B. If The Efficiency Of The Given Simple
Machine Is 75% In Fig. 8.13, Calculate Total
Effort Required

B. If The Efficiency Of The Given Simple Machine Is 75% In Fig. 8.13, Calculate Total Effort
Required

Understanding the mechanics and efficiency of simple machines is fundamental in physics and
engineering, particularly when designing systems to minimize effort while maximizing output. When
analyzing a specific simple machine, such as the one depicted in Fig. 8.13, and given its efficiency,
calculating the total effort required becomes an essential task. This article provides a comprehensive
guide to understanding the concept of efficiency in simple machines, how to interpret the given data,
and step-by-step instructions to determine the total effort needed, ensuring clarity for students,
educators, and professionals alike.

Fundamentals of Simple Machines and Their Efficiency

What Is a Simple Machine?

A simple machine is a device that changes the magnitude or direction of a force to facilitate the
performance of work. Classic examples include the lever, pulley, inclined plane, screw, wedge, and
wheel and axle. These machines do not introduce energy but make work easier by distributing force
or increasing distance.

Understanding Efficiency in Simple Machines

The efficiency (n) of a simple machine indicates how effectively it converts input work into output
work. It is expressed as a percentage and calculated using the formula:

\[
n = \frac{\text{Output Work} } {\text{Input Work}} \times 100\%

\]

Since no machine is perfectly efficient (100%), some energy is always lost due to factors like friction
and deformation.

Key Points:

- Efficiency depends on the nature of the machine and how well it minimizes energy losses.

- An efficiency of 75% indicates that 75% of the work input is converted into useful work, with 25%
lost.



Analyzing the Given Data: Fig. 8.13 and 75% Efficiency

Understanding the Details of Fig. 8.13

While the specific diagram of Fig. 8.13 is not provided here, typical simple machine problems include
data such as:

- Load or resistance (load force)

- Effort or input force

- Mechanical advantage

- Distance moved by effort and load

For the purpose of this discussion, assume the diagram depicts a typical simple machine setup with
known load and effort parameters.

Given Data Assumptions

Suppose:

- Load (Resistance) \( R \) is known or given.

- Mechanical advantage (MA) or ideal mechanical advantage (IMA) is known.
- The efficiency of the machine is 75%, i.e., n = 0.75.

The goal is to find the total effort \( E \) required to lift or move the load.

Calculating Total Effort Required

Step 1: Understand the Relationship Between Effort and Load

The actual effort required (E) is related to the load (R) and the efficiency of the machine:

\[

\text{Work Input} = E \times d_{E}
\]

\[

\text{Work Output} = R \times d_{R}
\]

Where:
-\(d_{E} ) is the effort distance.
-\(d_{R}\) is the load distance.

In ideal machines (no friction), the effort distance equals the load distance, but in real machines,
efficiencies are less than 100%.

Note: For simplicity, many problems assume effort and load move through the same distance unless
specified otherwise.



Step 2: Use the Efficiency Formula

Rearranged, the efficiency relates the work done:

\[
n = \frac{\text{Work Output} } {\text{Work Input}} = \frac{R \times d_{R}}{E \times d {E}}

\]

Assuming effort and load move through the same distance:

\[
n = \frac{R}{E}
\]

Thus:

\[
E =\frac{R}{n}
\]

This formula provides the effort required in ideal conditions. However, if distances differ, the
calculation must account for that.

Step 3: Applying the Data to Find Effort

Suppose the load \( R\) is given or can be measured from the diagram. For illustration, assume:
- Load \( R = 200\, \text{N}\)

Given the efficiency:

\[
n=0.75
\]

Then,

\[
E = \frac{200\, \text{N}}{0.75} = 266.67\, \text{N}

\]

which means the effort required to move the load is approximately 267 N.

Step 4: Consider Mechanical Advantage and Distance Factors
If the problem involves different effort and load distances, the calculation adjusts accordingly:

\[
E =\frac{R \times d {R}}{n\timesd {E}}

\]



For example, if the effort moves through twice the distance of the load:

\[
d {E} =2 \timesd_{R}
\]

then:

\[
E = \frac{R \times d_{R}}{n \times 2 \times d {R}} = \frac{R}{2 \times n}
\]

Using the previous load value:

\[
E = \frac{200}{2 \times 0.75} = \frac{200}{1.5} \approx 133.33\, \text{N}

\]

This demonstrates how effort diminishes when effort moves through a greater distance relative to the
load.

Practical Example: Calculating Total Effort in a Real
Scenario

Let’s consider a real-world scenario to solidify this understanding.

Suppose:

- The load is 1500 N (approximately 150 kg weight).

- The simple machine in Fig. 8.13 is an inclined plane with an ideal mechanical advantage (IMA) of 5.
- The efficiency is 75%.

Step 1: Find the ideal effort:

\[
E_{ideal} = \frac{\text{Load}}{\text{IMA}} = \frac{1500\ \text{N}}{5} = 300\, \text{N}
\]

Step 2: Adjust for efficiency:

\[

E {actual} = \frac{E_{ideal}}{n} = \frac{300}{0.75} = 400\, \text{N}
\]

Thus, the total effort required to move the load up the inclined plane, considering efficiency, is
approximately 400 N.

Note: The actual effort may vary depending on factors such as the actual distances involved, friction,
and the specific machine design.



Factors Influencing Effort and Efficiency

Friction and Mechanical Losses

Friction is a primary source of energy loss in simple machines, reducing efficiency. Lubrication and
proper design can minimize these losses.

Design and Material Quality

The materials used and the precision of construction impact the efficiency. High-quality bearings and
smooth surfaces reduce energy losses.

Load and Effort Distances

Longer effort distances can reduce the effort required, but may increase the total work done.

Application of Simple Machines in Real Life

Understanding the calculation of effort considering efficiency helps in:
- Designing effective lifting devices

- Calculating energy requirements

- Optimizing mechanical systems to save effort and energy

Summary and Key Takeaways

e The efficiency of a simple machine indicates the ratio of useful work output to work input,
expressed as a percentage.

e Given an efficiency of 75%, the effort required to move a load can be calculated using the load
value and the efficiency ratio.

* Adjustments for distances and frictional losses are essential for precise calculations.

¢ Practical applications include designing efficient lifting devices, cranes, and other mechanical
systems.

e Optimizing effort and efficiency involves minimizing friction, choosing appropriate materials,
and understanding the mechanical advantage.



Conclusion

Calculating the total effort required in a simple machine with a given efficiency involves
understanding the relationship between load, effort, distances, and energy losses. By applying
fundamental physics principles and considering the specific details of the machine's design, engineers
and students can accurately determine the effort needed to perform work. With an efficiency of 75%,
the effort required is significantly reduced compared to the effort in a non-efficient system,
highlighting the importance of designing and maintaining efficient machinery for practical
applications.

Note: For precise calculations, always refer to the specific data provided in the diagram (Fig. 8.13),
including load, effort distances, and mechanical advantage values.

Frequently Asked Questions

What information is needed to calculate the total effort
required when the efficiency of a simple machine is 75%?

You need to know the load (resistance force) and the effort distance or effort force. With the efficiency
and load, you can determine the effort required.

How is the efficiency of a simple machine related to effort and
load?

Efficiency is the ratio of useful work output to work input, calculated as (Load x Load Distance) /
(Effort x Effort Distance). It indicates how effectively the machine converts effort into useful load
movement.

If the efficiency of a simple machine is 75%, and the load and
effort distances are known, how do you calculate the total
effort?

Total effort can be calculated using the formula: Effort = (Load x Load Distance) / (Efficiency x Effort
Distance). Rearranging based on known values gives the effort required.

What is the significance of the efficiency percentage in
calculating effort for simple machines?

The efficiency percentage reflects the proportion of input work that is converted into useful work. A
higher efficiency means less effort is needed for the same load, while lower efficiency indicates more
effort is required.



In Fig. 8.13, if the load is 100 N and the effort distance is 2
meters, what effort is required for a simple machine with 75%
efficiency?

Effort = (Load x Load Distance) / (Efficiency x Effort Distance) = (100 N x 1 m)/(0.75 x 2 m) = 100/
1.5 = approximately 66.67 N. So, about 66.67 N effort is required.

Additional Resources
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Introduction

Simple machines have been fundamental tools for humans throughout history, enabling us to perform
tasks that would otherwise require enormous effort. From levers and pulleys to inclined planes, these
devices work by amplifying force or changing its direction, making work more manageable. The
efficiency of a simple machine is a crucial metric in understanding how well it performs relative to the
ideal scenario, where no energy is lost due to friction or other dissipative forces.

In particular, a question of significant interest in physics and engineering education involves
calculating the total effort required when the efficiency of a given simple machine is known. This
problem not only tests one's understanding of the fundamental principles of simple machines but also
emphasizes the importance of efficiency in real-world applications.

This article undertakes a comprehensive investigation into the scenario where the efficiency of a
simple machine, as depicted in Figure 8.13, is 75%. The goal is to analyze the principles involved,
interpret the given data, and perform detailed calculations to determine the total effort required.

Understanding the Fundamentals of Simple Machines
Definition and Types of Simple Machines

A simple machine is a device that multiplies force or changes the direction of force to facilitate work.
There are six classical types:

- Lever

- Inclined plane
- Pulley

- Wheel and axle
- Wedge

- Screw

Each operates on the principles of mechanical advantage and energy conservation.

Mechanical Advantage and Ideal Mechanical Advantage



- Mechanical Advantage (MA): The ratio of load force to effort force in a real machine, accounting for
losses.

- Ideal Mechanical Advantage (IMA): The theoretical maximum advantage, ignoring losses due to
friction.

Efficiency of a Simple Machine

Efficiency (n) is a measure of how effectively a machine converts input effort into useful work. It is
expressed as:

\[
\eta = \frac{\text{Work output} } {\text{Work input}} \times 100\%
\]

In terms of forces:
\[
\eta = \frac{\text{Load} \times \text{Load distance} } {\text{Effort} \times \text{Effort distance}}

\times 100\%
\]

The Scenario: Fig. 8.13 and the 75% Efficiency

While the original figure (Fig. 8.13) is not explicitly provided here, such diagrams typically depict a
simple machine setup, often involving a lever or inclined plane, with specified load, effort, and
distances.

Given:

- Efficiency (n): 75% or 0.75

- Objective: Calculate the total effort (effort force) required to lift or move the load.

The calculation hinges on understanding the relationship between the effort, load, and the efficiencies
involved.

Theoretical Foundations: Calculating Effort in a Simple Machine
Step 1: Establish Known Quantities

Suppose the following are known or given in the problem:

- Load (L): The weight or force of the load being moved.

- Load distance (d_L): The distance over which the load is moved.
- Effort distance (d_E): The distance over which effort is applied.



If these are not explicitly given, they are often provided or can be inferred from the diagram.
Step 2: Determine Ideal Mechanical Advantage (IMA)
The ideal mechanical advantage is calculated as:

\[
IMA = \frac{d_E}{d L}
\]

This ratio assumes no losses, meaning 100% efficiency.

Calculation Approach: From Efficiency to Effort

Given the efficiency, the actual effort required can be derived from the ideal effort.

\[
\text{Work output} = L \times d L

\]

\[

\text{Work input} = E \times d_E
\]

Where:

-\(L\): Load force
- \(E\): Effort force

From the definition of efficiency:

\[
\eta = \frac{L \times d_L}{E \times d E}
\]

Rearranged:

\[
E = \frac{L \times d_L}{\eta \times d_E}
\]

But since \(IMA = \frac{d _E}{d _L}\), then:
\[

d_E =IMA\timesd_L

\]

Thus:



\[
E = \frac{L}{\eta \times IMA}
\]

This formula allows us to determine the effort \(E\) once the load \(L\), the ideal mechanical advantage
\(IMA\), and efficiency \(\eta\) are known.

Practical Example: Numerical Calculation

Suppose:

- The load \(L = 200\, \mathrm{N}\)

- The load is moved through a distance \(d_L = 2\, \mathrm{m}\)

- The effort is applied over a distance \(d_E\), which is related to \(IMA\)
- The efficiency \(\eta = 75\%\) or 0.75

Let's assume from the diagram that:

- The effort distance \(d_E = 4\, \mathrm{m}\)
- Therefore, \(IMA = \frac{d_E}{d L} =\frac{4}{2} =2\

Applying the formula:

\[

E = \frac{L}{\eta \times IMA} = \frac{200\, \mathrm{N}}{0.75 \times 2} = \frac{200}{1.5} \approx
133.33\, \mathrm{N}

\]

Result: The total effort required is approximately 133.33 N.

Interpreting the Results

This calculation underscores several crucial points:

- The effort required decreases as the efficiency increases.

- The effort is inversely proportional to both efficiency and ideal mechanical advantage.

- Real-world machines rarely operate at 100% efficiency due to friction, deformation, and other

energy losses.

In the example, despite a load of 200 N, the effort needed is only about two-thirds of that, thanks to
the mechanical advantage and efficiency.

Factors Affecting Total Effort and Efficiency

Friction and Resistance



Friction between moving parts converts some mechanical energy into heat, reducing efficiency.
Proper lubrication and design modifications can improve efficiency.

Material Properties

Deformation, elasticity, and wear can impact the performance and efficiency of the machine, affecting
effort calculations.

Mechanical Advantage Optimization

Design adjustments to maximize \(IMA\) can reduce effort but are often limited by physical
constraints.

Broader Implications and Applications
Understanding the relationship between efficiency and effort in simple machines is vital in:

- Engineering Design: Creating more efficient tools, machinery, and systems.
- Occupational Safety: Reducing effort translates to less fatigue and injury risk.
- Educational Purposes: Reinforcing fundamental physics principles through practical calculations.

Limitations of the Model and Assumptions
While the calculations provide valuable insights, real-world scenarios involve complexities such as:

- Variable frictional forces
- Non-ideal material behavior
- Dynamic loads and acceleration

Therefore, the calculated effort should be viewed as an idealized estimate, with actual effort likely
higher due to additional losses.

Conclusion

The investigation into B. If The Efficiency Of The Given Simple Machine Is 75% In Fig. 8.13, Calculate
Total Effort Required highlights the critical relationship between efficiency, mechanical advantage,
and effort. Through theoretical analysis and practical calculation, we determine that with a load of
200 N and an ideal mechanical advantage of 2, the effort required is approximately 133.33 N.

This exercise underscores the importance of optimizing efficiency in practical applications and
demonstrates how foundational physics principles underpin real-world problem-solving. As simple
machines continue to evolve with modern engineering, understanding their efficiency and effort
requirements remains essential in designing effective, energy-efficient systems.
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