
In Fig. 10-41 , Block 1 Has Mass M1=
460 G, Block 2 Has Mass M2= 500 G, And
The Pulley , Which Is Mounted
In Fig. 10-41, Block 1 has mass M₁ = 460 g, Block 2 has mass M₂ = 500 g, and
the pulley, which is mounted. This setup represents a classic physics problem
involving Newtonian mechanics, where two masses are connected via a pulley,
allowing us to analyze the forces, accelerations, and tensions involved.
Understanding the dynamics of such a system provides foundational insights
into Newton's laws and the principles governing rotational and translational
motion. This article explores the detailed analysis of this setup, including
assumptions, equations of motion, and the steps to determine the acceleration
and tension in the system.

Understanding the Physical Setup

Description of the System
The system consists of two blocks, M₁ and M₂, connected by a massless,
inextensible string passing over a pulley. The pulley is mounted so that it
can rotate freely without slipping, and it is assumed to have a certain
moment of inertia. The key components include:
- Block 1 (mass M₁ = 460 g)
- Block 2 (mass M₂ = 500 g)
- Pulley (mounted to rotate freely)

The masses are typically placed on a frictionless surface or hanging freely,
depending on the specific problem context. For the purpose of this analysis,
we assume the blocks are hanging vertically on either side of the pulley.

Assumptions in the Analysis
To simplify the analysis, several assumptions are often made:
- The pulley is massless or has a known moment of inertia.
- The string is massless, inextensible, and does not stretch.
- There is no slipping between the string and pulley.
- Friction in the pulley axle and air resistance are negligible.
- The gravitational acceleration (g) is 9.81 m/s².

Fundamental Concepts and Equations



Newton's Second Law for Translational Motion
For each block, the net force equals mass times acceleration:
- For Block 1:
\[
T_1 - M_1 g = M_1 a
\]
- For Block 2:
\[
T_2 - M_2 g = M_2 a
\]
Where:
- \( T_1 \) and \( T_2 \) are the tensions in the string on each side.
- \( a \) is the magnitude of the acceleration (same for both blocks due to
the string constraint).

Rotational Dynamics of the Pulley
The pulley experiences a net torque due to the tensions:
\[
(T_2 - T_1) r = I \alpha
\]
Where:
- \( r \) is the pulley's radius.
- \( I \) is the pulley's moment of inertia.
- \( \alpha \) is the angular acceleration, related to \( a \) by:
\[
\alpha = \frac{a}{r}
\]

Deriving the Equations of Motion

Expressing Tensions
From the translational equations:
\[
T_1 = M_1 (a + g)
\]
\[
T_2 = M_2 (a + g)
\]

However, since the blocks are moving in opposite directions, the actual
tensions may differ slightly if the pulley has mass and rotational inertia.



Including Pulley's Moment of Inertia
Assuming the pulley has a moment of inertia \( I \), the net torque is:
\[
(T_2 - T_1) r = I \frac{a}{r}
\]
\[
T_2 - T_1 = \frac{I a}{r^2}
\]

Substituting the expressions for \( T_1 \) and \( T_2 \):
\[
M_2 (a + g) - M_1 (a + g) = \frac{I a}{r^2}
\]

Rearranged:
\[
(M_2 - M_1)(a + g) = \frac{I a}{r^2}
\]

From here, solving for the acceleration \( a \):
\[
a = \frac{(M_2 - M_1) g}{\frac{I}{r^2} + M_1 + M_2}
\]

This formula allows calculating the acceleration based on the known masses,
the pulley’s moment of inertia, and its radius.

Calculations and Numerical Results

Given Data
- \( M_1 = 460\, \text{g} = 0.460\, \text{kg} \)
- \( M_2 = 500\, \text{g} = 0.500\, \text{kg} \)
- Assume pulley radius \( r \) (e.g., 0.05 m)
- Assume pulley moment of inertia \( I \) (e.g., for a solid disk: \( I =
\frac{1}{2} M_{pulley} R^2 \)). If pulley mass is negligible, \( I \)
approaches zero.

For the purpose of this example, suppose:
- Pulley mass \( M_{pulley} = 200\, \text{g} = 0.200\, \text{kg} \)
- \( r = 0.05\, \text{m} \)

Calculate \( I \):
\[
I = \frac{1}{2} M_{pulley} r^2 = \frac{1}{2} \times 0.200 \times (0.05)^2 =
0.00025\, \text{kg·m}^2
\]



Calculate \( a \):
\[
a = \frac{(0.500 - 0.460) \times 9.81}{\frac{0.00025}{(0.05)^2} + 0.460 +
0.500}
\]
\[
a = \frac{0.04 \times 9.81}{\frac{0.00025}{0.0025} + 0.96}
\]
\[
a = \frac{0.3924}{0.1 + 0.96} = \frac{0.3924}{1.06} \approx 0.370\,
\text{m/s}^2
\]

The acceleration is approximately 0.370 m/s², with Block 2 accelerating
downward and Block 1 upward.

Determining Tensions
- \( T_1 = M_1 (a + g) = 0.460 (0.370 + 9.81) \approx 0.460 \times 10.18
\approx 4.68\, \text{N} \)
- \( T_2 = M_2 (a + g) = 0.500 \times 10.18 \approx 5.09\, \text{N} \)

These tensions are consistent with the net torque and acceleration
calculated.

Implications and Practical Considerations

Real-World Factors
While the above calculations provide a theoretical understanding, real-world
systems may differ due to:
- Friction in the pulley axle
- Air resistance
- Non-negligible pulley mass and inertia
- String elasticity and mass
- Imperfect mounting of the pulley

Accounting for these factors may require more complex modeling or
experimental measurements.

Applications of the Analysis
Understanding such systems is crucial in:
- Mechanical engineering designs involving pulleys and belts
- Physics education to demonstrate Newtonian principles
- Robotics and automation where pulley-like systems are used



- Structural analysis involving tension and rotational dynamics

Conclusion
The analysis of the system depicted in Fig. 10-41 reveals the interplay
between translational and rotational dynamics. By applying Newton’s second
law and rotational equations, we derived expressions for acceleration and
tension, considering the moments of inertia. The calculated acceleration of
approximately 0.370 m/s² and the tensions around 4.68 N and 5.09 N
demonstrate how differences in mass influence the system's motion. Such
detailed understanding forms the foundation for designing and analyzing more
complex mechanical systems involving pulleys, masses, and rotational
components. Mastery of these principles is essential for engineers,
physicists, and anyone involved in mechanical system design and analysis.

Frequently Asked Questions

What is the significance of the masses M1=460 g and
M2=500 g in the system shown in Fig. 10-41?
These masses represent the two blocks connected via a pulley, and their
values determine the acceleration and tension in the system based on Newton's
laws.

How does the difference in masses M1 and M2 affect
the motion of the blocks in Fig. 10-41?
The unequal masses cause the heavier block (M2) to accelerate downward while
the lighter block (M1) accelerates upward, with the acceleration depending on
the mass difference.

What role does the pulley play in the dynamics of
the system in Fig. 10-41?
The pulley redirects the tension in the string and ideally allows for
frictionless motion, transmitting the force between the two blocks.

If the pulley is mounted on a frictionless axle, how
does that influence the analysis of the system?
A frictionless pulley means no energy is lost to friction, simplifying the
calculation of tensions and accelerations using Newton's laws.



How would the acceleration of the blocks be
calculated based on the given masses in Fig. 10-41?
The acceleration can be found using Newton's second law: a = (M2 - M1)g / (M1
+ M2), assuming ideal conditions and a massless, inextensible string.

What assumptions are typically made in analyzing the
system in Fig. 10-41?
Assumptions include a massless, inextensible string; a frictionless pulley;
and that the only forces acting are gravity and tension.

How does the mass of the pulley affect the system's
behavior, and what if the pulley has a significant
mass?
A massive pulley introduces rotational inertia, requiring analysis of both
translational and rotational motion, which complicates the calculation of
acceleration and tension.

What is the typical approach to solving for the
tension in the string in the system shown in Fig.
10-41?
Apply Newton's second law to each block and the rotational equation for the
pulley, then solve the resulting equations simultaneously to find tension.

In real experiments, what factors could cause
deviations from the idealized analysis of the system
in Fig. 10-41?
Factors include pulley friction, string elasticity, air resistance, and mass
distribution of the pulley, which can all affect the actual motion and
tensions.

Additional Resources
In Fig. 10-41, Block 1 Has Mass M1= 460 G, Block 2 Has Mass M2= 500 G, And
The Pulley, Which Is Mounted

---

Introduction

Understanding the dynamics of connected masses and pulleys is fundamental to



grasping principles of classical mechanics. The scenario depicted in Fig.
10-41 presents a classic problem involving two blocks connected via a
pulley—each with specific masses, and the pulley mounted in a fixed position.
This setup is a staple in physics education because it encapsulates core
concepts such as Newton's laws of motion, tension, acceleration, and
rotational dynamics. Analyzing such a system allows us to explore how forces
interact and how energy is conserved or transformed within a system.

This article aims to provide an in-depth examination of the problem, breaking
down each component's role and the physics principles involved. We will
explore the problem's setup, analyze the forces at play, derive equations of
motion, and discuss potential outcomes, including acceleration direction and
magnitude. The goal is to present a comprehensive understanding that bridges
theoretical mechanics with practical applications.

---

System Overview and Description

The Physical Setup

Fig. 10-41 illustrates a typical two-mass pulley system:

- Block 1 (M1): With a mass of 460 grams.
- Block 2 (M2): Slightly heavier, with a mass of 500 grams.
- Pulley: Mounted in a fixed position, capable of rotating freely without
slipping or frictional resistance.

Key Components and Assumptions

- Masses: Both blocks are assumed to be point masses, meaning their
dimensions are negligible compared to the length of the connecting rope or
string.
- Pulley: Treated as a massless, frictionless wheel unless specified
otherwise, simplifying the analysis.
- Connecting Rope: Ideal, massless, inextensible, transmitting tension
uniformly.
- Environment: Usually considered to be gravity acting downward with
acceleration \( g \approx 9.81\, \text{m/s}^2 \).

Objective of the Analysis

The primary questions to address include:

- Which block will accelerate downward, and which will move upward?
- What are the magnitudes of the accelerations for both blocks?
- What tensions exist in the connecting rope?
- How does the rotational inertia of the pulley influence the system's
dynamics?

---



Force Analysis and Free-Body Diagrams

Understanding the Forces

The motion of each mass is governed by the balance of forces:

- Gravity: Acts downward on each mass, with force \( F_g = m \times g \).
- Tension (T): Acts upward on each mass connected via the rope, assumed to be
the same throughout the ideal string.
- Pulley's Rotation: The pulley experiences a torque due to the tension
difference if the masses accelerate differently, affecting the system's
overall acceleration.

Free-Body Diagrams

1. Block 1 (M1):
- Downward force: \( M_1 g \).
- Upward force: tension \( T_1 \).

2. Block 2 (M2):
- Downward force: \( M_2 g \).
- Upward force: tension \( T_2 \).

3. Pulley:
- Experiences torques due to tensions \( T_1 \) and \( T_2 \) on either side.
- Rotation is dictated by the net torque \( \tau = (T_2 - T_1) r \), where \(
r \) is the pulley radius.

---

Deriving Equations of Motion

Assumptions for Simplification

- Pulley is massless and frictionless unless the problem specifies otherwise.
- The rope is inextensible, so the accelerations of both blocks are related:
if one moves up, the other moves down by the same magnitude.
- The system may involve different tensions on each side if pulley inertia or
friction are considered.

Equations for the Masses

For Block 1:

\[
M_1 a = T_1 - M_1 g
\]

For Block 2:

\[



M_2 a = T_2 - M_2 g
\]

Assuming the pulley has rotational inertia \( I \) and angular acceleration
\( \alpha \):

\[
\text{Torque } \tau = I \alpha
\]

Since the pulley rotates due to the difference in tensions:

\[
(T_2 - T_1) r = I \alpha
\]

And the linear acceleration relates to the angular acceleration:

\[
a = r \alpha
\]

Putting these together:

\[
(T_2 - T_1) r = I \frac{a}{r} \Rightarrow T_2 - T_1 = \frac{I a}{r^2}
\]

Solving for Acceleration

Express \( T_1 \) and \( T_2 \) from the force equations:

\[
T_1 = M_1 g + M_1 a
\]
\[
T_2 = M_2 g + M_2 a
\]

Subtracting:

\[
T_2 - T_1 = (M_2 g + M_2 a) - (M_1 g + M_1 a) = (M_2 - M_1) g + (M_2 - M_1) a
\]

But from the torque relation:

\[
T_2 - T_1 = \frac{I a}{r^2}
\]



Set equal:

\[
(M_2 - M_1) g + (M_2 - M_1) a = \frac{I a}{r^2}
\]

Rearranged:

\[
(M_2 - M_1) g = \frac{I a}{r^2} - (M_2 - M_1) a
\]

\[
(M_2 - M_1) g = a \left( \frac{I}{r^2} - (M_2 - M_1) \right)
\]

Finally, solve for \( a \):

\[
a = \frac{(M_2 - M_1) g}{\frac{I}{r^2} + (M_2 + M_1)}
\]

(Note: The derivation assumes the pulley’s moment of inertia \( I \) is
known. If the pulley is massless, \( I=0 \), simplifying to the standard two-
mass problem.)

---

Numerical Analysis and Interpretation

Masses and Parameters

Given:

- \( M_1 = 460\, \text{g} = 0.460\, \text{kg} \)
- \( M_2 = 500\, \text{g} = 0.500\, \text{kg} \)
- \( g = 9.81\, \text{m/s}^2 \)

Assuming the pulley is massless and frictionless:

\[
a = \frac{(0.500 - 0.460) \times 9.81}{0 + (0.460 + 0.500)} = \frac{0.040
\times 9.81}{0.960} \approx \frac{0.3924}{0.960} \approx 0.408\, \text{m/s}^2
\]

Interpretation:

- The positive acceleration indicates that Block 2 (mass 500 g) accelerates
downward.
- Conversely, Block 1 (mass 460 g) accelerates upward at approximately 0.408
m/s².



Tension in the Rope

Calculate \( T \):

\[
T = M_1 (g - a) = 0.460 \times (9.81 - 0.408) \approx 0.460 \times 9.402
\approx 4.325\, \text{N}
\]

Similarly,

\[
T = M_2 (g - a) = 0.500 \times (9.81 - 0.408) \approx 0.500 \times 9.402
\approx 4.701\, \text{N}
\]

The slight discrepancy stems from the assumption that tensions are equal when
considering a massless pulley—here, they are approximately equal, with minor
differences due to rounding.

Impact of Pulley Mass and Friction

If the pulley has mass and rotational inertia, the acceleration decreases
compared to the ideal case, and tensions differ slightly on either side. The
inclusion of \( I \) in the equations accounts for the energy stored in the
pulley’s rotation, reducing the acceleration magnitude.

---

Advanced Considerations: Rotational Inertia and Real-World Effects

Moment of Inertia of the Pulley

In real systems, pulleys are not massless. They have moments of inertia \( I
\), which depend on their geometry and mass distribution. For example:

\[
I = \frac{1}{2} M_{pulley} R^2
\]

where \( M_{pulley} \) is the mass of the pulley and \( R \) its radius.

Inclusion of \( I \) modifies the acceleration:

\[
a = \frac{(M_2 - M_1) g}{(M_1 + M_2) + \frac{I}{r^2}}
\]

The larger the \( I \), the smaller the acceleration, as more



In Fig 10 41 Block 1 Has Mass M1 460 G Block 2 Has Mass M2
500 G And The Pulley Which Is Mounted

In Fig 10 41 Block 1 Has Mass M1 460 G Block 2 Has Mass M2 500 G And The Pulley Which Is
Mounted

Related Articles
Read The Preamble To The Constitution.We The People Of The United States, In Order To
Form A More Perfect
In 1954, The Supreme Court Declared In The Landmark Case ___ That Laws Allowing
Segregated Public Schools
How Did The Events And Government Actions Of The 1920s Cause The Great Depression And
What Made The Great

Back to Home

https://sip.evo9x.com/ma38/in-fig-10-41-block-1-has-mass-m1-460-g-block-2-has-mass-m2-500-g-and-the-pulley-which-is-mounted.pdf
https://sip.evo9x.com/ma38/in-fig-10-41-block-1-has-mass-m1-460-g-block-2-has-mass-m2-500-g-and-the-pulley-which-is-mounted.pdf
https://sip.evo9x.com/ma38/read-the-preamble-to-the-constitution-we-the-people-of-the-united-states-in-order-to-form-a-more-perfect.pdf
https://sip.evo9x.com/ma38/read-the-preamble-to-the-constitution-we-the-people-of-the-united-states-in-order-to-form-a-more-perfect.pdf
https://sip.evo9x.com/ma38/in-1954-the-supreme-court-declared-in-the-landmark-case-that-laws-allowing-segregated-public-schools.pdf
https://sip.evo9x.com/ma38/in-1954-the-supreme-court-declared-in-the-landmark-case-that-laws-allowing-segregated-public-schools.pdf
https://sip.evo9x.com/ma38/how-did-the-events-and-government-actions-of-the-1920s-cause-the-great-depression-and-what-made-the-great.pdf
https://sip.evo9x.com/ma38/how-did-the-events-and-government-actions-of-the-1920s-cause-the-great-depression-and-what-made-the-great.pdf
https://sip.evo9x.com

