
A 20-cm-long Stick Of M = 0. 600 Kg Is
Lifted By A Rope Tied 5. 0 Cm From The
Upper End. The Other End
A 20-cm-long Stick Of M = 0.600 Kg Is Lifted By A Rope Tied 5.0 Cm From The
Upper End. The Other End is a classic physics problem that explores the
principles of torque, equilibrium, and the distribution of forces in a lever
system. Understanding how forces are balanced in such a setup is fundamental
to mechanics, which underpins many engineering and everyday applications. In
this article, we will delve into the detailed analysis of this scenario,
discussing the concepts involved, performing calculations, and exploring
related topics to deepen your understanding of rotational equilibrium and
force analysis.

Understanding the Problem Setup
Before diving into calculations, it’s essential to visualize and comprehend
the setup.

Description of the System
- A uniform stick or rod measuring 20 cm in length.
- The stick has a mass (M) of 0.600 kg.
- A rope is tied at a point 5.0 cm from the upper end of the stick.
- The other end of the stick is free or possibly supported differently; the
problem focuses on the forces and torques acting on the stick.

This configuration is similar to a lever, where the placement of the rope
affects the balance and the tension required to hold or lift the stick.

Physical Assumptions and Principles
- The stick is uniform, so its weight acts at its center of mass, which is at
the midpoint (10 cm from either end).
- The system is in static equilibrium: the net force and net torque on the
stick are zero.
- The rope applies a tension force at the point where it is tied.
- The goal is to analyze the forces, particularly the tension in the rope,
and understand how the stick remains balanced or is lifted.

Analyzing the Forces Acting on the Stick
Understanding the forces involves analyzing both linear forces and moments



(torques).

Forces in Play
- Weight of the stick (W): acts downward through the center of mass.
- Tension in the rope (T): acts at the point where the rope is tied.
- Support reactions: if any, at the other end or other points in the system.

In many cases, the primary concern is the tension required in the rope to
lift or hold the stick in equilibrium.

Calculating the Weight of the Stick
The weight (force due to gravity) is:
\[ W = M \times g \]
where \( g \approx 9.8\, \text{m/s}^2 \).

Convert the mass to weight:
\[
W = 0.600\, \text{kg} \times 9.8\, \text{m/s}^2 = 5.88\, \text{N}
\]

This force acts downward at the center of the stick, located at 10 cm from
the upper end.

Torque and Equilibrium Analysis
To analyze stability and lifting, torque calculations are essential.

Choosing a Pivot Point
- To simplify calculations, select the point where the rope is tied as the
pivot.
- The goal is to find the tension \( T \) in the rope that balances the
torques caused by the weight and any other forces.

Calculating the Torques
- The torque due to the weight:
\[
\tau_{W} = W \times d_{W}
\]
where \( d_{W} \) is the perpendicular distance from the pivot to the line of
action of the weight.

- The distance from the pivot (tie point) to the center of mass:



\[
d_{W} = |x_{CM} - x_{tie}|
\]
where:
- \( x_{CM} = 10\, \text{cm} \) (center of the stick)
- \( x_{tie} = 5\, \text{cm} \) (tie point from the upper end)

Thus:
\[
d_{W} = |10\, \text{cm} - 5\, \text{cm}| = 5\, \text{cm} = 0.05\, \text{m}
\]

- The torque due to the weight:
\[
\tau_{W} = 5.88\, \text{N} \times 0.05\, \text{m} = 0.294\, \text{Nm}
\]

- The tension \( T \) acts at the tie point, providing an opposing torque to
balance this.

If the other end is free or supported, the analysis involves setting the sum
of torques to zero:
\[
T \times 0.05\, \text{m} = 0.294\, \text{Nm}
\]
\[
T = \frac{0.294\, \text{Nm}}{0.05\, \text{m}} = 5.88\, \text{N}
\]

This indicates the tension in the rope must be approximately 5.88 N to
balance the weight when the system is in equilibrium.

Implications and Applications of the Analysis
Understanding this problem has broader implications in various fields.

Design of Levers and Mechanical Systems
- The principle demonstrated shows how the placement of a supporting rope or
fulcrum affects the force required to lift or hold an object.
- Engineers use this knowledge to design tools like crowbars, seesaws, and
cranes efficiently.

Load Distribution and Safety
- Proper calculation of forces and torques ensures safety in lifting heavy
objects.
- Overestimating or underestimating tensions can lead to mechanical failure.



Extended Topics and Related Concepts
Beyond the basic analysis, several related topics enrich understanding.

Center of Mass and Its Role in Balance
- The center of mass determines how forces are distributed.
- For uniform objects, it is at the geometric center; for non-uniform
objects, it shifts accordingly.

Torque and Rotational Equilibrium
- For an object to be in equilibrium, the sum of torques about any point must
be zero.
- This principle is fundamental in statics and dynamic systems.

Lever Arms and Mechanical Advantage
- The ratio of distances from the fulcrum to the effort and load determines
the mechanical advantage.
- Shorter lever arms require more effort; longer arms reduce effort but may
introduce other constraints.

Practical Examples and Problems
Applying these principles to real-world problems enhances comprehension.

Calculating the tension in a diving board when a person stands at
different points.

Designing a balanced seesaw with children of different weights.

Determining the force needed to lift a beam using a lever system.

Conclusion
The scenario involving a 20-cm-long stick, a 0.600 kg mass, and a rope tied
5.0 cm from the upper end exemplifies core principles of physics that govern
rotational equilibrium and force distribution. Through torque calculations,
we find that a tension of approximately 5.88 N is necessary to balance the
weight when the system is in equilibrium. This understanding is not only
fundamental in academic contexts but also vital in engineering, construction,
and safety protocols. Mastery of these concepts enables the design and



analysis of efficient, safe, and effective mechanical systems, illustrating
the enduring importance of classical mechanics in solving practical problems.

---

If you have further questions or need more detailed calculations, feel free
to ask!

Frequently Asked Questions

What is the total length of the stick in
centimeters?
The total length of the stick is 20 centimeters.

What is the mass of the stick in kilograms?
The mass of the stick is 0.600 kilograms.

At what distance from the upper end is the rope tied
to the stick?
The rope is tied 5.0 centimeters from the upper end of the stick.

What is the significance of the position where the
rope is tied on the stick?
The position determines the torque and the balance point, affecting how the
stick is lifted or balanced.

How would you calculate the torque exerted by the
weight of the stick about the point where the rope
is tied?
Torque is calculated as the force due to the weight multiplied by the
distance from the pivot point (torque = weight × distance).

If the stick is to be balanced horizontally while
being lifted, what is the condition involving the
torques?
The sum of the clockwise torques must equal the sum of the counterclockwise
torques about the pivot point.



What factors influence the tension in the rope when
lifting the stick?
The tension depends on the weight of the stick, the position of the tie
point, and any additional forces or angles involved in lifting.

Additional Resources
Stick Lifting Mechanics: An In-Depth Analysis of a 20-cm, 0.600 kg Wooden
Stick with an Offset Rope Tie

When it comes to understanding the intricacies of simple mechanical systems,
few examples are as illustrative and educational as a straightforward
scenario involving a stick being lifted by a rope tied at an offset point.
This setup not only embodies fundamental principles of physics but also
offers insights into real-world applications such as lever systems, torque,
and equilibrium. In this comprehensive review, we will analyze the scenario
of a 20-centimeter-long stick with a mass of 0.600 kg, lifted by a rope tied
5.0 centimeters from its upper end, exploring the physics principles,
practical implications, and potential applications.

---

Understanding the Basic Setup

The Components and Their Significance

The scenario involves several key elements:

- The Stick:
- Length: 20 cm
- Mass: 0.600 kg

- The Rope:
- Tied at a point 5.0 cm from the upper end (nearer to the top) of the stick,
not at its midpoint or bottom.

- Lifting Point:
- The rope is used to lift or support the stick, which means the system is
under the influence of gravity and tension in the rope.

This setup is akin to a lever or cantilever, where the position of the
tension point significantly influences the forces and torques involved.

---



Physics Principles at Play

Fundamental Concepts

1. Center of Mass (Center of Gravity):
The point where the entire weight of the stick can be considered to act. For
a uniform stick, this is at its midpoint; for non-uniform objects, it depends
on mass distribution.

2. Torque (Moment of Force):
The rotational effect produced by a force applied at a distance from a pivot
or fulcrum. Torque (\(\tau\)) is calculated as:
\[
\tau = r \times F
\]
where \(r\) is the lever arm (distance from pivot) and \(F\) is the force
component perpendicular to the lever arm.

3. Equilibrium Conditions:
For the stick to be in static equilibrium (not rotating or moving), the sum
of torques about any point must be zero, and the sum of forces must also be
zero.

---

Analyzing the System: Mechanical Insights

Placement of the Rope and Its Effect

The rope is tied 5.0 cm from the upper end of the stick. Since the total
length is 20 cm, the tie point is at:

\[
\text{Position from top} = 5.0\, \text{cm}
\]
\[
\text{Position from bottom} = 20\, \text{cm} - 5.0\, \text{cm} = 15\,
\text{cm}
\]

Assuming the rope is used to lift the stick from the top end, it essentially
acts as a point of support at this offset, creating a lever system with the
remaining length.

Center of Mass Location

For a uniform stick:



\[
\text{Center of mass} = \frac{\text{Length}}{2} = \frac{20\, \text{cm}}{2} =
10\, \text{cm}
\]

from either end. If the stick is uniform, the center of gravity is at 10 cm
from the top.

Torque Calculations and Equilibrium

Suppose the stick is being lifted from the top by the rope tied at 5.0 cm
from the top. The forces involved are:

- Gravity:
Acting downward at the center of mass (at 10 cm from the top).

- Tension \(T\):
Acting upward at the tie point (5.0 cm from the top).

To maintain static equilibrium, the torques about any point (say, the top
end) must sum to zero:

\[
\text{Clockwise torques} = \text{Counter-clockwise torques}
\]

Calculating torques about the top end:

\[
\text{Torque due to weight} = W \times d_{W}
\]
\[
\text{Torque due to tension} = T \times d_{T}
\]

Where:

- \(W = m \times g = 0.600\, \text{kg} \times 9.81\, \text{m/s}^2 \approx
5.886\, \text{N}\)
- \(d_{W} = 10\, \text{cm} = 0.10\, \text{m}\) (distance from top to center
of mass)
- \(d_{T} = 5\, \text{cm} = 0.05\, \text{m}\) (distance from top to tie
point)

The equilibrium condition:

\[
T \times 0.05\, \text{m} = 5.886\, \text{N} \times 0.10\, \text{m}
\]

\[



T = \frac{5.886 \times 0.10}{0.05} = \frac{0.5886}{0.05} \approx 11.77\,
\text{N}
\]

Interpretation:
The tension needed to hold the stick stationary is approximately 11.77 N,
which exceeds the weight of the stick (~5.89 N). This indicates the tension
must be higher than the weight to counteract the torque imbalance due to the
offset tie point.

Effect of Offset Tie Point

The position of the tie point closer to the top end creates a longer lever
arm for the weight relative to the support point, increasing the required
tension to maintain equilibrium. If the tie point were at the center (10 cm),
the calculation would differ, potentially reducing the tension.

---

Practical Implications and Applications

Lever and Fulcrum Principles

This scenario exemplifies fundamental lever mechanics:

- Effort and Load:
The tension in the rope acts as effort, while the weight of the stick is the
load.

- Lever Arm Ratios:
The ratio of the distances from the fulcrum (tie point) to the effort and
load determines the mechanical advantage.

Applications:

- Design of Lifting Devices:
Understanding how offset points influence tension helps in designing cranes,
pulleys, and other lifting systems.

- Structural Engineering:
Ensuring stability and safety involves calculating the forces at play when
supports are offset or unevenly distributed.

Safety and Material Considerations

Knowing the tension required is critical for selecting appropriate materials:

- Rope Strength:
The rope must withstand at least 12 N (with a safety margin), considering



dynamic factors.

- Stick Material:
The material must withstand the bending stresses and tension forces without
deformation or failure.

Educational Value

This simple setup is an excellent teaching tool for:

- Demonstrating torque and equilibrium concepts.
- Exploring how offset support points influence force distribution.
- Analyzing real-world scenarios where load balancing is crucial.

---

Advanced Considerations and Variations

Non-Uniform Mass Distribution

If the stick is not uniform, the center of gravity shifts, altering the
torque calculations. For example:

- Heavier at the bottom:
The center of gravity would be closer to the bottom, reducing the torque
about the top end.

- Heavier at the top:
The center of gravity shifts upward, increasing the torque and the necessary
tension.

Dynamic Lifting and Safety Margins

In real-world applications, lifting is rarely static. Dynamic factors such as
acceleration, vibrations, and material elasticity influence the forces:

- Dynamic Load Factors:
Usually increase the tension requirement by 20-25% or more.

- Safety Margins:
Engineers incorporate safety factors (e.g., 2x or 3x the calculated load) to
account for uncertainties.

Variations in Tie Point Location

Changing the tie point position significantly affects the system:

- Closer to the top:
Increases the torque, requiring higher tension.



- Closer to the bottom:
Decreases the torque, reducing the tension needed.

---

Conclusion: Insights and Takeaways

The examination of a 20-cm-long, 0.600 kg stick lifted by a rope tied 5.0 cm
from its upper end reveals several critical insights into basic physics
principles:

- The position of the support point relative to the center of mass determines
the torque balance and tension requirements.
- Offset support points create leverage effects that must be carefully
considered to ensure safety and structural integrity.
- Understanding the interplay of forces and torques in simple systems lays
the foundation for designing complex mechanical and structural systems.

This scenario underscores the importance of precise measurements, thoughtful
placement of supports, and thorough calculations in engineering practices.
Whether in designing cranes, lifting equipment, or understanding everyday
objects, mastering these fundamental principles is essential for safety,
efficiency, and innovation.

---

In summary, the detailed analysis of this seemingly simple system offers not
only a window into classical mechanics but also practical lessons applicable
across diverse engineering disciplines. The careful calculation of tension
and torque, consideration of material properties, and appreciation of
leverage effects form the backbone of safe and effective mechanical design.
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