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Understanding how to calculate the first and second velocities of a car with washers attached to a
pulley is fundamental in physics, especially in the study of rotational motion and dynamics. This
process involves analyzing the rotational effects caused by washers attached to a pulley that
influences the linear velocity of the car. Whether you're a student tackling physics problems or an
engineer designing pulley systems, mastering this calculation is essential for predicting the system's
behavior accurately. In this article, we will explore step-by-step methods to calculate these
velocities, ensuring you grasp both the theoretical and practical aspects involved.

Fundamental Concepts in Calculating Velocities in
Pulley Systems

Before diving into the calculations, it’s important to understand the foundational principles
underlying the motion of pulleys, washers, and cars in such systems. These include rotational
kinematics, torque, moment of inertia, and the relationship between linear and angular velocities.

Rotational Kinematics and Velocity Relationships

e Angular velocity (\(\omega\)) describes how fast a pulley rotates, measured in radians per
second.

e Linear velocity (\(v\)) of the car is related to the angular velocity of the pulley via the radius
(\(r\)) of the pulley: \(v = r \times \omega\).

 The first velocity typically refers to the initial velocity of the car before washers are added, or
the velocity after the initial acceleration.

e The second velocity could refer to the velocity after washers are added or after a certain
period of acceleration.

Impact of Washers on Rotational Dynamics

e Washers increase the moment of inertia (\(I\)) of the pulley, affecting how quickly it can



accelerate or decelerate.

e The added washers cause a change in the system’s rotational inertia, which influences the
angular acceleration (\(\alpha\)).

e Understanding how washers alter the system's inertia is key to calculating subsequent
velocities.

Step-by-Step Method to Calculate Velocities with Four
Washers Attached

Calculating the initial and subsequent velocities involves applying fundamental physics equations,
considering the mass and distribution of washers, and understanding the system's initial conditions.

1. Gather Essential Data

Mass of each washer (\(m_w\))

Number of washers attached (here, 4)

Radius of the pulley (\(r\))

Initial velocities (\(v_0\)) of the car before washers are added
e Mass of the pulley (\(m_p\)) and the washer distribution
e Gravity (\(g\)) if relevant for potential energy calculations

¢ Any external forces or torques acting on the system

2. Calculate the Total Moment of Inertia After Adding Washers

The moment of inertia of the pulley with washers is:

\[
[ {total} =1 {pulley} + I {washers}
\]

- For a solid pulley:

\[
[ {pulley} =\frac{1}{2} m pr™2



\]

- For washers considered as thin disks:

\[
I {washers} =\sum {i=1}"{n} \frac{1}{2} m {w,i} r™2
\]

- Since all washers are identical:

\[
I {washers} = n \times \frac{1}{2} m wr”"2
\]

where \(n=4\) is the number of washers.

Example Calculation:
Suppose each washer has a mass of 0.2 kg, and the pulley radius is 0.3 m, with the pulley mass at 2
kg:

\[

I {pulley} = \frac{1}{2} \times 2 \times (0.3)"2 = 0.09\, \text{kg-m} "2

\]

\[

I {washers} = 4 \times \frac{1}{2} \times 0.2 \times (0.3)"2 = 4 \times 0.009 = 0.036),
\text{kg-m} "2

\]

\[

I {total} = 0.09 + 0.036 = 0.126\, \text{kg-m}"2

\]

3. Determine the Torque and Angular Acceleration
The torque produced by the system depends on the forces involved, such as gravity or applied

forces. If the system is descending under gravity:

\[
\tau = m {load} \times g \times r
\]

The angular acceleration:

\[
\alpha = \frac{\tau}{I {total}}
\]

Once \(\alpha\) is known, you can find the angular velocity after a certain time \(t\):

\[
\omega = \omega 0 + \alpha t



\]

where \(\omega 0\) is the initial angular velocity.

4. Convert Angular Velocity to Linear Velocity of the Car
Using the relationship:

\[
v =r \times \omega
\]

Calculate the first and second velocities:

- First velocity (\(v_1\)): The initial velocity before washers are attached or at time zero.
- Second velocity (\(v_2\)): The velocity after some acceleration or after washers are added, at time
\(tV).

Example:
Suppose initial angular velocity \(\omega 0 = 0\), and after 3 seconds:

\[

\omega = 0 + \alpha \times 3
\]

\[

v_2 =r\times \omega

\]

This provides the second velocity of the car after the specified time.

Practical Applications and Considerations

Calculating these velocities accurately is crucial in various engineering and physics applications,
such as designing pulley systems, analyzing rotational machinery, or understanding dynamics in
mechanical systems.

Factors Affecting Velocity Calculations

e Friction between the pulley and the axle
e Air resistance and other external forces
e Mass distribution of washers and pulley

e Initial conditions and external energy inputs



Using Simulation Tools for Accurate Results

Modern engineering often involves simulation software like MATLAB or SolidWorks to predict
velocities more precisely, especially when dealing with complex systems.

Summary of Steps to Calculate Velocities in Pulley-
Washer Systems

—_

. Gather all relevant data: masses, radii, initial velocities.

N

. Calculate the total moment of inertia after washers are attached.

3. Determine the torque and angular acceleration considering external forces.

S

. Calculate the angular velocity at the desired time.

5. Convert angular velocity to linear velocity of the car using \(v = r \times \omega\).

Conclusion

Calculating the first and second velocities of a car with four washers attached to a pulley involves a
clear understanding of rotational dynamics, moments of inertia, and the relationship between
angular and linear velocities. By systematically analyzing the system's parameters and applying
fundamental physics principles, you can accurately predict how the velocities change when washers
are added or over time. This knowledge is not only academically valuable but also practically
applicable in designing mechanical systems that rely on pulleys and rotational motion. Whether
you're solving a physics problem or engineering a real-world application, mastering these
calculations ensures precise control and prediction of system behavior.

Remember, the key to accurate velocity calculation lies in meticulous data collection, correct
application of formulas, and consideration of all forces involved. With practice, you'll be able to
confidently analyze similar systems and optimize their performance effectively.

Frequently Asked Questions

How do I calculate the first velocity of a car with four washers
on the pulley?

To calculate the first velocity, use the principle of conservation of angular momentum or energy,



considering the initial conditions and the mass of the washers. Typically, you'll apply the formula v =
r w, where w is the initial angular velocity of the pulley, which can be found based on the initial
torque and moment of inertia involving the washers.

What is the method to find the second velocity after washers
are added to the pulley?

The second velocity can be found by applying the conservation of angular momentum or energy,
considering the change in moment of inertia due to the washers. The updated angular velocity w2 =
(It w1) / I, where I and Iz are the moments of inertia before and after adding washers.

How does adding four washers affect the rotational velocity of
the pulley?

Adding washers increases the total moment of inertia of the pulley system, which, assuming constant
torque or energy input, results in a decrease in the angular velocity of the pulley due to increased
rotational inertia.

What formulas are used to relate the velocities before and
after adding washers?

The primary formulas involve conservation of angular momentum: I w1 = I> w2, and the relation
between linear and angular velocities: v = r w. These equations help determine the velocities at
different stages.

Can you explain the role of moment of inertia in calculating
velocities in this scenario?

Moment of inertia measures how mass is distributed relative to the axis of rotation. When washers
are added, the moment of inertia increases, affecting the angular velocity. Calculations involve
updating the total moment of inertia to find new velocities.

What assumptions are typically made in calculating velocities
with washers attached?

Common assumptions include no slipping between the belt and pulley, the washers are rigid and
evenly distributed, and the system is isolated with no external torques other than those applied
initially.

How do you determine the initial angular velocity of the pulley
before adding washers?

The initial angular velocity can be determined from the initial torque applied and the system’s
moment of inertia or from initial measurements if the system is already in motion. It is often given or
measured directly.



What is the significance of the pulley radius in these
calculations?

The pulley radius relates the angular velocity to the linear velocity of the car. It is used in the
formula v = r w to convert between rotational and linear velocities.

How does the mass of washers influence the velocities
calculated?

The mass of washers affects the moment of inertia (I = ¥ m r?). Increasing the mass increases I,
which, for a constant torque, reduces the angular velocity after adding washers, influencing the first
and second velocities.

What practical steps are involved in calculating the velocities
with washers attached?

First, determine the initial angular velocity and moment of inertia. Second, calculate the new total
moment of inertia after adding washers. Third, apply conservation of angular momentum or energy
to find the new angular velocity, then convert to linear velocity using v =r w.

Additional Resources

Calculate The First And Second Velocities Of The Car With Four Washers Attached To The Pulley,
Using

Understanding the dynamics of rotational systems is fundamental in mechanical engineering,
physics, and various applied sciences. One such intriguing problem involves analyzing the velocities
in a pulley system with washers attached, which provides insight into rotational motion, angular
velocities, and the transfer of energy within interconnected components. Here, we'll delve deeply
into the methodology of calculating the first and second velocities of a car (or a related system) with
four washers attached to a pulley, employing principles of rotational kinematics and dynamics.

Introduction to the System and Problem Context

Before diving into calculations, it's essential to understand the physical setup, the components
involved, and the kind of motion we're analyzing.

System Components

- Pulley: A wheel or disc mounted on an axle, capable of rotating freely. It is the central element
transmitting motion.
- Washers (Four in Number): Circular disks attached to the pulley, likely altering the moment of



inertia and angular velocity.

- Car or Load: In some systems, the pulley may be connected to a car or mass that moves linearly
due to rotational motion.

- Strings or Cables: Connecting the pulley's rotation to the car's linear motion, enabling energy
transfer.

Assumptions and Conditions

- The pulley and washers are rigid bodies.

- The washers are uniformly distributed and symmetrically attached.

- The system is initially at rest or moving with known initial conditions.

- No slipping occurs between the string and pulley.

- Frictional forces are negligible unless specified.

- The mass of the washers and pulley are known, and their moments of inertia are calculable.

Fundamental Principles for Velocity Calculation

Understanding velocities in such systems relies on several core principles:

1. Conservation of Energy

- Mechanical energy (potential + kinetic) remains constant in ideal systems.
- Used when analyzing the system's motion from rest to a certain velocity.

2. Rotational Kinematics

- Relates angular displacement, velocity, and acceleration.
- For systems involving pulleys, linear velocity of the car and angular velocity of the pulley are
connected.

3. Moment of Inertia and Rotational Dynamics

- Moment of inertia (I) quantifies an object's resistance to angular acceleration.
- The total moment of inertia includes contributions from the pulley and washers.

4. Kinematic Relationships
- Linear and angular velocities are connected via the radius of the pulley:
\[

v = \omegar

\]



where:

-\(v\) = linear velocity of the car,
-\(\omega \) = angular velocity of the pulley,
-\(r\) = radius of the pulley.

Calculating Moment of Inertia of the System

The moment of inertia is central to understanding how velocities change when the system's mass
distribution varies.

1. Moment of Inertia of the Pulley

- Usually modeled as a solid disc:

\[
I {pulley} =\frac{1}{2} M {pulley} r"2
\]

where:
-\( M_{pulley} \) = mass of the pulley,
-\(r\) = radius of the pulley.

2. Moment of Inertia of the Washers

- For each washer (assuming uniform circular disks):

\[
I {washer} = \frac{1}{2} M _{washer} R {washer}"2
\]

where:
-\(M_{washer} \) = mass of each washer,
-\( R_{washer} \) = radius of each washer.

- Since there are four washers, their combined inertia:

\[
[ {washers} = 4 \times \frac{1}{2} M {washer} R {washer}~2 =2 M {washer} R {washer} "2
\]

3. Total Moment of Inertia

- Sum of the pulley and washers:



\[
[ {total} =1 {pulley} + I {washers}
\]

This total inertia influences the angular acceleration and velocities.

Step-by-Step Calculation of Velocities

The core task involves determining the angular velocities at specific instances—initial and after
certain motion—corresponding to the first and second velocities.

1. Establish Initial Conditions

- Usually, system starts from rest:

\[
\omega 0 =0
\]

- The initial linear velocity of the car:

\[
v0=0
\]

- External parameters like applied torque or force are specified or assumed.

2. Apply Energy Conservation or Kinematic Equations

- For systems where an acceleration occurs due to gravity or applied torque:

\[
\text{Work done} = \text{Change in kinetic energy}

\]

- The work-energy principle relates the work done by external forces to the rotational kinetic energy:

\[
W {ext} =\frac{1}{2} I {total} \omega”™2 + \frac{1}{2} m v"2
\]

where:
-\( m\) = mass of the car or load,
-\(v\) = linear velocity.



- If a force \( F\) acts through a distance \( s \):

\[
W {ext} =Fs
\]

and the relation between linear and angular quantities:

\[
v =\omegar
\]

3. Calculating the First Velocity
- Suppose the system starts from rest and accelerates under a known torque \( \tau \):
\[

\tau =1 {total} \alpha
\]

where \( \alpha \) is angular acceleration.
- The angular velocity after time \( t\):

\[
\omega = \alpha t
\]

- Alternatively, if the system accelerates over a known distance or energy input, the velocity can be
derived from energy considerations:

\[
\frac{1}{2} I {total} \omega”2 = \text{Work input}
\]

Solving for \( \omega \):

\[
\omega = \sqrt{\frac{2 \times \text{Work input} }{I {total}}}
\]

- The first velocity corresponds to the initial acceleration phase or the velocity immediately after the
initial motion.

4. Calculating the Second Velocity

- The second velocity could refer to the velocity after subsequent acceleration, after overcoming
some resistance, or at a different point in the motion.
- If the system experiences additional torque or energy input, similar energy or kinematic relations



can be employed.
- For example, if additional work \( W'\) is done:

\[
\omega' = \sqrt{\frac{2 W'}{I {total}}}

\]

- Alternatively, if the system is decelerated or subjected to resistive forces, the velocities can be
adjusted accordingly, considering energy loss.

Practical Example: Numerical Calculation

Let's ground this discussion with a hypothetical numerical example to clarify the process:

Given Data

- Pulley radius: \(r = 0.3\, \text{m} \)

- Pulley mass: \( M_{pulley} = 2\, \text{kg} \)

- Washer mass: \( M_{washer} = 0.5\, \text{kg} \)
- Washer radius: \( R {washer} = 0.15\, \text{m} \)
- External torque applied: \( \tau = 1\, \text{Nm} \)
- Time for acceleration: \( t = 5\, \text{s} \)

Step 1: Calculate Moment of Inertia

- Pulley's inertia:

\[
I {pulley} = \frac{1}{2} \times 2 \times (0.3)"2 = 0.18\, \text{kg}\ \text{m} ~2

\]

- Washers' total inertia:

\[
I {washers} = 2 \times 0.5 \times (0.15)"2 = 2 \times 0.5 \times 0.0225 = 0.0225),

\text{kg}\ \text{m} "2
\]

- Total inertia:

\[
I {total} = 0.18 + 0.0225 = 0.2025), \text{kg}\ \text{m} "2

\]



Step 2: Find Angular Acceleration

- From torque:

\[
\alpha = \frac{\tau}{I {total}} = \frac{1}{0.2025} \approx 4.94\, \text{rad/s}
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