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Two Astronauts (Fig.P 11.55 ), Each Having A Mass Of 75.0kg, Are Connected By
A 10.0-m Rope Of Negligible mass, floating in the vacuum of space. This scenario
presents an intriguing problem in classical mechanics, particularly involving Newton's
laws of motion, conservation of momentum, and the physics of isolated systems.
Understanding the dynamics of such a system not only illuminates fundamental physics
principles but also has practical implications for space missions, tethered satellite
systems, and astronaut training exercises.

In this article, we will explore the physics behind two astronauts connected by a rope in
space, analyzing their motion, forces involved, and the energy considerations. We will also
examine how external forces, such as thrusters or gravitational influences, could alter
their behavior, and discuss real-world applications of such systems.

---

Understanding the System: The Setup and
Assumptions

System Description
The scenario involves two astronauts, each with a mass of 75.0 kg, floating freely in space
and connected by a rope measuring 10.0 meters in length. The rope is assumed to be
massless and inextensible, meaning it does not stretch or add weight to the system. The
astronauts are initially at rest relative to each other or moving with some initial velocity,
depending on the specific problem conditions.

Key Assumptions
To analyze the physics accurately, certain idealizations are made:

The space environment is a vacuum, eliminating air resistance and friction.

The rope has negligible mass, so it does not influence the system’s momentum
directly.

External forces are absent unless specified, meaning the system is isolated.

The astronauts can exert internal forces on each other via the rope, but cannot apply
external forces.



---

Fundamental Principles Governing the System

Newton’s Laws of Motion
The core principles that govern the behavior of the astronauts are Newton's laws. In
particular:

First Law: An object remains at rest or in uniform motion unless acted upon by an
external force.

Second Law: The acceleration of an object is proportional to the net force acting
upon it and inversely proportional to its mass, expressed as \(F = ma\).

Third Law: For every action, there is an equal and opposite reaction.

Conservation of Momentum
In a closed system with no external forces, the total momentum remains constant. If one
astronaut pushes or pulls the other, their velocities will change such that the total
momentum before and after remains the same.

Energy Considerations
Potential and kinetic energy exchanges can occur if the astronauts move relative to each
other, especially during acceleration phases. Since in space, kinetic energy is conserved
unless external work is done.

---

Analyzing the Motion of the Astronauts

Scenario 1: Starting from Rest and Pulling Apart
Suppose both astronauts initially are at rest relative to a common inertial frame,
connected by the rope. If one astronaut pulls on the rope, they exert a force on each other,
causing both to accelerate in opposite directions.



Applying Conservation of Momentum
Since no external forces act,
\[
m_1 v_1 + m_2 v_2 = 0,
\]
assuming they start from rest and only internal forces act.

Given \(m_1 = m_2 = 75.0\,kg\),
\[
75.0\,kg \times v_1 + 75.0\,kg \times v_2 = 0,
\]
which simplifies to
\[
v_2 = -v_1,
\]
meaning they will move in opposite directions with equal speed magnitudes.

Determining Velocities and Displacements
If they pull apart until the maximum length of the rope (10.0 m), their relative separation
increases. Assuming they start at the same point, their velocities can be determined based
on the work done by internal forces, but in the absence of external work, their kinetic
energies are conserved.

---

Calculating Specific Quantities

Velocity after Pulling Apart
Suppose one astronaut pulls with an internal force \(F\) over a time \(t\), resulting in
acceleration \(a\):
\[
a = \frac{F}{m}.
\]
The velocity acquired:
\[
v = a t = \frac{F}{m} t.
\]
Since both astronauts exert equal and opposite forces, their velocities are equal in
magnitude and opposite in direction.

Maximum Separation and Rope Tension
As they move apart, the tension in the rope varies, reaching a maximum when the



astronauts are at maximum separation.

If we assume the astronauts start from rest and accelerate uniformly, the maximum
separation occurs when their combined displacement equals 10.0 m.

The tension in the rope at any point is related to the acceleration:
\[
T = m a,
\]
and at maximum extension, the acceleration might be zero if they reach their maximum
separation with no additional internal force.

---

Real-World Applications and Practical
Considerations

Spacewalks and Tethered Systems
The physics of astronauts connected by tethers is directly applicable to spacewalk
procedures, where astronauts are attached to spacecraft via tethers to prevent drifting
away. Understanding the dynamics ensures safety and efficiency during extravehicular
activities.

Satellite Tether Systems
Long tethers are used in satellite systems for momentum exchange, deorbiting, or energy
transfer. The principles of conservation of momentum and energy play a vital role in
designing such systems.

Training and Simulation
Simulating astronaut tether scenarios on Earth helps prepare astronauts for real missions,
emphasizing the importance of understanding force interactions and motion in
microgravity environments.

---

Advanced Topics and Further Study



Effect of External Forces
In real space missions, external influences such as gravitational fields or thruster forces
can impact the dynamics, requiring more complex models.

Non-ideal Conditions
Factors like rope mass, elasticity, and air resistance (in atmospheres or during re-entry)
introduce complexities that challenge the idealized assumptions.

Multiple Astronauts and Complex Tether Networks
Expanding from two astronauts to multiple connected bodies opens up a rich field of study
involving systems of coupled oscillators and multi-body dynamics.

---

Conclusion
The scenario of two astronauts connected by a massless rope in space encapsulates
fundamental physics principles such as conservation of momentum, Newton's laws, and
energy transfer. Analyzing their motion involves understanding how internal forces
influence their velocities and positions, especially in an isolated system. Practical
applications of this knowledge range from spacewalk safety protocols to advanced satellite
systems, illustrating the profound relevance of classical mechanics in space exploration
and technology.

By grasping these concepts, engineers, physicists, and astronauts can better design
systems that utilize tethered configurations, ensuring safety, efficiency, and innovation in
the challenging environment of space.

Frequently Asked Questions

What is the significance of the 10.0-meter rope
connecting the two astronauts in the scenario?
The 10.0-meter rope represents the distance between the two astronauts, which affects
the tension in the rope and the overall dynamics of their interaction in space.

How does the mass of each astronaut (75.0 kg)
influence the tension in the connecting rope during a
maneuver?
The mass determines the astronauts' inertia and gravitational effects (if any), influencing



the tension required to accelerate or decelerate them and maintain their positions relative
to each other.

What physical principles are at play when two
astronauts are connected by a rope in space?
Newton's third law and second law govern the situation, where any force exerted by one
astronaut on the other results in an equal and opposite reaction, with the tension in the
rope balancing these forces during movement.

In what scenarios would the tension in the rope between
the astronauts increase?
Tension increases when one astronaut accelerates relative to the other, or if they attempt
to change their relative positions, requiring the rope to exert a force to achieve the
desired motion.

How would the situation change if the astronauts were
in free space with no external forces acting on them?
In free space with no external forces, the astronauts would continue their motion at
constant velocity unless acted upon by internal forces (like pulling on the rope), and the
tension would depend solely on their relative accelerations.

Additional Resources
Two Astronauts (Fig.P 11.55) represent a fascinating scenario in classical mechanics,
illustrating principles of tension, acceleration, and Newton’s laws in a simplified yet
insightful context. This setup involves two astronauts, each with a mass of 75.0 kg,
connected by a 10.0-meter rope of negligible mass. Such a problem is not only
fundamental in understanding the dynamics of connected bodies but also has practical
implications in space exploration, tethered systems, and astronaut training exercises. In
this article, we will explore the physics behind this scenario, analyze the forces at play,
and discuss various aspects such as acceleration, tension in the rope, and the implications
of different force applications.

---

Understanding the Basic Setup

Description of the Scenario
The diagram (Fig.P 11.55) typically shows two astronauts floating in space, connected by a
lightweight rope. Since the rope's mass is considered negligible, the primary forces acting



on each astronaut are their weight (if gravity is considered) and the tension in the
connecting rope. In a typical physics problem, the astronauts are either pulled apart or
pulled together, depending on the applied forces, and the goal is to determine parameters
such as acceleration and tension.

In many cases, the astronauts might be pulled by an external force, or one astronaut might
pull on the other, leading to mutual acceleration. Since this scenario often takes place in a
gravity-free environment (space), gravitational effects are negligible unless specified
otherwise, focusing instead on the forces exerted through the rope.

---

Fundamental Physics Principles Involved

Newton’s Second Law
The core principle governing this system is Newton’s Second Law, expressed as:

\[ F = ma \]

where \( F \) is the net force, \( m \) is the mass of the object, and \( a \) is the acceleration.

In the case of two astronauts connected by a rope, the tension \( T \) in the rope causes
each astronaut to accelerate. The astronauts' equal masses and the identical length of the
rope imply symmetric conditions if equal and opposite forces are applied.

Tension in the Rope
The tension in the rope is a critical quantity. It transmits the force from one astronaut to
the other, ensuring that their accelerations are related. The tension depends on the
magnitude of the external force applied and the mass of the astronauts.

---

Detailed Analysis of the System

Scenario 1: External Force Applied to One Astronaut
Suppose an external force \( F \) is applied to Astronaut A, pulling him/her away from
Astronaut B. Both astronauts are in space, initially at rest relative to each other.

Calculations:
- The acceleration \( a \) of each astronaut (assuming the rope transmits the force without
slipping) is:



\[ a = \frac{F}{m} \]

- The tension \( T \) in the rope is equal to the force needed to accelerate Astronaut B:

\[ T = m \times a = m \times \frac{F}{m} = F \]

Thus, the tension in the rope is equal to the applied force \( F \).

Implications:
- Both astronauts accelerate at the same rate \( a = F / 75.0\,kg \).
- The maximum tension in the rope is directly proportional to the external force applied.

Features & Pros/Cons:
- Pros: Simple to analyze; demonstrates how tension transmits force.
- Cons: Assumes an idealized case without considering the rope’s elasticity or any external
influences like space debris or gravitational fields.

---

Scenario 2: Both Astronauts Pulling on Each Other with
Equal and Opposite Forces
If both astronauts pull on each other with equal forces \( F \), and no external force is
applied, the dynamics change.

Analysis:
- Since the forces are equal and opposite, the net external force on the system is zero.
- The astronauts will move apart or come together slowly depending on initial conditions,
but their accelerations are equal in magnitude and opposite in direction, resulting in a
constant relative velocity if they start moving.

Calculations:
- Each astronaut experiences a force \( F \) due to the other's pull.
- The acceleration of each:

\[ a = \frac{F}{75.0\,kg} \]

- The tension in the rope equals the force \( F \).

Features & Pros/Cons:
- Pros: Demonstrates Newton's third law; the internal forces cancel out in the system's
center of mass.
- Cons: Real-world effects like elasticity or slack in the rope could alter outcomes.

---



Factors Affecting the System's Behavior

Rope Properties
- Mass: The problem states the rope's mass is negligible, simplifying calculations. If the
mass were significant, it would affect the tension and acceleration.
- Elasticity: A real rope may stretch, introducing oscillations and changing tension over
time.
- Length: The 10.0 m length influences the maximum distance between astronauts and the
time it takes for forces to propagate along the rope.

External Forces and Environment
- Microgravity: In space, gravity's effect is minimal, so the primary forces are those
exerted through the rope.
- Friction: Absent in ideal space conditions, but in real scenarios, friction or drag could
influence motion.
- External pulls or pushes: Tugs from other objects or thrusters could complicate the
dynamics.

---

Applications and Practical Considerations

Relevance in Space Missions
- Tethered systems are used in spacewalks (EVA), where astronauts are connected to
spacecraft for safety.
- Understanding tension and acceleration helps design safe and efficient tethering
systems.

Training and Simulations
- Astronaut training involves simulated tethered exercises, where understanding the
physics ensures safety and efficacy.
- The problem exemplifies how mutual forces affect astronauts' motion during
extravehicular activities.

Design of Tethered Systems
- Calculating maximum tension helps prevent rope failure.
- Ensuring that astronauts can accelerate without exceeding safety limits is crucial.



---

Summary of Key Features and Insights

- The problem demonstrates fundamental mechanics principles: Newton's laws, tension,
and mutual acceleration.
- It highlights how internal forces (tension) transmit external forces between connected
bodies.
- Simplifying assumptions (negligible rope mass, no external forces) make it easier to
analyze but should be considered when applying to real-world scenarios.
- The understanding gained from such problems informs the design of actual space
systems, safety protocols, and astronaut training exercises.

---

Concluding Remarks
The analysis of two astronauts connected by a rope offers rich insights into the mechanics
of connected bodies in space. By applying Newton's laws, understanding the role of
tension, and considering environmental factors, we gain a comprehensive view of how
forces operate in a microgravity environment. Such problems serve as educational tools,
preparing engineers and astronauts to handle real-world challenges in space exploration.
Whether designing tethered experiments, safety systems, or training protocols, the
principles elucidated by this scenario remain fundamental to advancing human endeavors
beyond Earth.

---

Note: For specific numerical problems, additional details such as the magnitude of
external forces, initial conditions, and whether the astronauts are pulling or being pulled
would refine the analysis further.
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