Solid Mensuration Problems With Solution

Solid mensuration problems with solution Solid mensuration is a vital branch of geometry that deals with the
measurement of three-dimensional objects such as cubes, cylinders, cones, spheres, and other composite solids. Mastering
solid mensuration problems with solutions is essential for students preparing for competitive exams, engineering courses,
and practical applications involving volume and surface area calculations. This article aims to provide a comprehensive guide
to solving solid mensuration problems, complete with detailed solutions, tips, and strategies to enhance understanding and
problem-solving skills.

Understanding Solid Mensuration: Basic Concepts

Before diving into specific problems, it's crucial to understand the fundamental concepts and formulas related to various 3D
shapes.
Key Geometrical Shapes and Formulas

- Cube - Volume: \(V = a"3\) - Surface Area: \( SA = 6a"2\) - Cuboid (Rectangular Prism) - Volume: \( V = | \times b \times h
\) - Surface Area: \( SA = 2(Ib + bh + hl)\) - Cylinder - Volume: \( V =\pi r*2 h\) - Surface Area: \( SA =2\pir (r + h) \) - Cone -
Volume: \( V = \frac{1}{3} \pi r*2 h\) - Surface Area: \( SA =\pir (I + r)\), where \( 1) is the slant height - Sphere - Volume: \( V
= \frac{4}3} \pi r*3\) - Surface Area: \( SA = 4\pi r*2\) - Hemisphere - Volume: \( V = \frac{2}{3} \pi r*3\) - Surface Area
(including curved surface): \( SA = 3\pi r'2)

Common Types of Solid Mensuration Problems
Solid mensuration problems generally involve: - Calculating the volume or surface area of a single shape. - Finding the total

surface area or volume after combining shapes. - Problems involving the difference or subtraction of volumes. - Surface area
and volume of composite shapes. - Problems involving the height, radius, or slant height of a shape.

Step-by-Step Approach to Solving Solid Mensuration Problems
1. Identify the shape(s) involved in the problem. 2. Note down the given data such as radius, height, length, etc. 3. Determine
what is asked — volume, surface area, or both. 4. Choose the appropriate formula(s) based on the shape(s). 5. Plug in the

known values into the formulas. 6. Perform calculations carefully, keeping track of units. 7. Interpret the result, ensuring it
makes sense in context.

Sample Problems with Solutions

Below are several example problems illustrating common solid mensuration challenges, complete with step-by-step solutions.

Problem 1: Volume of a Cylinder

Question: A cylindrical tank has a radius of 5 meters and a height of 10 meters. Find the volume of the tank. Solution: 1.
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Identify the shape: Cylinder 2. Given data: - Radius, \(r = 5\) m - Height, \( h = 10\) m 3. Apply the formula: \( V = \pi r*2 h\)
4. Calculate: \( V = \pi \times 52 \times 10 = \pi \times 25 \times 10 = 250 \pi ) 5. Final answer: \( V \approx 250 \times
3.1416 = 785.4 \text{ cubic meters}\)

Problem 2: Surface Area of a Sphere

Question: Calculate the surface area of a sphere with a diameter of 12 cm. Solution: 1. Identify the shape: Sphere 2. Given
data: - Diameter, \(d = 12\) cm - Radius, \( r = \frac{d}{2} = 6 \) cm 3. Apply the formula: \( SA = 4 \pi r*2\) 4. Calculate: \( SA
= 4 \times \pi \times 6”2 = 4 \times \pi \times 36 = 144 \pi \) 5. Final answer: \( SA \approx 144 \times 3.1416 = 452.4 \tex{{
cmir2))

Problem 3: Volume of a Cone

Question: A cone has a radius of 4 meters and a height of 9 meters. Find its volume. Solution: 1. Identify the shape: Cone 2.
Given data: - Radius, \(r = 4\) m - Height, \( h = 9\) m 3. Apply the formula: \( V = \frac{1}{3} \pi r*2 h\) 4. Calculate: \( V =
\frac{1}{3} \times \pi \times 4”2 \times 9 = \frac{1}{3} \times \pi \times 16 \times 9\) \( V = \frac{1}3} \times \pi \times 144 = 48
\pi \) 5. Final answer: \( V \approx 48 \times 3.1416 = 150.8 \text{ cubic meters}\)

Problem 4: Total Surface Area of a Hemisphere

Question: Find the surface area of a hemisphere with radius 7 cm (including the curved surface and the base). Solution: 1.
Identify the shape: Hemisphere 2. Given data: - Radius, \(r = 7\) cm 3. Apply the formula: \( SA = 3 \pi r*2\) 4. Calculate: \(
SA = 3 \times \pi \times 772 = 3 \times \pi \times 49 = 147 \pi\) 5. Final answer: \( SA \approx 147 \times 3.1416 = 461.8 \text{
cmir2\)

Advanced Problems: Combining and Subtracting Solids

Complex problems often involve combining multiple shapes or subtracting parts of solids.

Problem 5: Volume of a Frustum of a Cone

Question: A frustum of a cone has a lower radius of 10 cm, an upper radius of 4 cm, and a slant height of 12 cm. Find its
volume. Solution: 1. Identify the shape: Frustum of a cone 2. Given data: - Lower radius, \( R = 10\) cm - Upper radius, \(r = 4
\) cm - Slant height, \(1 = 12\) cm 3. Find the height \( h \): First, find the height using the Pythagorean theorem: \( I"2 = h*2 +
(R-nM2\)\(12"2=h"2 + (10 - 4)"2\) \( 144 =h*2 + 6"2\) \( 144 =h"2 + 36 \) \( "2 =108\) \( h = \sqrt{108} = 10.392\) cm
4. Apply the volume formula for a frustum: \( V = \frac{1}{3} \pi h (R*2 + Rr + r*2) \) 5. Calculate: \( V = \frac{1}{3} \times \pi
\times 10.392 \times (10”2 + 10 \times 4 + 472) \) \( V = \frac{1}{3} \times \pi \times 10.392 \times (100 + 40 + 16) \) \( V =
\frac{1}{3} \times \pi \times 10.392 \times 156 \) \( V \approx \frac{1}3} \times 3.1416 \times 10.392 \times 156 \) \( V \approx
1.0472 \times 10.392 \times 156 \) \( V \approx 1.0472 \times 1618.35\) \( V \approx 1694.4 \text{ cubic centimeters}\)

Tips for Effective Problem Solving in Solid Mensuration

- Visualize the problem: Drawing diagrams helps understand the shape and what is asked. - Use known formulas: Memorize
formulas for basic shapes; derive others as



Solid Mensuration Problems with Solution: An In-Depth Guide Solid mensuration is a vital branch of geometry that deals with
the measurement of three-dimensional figures such as cubes, cylinders, cones, spheres, and more complex composite solids.
Mastery over mensuration problems is crucial for students preparing for competitive exams, engineering entrance tests, and
academic assessments. This detailed guide aims to explore common solid mensuration problems, their underlying concepts,
methodologies for solutions, and illustrative examples to enhance understanding.

Understanding the Fundamentals of Solid Mensuration

Before diving into problem-solving, it’s essential to establish a clear understanding of the basic solids and their properties.

Common Solids in Mensuration

- Cube: All sides equal; volume = a®; surface area = 6a? - Cuboid (Rectangular Prism): Length (l), Breadth (b), Height (h);
volume = Ixbxh; surface area = 2(Ib + bh + hl) - Cylinder: Radius (r), Height (h); volume = mir?h; surface area = 2rir(h +r) -
Cone: Radius (r), Height (h); volume = (1/3)mr?h; lateral surface area = irV(r? + h?); total surface area = 1r(l + r), where | is the
slant height - Sphere: Radius (r); volume = (4/3)rr®; surface area = 4mr? - Hemisphere: Radius (r); volume = (2/3)rr®; surface
area (including curved surface and base) = 3mir?

Key Concepts and Formulas

- Volume and Surface Area are the primary measurements. - Composite Solids: Figures made by combining basic solids
require breaking down into known shapes. - Theorems and Properties: Use Pythagoras theorem for slant heights, similarity
ratios for scaled solids, and known geometric relations.

Types of Solid Mensuration Problems and Their Strategies

Solid mensuration problems typically fall into categories based on the shape involved or the specific question asked (e.g.,
finding volume, surface area, or the ratio of volumes). Here, we categorize and discuss common problem types and their
approaches.

1. Problems Involving Volume and Surface Area of a Single Solid

- These problems often require applying standard formulas directly or after modifications due to scaling.

2. Problems on Frustum of a Cone or Sphere

- These involve subtracting the volume or surface areas of parts of solids (e.g., when a cone is truncated).

3. Problems on Composite Solids

- Require decomposition into simpler shapes, calculating individual volumes/areas, and combining or subtracting as needed.

4. Problems on Inscribed or Circumscribed Solids

- Involve relationships between inscribed and circumscribed figures, often requiring similarity ratios.
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5. Problems Involving Ratios and Scaling

- Focused on how changes in dimensions affect volume and surface area, frequently involving proportional reasoning.

Step-by-Step Approach to Solving Solid Mensuration Problems

A systematic approach ensures accuracy and efficiency.

Step 1: Understand the Question and Draw a Diagram

- Visualize the solid. - Label all given dimensions. - Identify what is being asked (volume, surface area, ratio, etc.).

Step 2: Break Down the Problem

- Determine if the solid is a simple shape or a composite. - Decide if you need to find the volume, surface area, or both.

Step 3: Recall and Write Down Relevant Formulas

- Use standard formulas for basic solids. - For composite figures, plan to calculate parts separately.

Step 4: Apply the Formulas Carefully

- Substitute dimensions accurately. - Simplify expressions stepwise.

Step 5: Check Units and Final Results

- Ensure units are consistent. - Verify whether the results make sense dimensionally.

lllustrative Examples with Detailed Solutions

Let's delve into some representative problems to illustrate the concepts and solution strategies.

Example 1: Volume of a Cylinder Subtracted from a Cone

Problem: A conical tank of height 12 m and radius 6 m contains water up to a height of 8 m. A cylindrical pipe of radius 2 m
and height 4 m is inserted into the tank such that it is completely submerged. Find the volume of water displaced by the pipe.
Solution Approach: - Calculate the volume of water initially in the conical tank. - Calculate the volume of the cylindrical pipe. -
Since the pipe is submerged, the volume of water displaced equals the volume of the pipe. Step 1: Volume of water in the
conical tank: \[ V_{cone} = \frac{1}{3}\pi r"2 h = \frac{1}3} \pi \times 672 \times 8 = \frac{1}3} \pi \times 36 \times 8 =
\frac{1}3} \pi \times 288 = 96\pi \text{ m}*3 \] Step 2: Volume of the cylindrical pipe: \[ V_{cylinder} = \pi r*2 h = \pi \times 22
\times 4 = \pi \times 4 \times 4 = 16\pi \text{ m}*3\] Answer: The volume of water displaced by the pipe is 161 m®.

Example 2: Surface Area of a Hemisphere and a Cone Together

Problem: A hemispherical dome of radius 3 m is surmounted by a right circular cone of height 4 m and the same radius. Find



the total surface area of the combined solid (excluding the base of the hemisphere). Solution Approach: - Calculate the
curved surface area of the hemisphere. - Calculate the lateral surface area of the cone. - Sum them up; the base of the
hemisphere is not exposed. Step 1: Curved surface area of hemisphere: \[ A_{hemisphere} = 2 \pi r*2 = 2 \pi \times 32 = 2
\pi\times 9 = 18 \pi \text{ m}*2\] Step 2: Lateral surface area of cone: First, find the slant height \( 1\): \[ | =\sqrt{h"2 + r"2} =
\sqrt{4”2 + 312} =\sqrt{16 + 9} = \sqrt{25} = 5 \text{ m}\] Lateral surface area: \[ A_{cone} = \pi r I = \pi \times 3 \times 5 = 15
\pi \text{ m}*2\] Step 3: Total surface area (excluding base): \[ A_{total} = A_{hemisphere} + A_{cone} = 18 \pi + 15 \pi = 33
\pi \text{ m}*2 \] Answer: The total surface area is 33t m?.

Advanced Problems and Conceptual Challenges

As students progress, they encounter more complex problems involving multiple steps, proportions, or integration of different
shapes.

Problem 1: Frustum of a Cone with a Sphere Inside

Question: A sphere of radius 3 cm is inscribed inside a right circular conical frustum such that the sphere touches all the
sides. The frustum has lower and upper radii of 5 cm and 3 cm respectively, and height 8 cm. Find the volume of the frustum
outside the sphere. Approach: - Find the volume of the frustum. - Determine the volume of the inscribed sphere. - Subtract the
sphere's volume from the frustum's volume for the remaining volume. Solution: - Volume of frustum: \[ V_{frustum} =
\frac{1}{3} \pi h (R*2 + Rr + r*2) = \frac{1}3} \pi \times 8 \times (52 + 5 \times 3 + 3"2) = \frac{8}{3} \pi (25 + 15+ 9) =
\frac{8}3} \pi \times 49 = \frac{392}{3} \pi \text{ cm}"3 \] - Volume of sphere: \[ V_{sphere} = \frac{4}{3} \pi r*3 = \frac{4}{3} \pi
\times 33 = \frac{4}{3} \pi \times 27 = 36 \pi \text{ cm}*3\] - Remaining volume: \[ V_{remaining} = V_{frustum} - V_{sphere}
= \left(\frac{392}{3} - 36 \right) \pi = \left

Questions & Answers About solid mensuration problems with
solution

No Question Answer

1 What is the formula for finding the volume | The volume of a cylinder is given by V = tir®h, where r is the radius of the
of a cylinder in solid mensuration base and h is the height.
problems?

2 How do you calculate the surface area of | The surface area of a cone is given by A = rir(l + r), where r is the radius
a cone in solid mensuration problems? of the base and | is the slant height.

3 What is the standard method to find the The volume of a sphere is V = (4/3)rir®, where r is the radius of the
volume of a sphere in solid mensuration? | sphere.

4 How do you determine the lateral surface | The lateral surface area of a cone is LSA = nirl, where r is the radius and

area of a right circular cone? | is the slant height.

5 In a problem involving a hollow cylinder, | The volume of the material is the difference between the volume of the
how do you find the volume of the outer cylinder and the inner cylinder: V = m(R2 - r)h, where R and r are
material used? the outer and inner radii respectively, and h is the height.

6 How can you find the total surface area of | The total surface area of a hemisphere is 3mr?, including the curved
a hemisphere in solid mensuration surface and the base.
problems?
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7 What is the approach to solve problems | Use similarity of triangles to find the dimensions of the smaller cone or
involving the section of a cone by a plane | frustum formed, then calculate the required surface areas or volumes
parallel to its base? accordingly.
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