
Two Equal-mass Rocks Tied To Strings Are Whirled

In Horizontal Circles. The Radius Of Circle 2 Is

Twice

Two Equal-mass Rocks Tied To Strings Are Whirled In Horizontal Circles. The Radius Of Circle 2 Is

Twice the radius of Circle 1, leading to fascinating insights into circular motion, centripetal force, and

the dynamics of rotating systems. Understanding this scenario is essential for physics students and

enthusiasts alike, as it illustrates fundamental principles of uniform circular motion, tension in strings,

and the relationship between radius, velocity, and force. In this comprehensive article, we will explore

the physics behind whirling rocks, analyze the forces involved, derive key formulas, and examine real-

world applications.

---

Introduction to Circular Motion and Tension in Rotating

Systems

Circular motion is a fundamental concept in physics, describing the movement of an object along a

circular path. When an object moves in a circle at a constant speed, it experiences a centripetal force

directed toward the center of the circle, which keeps it moving along the curved path. The tension in

the string provides this centripetal force when rocks are whirled in a horizontal circle.

Key points about circular motion include:

- The centripetal force acts inward, perpendicular to the velocity.

- The tangential velocity remains constant if the speed is uniform.



- The radius of the circle significantly influences the required centripetal force.

When two equal masses are tied to strings and whirled in horizontal circles, the tension in each string

provides the necessary centripetal force, balancing the outward inertial tendency of the rocks.

---

Scenario Description and Basic Assumptions

Let's define the scenario for clarity:

- Two rocks, each of mass \( m \), are tied to strings of lengths \( L_1 \) and \( L_2 \), respectively.

- The rocks are whirled in horizontal circles at constant speeds.

- The radius of the circle traced by the first rock is \( R \).

- The radius of the second rock's circle is \( 2R \), twice that of the first.

Assumptions for analysis:

- The motion is uniform circular motion.

- The strings are massless and inextensible.

- Air resistance and other dissipative forces are negligible.

- The systems are in equilibrium during rotation, with tensions constant.

---

Understanding the Relationship Between Radius and Velocity

In uniform circular motion, the centripetal force \( F_c \) is given by:



\[

F_c = \frac{m v^2}{r}

\]

where:

- \( m \) is the mass of the object,

- \( v \) is the tangential velocity,

- \( r \) is the radius of the circle.

Since the tension \( T \) in the string provides this force, we have:

\[

T = \frac{m v^2}{r}

\]

This relation indicates that for a given mass, the tension depends on the velocity and the radius.

Implication:

- If the tension is kept constant, increasing the radius requires a proportional increase in velocity to

maintain the same tension.

- Conversely, if the velocity remains constant, increasing the radius decreases the tension.

---

Analyzing the Two Rocks: Key Relationships

Given that the radius of the second circle is twice that of the first (\( R_2 = 2 R_1 \)), we explore how

the velocities and tensions compare.



Relationship Between Velocities

From the centripetal force formula:

\[

T_1 = \frac{m v_1^2}{R}

\]

\[

T_2 = \frac{m v_2^2}{2 R}

\]

Assuming both rocks are whirled with the same tension \( T \), then:

\[

T_1 = T_2

\]

\[

\frac{m v_1^2}{R} = \frac{m v_2^2}{2 R}

\]

Dividing both sides by \( m / R \):

\[

v_1^2 = \frac{v_2^2}{2}

\]

\[

v_2^2 = 2 v_1^2

\]

\[

v_2 = v_1 \sqrt{2}

\]



Conclusion:

- The second rock, moving in the circle with twice the radius, must have a velocity \( \sqrt{2} \) times

that of the first to maintain equal tension in the strings.

Relationship Between Tension and Velocity

If the velocities are different, the tension in each string will be:

\[

T_1 = \frac{m v_1^2}{R}

\]

\[

T_2 = \frac{m v_2^2}{2 R}

\]

Replacing \( v_2 \) with \( v_1 \sqrt{2} \):

\[

T_2 = \frac{m (v_1 \sqrt{2})^2}{2 R} = \frac{m (2 v_1^2)}{2 R} = \frac{m v_1^2}{R} = T_1

\]

Implication:

- When the second rock moves at \( v_2 = v_1 \sqrt{2} \), the tension in its string equals that of the

first rock, assuming the same mass.

---



Real-World Applications of Circular Motion Principles

Understanding the dynamics of rocks whirling in circles has numerous applications in engineering,

natural phenomena, and technology:

1. Design of Rotational Machinery

Engineers utilize principles of circular motion to design turbines, centrifuges, and amusement park

rides, ensuring structures can withstand the forces involved in rotating objects at various radii and

speeds.

2. Planetary and Satellite Motion

The orbits of planets and satellites follow similar physics, with gravitational forces providing the

centripetal force necessary for circular or elliptical orbits. The relationship between orbital radius and

velocity is crucial for satellite deployment.

3. Physics Education and Demonstrations

Simple experiments involving whirling objects help students grasp the concepts of tension, centripetal

force, and the relationship between radius and velocity, reinforcing theoretical understanding with

practical visualization.

4. Sports and Athletic Movements

In sports like baseball or cricket, understanding the physics of spinning balls and the forces involved

can improve techniques and equipment design.

---



Advanced Topics: Tension and Energy in Rotating Systems

Moving beyond the basic relationships, consider the energy aspects:

- Kinetic energy of each rock:

\[

KE = \frac{1}{2} m v^2

\]

- Total kinetic energy in the system:

\[

KE_{total} = \frac{1}{2} m v_1^2 + \frac{1}{2} m v_2^2

\]

Substituting \( v_2 = v_1 \sqrt{2} \):

\[

KE_{total} = \frac{1}{2} m v_1^2 + \frac{1}{2} m (2 v_1^2) = \frac{1}{2} m v_1^2 + m v_1^2 = \frac{3}{2}

m v_1^2

\]

This shows that the system's total kinetic energy increases when moving the second mass to a larger

radius with higher velocity.

---



Summary of Key Findings

- When two equal masses are whirled in horizontal circles with radii \( R \) and \( 2 R \), maintaining

the same tension requires the second mass to travel at \(\sqrt{2}\) times the velocity of the first.

- The tension in each string reflects this relationship, balancing the centripetal force needed for circular

motion.

- Increasing the radius of rotation necessitates a higher velocity to sustain the same tension, illustrating

the direct link between radius, velocity, and force.

- These principles are fundamental in various engineering and natural phenomena, emphasizing the

importance of understanding circular motion.

---

Conclusion

The scenario of two equal-mass rocks tied to strings and whirled in horizontal circles with different radii

offers rich insights into the physics of circular motion. By analyzing the relationships between radius,

velocity, and tension, we gain a deeper understanding of the forces at play and how they govern the

behavior of rotating systems. Whether in designing machinery, understanding planetary orbits, or

conducting physics experiments, the principles outlined here remain universally applicable. Mastery of

these concepts enables scientists and engineers to innovate and analyze systems involving rotation,

ensuring safety, efficiency, and a profound appreciation of the natural laws that govern motion.

---
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Frequently Asked Questions

What is the significance of the radius being twice for the second rock

in circular motion?

It indicates that the second rock's circular path has twice the radius of the first, affecting its linear

speed and tension in the string due to the larger circle.

If two equal-mass rocks are whirled in horizontal circles with different

radii, how does the radius affect their velocities?

The rock with the larger radius (twice the other) must have a higher tangential velocity to maintain

uniform circular motion, assuming the same angular velocity.

How does the tension in the string relate to the radius and speed of

the rocks?

Tension in the string provides the centripetal force; it increases with the mass, the square of the

velocity, and inversely with the radius. A larger radius generally means lower tension for the same

speed.



If the radius of the second circle is twice that of the first, how does

the centripetal acceleration compare between the two rocks?

The centripetal acceleration for the second rock is half that of the first if both have the same angular

velocity, since acceleration is inversely proportional to the radius.

What happens to the required tension in the string if the second rock's

radius is doubled?

The tension decreases if the second rock maintains the same angular velocity because the larger

radius reduces the necessary centripetal force, but if velocity is the same, tension must be recalculated

accordingly.

Can both rocks complete their circular motion at the same angular

velocity if their radii differ?

Yes, both can have the same angular velocity, but the linear (tangential) speeds will differ, with the

larger circle's rock moving faster tangentially.

How does increasing the radius to twice affect the period of rotation

for the second rock?

The period of rotation increases with the radius; specifically, if radius doubles, the period increases

proportionally if the angular velocity remains constant.

In the scenario where both rocks are tied to strings and whirled in

horizontal circles, what factors determine the maximum radius

achievable without breaking the string?

The maximum radius depends on the maximum tension the string can withstand, the mass of the

rocks, and the tangential velocity; increasing radius requires managing higher tension or lower speed



to prevent breaking.

Additional Resources

Two equal-mass rocks tied to strings and whirled in horizontal circles present a fascinating scenario in

rotational dynamics, illustrating fundamental principles of centripetal force, tension, and angular

motion. This setup not only helps in understanding the physics behind circular motion but also provides

insights into how varying parameters—such as the radius of motion—affect the system's behavior.

When the radius of the second circle is twice that of the first, it introduces a compelling case study

into the relationship between radius, velocity, tension, and angular acceleration, offering a rich ground

for analysis and exploration.

Introduction to Circular Motion and Tension in Rotating

Systems

Understanding Basic Concepts

Circular motion is a fundamental aspect of physics, where an object moves along a circular path at a

constant or varying speed. When an object moves in a circle, it experiences a centripetal force

directed toward the center of the circle that keeps it in its curved path. For an object tied to a string

and whirled around, this tension in the string provides the necessary centripetal force.

In the context of two equal-mass rocks tied to strings, the tension in each string must balance the

inward pull required to keep each rock moving along its circular path. The system's behavior depends

heavily on parameters such as the mass of the rocks, the length of the strings (which determines the

radius of each circle), and the angular velocity with which they are spun.



Relevance of the Radius in Circular Motion

The radius of the circle directly influences the velocity needed to sustain uniform circular motion.

According to the centripetal force equation:

\[ F_c = \frac{mv^2}{r} \]

where:

- \( m \) is the mass of the object,

- \( v \) is the tangential velocity,

- \( r \) is the radius of the circle.

As the radius increases, for a given mass and angular velocity, the required centripetal force, and thus

the tension in the string, also changes. This relationship becomes especially intriguing when comparing

two different radii, as in the case where the second circle's radius is twice that of the first.

System Description and Assumptions

Setup Overview

Imagine two identical rocks, each with mass \( m \), tied to strings of equal length \( L \). These rocks

are spun in horizontal circles at the same angular velocity \( \omega \). The key variation is that the

second rock's string is adjusted to produce a circle with twice the radius of the first, meaning:

- Radius of circle 1: \( r_1 = L \)

- Radius of circle 2: \( r_2 = 2L \)

The system is assumed to be ideal:

- No air resistance or friction

- Uniform circular motion



- Tension in the strings is the only force providing centripetal acceleration

- The rocks are spun at constant angular velocity

Implications of Equal Masses and Different Radii

Because the masses are equal, the primary differences in the system's behavior arise from the change

in radius. This scenario allows us to analyze how the radius influences the necessary tangential

velocity, tension in the string, and the overall stability of the motion.

Analyzing the Dynamics of the System

Relationship Between Angular Velocity, Radius, and Velocity

In rotational motion, the tangential velocity \( v \) relates to angular velocity \( \omega \) as:

\[ v = r \omega \]

Given that both rocks are spun at the same angular velocity \( \omega \), their tangential velocities

differ proportionally to their radii:

- For circle 1:

\[ v_1 = r_1 \omega = L \omega \]

- For circle 2:

\[ v_2 = r_2 \omega = 2L \omega = 2 v_1 \]

This linear relationship shows that the object on the larger circle must move faster tangentially to



maintain the same angular velocity.

Calculating the Tension in the Strings

The tension \( T \) in each string must provide the centripetal force:

\[ T = F_c = \frac{m v^2}{r} \]

- For circle 1:

\[ T_1 = \frac{m v_1^2}{r_1} = \frac{m (r_1 \omega)^2}{r_1} = m r_1 \omega^2 \]

- For circle 2:

\[ T_2 = \frac{m v_2^2}{r_2} = \frac{m (r_2 \omega)^2}{r_2} = m r_2 \omega^2 \]

Substituting \( r_2 = 2 r_1 \):

\[ T_2 = m (2 r_1) \omega^2 = 2 m r_1 \omega^2 = 2 T_1 \]

This indicates that the tension in the string of the second rock (on the larger circle) is twice that of the

first, assuming the same angular velocity.

Implications of Tension Variations

The fact that \( T_2 = 2 T_1 \) reveals a direct proportionality between the radius and the tension when

angular velocity is held constant. This is crucial in understanding the mechanical stresses involved and

the limits of the system's stability—larger circles require higher tension for the same angular velocity,

which can influence the design and safety considerations when physically implementing such a

system.



Effects of Changing the Radius: Insights and Applications

Velocity and Energy Considerations

Since \( v \) scales linearly with the radius for constant \( \omega \), the kinetic energy \( KE \) of each

rock is:

\[ KE = \frac{1}{2} m v^2 \]

- For circle 1:

\[ KE_1 = \frac{1}{2} m (r_1 \omega)^2 = \frac{1}{2} m r_1^2 \omega^2 \]

- For circle 2:

\[ KE_2 = \frac{1}{2} m r_2^2 \omega^2 = \frac{1}{2} m (2 r_1)^2 \omega^2 = 2 m r_1^2 \omega^2 = 4

KE_1 \]

This shows that the kinetic energy in the larger circle is four times that of the smaller circle when

spinning at the same angular velocity. The energy requirement for maintaining such motion increases

significantly with radius.

Stability and Practical Considerations

The increased tension and kinetic energy in the larger circle pose challenges:

- Structural stress: The string must withstand higher tension, necessitating stronger materials.

- Control of motion: Maintaining a constant angular velocity becomes more critical, as deviations can

cause the system to become unstable or break.

- Safety: Larger radii and higher tensions increase the risk of accidents, especially if the system is

spun at high speeds.



These considerations are relevant in various practical applications—from amusement park rides to

particle accelerators—where understanding the relationship between radius, tension, and energy is

vital.

Real-World Applications and Broader Implications

Educational Demonstrations and Experiments

The described setup serves as an excellent educational tool to visualize and analyze the principles of

circular motion. By varying the radius and observing the resulting tension and velocities, students can

develop a concrete understanding of the relationships between physical parameters.

Engineering and Design

Engineers designing rotating machinery, centrifuges, or amusement rides must consider these

principles:

- Material strength to withstand increased tension at larger radii

- Power requirements to maintain desired angular velocities

- Safety protocols to prevent structural failure

Understanding how the radius impacts the forces involved ensures safer and more efficient designs.

Astrophysics and Planetary Motion

On a more abstract level, these principles extend to planetary systems, where gravitational forces

provide the centripetal force necessary for orbital motion. Variations in orbital radius affect orbital

velocity and energy, akin to the relationships observed in the rock-string system.



Concluding Remarks: Synthesis of Principles

The scenario of two equal-mass rocks tied to strings and whirled in horizontal circles with the second

circle having twice the radius of the first encapsulates core concepts of rotational dynamics. The

analysis reveals that:

- When angular velocity is constant, tangential velocity increases linearly with radius.

- Tension in the string, which provides the centripetal force, also scales linearly with radius.

- Kinetic energy increases quadratically with radius, demanding more energy input for larger circular

motions.

This study underscores the interconnectedness of physical parameters in rotational systems and

highlights the importance of careful consideration in both educational and practical contexts. Whether

for teaching fundamental physics or designing complex machinery, understanding how the radius

influences tension, velocity, and energy is essential for harnessing the principles of circular motion

effectively and safely.
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