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1. CHAPTER INTRODUCTION

In our study of geometry, we have explored flat, two-dimensional shapes such as rectangles, triangles, and circles.
These figures exist completely in a single flat plane and possess only two measurable parameters: length and
breadth. However, the physical objects we interact with in real life—like boxes, pipes, and tanks—possess a third
dimension: thickness or height. This field of mathematics is called *Mensuration**, which deals specifically with
measuring the geometric attributes of three-dimensional solid figures.

This chapter explores the relationship between two vital properties of 3D objects: **Surface Area** and **Volume**.
Surface Area measures the total outer bounding area of an object, which is crucial for determining material needs
like painting or wrapping. Volume measures the total internal space an object occupies, which is essential for
determining structural capacities. This chapter focuses on three foundational solid shapes: the **Cube**, the
**Cuboid**, and the **Right Circular Cylinder**,

_________________________________________________________________________________________________________________

';V REAL-LIFE APPLICATIONS OF MENSURATION

« Industrial Packaging & Manufacturing: Packaging companies use surface area calculations to minimize
the amount of cardboard needed to manufacture boxes, helping reduce material costs and waste.

« Civil Infrastructure & Storage: Engineers use cylinder volume and capacity calculations to design water
storage towers, fuel transport tankers, and pipelines to meet population usage needs.

_________________________________________________________________________________________________________________
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2. DETAILED EXPLANATION OF CONCEPTS

I Core Geometric Definitions

A. Surface Area Framework

The surface area of a solid is the sum of the areas of all its bounding faces. It is measured in **square units** (e.g.,
cm? m?). It is split into two primary categories:

« Lateral Surface Area (LSA) /| Curved Surface Area (CSA): The total area of all the outer faces of an object,
strictly **excluding** the areas of its top and bottom bases. For shapes with flat faces (like cubes and cuboids),
we use the term *Lateral Surface Area*. For shapes with curved walls (like cylinders), we use *Curved Surface
Area*.

« Total Surface Area (TSA): The complete surface coverage of the object, calculated by adding the areas of the
top and bottom bases to its lateral or curved surface area:

TSA = LSAICSA + Area of Top Base + Area of Bottom Base

B. Volume vs. Capacity Framework

* Volume: The total amount of three-dimensional space enclosed by the bounding surfaces of a solid object. It is
measured in **cubic units** (e.g., cm3, m3).

« Capacity: The total volume of fluid (liquid or gas) that a hollow container can hold. While volume refers to the
space a solid object occupies, capacity refers to the internal volume available for storage.

* Volume-to-Capacity Unit Transformations:

1cm® =1mL | 1000 cm® = 1 Litre | 1 m® = 1000 Litres (1 kilolitre)

| 1. The cuboid

A **Cuboid** is a solid three-dimensional shape bounded by six rectangular faces. It is defined by three
perpendicular linear parameters: length (I), breadth (b), and height (h).

TEXT-BASED VISUALIZATION OF A CUBOID:
[
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| / b (Breadth)
L | /
1 (Length)

Derivations of Cuboid Formulas

- Lateral Surface Area (Area of 4 Walls): Excludes the top face (I x b) and bottom face (I x b). It combines the
areas of the front and back walls (2 x I x h) and the two side walls (2 x b x h):

CUBOID LATERAL SURFACE AREA (LSA)
Formula: LSA = 2h(1 + b)

Derivation: 2lh + 2bh = 2h(l + b). This is equal to the Perimeter of the Base multiplied by the
Height.

« Total Surface Area: Sums all six rectangular bounding faces together:

CUBOID TOTAL SURFACE AREA (TSA)

Formula: TSA = 2(1b + bh + hl)

« Volume Displacement: Found by multiplying the baseline surface area by its vertical height:

CUBOID VOLUME

Formula:V = 1 x b x h

I 2. The Cube

A **Cube** is a special type of cuboid where all six rectangular faces are perfectly equal squares. This means its
length, breadth, and height are all equal to a single edge length, denoted as a.

TEXT-BASED VISUALIZATION OF A CUBE:
[
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| / a (Edge)
L | /
a (Edge)

Derivations of Cube Formulas

« Lateral Surface Area: Combines the areas of the four vertical square side walls, excluding the top and bottom:

CUBE LATERAL SURFACE AREA (LSA)

Formula: LSA = 43?2

* Total Surface Area: Sums the areas of all six identical square faces together:

CUBE TOTAL SURFACE AREA (TSA)

Formula: TSA = 6a?2

 Volume: Calculated by cubing its edge length:

CUBE VOLUME

Formula:V = a3

I 3. The Right Circular Cylinder

A **Right Circular Cylinder** is a solid shape generated by rotating a rectangle around one of its sides. It consists
of a curved vertical surface and two parallel, congruent circular bases at the top and bottom. Its dimensions are
defined by the radius (r) or diameter (d = 2r) of its circular base, and its perpendicular height (h).

[Image of a right circular cylinder showing radius r and height h]

TEXT-BASED VISUALIZATION OF A CYLINDER:

h (Height)

Page 5



CBSE Class 9 Mathematics | Chapter 13: Surface Area & Volume

Derivations of Cylinder Formulas

» Curved Surface Area (CSA): If you unroll the curved side wall of a cylinder flat, it forms a perfect rectangle.
The length of this rectangle matches the circumference of the circular base (2nr), and its width matches the
cylinder's height (h). Multiplying these dimensions gives the curved surface area:

CYLINDER CURVED SURFACE AREA (CSA)
Formula: CSA = 2nrh

Note: The constant value for 1t (Pi) is typically evaluated as 22/7 or 3. 14.

\ J

« Total Surface Area: Calculated by adding the areas of the two circular bases (nr? each) to the curved surface
area:

CYLINDER TOTAL SURFACE AREA (TSA)

Formula: TSA = 2nrh + 2nr? = 2nr(r + h)

« Volume Capacity: Calculated by multiplying the area of the circular base by the vertical height:

CYLINDER VOLUME

Formula: V = nr?h
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3. IMPORTANT TERMS & DEFINITIONS

MENSURATION
TERM

Surface Area

Volume

Capacity

Lateral Surface

Area

Right Cylinder

MATHEMATICAL DEFINITION

The total sum of the areas of all bounding
faces enclosing a solid object.

The measure of the total three-dimensional
space enclosed by a solid object.

The maximum volume of fluid material a
hollow container can hold.

The surface area of a solid strictly excluding
the areas of its top and bottom bases.

A cylinder where the central axis runs

completely perpendicular to its circular bases.
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KEY POINT TO REMEMBER

Always measured in square units (cm?,
m?). Indicates external surface coverage.

Always measured in cubic units (cm3, m3).
Indicates space displacement.

Linked directly to volume. Measured in
liquid capacities like Litres or mL.

For a box, this is equal to the area of the
four side walls.

The height line must meet the baseline
radius at a perfect 90° angle.



CBSE Class 9 Mathematics | Chapter 13: Surface Area & Volume

4. NCERT KEY POINTS

« Syllabus Focus Restriction: Under the latest rationalized NCERT guidelines, topics covering cones and
spheres have been removed from the Class 9 curriculum. Focus your study time exclusively on mastery of
**Cubes, Cuboids, and Cylinders**,

» The Single Open-Top Box Variation: Pay close attention to word problems involving an "open box" or
"painting a room excluding the floor." In these cases, you cannot use the standard TSA formula. You must
calculate the area using the formula: Area = LSA + 1 x Base Area.

< Unit Harmonization Law: Never perform calculations using mixed units (e.g., multiplying length in meters by
height in centimetres). Always convert all dimensions to match the same unit before performing addition or
multiplication steps.
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5. FORMULA SUMMARY TABLE

SOLID
SHAPE
PROFILE

Cuboid

Cube

Cylinder

LATERAL /
CURVED AREA
FORMULA

2h(1 + b)

432

2nrh

TOTAL SURFACE

AREA FORMULA

2(1b + bh +
hl)
6a?
2nr(r + h)
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VOLUME
DISPLACEMENT
FORMULA

1 xbxh

nr2h

VARIABLES
MAPPING

| =length, b =
breadth, h = height

a = uniform edge
length

r = base radius, h =
height, T = 22/7
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6. TABLES & FLOWCHARTS

I Concept Differentiation Matrix

ATTRIBUTE
COMPARED

SURFACE AREA METRICS

VOLUME | CAPACITY METRICS

Dimensional Scope Two-dimensional measurement of the outer

boundary faces.

2

Dimensional Unit Expressed in square units: cm?, m2.

Real-World
Application

Determining requirements for wrapping,
painting, or plastering.

FORMULA SELECTION PROCEDURAL FLOWCHART:

[ Read and Analyze Word Problem ]

v

Three-dimensional measurement of
internal space.

Expressed in cubic or fluid units: cm?,

m3, Litres.

Determining storage capabilities for water,
oil, or soil space.

What property needs to be calculated?

[
v

[ Outer Boundary / Surface ]
|
v
Does it include top/bottom bases?

1
v

[ Space / Capacity ]

v

Select Volume Formula:

| e Cube: V = a3
| : l « Cuboid: V = 1xbxh

v v
(No) (Yes)
v v
Use LSA/CSA Use TSA
Formula Formula
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e Cylinder: V = mr2h

v

Check Liquid Units:
If needed: 1000cm3 = 1 Litre
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7. MEMORY TRICKS (FAST LEARNING TECHNIQUES)

1. The "Base Multiplication" Secret
You don't need to memorize volume formulas as separate, unlinked facts. The volume of any regular right solid
follows a simple rule:
Volume = Area of the Base x Height
* For a **Cuboid**: The base is a rectangle (Area=1xb) - Volume = (1 x b) x h.
3

* For a **Cube**: The base is a square (Area = a?) - Volume = (a?) x a = a’.

* For a **Cylinder**: The base is a circle (Area = nr?) » Volume = (mtr?) x h.

2. Radius vs. Diameter Mnemonic

Always remember: **"Radius is Real half, Diameter is Double."** If an exam problem gives you a diameter, slice it

in half immediately before plugging it into any radius variable (r).
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8. COMMON MISTAKES STUDENTS MAKE

I\ ERROR 1: CONFUSING CRIVED SURFACE AREA WITH TOTAL SURFACE AREA

The Mistake: Using the full Total Surface Area formula to calculate the cost of painting a cylindrical pillar,
which wastes time and leads to incorrect answers by including the covered top and bottom bases.

How to avoid it: Think about the physical object. Pillars are built into floors and ceilings, so their top and

bottom bases are hidden. For columns, pipes, and tunnels, always use the **Curved Surface Area (CSA)**
formula.

I\ ERROR 2: WRONG EXPONENT POWER FOR MEASUREMENT UNITS

The Mistake: Writing volume answers with square units (e.g., 500 cm?) or surface areas with cubic units
(e.g., 120 m3).

How to avoid it: Remember the dimension index rule: Area tracks flat space (2D), so it always uses power 2
(m?). Volume tracks solid space (3D), so it always uses power 3 (m?).
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9. QUICK REVISION NOTES

* Cuboid Summary: LSA = 2h(1 + b) |TSA = 2(1b + bh + hl)|Volume =1 x b x h
* Cube Summary: LSA = 4a? |TSA = 6a?|Volume = a3

¢ Cylinder Summary: CSA = 2nrh|TSA = 2nr(r + h) |Volume = mr?h

* Liquid Capacity Rule: 1 Litre = 1000 cm®,and1 m® = 1000 Litres.

« Always double-check that all dimensions are converted to match the same measurement unit before running
calculations.
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10. ONE-PAGE SUMMARY

This chapter provides a complete framework for calculating outer surface areas and internal space capacities for
core three-dimensional shapes:

SHAPE PROFILE TARGET CALCULATION TYPE FORMULA BLUEPRINT UNIT TYPE RULE

Cube Box Total Outer Faces = Square Units (m? cm?)
Cuboid Box Internal Space Volume V=1xbxh Cubic Units (m3, cm?3)
Cylinder Tube Curved Wall Face Only CSA = 2mrh Square Units (m? cm?)
Cylinder Tank Total Fluid Space Capacity V = nr?h Liquid Units (Litres, mL)
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11. MIND MAP

Surface Area and Volume

Surface Area Metrics (2D Boundaries)

Lateral / Curved (LSA/CSA): Excludes top and bottom faces
Total Surface Area (TSA): Includes all bounding faces
Metric Units: Squared profiles (cm2, m2)

T

2. Volume & Capacity Metrics (3D Enclosures)

Solid Displacement Volume: Base Surface Area x Height

Fluid Storage Capacity: Container volume mapped to liquid metrics
Conversions: 1 Litre = 1000 cm3® | 1 m3 = 1000 Litres

[TT

3. Cube & Cuboid Properties
— Cube: 6 equal square faces | TSA = 6a2 | Volume = a3
L— Cuboid: 6 rectangular faces | TSA = 2(1b + bh + hl) | Volume = lxbxh

I e

4. Right Circular Cylinder Properties
— Curved Side wall: Unrolls into a rectangle | CSA = 2mrh
L— Total Framework: CSA + 2 Base Circles | TSA = 2nr(r + h) | Volume = mr2h
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12. EXAM-ORIENTED IMPORTANT POINTS

* The "Cost of Construction” Layout: Exam questions frequently ask you to calculate the cost of cementing or
painting a surface at a given rate per square meter. Always split these problems into two clear steps: first, find
the correct area using the appropriate surface area formula, then multiply that total area by the given cost rate.

» Always Verify the Radius Input: Examiners often give the diameter length in word problems to test your
attention to detail. Always divide the diameter by 2 to find the exact radius before plugging it into your cylinder
formulas.
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