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When analyzing mechanical systems involving pulleys and cables, understanding how
forces distribute is essential for ensuring structural stability and safety. In this article, we
will explore how to determine the force in cable AC required to hold an 18 kg ball, given a
force F of 310 N and a distance D of 1.0 meter, as depicted in Figure-1 of the problem
setup. We will break down the problem step-by-step, providing a comprehensive
understanding of the principles involved, including static equilibrium, force analysis, and
the application of free-body diagrams.

Understanding the Problem Setup

Scenario Description

The problem involves a suspended 18 kg ball held in equilibrium by a cable system that
includes cable AC. The given parameters are:

e Applied force, F = 310 N
e Distance, D=1.0m

e Mass of the ball, m = 18 kg

Figure-1 (not shown here) illustrates the configuration, typically involving pulleys, cables,
and the ball. The goal is to compute the tension in cable AC necessary to maintain
equilibrium, preventing the ball from falling or ascending.

Relevance of the Given Data

- The force F represents an external load or applied force acting on the system.

- The distance D is likely the horizontal or vertical span relevant to the geometry, affecting
torque calculations.

- The mass of the ball determines its weight, which influences the tension required in the
supporting cable.



Fundamental Principles for Force Analysis

Static Equilibrium Conditions

For the system to be in equilibrium:
e The sum of all forces in any direction must be zero.

e The sum of all moments about any point must be zero.

Mathematically:
e \(\sum F x = 0\)
e \(\sum F y = 0\)

e \(\sum M = 0\)

Forces Acting on the System

- The weight of the ball, \(W = mg = 18 \times 9.81 = 176.58)\, \text{N}\).

- Tensions in cables, notably the tension in cable AC, which we aim to find.

- External force F, which could be applied horizontally or vertically depending on the
setup.

- Reaction forces at pulleys or anchor points.

Step-by-Step Solution for Determining Cable AC
Force

1. Drawing the Free-Body Diagram
Begin by sketching the system, marking:

e The weight \(W\) acting downward at the ball's location.
e The tension \(T {AC}\) in cable AC acting along the cable's direction.

e The external force \(F=310\, \text{N}\), its direction depending on the problem
setup.

¢ Any other cable tensions or reaction forces as applicable.



This diagram simplifies the system, making force balance analysis clearer.

2. Establishing Equilibrium Equations

Depending on system geometry, set up equations for:
e Vertical equilibrium: sum of vertical components of forces equals zero.
e Horizontal equilibrium: sum of horizontal components equals zero.

e Moment equilibrium: moments about a chosen point to eliminate unknowns.

Example:

Suppose cable AC is inclined at an angle \(\theta\) to the horizontal, then the tension
\(T_{AC}\) has components:

\[

T {ACx} =T {AC} \cos \theta

\]

\[

T {ACy} =T {AC} \sin \theta

\]

The weight acts downward, and external force F acts horizontally or vertically, depending
on the diagram.

Vertical equilibrium:

\[

T {AC} \sin \theta + \text{other vertical forces} = W
\]

Horizontal equilibrium:

\[

T {AC} \cos \theta + \text{other horizontal forces} = F
\]

Moment equilibrium:
Choose a pivot point to eliminate unknowns and solve for \(T {AC}\).

3. Solving for the Tension in Cable AC

Using the equilibrium equations:

- Insert known values: \(W = 176.58\, \text{N}\), \(F=310\, \text{N}\), and geometric
parameters.

- Calculate the angles based on the geometry or given data.

- Rearrange equations to solve for \(T_{AC}\).

Sample calculation:
If the cable makes an angle \(\theta = 457 \circ\), then:

\[



T {AC} = \frac{W}{\sin \theta}
\]
or, considering both vertical and horizontal components:

\[

T {AC} = \frac{W}{\sin \theta}

\]

which yields:

\[

T {AC} =\frac{176.58}{\sin 45" \circ} \approx 249.4\, \text{N}
\]

Adjustments are made based on the actual geometry and presence of external forces.

Additional Considerations in Force Calculation

Role of Geometry and Angles

The angles at which cables are inclined significantly influence tension calculations.
Accurate determination of these angles from the diagram is crucial.

Impact of External Force F

The external force may either aid or oppose the tension needed, depending on its
direction:

e If F acts horizontally, it increases the tension in cable AC.

e If F acts vertically, it affects the vertical force balance directly.

Simplifying Assumptions

- The pulleys are ideal, frictionless, and massless.
- Cables are massless and inextensible.
- The system is in static equilibrium, with no acceleration.

Conclusion: Determining the Force in Cable AC

To accurately calculate the force in cable AC needed to hold the 18 kg ball, one must:
e Construct a detailed free-body diagram based on the problem setup.

 Identify all forces acting on the system, including weight, external forces, and cable



tensions.
e Apply static equilibrium equations to set up relationships between forces and angles.

e Use trigonometry and algebra to solve for the unknown tension \(T {AC}\).

In typical cases, the tension in cable AC is found to be approximately 250 N or higher,
depending on the angles and external forces involved. Precise calculation requires
geometric data from Figure-1, but the methodology remains consistent across similar
problems.

Final Tip: Always verify your assumptions, double-check angles, and ensure all forces are
correctly resolved into components for accurate results. Proper understanding of these
principles is essential for engineers and technicians working with pulley systems, crane
operations, and structural supports.
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Frequently Asked Questions

What is the primary goal in analyzing the cable AC in
the given problem?

The primary goal is to determine the force in cable AC required to hold the 18 kg ball
stationary, ensuring equilibrium of the system.

How do you calculate the weight of the 18 kg ball in the
problem?

The weight is calculated using the formula W = m g, where m = 18 kg and g = 9.81 m/s?,
resulting in W = 176.58 N.

What assumptions are typically made when solving for



the cable force in such static systems?

Assumptions include the system being in static equilibrium, neglecting cable mass and
friction, and considering the cables and joints as ideal, frictionless connections.

Which principles of statics are applied to find the
tension in cable AC?

The principles of equilibrium, specifically the sum of forces in horizontal and vertical
directions being zero, are applied to solve for the tension in cable AC.

How does the given distance D=1.0 m influence the
calculation of the cable force?

The distance D affects the geometry of the system, influencing the angles at which the
forces act and thereby determining the magnitude of the tension in cable AC needed to
balance the load.

What additional information from Figure-1 is necessary
to accurately compute the force in cable AC?

Details such as the angles between cables and the load, the exact configuration of the
system, and the positions of the points A, C, and the load are necessary to perform precise
calculations.

Additional Resources
Understanding the Problem: Calculating the Force in Cable AC to Support an 18kg Ball

When dealing with static equilibrium problems in mechanics, the goal is often to
determine the unknown forces that keep a system balanced. In this particular scenario, we
are given a force \( F = 310\,N \) and a distance \( D = 1.0\,m \), with a diagram (referred
to as Figure-1) illustrating the setup. The main objective is to determine the force in cable
AC required to hold an 18 kg ball in equilibrium.

This comprehensive review will delve into the various aspects necessary to approach and

solve this problem systematically, including understanding the physical setup, applying
fundamental principles of statics, and performing precise calculations.

Understanding the Physical System



Diagram and Geometry Overview

The problem references a figure (Figure-1), which typically depicts the physical
arrangement of the system. Although we don't have the exact diagram, typical setups for
such problems involve:

- A support structure or beam with a cable (AC) attached at a certain point.

- An 18 kg ball suspended from the system, creating a downward force due to gravity.

- External forces such as the applied force \( F = 310\,N\).

- The distance \( D = 1.0\,m ), likely representing the length of a lever arm or the position
of the load relative to a pivot point.

Assumptions for the setup (based on typical mechanics problems):

- The cable AC is anchored at point A and connected to the structure at point C.

- The ball is hung at a specific point, possibly directly beneath the cable or at some offset.
- The force \( F \) acts at a known point, perhaps as an external load or a tension
component.

- The distances and angles are provided or can be derived from the figure to facilitate
force resolution.

Key points to clarify:
- The exact points of application for forces.

- The angles between the cable, the beam, and the horizontal/vertical axes.
- The position of the ball relative to the support points.

Fundamental Principles of Statics Applied

Conditions for Equilibrium

In static equilibrium, the sum of forces and the sum of moments (torques) about any point
must be zero:

-\(\sum \vec{F} = 0\)
-\(\sum \vec{M} = 0\)

These conditions apply to all forces acting on the system, including:

- The weight of the ball (\(W = mg\))

- The tension in cable AC (\(T _{AC}\))

- External applied forces (\(F = 310\,N\))
- Reactions at supports (if any)



Weight of the Ball

The weight is straightforward:

\[
W = mg = 18\ kg \times 9.81\,m/s"™2 = 176.58\,N
\]

This downward force acts at the point where the ball is suspended.

Step-by-Step Approach to Solution

1. Establish a Free-Body Diagram (FBD)

A clear FBD helps visualize all forces acting on the system. For the problem:

- Draw the structure or beam as a rigid body.

- Represent the cable AC with a tension force \( T {AC} ).

- Indicate the weight of the ball \( W) acting downward at its location.
- Include the external force \( F = 310\,N ) at its specified point.

- Show reaction forces at supports, if any.

2. Resolve Forces into Components

- Cable Tension \( T {AC} \): Usually resolved into horizontal and vertical components
based on the cable's angle:

\[
T {ACx} =T {AC} \cos \theta
\]
\[
T {ACy} =T {AC} \sin \theta
\]

- External Force \( F \): Its magnitude and direction need to be specified; typically, it's
either horizontal, vertical, or at an angle.

- Weight \( W \): Acts vertically downward at the suspension point.



3. Apply Equilibrium Equations

Choose an appropriate point for taking moments—often the support point—to eliminate
unknown reaction forces and directly solve for the tension.

The equilibrium equations:

\[

\sum F x =0

\]

\[

\sumF y =0

\]

\[

\sum M _{point} =0
\]

Calculating moments:

- The moment caused by the weight \( W) at its location.
- The moment caused by the external force \( F ).
- The moment by the tension components, considering their point of application.

Calculating the Force in Cable AC

1. Determining Angles and Geometry

To find the tension \( T {AC} ), the angles between the cable and the axes are essential.
These angles depend on the geometry:

- If the length of the cable or the positions are provided, use trigonometry to find \(\theta\).
- For example, if the cable connects points separated horizontally and vertically, then:

\[

\theta = \arctan \left( \frac{\text{vertical difference} } {\text{horizontal difference}}
\right)

\]

- The length \( D = 1.0\,m \) may be the horizontal distance, or part of the triangle forming
the cable's orientation.



2. Applying Moment Balance

Suppose the support point is chosen as the pivot:

\[
\sum M {support} =0
\]

This sum includes:

- Moment due to the weight \( W \): \( W \times \text{horizontal distance from support} \)
- Moment due to external force \( F \): \( F \times \text{distance} \)

- Moment due to cable tension components: \( T {ACx} \) and \( T {ACy} ) at their
respective application points.

By expressing all moments in terms of \( T {AC} \) and known distances/angles, we can
isolate \( T _{AC}\).

3. Solving for \( T_{AC} )

The typical form of the solution involves:

\[
T {AC} = \frac{\text{Sum of moments due to known forces} } {\text{Lever arm
component involving } \sin \theta \text{ or } \cos \theta}

\]

or, in vector form, solving the system of equations obtained from the equilibrium
conditions.

Numerical Calculation Example (Hypothetical)

Suppose the following assumptions based on typical problem setups:
- The cable AC makes an angle \(\theta\) of 45° with the horizontal.
- The ball hangs directly beneath the cable's attachment point, at a horizontal distance of

\(D =1.0\,m)\).
- The external force \( F = 310\,N \) acts horizontally at the same height as the cable.

Step-by-step:
1. Calculate the weight of the ball:

\[



W = 18 \times 9.81 = 176.58\\N
\]

2. Resolve forces:

-\(T_{ACx} =T {AC} \cos 45° = \frac{T_{AC}}{\sqrt{2}}\)
-\(T {ACy} =T {AC} \sin 45° = \frac{T {AC}}{\sqrt{2}}\)

3. Moment about the support point:

\[

\sum M = 0 = (W \times \text{horizontal distance to weight}) + (F \times \text{distance})
- T {AC} \times \text{lever arm}

\]

Assuming the weight acts at a horizontal distance \( D \), the moment due to weight:

\[

M W = 176.58 \times 0 \quad (\text{if directly beneath the support, zero moment})

\]

Alternatively, if the weight acts at some horizontal offset, include that value.

4. Express \( T {AC} \):

Using the moment equilibrium, solve for \( T {AC} \):

\[

T {AC} = \frac{\text{Sum of moments due to external forces} } {\text{effective moment

arm}}

\]

In actual calculations, all distances and angles would be explicitly known or derived from
the figure, allowing precise computation.

Additional Considerations and Complexities

Impact of Angles and Geometry

- Small changes in angles can significantly affect the tension calculation.
- Accurate measurement or assumption of angles is crucial for precise results.



Multiple Force Components and 3D Effects

- Although most problems are planar, some setups may involve three-dimensional
considerations.
- For simplicity, assume a 2D plane unless specified otherwise.

Material and Safety Factors

- When designing or analyzing real structures, include safety factors.
- The calculated tension should be within the cable's rated capacity.

Practical Implementation

- Use of high-precision tools or software (e.g., CAD, FEA) for complex geometries.
- Validation through physical testing or simulation.

Summary and Final Notes
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