
Consider A 793 N Cat Burglar Supported Bya Cable
As In The Figure.34.6Find The Tension In The Inclined

Consider A 793 N Cat Burglar Supported Bya Cable As In The Figure.34.6Find The Tension In The Inclined

When analyzing physical systems involving cables, pulleys, and inclined planes, understanding the forces at
play is essential. In this article, we will explore a scenario involving a cat burglar supported by a cable as
depicted in Figure 34.6. Our goal is to determine the tension in the inclined cable supporting the burglar. This
problem exemplifies the application of Newton's Laws, free-body diagrams, and trigonometry in solving
mechanics problems. Whether you are a physics student or an enthusiast keen on understanding real-world
applications, this comprehensive guide will walk you through the process step-by-step.

---

Understanding the Problem Setup

Before diving into calculations, it is crucial to understand the problem's context and the diagram specifics.
Although the original figure is not provided here, typical problems of this nature involve:

- A burglar with a known weight (here, 793 N).
- A cable supporting the burglar, often inclined at a certain angle.
- Possibly additional pulleys or supports that redirect the tension.
- The goal: Find the tension in the inclined cable supporting the burglar.

Elements of the System

The key components generally include:

- The burglar (mass and weight)
- The cable (tension force)
- Inclined supports or pulleys
- Anchor points or fixed supports

Assumptions

For simplicity and clarity, assume:

- The system is in static equilibrium (the burglar is stationary).
- The cable and supports are massless and inextensible.
- The pulley friction is negligible.
- The angles involved are known or can be derived from the figure.

---

Step-by-Step Approach to Find the Tension

To determine the tension in the inclined cable, follow these logical steps:

1. Draw a Free-Body Diagram (FBD)

Begin by sketching the burglar and the supporting cable, indicating all forces:



- Weight of the burglar (W = 793 N), acting downward.
- Tension in the cable (T), acting along the cable, inclined at a known angle.
- Support reactions (if any), which may include vertical and horizontal components.

2. Resolve Forces into Components

Break down the tension T into horizontal and vertical components:

- \( T_x = T \cos \theta \)
- \( T_y = T \sin \theta \)

where \(\theta\) is the angle of the cable with respect to the horizontal or vertical, depending on the problem.

3. Apply Equilibrium Conditions

Since the system is static, the sum of forces in both horizontal and vertical directions must be zero:

- Horizontal direction: \( \sum F_x = 0 \)
- Vertical direction: \( \sum F_y = 0 \)

Set up the equations accordingly:

\[
\sum F_x: T \cos \theta + \text{other horizontal forces} = 0
\]

\[
\sum F_y: T \sin \theta + \text{other vertical forces} - W = 0
\]

4. Solve for Tension T

Rearranged, the vertical equilibrium gives:

\[
T \sin \theta = W
\]

which leads to:

\[
T = \frac{W}{\sin \theta}
\]

If other supporting forces or multiple cables are involved, the equations will be more complex, requiring
simultaneous solving.

---

Calculations Based on Given Data

Suppose the figure indicates that:

- The burglar's weight (W) = 793 N.
- The cable is inclined at an angle \(\theta\) = 30° (for example).
- No other supports or forces are acting horizontally or vertically.



Calculating Tension

Using the vertical equilibrium condition:

\[
T = \frac{W}{\sin \theta}
\]

Plugging in the values:

\[
T = \frac{793\, \text{N}}{\sin 30^\circ}
\]

Recall that \(\sin 30^\circ = 0.5\):

\[
T = \frac{793}{0.5} = 1586\, \text{N}
\]

Therefore, the tension in the inclined cable is approximately 1586 N.

Note: Adjust the calculation if the actual angle differs. For example, if \(\theta = 45^\circ\), then:

\[
T = \frac{793}{\sin 45^\circ} \approx \frac{793}{0.7071} \approx 1122\, \text{N}
\]

---

Factors Influencing the Tension in the Cable

Understanding the factors that affect the tension helps in designing safe and effective support systems. These
factors include:

1. Angle of Inclination (\(\theta\))
- The steeper the angle (closer to vertical), the higher the tension needed to support a given weight.
- As \(\theta\) approaches 0°, tension increases dramatically.

2. Weight of the Load
- Heavier loads proportionally increase the tension required.

3. Number of Supporting Cables
- Multiple cables sharing the load reduce the tension per cable.

4. Friction and Pulley Efficiency
- Friction in pulleys can slightly increase the tension needed.
- Idealized systems ignore these effects.

---

Practical Applications and Real-World Relevance

Understanding how to calculate tension in inclined cables is vital in various engineering fields and safety



scenarios:

- Construction and Lifting Operations: Ensuring cables used in cranes and lifts can support loads safely.
- Rescue Operations: Designing support systems for high-rise window washers or emergency rescues.
- Theatrical Stage Design: Supporting heavy lighting and scenery with tensioned cables.
- Structural Engineering: Analyzing suspension bridges, towers, and cable-stayed structures.

---

Common Challenges and Troubleshooting

While solving such problems, several challenges may arise:

- Incorrect Angle Measurement: Always verify angles from the figure or problem statement.
- Neglecting Supporting Reactions: Consider all forces, including reactions at supports.
- Assuming Massless Cables: While a common assumption, real cables have weight which can affect tension.
- Dynamic Loads: Moving loads or oscillations complicate calculations; static analysis assumes equilibrium.

---

Summary and Key Takeaways

- To find the tension in an inclined supporting cable, analyze the forces acting on the supported object.
- Use free-body diagrams to visualize forces, then apply equilibrium conditions.
- Resolve tension into components using trigonometry.
- The key formula in simple cases: \( T = \frac{W}{\sin \theta} \).
- Real-world scenarios often require considering additional factors like multiple supports, friction, and cable
mass.

---

Final Thoughts

Mastering the process of calculating tension in cables supporting inclined loads is fundamental in physics and
engineering. Whether supporting a burglar in a hypothetical scenario or designing complex structures, applying
Newton's Laws and trigonometry allows for accurate and safe system design. Always ensure the assumptions
align with the real-world situation and consider safety margins in practical applications.

---

Disclaimer: The specific angle and additional details from Figure 34.6 are necessary for precise calculations.
The example provided assumes typical values for illustrative purposes.

Frequently Asked Questions

How do you determine the tension in the cable supporting a cat burglar on



an inclined plane?

To find the tension, you analyze the forces acting on the burglar, including weight, the tension component
along the incline, and any other forces, then apply equilibrium equations to solve for the tension in the cable.

What is the significance of the inclined angle in calculating the tension in the
supporting cable?

The inclined angle affects the component of gravitational force along the incline and the direction of the
tension force, making it essential to incorporate the angle into the equilibrium equations to accurately
compute the tension.

If the burglar weighs 793 N, how does this weight influence the tension
calculation in the cable?

The weight contributes a force downward, which, when projected onto the incline and perpendicular directions,
determines how much tension is needed to maintain equilibrium. This force is a key component in the force balance
equations.

What assumptions are typically made when solving for tension in problems
like this?

Common assumptions include that the cable is massless and inextensible, the system is in static equilibrium, and
friction is either neglected or accounted for, simplifying the force analysis.

How does the figure (Figure 34.6) assist in solving for the tension in the
cable?

The figure provides the geometric relationships, such as angles and force directions, which are essential for
resolving forces into components and applying equilibrium conditions accurately.

Can the tension in the cable be directly measured in such problems, or is it
typically calculated?

In theoretical problems, tension is usually calculated using free-body diagrams and equilibrium equations, as
direct measurement isn't feasible without specialized equipment; however, in real-life scenarios, tension gauges
can be used.

Additional Resources
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When analyzing the mechanics of a cat burglar supported by a cable as depicted in Figure 34.6, understanding
the concepts of tension, equilibrium, and forces is essential. This problem serves as a classic example in physics
and engineering courses, illustrating how to resolve forces acting on an object in static equilibrium. The
scenario involves a burglar of known weight, suspended by a cable that is inclined at a certain angle, requiring
us to find the tension in the cable. Beyond the straightforward calculation, such problems offer insights into
the practical applications of physics principles in real-world situations, such as safety harnesses, suspension
bridges, and crane operations.

---



Understanding the Scenario

Before delving into calculations, it is crucial to grasp the basic setup:

Visualizing the Problem
- A burglar weighing 793 N is hanging from a cable.
- The cable is inclined at a given angle to the horizontal.
- The system is in static equilibrium, meaning the burglar remains at rest.
- The goal is to determine the tension, T, in the cable.

Key Assumptions and Principles
- The burglar is considered a point mass with weight \( W = 793\, N \).
- The cable is massless and inextensible.
- Air resistance and other forces are negligible.
- The system is static; hence, the sum of forces in both horizontal and vertical directions equals zero.
- The tension in the cable has components that balance the burglar’s weight and maintain equilibrium.

---

Analyzing Forces and Setting Up Equations

Forces Acting on the Burglar
- Weight (W): Acts vertically downward, \( W = 793\, N \).
- Tension (T): Acts along the cable, inclined at an angle \(\theta\).

The tension has two components:
- Horizontal component: \( T \cos \theta \).
- Vertical component: \( T \sin \theta \).

Equilibrium Conditions
Since the burglar remains stationary, the sum of forces in both horizontal and vertical directions must be zero:

- Vertical equilibrium:

\[
T \sin \theta = W
\]

- Horizontal equilibrium:

\[
T \cos \theta = H
\]

where \( H \) is the horizontal force component, which must be balanced by other supports or constraints.

In many problems, the key is to find \( T \), which can be derived from the vertical component:



\[
T = \frac{W}{\sin \theta}
\]

---

Calculating the Tension

Using the Given Angle
Suppose the figure (Figure 34.6) indicates that the cable is inclined at an angle \(\theta\). For example, if
\(\theta = 30^\circ\), then:

\[
T = \frac{793\, N}{\sin 30^\circ} = \frac{793\, N}{0.5} = 1586\, N
\]

This means the tension in the cable is 1586 N.

General Formula and Application
The general approach is:

\[
T = \frac{W}{\sin \theta}
\]

which applies as long as the system is purely vertical and the only forces are weight and tension components.

Note: If the problem involves additional forces or constraints, the calculation might require resolving
horizontal components or considering other supports.

---

Features and Practical Implications

While the theoretical calculation provides a clear value for tension, understanding the real-world
implications is essential.

Features of the System
- Static Equilibrium: No acceleration; forces balance precisely.
- Inclined Cable: Results in increased tension compared to vertical support.
- Force Components: The tension divides into horizontal and vertical components, which must be considered in
design.

Pros of Inclined Support Systems
- Efficiency in Space: Inclined cables can be used in limited spaces where vertical supports are impractical.
- Distribution of Forces: Distributes load over multiple points, reducing stress on any single support.



- Aesthetic Appeal: Inclined structures often have architectural advantages.

Cons and Challenges
- Increased Tension: Inclination increases the tension compared to vertical supports, requiring stronger cables.
- Complex Calculations: Requires resolving multiple force components.
- Potential for Instability: Improper angles or overloading can lead to system failure.

---

Real-World Applications and Safety Considerations

Understanding tension in inclined cables is not just an academic exercise but also vital in engineering and safety.

Application in Safety Harnesses
- Safety harnesses for climbers or rescue operations often involve inclined straps and cables.
- Calculating tension ensures that the materials used can withstand the forces involved.

Structural Engineering
- Suspension bridges rely on inclined cables to support the deck.
- Proper tension calculations prevent catastrophic failures.

Construction Cranes and Lifting Equipment
- Cranes lift loads via cables inclined at angles.
- Engineers must compute tension to select appropriate cables and prevent overloads.

Safety Features and Fail-safes
- Overestimating tension by considering maximum weights and worst-case angles.
- Using safety factors in design to account for dynamic loads and unforeseen stresses.

---

Conclusion and Final Thoughts

Analyzing the tension in an inclined cable supporting a weight, such as a burglar in the scenario, exemplifies core
principles of physics that are crucial in various engineering applications. The key takeaway is that the tension
increases as the angle of inclination decreases, meaning more horizontal inclination results in higher tension. This
understanding helps engineers design safer, more efficient support systems, whether in everyday infrastructure or
specialized safety equipment.

In practical terms, accurately calculating tension involves understanding the forces at play, resolving force
components, and applying equilibrium conditions. The problem underscores the importance of precise
measurements—like the angle—and comprehensive force analysis to ensure safety and functionality.

---



Summary of Key Points:
- The tension in an inclined cable supporting a weight can be found using \( T = \frac{W}{\sin \theta} \).
- Inclined cables generate higher tension than vertical supports.
- Force components must be resolved accurately to analyze equilibrium.
- Real-world applications range from safety harnesses to large-scale structural supports.
- Proper calculations and safety margins are essential to prevent failures.

This detailed exploration of the problem not only clarifies the physics involved but also highlights the broader
relevance of force analysis in engineering design and safety management.
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