaped or lumpy ellipse
o Solution: Use more construction points (16-20 instead of 12)
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e Problem: Asymmetrical curve

o Solution: Verify axis perpendicularity and equal divisions
e Problem: Incorrect focal positions

o Solution: Calculate ¢ = V(a2 - b?) accurately

Parabola Construction Issues:

e Problem: Curve not smooth
o Solution: Use French curve and ensure sufficient points
¢ Problem: Asymmetry about axis
o Solution: Check that focus lies exactly on axis
e Problem: Incorrect vertex position
o Solution: Verify vertex is midway between focus and directrix
Professional Drawing Standards:
e Line Weights: Construction lines (light), final curves (dark)
e Labeling: Clearly mark all key points (foci, vertices, directrix)
e Accuracy: Verify critical dimensions mathematically
e Presentation: Maintain clean drawing surface

6. MATHEMATICAL FOUNDATIONS FOR ADVANCED STUDY

Analytical Geometry Connections:
Ellipse Equations:

e Standard Form: x*a* + y?/b> = 1 (major axis horizontal)
e Parametric Form: x = a-cos, y = b-sinf
e Polar Form: r = a(1-¢?)/(1+e-cos0)

Parabola Equations:

e Standard Form: y? = 4px (axis horizontal)
e Vertex Form: y = a(x-h)* + k
e Parametric Form: x = pt?, y = 2pt
Calculus Applications:
e Arc Length: Ellipse perimeter requires elliptic integrals
e Area Calculations: Ellipse area = mab
e Tangent Properties: Reflective properties used in optics

7. REVISION AND CONCEPTUAL UNDERSTANDING
Critical Thinking Questions:

1. Explain why the sum of distances property uniquely defines an ellipse among all planar

Curves.
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2. Describe how changing the angle between the cutting plane and cone axis transforms a
circle into an ellipse and then a parabola.

3. Prove geometrically that the focus-directrix definition of a parabola is equivalent to the
conic section definition.

4. Compare the reflective properties of elliptical and parabolic mirrors and their engineering
applications.

5. Explain why planetary orbits are elliptical rather than circular, referencing Kepler's laws.
Practical Problem-Solving:

1. Design an elliptical garden path with given major and minor axes, showing all
construction lines.

2. Create a parabolic solar cooker reflector with specified focal length, calculating the

optimal depth.
3. Analyze a real-world structure (e.g., a bridge or building) that uses elliptical or parabolic
forms.
ASSESSMENT

In-Class Evaluation (25 marks):
Part A: Conceptual Understanding (10 marks)

1. Define ellipse and parabola using their fundamental geometric properties.
2. Explain the relationship between the major axis, minor axis, and foci of an ellipse.
3. Describe the reflective property of a parabola and its application in satellite dishes.

Part B: Construction Skills (15 marks) 4. Construct an ellipse with major axis 80mm and
minor axis 50mm using the concentric circle method. 5. Construct a parabola with focal length
25mm using the focus-directrix method.

Take-Home Assignment (35 marks):
Part A: Elliptical Design (15 marks)

1. Design an elliptical conference table with major axis 2m and minor axis 1.2m.
Create a scale drawing at 1:20

O

o Show construction using concentric circle method
o Calculate the position of foci
o Determine the perimeter (approximate)

Part B: Parabolic Application (15 marks) 2. Design a parabolic flashlight reflector with the
following specifications:

e Aperture diameter: 60mm

e Focal length: 20mm

e Use rectangle method for construction

e Write a brief explanation of how the design ensures parallel light beam
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Part C: Engineering Analysis (5 marks) 3. Research and describe one modern engineering
application of elliptical or parabolic geometry not covered in class. Include diagrams and explain
the geometric principles utilized.
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WEEK 3: HYPERBOLA AND ADVANCED MECHANICAL LOCI
1. INTRODUCTION TO HYPERBOLA AND MECHANICAL APPLICATIONS

Completion of Conic Sections: This week culminates our study of conic sections with the
hyperbola - the most complex of the four classical curves. We then integrate all loci concepts
into practical mechanical systems, particularly the slider-crank mechanism that forms the heart
of many engineering applications from internal combustion engines to industrial machinery.

Engineering Context: Understanding hyperbolas and mechanical loci is essential for designing
efficient mechanical systems, analyzing motion paths, and optimizing machine components for
specific applications.

2. COMPREHENSIVE CONTENT
A. THE HYPERBOLA: GEOMETRY AND CONSTRUCTION

Mathematical Definition: A hyperbola is the locus of all points P such that the absolute
difference of distances to two fixed points (foci F1 and F2) is constant: |PFi - PF;| = 2a

Key Elements and Terminology:

e Transverse Axis (2a): Line segment between vertices

e Conjugate Axis (2b): Perpendicular to transverse axis through center
e Foci (F1, F2): Two fixed points located along transverse axis

e Vertices (V1, V2): Points where hyperbola intersects transverse axis

e Asymptotes: Lines that the hyperbola approaches but never touches
e Eccentricity (e): Ratio c/a, where ¢ > 1

Fundamental Relationships:

e Focal Distance: c¢> = a*> + b?
e [Eccentricity: e=c/a>1
e Asymptote Equations: y = +(b/a)x

CONSTRUCTION METHOD 1: FOCI AND TRANSVERSE AXIS

Systematic Construction Procedure:

Steps:

1. Draw transverse axis and mark center O

2. Mark vertices Vi, V., at distance *a from O

3. Mark foci Fi, F, at distance *c from O (c2 = a2 + b2?)
4. Choose point K beyond F, on transverse axis

5. With radius = V1K and center Fi, draw arcs

6. With radius = VK and center F., draw intersecting arcs
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7. Mark intersection points P and P' on hyperbola
8. Repeat for multiple K positions
9. Draw smooth curve through all points

Mathematical Verification:
For any point P on hyperbola:
|[PF. - PF»| = 2a (constant)

Construction Details:

e Choose K positions at regular intervals (e.g., every 10mm)
e Ensure compass settings are precise

e Verify symmetry about both axes

e Draw asymptotes for guidance

CONSTRUCTION METHOD 2: FOCUS-DIRECTRIX WITH ECCENTRICITY
Advanced Geometric Approach:

Steps:
1. Draw directrix D and axis perpendicular to it
2. Mark focus F at distance from directrix
3. Calculate vertex position: V divides F-D in ratio 1l:e
4. For various ordinates L, parallel to directrix:
- Distance from directrix = d
- Required radius from focus = e x d
- Draw arc from F with radius exd
- Mark intersection points with ordinate L,
5. Connect points to form hyperbolic branches

Parameter Relationships:
- For hyperbola: e > 1
- Vertex position: FV/VD = 1/e

Example Calculation: Given e = 3/2, F-D distance = 50mm

e Totalparts:3+2=5
e FV=(2/5)%50=20mm
e VD=(3/5)x50=30mm

B. ADVANCED MECHANICAL LOCI: SLIDER-CRANK MECHANISM

Mechanical Components and Their Loci:

e Crank (OA): Rotates - traces circular path (Locus Type 1)
e Connecting Rod (AP): Undergoes complex motion
e Slider (P): Translates - traces straight line (Locus Type 2)
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Intermediate Point (M): Traces oval or figure-8 path

Mathematical Analysis of Point M:

Parametric Equations:

Let crank angle = 6, crank radius = r, rod length =L
A = (r-cosb, r-sinb)

P = (r-cosb + v(L? - r2-sin26), 0)

M =A + (AM/AP)(P - A)

This generates the characteristic "egg-shaped" curve

COMPREHENSIVE CONSTRUCTION PROCEDURE

Step-by-Step Mechanism Analysis:

Given: Crank OA = 3@mm, Connecting Rod AP = 100mm
Point M located 40mm from A (AM = 40mm)

Construction Steps:

Establish coordinate system with origin at O

. Draw crank circle (radius 30mm)

. Draw slider path (horizontal line through 0)

. Divide crank circle into 12 positions (30° intervals)

For each crank position A,

- With center A, , radius AP=100mm, draw arc cutting slider path at

uuhwNnPRE

- Draw line A, P, (connecting rod position)
- Locate M, such that A, M, = 40mm
6. Connect points Mo through M;i: with smooth curve

Critical Positions Analysis:

- 6 = 0°: Rod fully extended, M at maximum right position

- 0 =90°: M at maximum upper position

- 0 = 180°: Rod fully compressed, M at minimum right position
- 0 = 270°: M at maximum lower position
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Visual Construction Guide:

Slider-Crank Mechanism:

As { A, o
b
Az o— o—eo A,

N\

A4 [ ] .\ [ ] A11
/N
As 070 o—eo Aio
Ms \\Mlo
/
Ac © Ag @
Where:

- Outer points: Crank positions A,
- Inner points: Corresponding M positions
- Horizontal line: Slider path

3. ENGINEERING APPLICATIONS AND CASE STUDIES
Hyperbolic Applications in Modern Technology:

Navigation and Positioning Systems:

e LORAN Navigation: Uses time difference of signals (hyperbolic positioning)
¢ GPS Enhancement: Differential GPS employs hyperbolic corrections
e Sonar Systems: Underwater object localization

Optical and Acoustic Systems:

e Telescope Design: Cassegrain telescopes use hyperbolic mirrors
e Camera Lenses: Certain wide-angle lens designs incorporate hyperbolic surfaces
e Acoustic Mirrors: Hyperbolic shapes for sound focusing

Structural and Mechanical Engineering:

e Cooling Tower Design: Hyperbolic shapes provide structural efficiency
e Gear Teeth Profiles: Certain gear systems use hyperbolic curves
e Architectural Forms: Modern building designs incorporate hyperbolic paraboloids
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Slider-Crank Mechanism Applications:
Power Generation and Conversion:

¢ Internal Combustion Engines: Piston-crank systems
e Steam Engines: Traditional power conversion
e Pump Mechanisms: Fluid displacement systems

Industrial Machinery:

e Presses and Stamping Machines: Force amplification
e Textile Machinery: Looms and weaving equipment
e Packaging Equipment: Product handling systems

Automotive Systems:

¢ Engine Design: Multiple cylinder configurations
e Suspension Systems: Certain linkage designs
e Steering Mechanisms: Rack and pinion variations

4. COMPREHENSIVE WORKED EXAMPLE

Example 1: Hyperbola Construction with Given Parameters

Problem: Construct a hyperbola with distance between foci = 100mm and distance between
vertices = 60mm.

Detailed Solution:

Step 1: Calculate Parameters

- Transverse axis (2a) = 60mm > a = 30mm

- Focal distance (2c) = 100mm > c = 50mm

- Calculate b: b2 = c2 - a2 = 2500 - 900 = 1600 » b = 40mm

Step 2: Establish Coordinate System

- Draw horizontal line (transverse axis)
- Mark center 0, vertices Vi, V., at +30mm
- Mark foci Fi, F, at *50mm

Step 3: Construct Asymptotes
- Slope = tb/a = +40/30 = +4/3
- Draw lines through O with slopes 4/3 and -4/3

Step 4: Plot Hyperbola Points
- Choose K positions: 55mm, 60mm, 65mm, 70mm from O
- For each K:
Radius from F; = V4K = |K - (-30)| = K + 30
Radius from F, = VoK = |K - 30| = K - 30
Draw arcs and mark intersections
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Step 5: Complete Both Branches

- Plot symmetric points in all quadrants
- Draw smooth curves through points

- Ensure curves approach asymptotes

Verification:
- Check constant difference: |PFy - PF,| = 2a = 60mm
- Verify symmetry about both axes

Example 2: Advanced Slider-Crank Analysis
Problem: Analyze a slider-crank with offset slider path and plot midpoint locus.
Enhanced Procedure:

Given: Crank OA = 40mm, Rod AP = 120mm
Slider path offset 20mm right of O
Plot locus of midpoint M of AP

Special Considerations:

1. Offset path changes mechanical advantage
2. Motion becomes asymmetric

3. Maximum and minimum positions shift

Construction Modifications:

- Draw vertical line 20mm right of 0 as slider path

- For each crank position A,
With center A, , radius 120mm, draw arc cutting offset path
This requires careful compass work due to offset

- Locate midpoint M, of each A, P,

- Connect points noting asymmetric pattern

Engineering Analysis:

- Calculate stroke length (difference between extreme P positions)
- Determine maximum angular velocity

- Analyze mechanical advantage throughout cycle

5. MATHEMATICAL FOUNDATIONS AND ANALYSIS
Hyperbola Analytical Geometry:

Standard Equations:

e Horizontal Transverse Axis: x*/a” - y?/b*>=1
e Vertical Transverse Axis: y*/a? - x?/b*=1

e Parametric Form: x = a-secf, y = b-tanf

e Polar Form: r* = a’b?/(b*cos?0 - asin’0)
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Engineering Applications of Equations:

e Navigation Systems: Solving hyperbolic equations for position

e Optical Design: Calculating reflection paths

e Structural Analysis: Stress distribution in hyperbolic shapes
Slider-Crank Mathematical Modeling:

Kinematic Equations:
e Piston Position: x = r-cosd + V(L? - r>sin?0)

e Piston Velocity: v =-r-o[sinf + (r-sin20)/(2V(L? - r*-sin?0))]
e Piston Acceleration: Complex function of 6, o, r, L

Dynamic Analysis:

e Inertia Forces: F = m-a (where a is piston acceleration)
e Torque Calculations: T = F-r-sinf(1 + cos®/N((L/r)? - sin?0))
e Energy Transfer: Work done throughout cycle

6. CONSTRUCTION BEST PRACTICES AND VERIFICATION
Hyperbola Construction Quality Control:

Accuracy Verification Methods:

e Mathematical Check: Verify |[PF: - PF2| = 2a for sample points

e Asymptote Alignment: Ensure curves approach asymptotes correctly
e Symmetry Check: Verify symmetry about both axes

¢ Smoothness: Use French curves for professional appearance

Common Construction Errors:

e Incorrect Foci Placement: Double-check c¢? = a? + b? calculation

e Uneven Curvature: Use sufficient construction points (8-12 per branch)
e Asymptote Misalignment: Calculate slopes precisely

e Scale Inconsistency: Maintain consistent measurements throughout

Mechanical Loci Construction Standards:
Professional Drawing Requirements:

e Clear Labeling: Mark all positions, angles, and dimensions
e Color Coding: Use different colors for different components
e Construction Lines: Keep light but visible for verification

¢ Final Curves: Dark and smooth for presentation

Verification Techniques:
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e Extreme Position Check: Verify at 0°, 90°, 180°, 270°

e Symmetry Analysis: Check for expected symmetry or asymmetry
e Mathematical Correlation: Compare with calculated positions

e Physical Modeling: Create scaled physical models when possible

7. INDUSTRIAL APPLICATIONS AND CASE STUDIES
Real-World Hyperbola Applications:

Case Study 1: Nuclear Cooling Towers

e Design Principle: Hyperbolic shape provides structural strength with minimal material
¢ Engineering Benefits: Natural convection enhancement, wind resistance
e Construction Method: Reinforced concrete with hyperbolic formwork

Case Study 2: Cassegrain Telescopes

e Optical Design: Primary parabolic mirror with secondary hyperbolic mirror
e Performance: Compact design with excellent image quality
e Applications: Astronomical observatories, satellite imaging

Advanced Slider-Crank Applications:
Case Study 1: High-Performance Engine Design

e Optimization Goals: Maximum power, minimum vibration, optimal fuel efficiency
e Design Parameters: Crank radius, rod length, piston mass, offset considerations
e Analysis Methods: Computer simulation, physical prototyping, performance testing

Case Study 2: Industrial Press Design

e Force Requirements: Specific tonnage for material forming
e Motion Characteristics: Controlled speed profiles, dwell periods
e Safety Considerations: Overload protection, emergency stops

ASSESSMENT
In-Class Evaluation (30 marks):

Part A: Conceptual Understanding (10 marks)

1. Define a hyperbola using the focus-distance property and explain how it differs from an
ellipse.

2. Describe the role of asymptotes in hyperbola construction and their mathematical
significance.

3. Explain why the locus of an intermediate point in a slider-crank mechanism is not
circular.
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Part B: Construction Skills (20 marks) 4. Construct a hyperbola with foci 80mm apart and
transverse axis S0mm long. 5. For a slider-crank mechanism with crank 25mm and connecting
rod 90mm, plot three positions of the mechanism at 0°, 60°, and 120°.

Take-Home Assignment (40 marks):

Part A: Hyperbola Design (15 marks)

1.

Design a hyperbolic cooling tower profile with the following specifications:
o Base diameter: 60mm
Neck diameter: 40mm
Height: 80mm
Use foci and transverse axis method
Include asymptotes in your construction
Write a brief explanation of why the hyperbolic shape is structurally efficient

O O O O O

Part B: Mechanical Analysis (20 marks) 2. Analyze a slider-crank mechanism with:

Part C: Engineering Report (5 marks) 3. Research and document one real-world application of

Crank length: 35mm

Connecting rod: 110mm

Slider path offset: 15mm from crank center

Plot the locus of a point 70mm from the crank end of the connecting rod
Use 12 positions (30° intervals)

Calculate the stroke length of the mechanism

Identify the positions of maximum and minimum velocity

hyperbolic geometry in modern engineering, explaining how the mathematical properties are
utilized in the design.
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WEEK 4: PRISMS - GEOMETRY, CONSTRUCTION AND
APPLICATIONS

1. INTRODUCTION TO THREE-DIMENSIONAL GEOMETRY

Transition from 2D to 3D: Having mastered two-dimensional geometric constructions, we now
advance to three-dimensional solids. Prisms represent the fundamental building blocks of solid
geometry and form the basis for understanding more complex spatial relationships in technical
drawing and engineering design.

Historical Significance: The study of prisms dates back to ancient Greek mathematicians like
Euclid, who systematically categorized polyhedra in his seminal work "Elements." Today, prism
geometry remains essential in architecture, manufacturing, and structural engineering.

2. COMPREHENSIVE CONTENT
A. FUNDAMENTAL PROPERTIES AND CLASSIFICATION

Mathematical Definition: A prism is a polyhedron characterized by:

e Two parallel, congruent faces called bases
o Lateral faces that are parallelograms (rectangles in right prisms)
e A uniform cross-section parallel to the bases throughout its length

Classification System:

Based on Base Shape:

Triangular Prism (3 sides)

Square Prism/Cube (4 equal sides)
Rectangular Prism/Cuboid (4 sides)
Pentagonal Prism (5 sides)

Hexagonal Prism (6 sides)

Circular Prism/Cylinder (infinite sides)

Based on Orientation:
e Right Prism: Lateral edges perpendicular to bases
e Oblique Prism: Lateral edges angled to bases

Key Geometric Relationships:

¢ Volume: V = Base Area x Height
e Surface Area: SA =2(Base Area) + (Base Perimeter < Height)
e Euler's Formula: V - E + F =2 (for convex polyhedra)

B. REAL-WORLD APPLICATIONS AND IDENTIFICATION

Architectural and Structural Applications:
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¢ Buildings: Most structures are based on rectangular prism forms
e Bridges: Triangular prisms in truss systems for strength
e Towers: Hexagonal prisms in communication towers for stability

Industrial and Product Design:

e Packaging: Cuboid forms for efficient storage and shipping
e Machinery: Prismatic elements in machine frames and enclosures
e Transportation: Vehicle chassis and container designs

Everyday Objects:

Common Prism Examples:

e Cube: Dice, sugar cubes, storage boxes

¢ Cuboid: Books, smartphones, rooms, shipping containers

e Triangular Prism: Toblerone packaging, roof trusses, optical prisms
e Hexagonal Prism: Pencils, nuts and bolts, certain columns

e Cylinder: Cans, pipes, pillars (considered a circular prism)

C. TECHNICAL DRAWING CONVENTIONS
Orthographic Projection Principles:

e Plan View (Top): Shows the true shape of the base
e FElevation Views (Front/Side): Show height and profile characteristics
e Projection Lines: Maintain alignment between views

Detailed Construction: Hexagonal Prism Orthographic Projection

Given: Regular hexagonal base, side = 30mm, height = 60mm

Step 1: Plan View Construction

1. Draw regular hexagon using geometric construction
2. Label vertices 1-6 clockwise

3. This shows the true shape of the base

Step 2: Front Elevation Construction

1. Establish XY ground line

2. Project vertical lines from all vertices

3. Draw base line and measure height (60mm)

4. Complete rectangular outline

5. Identify visible and hidden edges:
- Visible: Edges 1-2, 2-3, 6-1 (solid lines)
- Hidden: Edges 4-5, 5-6, 3-4 (dashed lines)
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Visual Representation:

Plan View: Front Elevation:
2 — 3 60mm
1 4
6 — 5
30mm 40mm (across flats)

Isometric Projection for 3D Visualization:

e Axis Orientation: 30° from horizontal for isometric axes
e Scale Reduction: True lengths along isometric axes
e Hidden Lines: Typically omitted for clarity
D. SURFACE DEVELOPMENT AND MODEL CONSTRUCTION

Net Development Principles:

e Definition: A 2D pattern that can be folded to form the 3D solid
e Layout Strategy: Arrange all faces without overlapping
e Practical Considerations: Include glue tabs, grain direction, and fold lines

Systematic Net Construction Procedure:

General Approach:

1. Identify all faces and their true shapes

2. Arrange connected faces to minimize cuts

3. Maintain geometric relationships between adjacent faces
4. Add construction tabs for assembly

Quality Checks:

e All faces present and correctly shaped

e Proper sequencing for folding

e Adequate tab placement for secure assembly

3. COMPREHENSIVE WORKED EXAMPLES
Example 1: Triangular Prism Orthographic Projection

Problem: Construct plan, front elevation, and net for a right triangular prism with equilateral

triangle base (40mm sides) and height 70mm.
Detailed Solution:

Step 1: Plan View

- Construct equilateral triangle ABC with sides 40mm

- Calculate altitude: h = V(402 - 202) = V1200 = 34.64mm
- This represents the true shape of the triangular base
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Step 2: Front Elevation

- Assume prism resting on rectangular face

- Project from plan: width = 4@0mm, height = 70mm
- Include center line representing the ridge

Step 3: Net Development

- Central rectangle: 40mm x 70mm (one rectangular face)

- Adjacent rectangles: 40mm x 70mm (other two rectangular faces)

- Two equilateral triangles (40mm sides) attached to opposite sides
- Add 1omm glue tabs to appropriate edges

Mathematical Verification:

Surface Area = 2x(Base Area) + (Perimeter x Height)

Base Area = (V3/4)x402 = 400V3 = 692.82mm?2

Perimeter = 3x40 = 120mm

Total Surface Area = 2x692.82 + 120x70 = 1385.64 + 8400 = 9785.64mm>

Example 2: Complex Prism Analysis
Problem: Analyze a hexagonal prism for a mechanical component application.
Engineering Considerations:

e Material Efficiency: Hexagonal shape optimizes material usage
e Structural Performance: Superior load distribution compared to square sections
e Manufacturing Constraints: Consider machining and assembly requirements

4. ENGINEERING APPLICATIONS AND DESIGN PRINCIPLES

Structural Engineering Applications:
Building Design:

e Column Design: Prismatic elements in vertical support systems
e Beam Sections: Various prism shapes for different loading conditions
e Facade Systems: Prismatic modules in curtain wall construction

Bridge Engineering:

e Truss Systems: Triangular prism elements in bridge decks
e Pier Design: Prismatic forms for underwater supports
e Arch Structures: Segmental prismatic construction

Manufacturing and Industrial Design:
Product Development:

e Ergonomics: Prismatic forms in handle and grip design
e Packaging: Efficient prism-based container designs
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e Component Design: Prismatic elements in mechanical assemblies
Quality Control:

e Dimensional Verification: Checking prism geometry against specifications
e Surface Quality: Ensuring flatness and angular accuracy
e Assembly Fit: Verifying interlocking prismatic components

5. CONSTRUCTION METHODOLOGIES AND BEST PRACTICES
Orthographic Drawing Standards:

Line Quality and Convention:

e Visible Edges: Solid, dark lines (0.5-0.7mm)

e Hidden Edges: Dashed lines (2mm dash, Imm gap)
e Construction Lines: Light, thin lines (0.1-0.2mm)
e Center Lines: Alternating long and short dashes

Dimensioning Protocols:

e Placement: Outside the view, aligned for readability
e Accuracy: Consistent units and precision

e Completeness: All necessary dimensions provided

e Clarity: Unambiguous and non-redundant

Net Development Techniques:
Layout Optimization:

e Material Efficiency: Minimize waste in sheet material
e Manufacturing Considerations: Grain direction, bend allowances
e Assembly Sequence: Logical folding and gluing order

Professional Presentation:

e Clear Labeling: Identify all faces and fold lines
e Scale Indication: Specify if not full size
e Construction Marks: Include score lines for accurate folding

6. ADVANCED CONCEPTS AND EXTENSIONS

Mathematical Foundations:
Spatial Geometry Relationships:

¢ Volume Calculations: V= A base x h (for all right prisms)
e Surface Area Formulae: SA =2A base + P_base x h
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e Diagonal Calculations: Spatial diagonals in rectangular prisms
Coordinate Geometry Applications:

e Vertex Coordinates: Mathematical description of prism vertices
e Transformation Matrices: Rotation and translation of prism forms
e Computational Geometry: Algorithmic generation of prism nets

Computer-Aided Design Integration:
3D Modeling Approaches:

e Parametric Modeling: Dimension-driven prism generation
e Boolean Operations: Creating complex forms from simple prisms
e Surface Unfolding: Automated net generation from 3D models

Analysis and Simulation:

e Structural Analysis: Finite element analysis of prismatic structures
¢ Fluid Dynamics: Flow around prismatic bodies
e Thermal Analysis: Heat transfer in prismatic enclosures

7. PRACTICAL WORKSHOP AND SKILL DEVELOPMENT

Hands-On Construction Exercises:
Material Selection and Preparation:

e Paper/Cardstock: Ideal for concept models and prototypes
e Foam Board: For structural models and presentation pieces
e Wood/Plastic: For functional prototypes and precision models

Tool Proficiency Development:

e Cutting Tools: Knives, scissors, laser cutters
e Measuring Instruments: Rules, calipers, protractors
e Assembly Aids: Adhesives, tapes, fasteners

Quality Assessment Criteria:
Technical Drawing Evaluation:

e Accuracy: Correct dimensions and proportions
e Completeness: All required views and details
e Clarity: Clear line work and labeling

e Neatness: Professional presentation standards

Physical Model Assessment:
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e Precision: Accurate cutting and assembly

e Stability: Structural integrity of completed model

¢ Finish: Quality of surface treatment and details

¢ Functionality: If applicable, performance of designed function

ASSESSMENT
In-Class Evaluation (30 marks):

Part A: Conceptual Understanding (10 marks)

1. Define a prism and list three essential characteristics that distinguish prisms from other
polyhedra.

2. Explain the difference between a right prism and an oblique prism, including the shape of
their lateral faces.

3. Describe how the number of lateral faces relates to the shape of the base in a prism.

Part B: Drawing Skills (20 marks) 4. Construct the orthographic projections (plan and front
elevation) of a square prism with base 40mm and height 80mm. 5. Sketch the net of a pentagonal
prism, indicating all necessary dimensions for construction.

Take-Home Assignment (40 marks):
Part A: Technical Drawing (15 marks)

1. Create complete orthographic projections (plan, front, and side elevations) of a hexagonal
prism with the following specifications:
o Base: Regular hexagon with 25mm sides
o Height: 65mm

o Position: Resting on its base Include all construction lines, proper line types, and
dimensioning

Part B: Surface Development (15 marks) 2. Develop the net for a triangular prism with:

e Base: Right triangle with sides 30mm, 40mm, 50mm
e Height: 75mm

e Include 8mm glue tabs on appropriate edges

e Calculate the total surface area

Part C: Design Application (10 marks) 3. Design a practical object based on prism geometry
that solves a specific everyday problem. Your submission should include:

e Orthographic drawings of your design

e Net development for prototype construction

e Written explanation of how the prism geometry enhances functionality
e Analysis of material choices and manufacturing considerations
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WEEK 6: PYRAMIDS AND CONES - GEOMETRY AND APPLICATIONS
1. INTRODUCTION TO TAPERING SOLIDS
Geometric Transition: Building on our study of prisms, we now explore solids that taper to a

single point. Pyramids and cones represent fundamental geometric forms with unique properties
and widespread applications in architecture, engineering, and design.

Geometric Family Tree:
POLYHEDRA

Prisms (constant cross-section)
Pyramids (tapering to apex)

Right Pyramids

Oblique Pyramids

Cones (infinite-sided pyramids)
Historical Significance: The mathematical study of pyramids dates back to ancient Egyptian
and Greek civilizations, while cones have been essential in optical studies and mechanical design

for centuries. These forms combine aesthetic appeal with structural efficiency, using only one-
third the material of equivalent prisms.

2. COMPREHENSIVE CONTENT
A. GEOMETRIC PROPERTIES AND CLASSIFICATION

Pyramid Definition and Characteristics: A pyramid is a polyhedron with a polygonal base and
triangular lateral faces meeting at a common apex (V). The key distinction from prisms is the
single apex point versus parallel bases.

V (Apex)
/\

Types of Pyramids:

¢ Right Pyramid: Apex aligned vertically above the base center
e Oblique Pyramid: Apex offset from the base center
¢ Regular Pyramid: Base is a regular polygon with congruent isosceles triangular faces

Key Dimensions:
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e Vertical Height (H): Perpendicular distance from apex to base plane
o Slant Height (L): True length of lateral face from base edge to apex
e Apothem (a): Distance from base center to midpoint of a side

Cone Definition and Characteristics: A cone is a solid with a circular base and a curved lateral
surface tapering to an apex. Mathematically, it's a pyramid with infinite sides.

Mathematical Relationship: L?> = H? + r*> (Pythagorean theorem)

Comparative Analysis:

Pyramid vs. Cone:

Pyramid Cone

Polygonal base Circular base
Triangular faces| Curved surface
Finite edges Infinite edges
Vertex at apex Apex point

B. ENGINEERING APPLICATIONS AND REAL-WORLD EXAMPLES

Architectural Applications: Pyramids and cones appear in both ancient and modern structures
due to their structural efficiency and aesthetic appeal.

[Pyramid of Giza] [Conical Tower] [Pyramid Roof]
Ancient monument Modern architecture  Traditional design

Ancient Structures:

e Egyptian pyramids (square base pyramids)
e Mesoamerican temples (stepped pyramids)
¢ Roman conical roofs and domes

Modern Applications:

e Conical water towers and silos
e Pyramid-shaped skylights and roofs
e Tapered structural elements in bridges
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Industrial and Product Design: These forms are ubiquitous in manufactured products due to
their functional properties.

Common Examples:

e Ice Cream Cones
e Traffic Cones

e Funnels

e Party Hats

e Pyramid Tea Bags

Mechanical Components:

e Conical springs and bearings
e Tapered rollers and shafts
e Funnel-shaped hoppers and chutes

Optical Systems:

e Conical lenses and reflectors
e Speaker horns and megaphones
e Light concentration systems

Specialized Forms:

¢ Frustums: Truncated pyramids and cones (bucket shapes, lampshades)
e Compound Forms: Combinations with other geometric solids
e Scaled Variations: Miniature and monumental applications

C. TECHNICAL CONSTRUCTION METHODS

Square Pyramid Orthographic Projection: Orthographic projection requires multiple views to
fully represent the three-dimensional object.

Plan View Construction: The plan view shows the true shape of the base and the position of the
apex.

Plan (Top View):
D——cC

« Apex projection

A——B
50mm square

Construction Steps:

1. Draw the square base to required dimensions
2. Construct diagonals AC and BD
3. Mark intersection point V (apex projection)
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4. Draw lines VA, VB, VC, VD (hip edges in plan)
Front Elevation Construction: The elevation shows the vertical profile and true heights.

Front Elevation:

Construction Steps:

Project points A, B, V from plan view downward

Draw base line A'B' representing the front base edge
Measure vertical height H from base line to locate V'

Join V'to A' and B' to complete the triangular face

Project rear points C and D (will align with V' in this view)

Nk W=

Line Convention:

¢ Solid lines: Visible edges (VA, VB in elevation)
e Dashed lines: Hidden edges (VC, VD in elevation)
o Center lines: Axes of symmetry

D. SURFACE DEVELOPMENT (NETS)

Square Pyramid Net Development: Creating an accurate net requires calculating true lengths
and maintaining geometric relationships.

Net Layout:

A
/ \L

Base 40mm

40mm
Calculation Steps:
I Determine Slant Height; | - v (/2 + (base/2)?)

o Example: H=50mm, base=40mm — L = V(502 + 20?) = ¥2900 ~ 53.85mm
2. L ayout Triangular Faces:
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o Base: 40mm (same as pyramid base edge)
o Height: L (5§3.85mm - the true slant height)
o Four identical isosceles triangles

3. Assembly Considerations:

o Arrange triangles around base square
o Include 5-8mm glue tabs on joining edges
o Mark fold lines clearly

Cone Net Development: The cone net consists of two parts: circular base and sector for lateral
surface.

Cone Net Components:

Circular Base: Lateral Surface:
o oo \
r=30mm / \ L=50mm
/ 6=216° \
\ /
\ /

Mathematical Calculations:
L Slant Height: [ = v (H?+r?)
o Example: H=40mm, r=30mm — L = V(40 + 302) = 50mm
2. Sector Angle: ©: (r[[)  360°

o Example: 6 =(30/50) x 360° = 216°
3. Verification:

o Arc length = (6/360) x 2nL = (216/360) x 2nx50 = 188.5mm
o Base circumference = 2nr = 2nx30 = 188.5mm v/

Construction Procedure:

Draw base circle with radius r

Draw sector with radius L and angle 0

Add joining tabs for assembly

Ensure arc length matches base circumference

b S

3. COMPREHENSIVE WORKED EXAMPLES

Example 1: Cone Net Construction
Problem: Construct net for cone with r=30mm, H=40mm

Step-by-Step Solution:
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Calculation Phase:

Step 1: Calculate Slant Height
L2 = H2 + r2 = 402 + 302 = 1600 + 900 = 2500
L = V2500 = 50mm

Step 2: Calculate Sector Angle
0 = (r/L) x 360° = (30/50) x 360° = 216°

Construction Phase:

Base Circle: Lateral Sector:

0000 S m - N

o o / \

o} o} / 216° \ L=50mm

o o \ /

o o \ /
00000 N==-=-=--- '
r=30mm

Quality Verification:

e Arc length = (6/360) x 2zl = (216/360) x 2nx50 = 188.5mm
e Base circumference = 2ar = 21x30 = 188.5mm v/
e Mathematical confirmation ensures proper fit when assembled

Example 2: Square Pyramid Analysis
Problem: Square pyramid with base=40mm, H=50mm. Calculate surface area and develop net.
Mathematical Analysis:

Slant Height Calculation:
L = V(H?2 + (base/2)2)
V(502 + 202)

V(2500 + 400)

V2900 = 53.85mm

Surface Area:

Base Area = 402 = 1600mm?2

Triangle Area = 7% x 40 x 53.85 = 1077mm?2
Total = 1600 + 4x1077 = 5908mm?

Engineering Significance:

e Material efficiency: Uses 1/3 volume of equivalent prism
e Structural performance: Efficient load distribution to base
e Manufacturing cost: Reduced material requirements
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4. ENGINEERING APPLICATIONS

Structural Considerations:

Load Distribution Patterns: The tapering shape creates unique stress distribution
characteristics.

Pyramid: Cone:
A A

Load path Load path

000000000
T T
Concentrated Distributed
stress stress
Pyramid Load Behavior:

e Concentrated loads at apex distribute evenly to base corners
e Triangular faces provide excellent lateral stability
e Base dimensions determine overall stability

Cone Load Behavior:

e Uniform stress distribution around circumference
o Excellent resistance to torsion and bending
e Smooth transition from point load to distributed support

Material Efficiency: The volume formulas demonstrate significant material savings.

Volume Comparison:

Pyramid/Cone: V = (1/3) x Base Area x Height
Prism: V = Base Area x Height

-» Pyramids/Cones use 1/3 material for same base/height
Practical Implications:

e Reduced material costs in construction

e Lighter structures for same functional capacity

e Improved transportation and handling
Manufacturing Applications:

Sheet Metal Development: Pyramid and cone nets are essential in metal fabrication for ducts,
hoppers, and transitions.
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Industrial Patterns:

Conical Hoppers: Pyramid Chutes:
V'

Fabrication Process:

1. Develop accurate net pattern

2. Transfer to sheet material

3. Cut along pattern lines

4. Bend along fold lines

5. Join seams (welding, riveting, or folding)
Quality Control:

e Verify all dimensions before cutting

e Check seam alignment during assembly
e Ensure smooth transitions between faces
e Confirm functional requirements are met

5. CONSTRUCTION BEST PRACTICES
Drawing Standards:

Orthographic Projection Conventions: Proper line work and dimensioning ensure clear
communication of design intent.

Line Convention:

Solid: Visible edges
—————— Dashed: Hidden edges
—————— Center: Axis lines

Dimensioning Protocol: Complete and clear dimensioning prevents manufacturing errors.

Complete Dimensioning:

53.85

<>

A
|
|

——TIT—-> U

40
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Dimensioning Guidelines:

Place dimensions outside the view when possible
Group related dimensions together

Avoid dimensioning to hidden lines

Include overall dimensions in each view

Specify units (assumed mm if not stated)

Model Making Guidelines:

Net Development Checklist: Systematic approach ensures accurate physical models.

1.

A S S

Calculate true slant heights using Pythagoras
Verify all face dimensions mathematically
Include 5-8mm glue tabs on appropriate edges
Mark fold lines with dash-dot pattern

Check seam alignment for proper assembly

Test fit before final gluing

Material Selection:

Cardstock: Ideal for concept models and prototypes
Foam Board: For structural models and presentation pieces
Sheet Metal: For functional prototypes and manufacturing patterns

Assembly Sequence:

AP e

Pre-fold all creases
Apply adhesive to tabs
Join lateral faces first
Attach base last

Allow proper curing time

6. ASSESSMENT FRAMEWORK

Practical Skills Evaluation:

Construction Accuracy Standards: Precision in technical drawing reflects professional

competence.

Grading Criteria:

Dimension Precision: *1mm tolerance
Angular Accuracy: *1° tolerance
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Line Quality: Clear, sharp, proper weights
Neatness: Clean presentation, no smudges

Assessment Categories:

b S

5.
Problem-Solving Tasks:

Mathematical Accuracy: Correct calculations of L, 0, areas
Geometric Construction: Proper use of instruments and methods
Drawing Standards: Adherence to line conventions and dimensioning
Problem Solving: Application to practical scenarios

Professional Presentation: Overall quality and organization

Basic Competency:

Construct orthographic views of given pyramids/cones
Develop nets for standard configurations
Calculate surface areas and volumes

Advanced Challenge:

Design a funnel with:

Top diameter: 80mm

Bottom diameter: 20mm
Height: 60mm

Develop complete net pattern

Engineering Analysis:

Calculate material requirements

Optimize layout for manufacturing efficiency
Consider structural performance aspects
Evaluate cost implications of design choices
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WEEK 8: SURFACE DEVELOPMENT - INDUSTRIAL APPLICATIONS
1. INTRODUCTION TO SURFACE DEVELOPMENT

Definition: Surface development is the systematic process of "unrolling" or "unfolding" a 3D
solid object onto a 2D plane, creating what is known as a development or net.

From 3D to 2D:

3D Object: 2D Development:

/
/
21R

Industrial Significance: This is one of the most critical skills across multiple industries,
enabling the transformation of flat materials into complex three-dimensional products.

2. COMPREHENSIVE CONTENT
A. FUNDAMENTAL PRINCIPLES OF SURFACE DEVELOPMENT

Core Principles:

1. True Length Principle: All dimensions in the development must represent actual true
lengths, not foreshortened projections.

Orthographic View: Development:
/
/ - True Length
/
Foreshortened Actual Edge

2. Sequential Order: Faces must be arranged in their actual connection sequence.
3. Geometric Accuracy: Maintain precise angular and linear relationships.
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Development Methods:

Development Methods:

PARALLEL LINE RADIAL LINE

DEVELOPMENT DEVELOPMENT

e Prisms ¢ Pyramids

e Cylinders ¢ Cones

e Parallel edges e Radial edges

e Straight line e Curved line
generators generators

B. INDUSTRIAL APPLICATIONS AND ECONOMIC IMPACT

Cross-Industry Applications:
Packaging Industry:

Packaging Development:

K

00000000000

Cereal Box:

00000000000

Sheet Metal Fabrication:

HVAC Systems: Automotive:

Body Panels

L)

Air Ducts

Economic Benefits:

Beverage Can:

)

Shipping Container:

N

Shipbuilding:

Hull Sections
|
|

v

e Material Optimization: Reduces waste through precise pattern layout

e Cost Efficiency: Minimizes raw material requirements

e Production Speed: Enables mass production of complex forms

¢ Quality Control: Ensures consistent dimensional accuracy
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C. DEVELOPMENT OF A RIGHT FRUSTUM OF A CONE
Step-by-Step Construction Process:
Step 1: Front Elevation and Apex Location

Frustum Elevation:

V (Apex)
/\
/1 \

\
/ H_f \
S

H f = 40mm

R=15 r=10
mm mm

Step 2: Calculate True Slant Heights Using similar triangles and Pythagorean theorem:

Full cone height: H =
Large slant height: L
Small slant height: 1

H f x R/(R-r) = 40 x 15/(15-10) = 120mm
V(H2 + R?) = V(1202 + 152) = V14625 = 120.93mm
V((H-H_f)2 + r2) = V(802 + 102) = V6500 = 80.62mm

Step 3: Sector Development

Sector Construction:

Vo "\
/ \
/ \ L=120.93mm
/ \
/ \
\ 0 /
\ /
\ /
\ /
N Ve
1=80.62mm

Sector Angle: 8 = (R/L) x 360° = (15/120.93) x 360° = 44.65°
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Step 4: Complete Development

Full Net Assembly:

Top Circle Curved Surface Bottom Circle
(r=10) (Sector) (R=15)
000 ST TTTTT N 0000
o o / \ o o
o o + / \ + o o
o o) \ / o o)
o) o) \ / o o
000 N Ve 0000
Verification:

e Arc length = (6/360) x 2nL. = (44.65/360) X 21x120.93 =~ 94.25mm
e Base circumference = 2nR = 271x15 = 94.25mm v

D. DEVELOPMENT OF A RIGHT FRUSTUM OF A PYRAMID
Advanced Construction Methodology:
Step 1: Establish True Lengths

Pyramid Geometry:

Base Edge

True Length Construction:

e Rotate hip edge to find true length
e Use right triangle method

e Verify with geometric principles

Step 2: Radial Development Process

Development Sequence:
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Step 1: Full Pyramid Step 2: Truncation
\ Vv
/ \ / \
/ 0\ /___\

/T T
/ \ /| 1\
L |1
Step 3: Practical Construction Steps

I Find Apex and True [ engths:

o Draw front elevation with extended sides
o Use rotation method for true hip edge lengths
2. Develop Full Pyramid:

V (Center)
/\
/\

/ \

/ \

A B

Base Edge

3. Apply Truncatjion:

o Calculate true small hip edge lengths
o Mark truncation points on development
o Connect points to form frustum top

1. Add Bases:

o Attach square/rectangular bases
o Include joining tabs for assembly

Engineering Considerations:

Step 3: Base Addition

Base Attached

e Seam Placement: Strategically locate seams for structural integrity

e Material Grain: Align development with material properties
e Bend Allowances: Account for material thickness in folding

e Assembly Sequence: Plan logical construction order

3. INDUSTRIAL CASE STUDIES
Case Study 1: HVAC Ductwork Fabrication

Application: Heating, Ventilation, and Air Conditioning systems
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Transition Piece Development:
Round to Rectangular Transition:

00000 Development Pattern:

/0

> Complex Curved
/ Pattern

Fabrication Process:

Develop precise flat pattern
Laser/plasma cut from sheet metal
Form using bending brakes and rollers
Weld seams and install flanges

5. Test for air-tightness

PP =

Case Study 2: Food Packaging Optimization
Application: Beverage Can Manufacturing

Can Body Development:

3D Can: 2D Development:

‘ ‘ ’

\_/

2nR
Economic Impact:

e Material savings: 5-8% through optimized nesting
e Production speed: 2,000 cans/minute
¢ Quality improvement: Consistent dimensional control

4. CONSTRUCTION BEST PRACTICES
Accuracy Verification Methods:

Mathematical Verification:

e Circumference matching for curved developments
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e Angular summation for polyhedral forms
e Area calculations for material estimation

Geometric Verification:

Development Check:

Before Cutting: After Assembly:

Flat Pattern 3D Object

Verification Points:

e All edges match

e Angles correct

e Seams align properly
* No gaps or overlaps

Professional Standards:
Drawing Conventions:

e Development Lines: Solid lines for cuts
¢ Fold Lines: Dash-dot pattern

¢ Bend Lines: Dashed lines

e Grain Direction: Arrow indicators

e Tab Locations: Clearly marked

Dimensioning Protocol:

Complete Dimensioning:

True Length

>

Required Dimensions:
e All true lengths

e Angular dimensions
e Radius values

e Bend allowances
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S. ADVANCED APPLICATIONS

Complex Transitions and Intersections:
Pipe Intersections:

Branch Pipe Connection:

Main Pipe Branch Pipe Developed Pattern:
Complex
o o) > Curved
Interface
Computational Methods:

e CAD Integration: Automated development generation

¢ Finite Element Analysis: Stress distribution in developed forms
e Nesting Algorithms: Material optimization software

e Laser Path Programming: Direct from development to cutting

6. QUALITY CONTROL AND VERIFICATION

Inspection Protocols:
Dimensional Accuracy:

e +0.5mm tolerance for most applications
e +0.Imm for precision components
e Angular tolerance +0.5°

Assembly Verification:

Quality Checklist:

All true lengths verified
Angular relationships correct
Seam alignment precise
Material grain considered
Bend allowances included

Tab locations optimized
Nesting efficiency maximized

Lo B s B s B s W s W s W |
e e e e e e e

Testing Methods:

e Physical prototype assembly
¢ Digital simulation
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Material stress testing
Functional performance evaluation

ASSESSMENT FRAMEWORK

Practical Evaluation Criteria:

Technical Proficiency (40%):

Mathematical accuracy of developments
Geometric construction precision
Adherence to drawing standards
Material optimization

Problem-Solving (30%):

Application to real-world scenarios
Efficient layout planning

Error identification and correction
Alternative solution development

Professional Standards (30%):

Drawing presentation quality
Documentation completeness
Time management

Safety considerations

Advanced Challenge Problem:

Industrial Design Scenario:

Design a transition piece connecting:

e Input: Circular duct, diameter 200mm
Output: Rectangular duct, 150mm x 250mm
Height: 300mm

Material: 1mm galvanized steel

Requirements:

. Develop complete flat pattern

. Calculate material requirements
. Specify bend allowances

. Design efficient nesting layout
. Create assembly instructions

uuhwNnPR
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WEEK 9: ADVANCED SURFACE DEVELOPMENT - OBLIQUE SOLIDS
AND TRIANGULATION

1. INTRODUCTION TO OBLIQUE SOLIDS DEVELOPMENT

Geometric Challenge: This week we advance from right solids to oblique solids - where the
apex is offset from the base center. This introduces significant complexity in development,
requiring more sophisticated methods than simple radial or parallel line techniques.

Right vs. Oblique Comparison:

RIGHT CONE: OBLIQUE CONE:
Vv \'
/
/
H / H
f/
° / °
Center Offset Center
of Base of Base

Fundamental Problem: In oblique solids, the slant height varies continuously around the
perimeter, making simple sector development impossible.

2. COMPREHENSIVE CONTENT
A. TRIANGULATION METHOD FOR OBLIQUE CONE DEVELOPMENT

Method Overview: Triangulation divides complex curved surfaces into manageable triangular
elements, each developed separately and assembled sequentially.

Triangulation Process Flow:

Orthographic Views -» Divide Base - Find True Lengths - Develop Triangles
» Assemble Net

! ! ! !
!
Plan & 12 Equal Rotate Each Construct
Smooth Curve
Elevation Divisions Generator Triangles
Connection

Step-by-Step Construction:
Step 1: Orthographic Views Setup
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Plan View: Front Elevation:

00000 V'

o) e O / \

o /\ o / 0\
o/ \ o / \
o / V. \ o / \
o\ / o / \
o \/ o / \
o o 1 2' 3' 4°'
00000 (Base Points)

Plan: Circle with offset apex V
Elevation: Asymmetric triangle
Project division points between views

Step 2: Base Division and True Length Determination

True Length Construction:

Plan Rotation: True Length Diagram:
00000 V'
o o / |\
o o // \
o o / \
o o) / \
o o / \
o o / \
o o 1' R 2"
00000 (Rotated Position)
Process:

1. Rotate each generator to horizontal in plan
2. Project to elevation to find true length
3. Repeat for all 12 division points

Step 3: Sequential Net Development

Net Construction Sequence:

Step 1: Start Triangle Step 2: Add Triangle Step 3: Continue
Pattern
\ Vv Vv
/ \ / \ / \
/ 0\ / 0\ / 0\
/ \ / \ / \
1 2 1 2 3 1 2 3

Construction Rules:
e Use compass with true generator lengths from V
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¢ Use chord distances between base points
e Maintain sequential order around perimeter

Complete Oblique Cone Development:

Final Development Pattern:

Smooth Curve

B. INDUSTRIAL APPLICATIONS AND CASE STUDIES
HVAC Transition Pieces:

Square-to-Round Transition:

Square Input: Round Output: Developed Pattern:
00000
o) o Complex
-> o o > Triangulated
o (¢} Pattern
00000

Industrial Significance:

e Connects different duct shapes
¢ Maintains airflow efficiency

e Reduces turbulence and noise

Automotive Panel Development:

Car Body Panel Development:

3D Car Door: 2D Blank: Stamping Process:
PRESS

!
- Complex -
Shape
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Manufacturing Steps:

1. Develop flat pattern
2. Laser cut blank

3. Form in stamping press
4. Trim and finish

Aerospace Applications:

Aircraft Wing Skin Development:

Curved Wing Surface: Developed Sheet: Formed Component:

-> Stretch ->
Formed

Pattern

C. COMPLEX FRUSTUM DEVELOPMENT: OBLIQUE PYRAMID
Advanced Construction Methodology:
Step 1: Establish True Lengths for Hip Edges

True Length Determination:

Plan View: Rotation Method:
D———C V (rotated)
i
v /
/
A——B | 4%
A’ A B

(True Length VA)

Process:

1. Rotate each hip edge to frontal plane
2. Project to find true vertical height
3. Measure true length in elevation
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Step 2: Full Pyramid Development

Pyramid Net Development:

Base Edge

Construction Sequence:

1.
2.
3.
4.

Start with edge VA

Swing arc with true length VB
Step off base distance AB
Continue around all four sides

Step 3: Truncation Application

Frustum Development:

Full Pyramid:

With Truncation: Final Frustum:
\Y Vv a b

/a\ / \
\ / \ / \

\ / \ / \
\ A B

Truncation Process:

1.

2.
3.
4.

Locate cut points on true length lines
Transfer to development

Connect points for top surface

Add separate base pieces

Complete Oblique Pyramid Frustum:

Final Development Assembly:

(@)
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Components:

e Lateral surfaces (4 trapezoids)
e Top base (true shape)

e Bottom base (true shape)

e Joining tabs

3. INDUSTRIAL WORKFLOW AND BEST PRACTICES

Professional Development Process:
Digital Workflow Integration:

Modern Development Pipeline:

CAD Model - Surface Unfold » Nesting -» CNC Cutting - Forming - Assembly

l ) l l ) )
3D Input 2D Pattern Material Precision Bending Final
Generation Layout Cutting Product

Quality Control Measures:

Development Verification:

[v] All true lengths verified mathematically
[v ] Base perimeter matches developed length
[v ] Angular relationships maintained

[v ] Material grain direction considered

[v ] Bend allowances included

[v] Seam locations optimized

Material Considerations:

Sheet Metal Specifics:

Bend Allowance Calculation:

Before Bending: After Bending:

Formula: BA = a x (m/180) x (R + KxT)
Where:
e a = Bend angle

¢ R = Inside radius
e K = Material factor (0.3-0.5)
e T = Material thickness
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4. COMPREHENSIVE WORKED EXAMPLE
Oblique Cone Development Problem:

Given: Oblique cone with:

e Base diameter: 80mm
e Apex offset: 20mm from center
e Vertical height: 60mm

Solution Steps:
Step 1: Orthographic Views

Plan View Setup:

N
0000000
o o
o \ O <« Apex offset 20mm
o o
o ° O <« Base center
o] o
o o
o] o
0000000

e Divide base into 12x30° sectors
e Number points 1-12 clockwise

Step 2: True Length Calculations

Generator Length Table:

Point Plan Length | True Length

1 60mm 85mm
2 55mm 82mm
3 50mm 78mm
4 48mm 77mm

Calculation Method:
True Length = v(Vertical Height? + Plan Distance?)

Step 3: Net Construction

Development Sequence:
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Start: Point V-1 (shortest generator)

Step 1: Swing arc with V-2 true length (82mm)
Step 2: Step chord distance 1-2 (=21mm)

Step 3: Continue around all 12 points

Step 4: Connect base points with smooth curve

Verification:

e Total developed perimeter ~ Base circumference (251 mm)
e Smooth transition between triangular elements
e No gaps or overlaps in pattern

5. ADVANCED APPLICATIONS AND EMERGING TECHNOLOGIES

Computational Surface Development:
CAD Integration:

Digital Workflow:

Parametric Model -» Automatic Unfolding -» Optimization - Manufacturing
! ! ! !
3D Design 2D Development Material Nesting CNC Output

Software Features:

e Automatic triangulation

e Bend allowance calculation

e Nesting optimization

e DFM (Design for Manufacturing) analysis

Industry 4.0 Applications:

e Generative Design: Algorithm-optimized developments

e Additive Manufacturing: Direct from digital model to physical part
e Digital Twin: Virtual testing before physical production

e Al Optimization: Machine learning for material efficiency

6. PROFESSIONAL STANDARDS AND DOCUMENTATION

Drawing Conventions:
Development Drawing Standards:

Professional Documentation:

DEVELOPMENT: OBLIQUE CONE
Scale: 1:1 | Material: 1.2mm CRS
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\Y
/|\
/ \ L1=85mm
/ \
/ \
/ \

1 2

3 ...

BASE
CIRCUM.
= 251mm

NOTES:

e All dimensions in mm
e Grain direction -

e Bend allowance: 2.1mm
e Seam at generator 1

Required Information:

e Scale and units

e Material specification

e True lengths and angles
e Bend and seam locations
e Grain direction

¢ Quality standards

ASSESSMENT FRAMEWORK

Practical Evaluation Criteria:
Technical Competence (50%):

e Accurate true length determination
e Proper triangulation methodology
e Mathematical verification

e Geometric construction precision

Application Skills (30%):
e Real-world problem solving
e Material considerations

e Manufacturing constraints
e Efficiency optimization
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Professional Standards (20%):

e Drawing presentation

e Documentation completeness
e Adherence to standards

e (Clarity of communication

Advanced Challenge Problems:
Industrial Scenario 1: HVAC Transition

Design a rectangular-to-oval transition:

e Input: 200mm x 100mm rectangle

Output: 150mm major axis, 80mm minor axis oval
Height: 250mm

Material: 0.8mm galvanized steel

Deliverables:

1. Complete development drawing

2. Material requirement calculation
3. Nesting layout optimization

4. Manufacturing instructions

Industrial Scenario 2: Automotive Component

Develop a complex car body panel:
e 3D scan data provided

e Material: 1.0mm automotive steel
e Stretch forming process

e Tolerance: +0.5mm

Requirements:

1. Flat pattern development

2. Forming simulation analysis
3. Tooling design considerations
4. Quality control plan
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