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When analyzing the work done in moving objects, especially spheres, from one
position to another, it's essential to understand the forces involved and how
they relate to the displacement. In particular, calculating the work done
when two spheres are moved horizontally from a distance "far apart" to a
specific separation involves concepts from physics such as potential energy,
force interactions, and the work-energy principle. This article provides a
comprehensive guide to deriving an expression for the work done in such a
scenario, focusing on the physics principles and mathematical steps necessary
for an accurate calculation.

Understanding the Physical Setup

Before deriving the expression, it's crucial to clarify the physical context
and assumptions involved.

Scenario Description

e Two spheres are initially positioned far apart from each other,
effectively at an infinite separation.

e The spheres are then moved horizontally toward each other until they
reach a specific separation distance, denoted as "r".

e The movement occurs along a straight horizontal path, implying no change
in vertical position or gravitational potential energy.

e The primary forces involved are those resulting from interactions
between the spheres, such as electrostatic, gravitational, or other
force fields depending on the context.

Assumptions and Simplifications

e The spheres are considered point charges or point masses for simplicity,



unless specified otherwise.

e The force between the spheres depends solely on their separation
distance "r".

e The movement is quasistatic, meaning the spheres are moved slowly enough
so that kinetic energy remains negligible, and energy changes are due
solely to work done against the force.

e No other external forces (like friction or air resistance) are acting on
the spheres.

Fundamental Concepts for Calculating Work

The key to deriving the expression lies in understanding the relationship
between force, work, and potential energy.

Work and Force Relationship

The work done by or on a force \(\mathbf{F}\) when moving an object from
point A to point B is given by:

\ [

W = \int {A}"{B} \mathbf{F} \cdot d\mathbf{r}

\1

In the case of a conservative force, this work is related to the potential
energy \(U(r)\) by:

\ [

W = U(\infty) - U(r)

\1

where \(U(\infty)\) is the potential energy at infinite separation, typically
taken as zero for many force fields like electrostatics or gravity.

Potential Energy in Force Fields

e Electrostatic interaction between two point charges \(q 1\) and \(q 2\):

\ [

U(r) = \frac{k\, q_1 q_2}{r}

\1]

where \(k = \frac{1}{4\pi \varepsilon 0}\).

e Gravitational interaction between two masses \(m 1\) and \(m 2\):

\ [



U(r) = -\frac{G m_ 1 m 2}{r}
\1]
where \(G\) is the gravitational constant.

e Other force fields may have different potential energy expressions, but
the principle remains similar.

Deriving the Expression for Work Done

Given the potential energy functions, the work done in moving the spheres
from far apart (at \(r = \infty\)) to a separation \(r\) can be obtained by
calculating the change in potential energy.

Step 1: Identify the Potential Energy Function
\(U(r)\)

- For electrostatic forces:

\ [

U(r) = \frac{k\, q_1 q_2}{r}
\1

- For gravitational forces:
\ [

U(r) = - \frac{G m 1 m 2}{r}
\1]

Other force types will have their respective \(U(r)\) expressions.

Step 2: Calculate the Work Done \(W\)

Since the initial separation is effectively at infinity where the potential
energy is zero (\(U(\infty) = O\)), the work done to bring the spheres from
infinity to a separation \(r\) is:

\ [

W = U(\infty) - U(r) =0 - U(r) = -U(r)

\1

Therefore:

- For electrostatic forces:

\ [

W= - \left( \frac{k\, g 1 g 2}{r} \right)
\1

- For gravitational forces:

\ [

W= - \left( - \frac{G m 1 m 2}{r} \right) = \frac{G m_ 1 m 2}{r}



\]

Step 3: Express the Work Done in Terms of Force

Alternatively, the work can be directly computed through the integral of the
force:

\ [

W = \int {r=\infty}~{r} F(r') dr'

\1]

where \(F(r')\) is the magnitude of the force at separation \(r'\).

For electrostatic force:

\ [

F(r') = \frac{k\, g 1 q 2}{r'"2}

\1]

Thus:

\ [

W = \int_{r'=\infty}~{r} \frac{k\, g9 1 q 2}{r'"2} dr' = \left[ - \frac{k\,
g1 q 2} {r'} \right] {r'=\infty}~{r} = 0 - \left( - \frac{k\, g 1 q 2}{r}
\right) = \frac{k\, q 1 q 2}{r}

\1

Similarly, for gravitational interaction:
\ [

F(r') = \frac{G m 1 m 2}{r'"2}

\1]

and the work is:

\ [

W = \frac{G m 1 m 2}{r}

\1

Note: The sign conventions depend on whether work is done by or against the
force, but the magnitude of work in moving the spheres from infinity to \(r\)
is given by these expressions.

Final Expression for the Work Done Moving
Spheres Horizontally

Considering the above derivations, the general expression for the work done
when moving two spheres from far apart (at infinity) to a separation \(r\)
along the horizontal direction, accounting for the force interaction, is:

\ [

\boxed{

W = \frac{k\, q 1 q 2}{r}
}

\]



for electrostatic interactions, or

\ [

\boxed{

W = \frac{G m 1 m 2}{r}
}

\1

for gravitational interactions.

In essence, the work done is equal to the magnitude of the potential energy
stored in the system at the final separation, assuming the initial potential
energy at infinity is zero.

Additional Considerations and Practical
Applications

Non-Ideal Conditions

- If the spheres are not point charges or masses, the potential energy
expressions become more complex, involving integration over charge or mass
distributions.

- External forces or frictional effects may alter the work required,
necessitating correction factors.

Applications in Physics and Engineering

- Designing electrostatic or gravitational systems.
- Analyzing energy transfer in particle interactions.
- Calculating work in assembling systems of spheres or particles.

Summary

In conclusion, the expression for the work done in moving two spheres
horizontally from far apart to a specific separation \(r\) hinges on
understanding the nature of the force between them. For conservative force
fields such as electrostatics or gravity, the work is directly related to the
potential energy difference. The final expressions are:

- Electrostatic:

\ [

\boxed{

W = \frac{k\, q 1 g 2}{r}
}



\]

- Gravitational:

\ [

\boxed{

W = \frac{G m 1 m 2}{r}
}

\1

These formulas provide straightforward means to compute the work required or
released during the process, enabling engineers and physicists to analyze
systems involving sphere interactions with precision.

If you want to explore specific cases or include additional forces, consider
extending these principles accordingly, always grounding your calculations in
the fundamental concepts of potential energy and force integrals.

Frequently Asked Questions

What is the general approach to deriving an
expression for work done in moving two spheres
horizontally from far apart?

The general approach involves calculating the potential energy change or the
force involved at each separation and integrating the force over the distance
from infinity to the final separation.

How does the force between two charged spheres vary
as they are moved closer together horizontally?

The force varies according to Coulomb's law, which states it is proportional
to the product of their charges and inversely proportional to the square of
their separation distance.

What is the significance of integrating the force
over the separation distance in calculating work
done?

Integrating the force over the separation distance accounts for the variable

force at each point, giving the total work required to move the spheres from
far apart to a specific separation.



Can the work done be negative when moving spheres
closer together, and why?

Yes, if the force is attractive, the work done by the external agent is
positive, while the work done by the forces themselves is negative,
indicating energy is released as the spheres come closer.

What is the expression for the work done in moving
two identical charged spheres from infinity to a
separation distance r?

The work done, W, is given by W =k q1 g2 / r, where k is Coulomb's constant,
and g1 and g2 are the charges of the spheres.

How does the initial condition (far apart) simplify
the calculation of work done in this scenario?

Since the potential energy at infinite separation is zero, the work done
equals the potential energy at the final separation, simplifying the
calculation to evaluating the electrostatic potential energy at distance r.

Additional Resources
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Introduction

Understanding the work involved in moving two spheres horizontally from a
position of infinite separation to a finite distance is a fundamental problem
in classical mechanics and electrostatics. This process encapsulates the
principles of force interactions, potential energy, and work-energy
relationships. Analyzing this scenario provides insights into how forces act
over distances and how energy transformations occur during such movements.

In this detailed review, we will explore the derivation of the expression for
the work done in moving two spheres horizontally from far apart to a
specified separation. We will delve into the theoretical background,
assumptions, mathematical formulation, and physical interpretations, ensuring
a comprehensive understanding suitable for advanced students and enthusiasts
of physics.



Physical Setup and Assumptions

Before deriving the expression, it'’s essential to clearly define the physical
setup and the assumptions involved:

1. Spheres Characteristics:

- The spheres are identical in size and mass.

- They possess a known charge \( g \) (for electrostatic cases) or a known
mass distribution (for gravitational cases).

- They are rigid, uniform spheres capable of moving horizontally without
deformation.

2. Initial and Final Positions:

- The spheres start infinitely far apart, where their mutual interaction is
negligible.

- They are moved horizontally towards each other until they reach a
separation distance \( r \).

3. Environment:

- The space is assumed to be homogeneous and isotropic.

- External forces (like friction, air resistance) are neglected for
simplicity.

- The movement occurs quasi-statically, meaning slow enough that the system
remains in equilibrium at each step.

4. Type of Interaction:

- The primary interaction could be electrostatic (Coulomb force),
gravitational, or any other central force dependent on their separation.

- For the purposes of this analysis, we will assume an electrostatic
interaction, but the methodology extends to other inverse-square law forces.

Fundamental Principles

Understanding the work done involves several fundamental physics concepts:

- Work-Energy Theorem: The work done on an object (or system) equals the
change in its kinetic energy. If movement is quasi-static and no kinetic
energy change occurs, the work done is stored as potential energy.

- Potential Energy and Force Relationship:

\ [

W = \int \mathbf{F} \cdot d\mathbf{r}

\1]

where \(\mathbf{F}\) is the force and \(d\mathbf{r}\) the infinitesimal
displacement vector.



- Conservative Forces:

- The electrostatic force (Coulomb force) is conservative, allowing us to
define potential energy:

\ [

U(r) = \frac{k q 1 q 2}{r}

\1

where \(k\) is Coulomb’s constant (\(8.9875 \times 1079\,
\text{Nm}~2/\text{C}"2\)), and \(r\) is the separation.

- Work Done in Moving from Infinite Separation:
- Since at infinite separation the potential energy is zero, the work done in

bringing the spheres from infinity to a separation \(r\) is equal to the
potential energy at \(r\).

Derivation of the Work Expression

Step 1: Identify the Interaction Force

For electrostatic interactions between two point charges \ (g _1\) and \(q 2\):

\ [
F(r) = \frac{k q 1 q 2}{r"2}
\1

This force acts along the line connecting the centers of the spheres.

Step 2: Set Up the Work Integral

Since the movement is horizontal, and assuming the force acts along the line
of motion, the work done in bringing the spheres from infinity to a
separation \(r\) is:

\ [
W = \int {\infty}~{r} F(r")\, dr’
\1]

Note: The integral limits are from infinity (initial position) to \(r\)
(final position).



Step 3: Expressing the Work Integral

Substituting the force expression:

\ [
W = \int_{\infty}~{r} \frac{k q 1 q 2}{r'"2}\, dr’
\1

Pulling constants outside the integral:

\ [
W=kaqlgqg?2\int {\infty}™{r} \frac{1}{r'~2}\, dr'
\1]

Step 4: Performing the Integration

The integral of \(1/r'"2\) with respect to \(r'\) is:

\ [
\int \frac{1}{r'~2}\, dr' = -\frac{1}{r'}
\1

Applying the limits:

\ [

W=Kkqlqg?2\left[ -\frac{1}{r'} \right] {\infty}~{r} = k q 1 g 2 \left( -
\frac{1}{r} + 0 \right) = -\frac{k q_ 1 q 2}{r}

\1

Step 5: Interpreting the Result

Since the work done by the external agent (to move the spheres inward against
their repulsive force) must be positive, and the potential energy of the
system decreases as the spheres approach (since they repel each other), the
work done by the external agent is:

\ [
W {\text{external}} = \frac{k q 1 q 2}{r}

\1]

This is because the work done against the electrostatic force (or
equivalently, by an external agent) is positive, corresponding to the



potential energy stored in the system at separation \(r\).

Final Expression for the Work Done

For two point charges \(q 1, g 2\) moved from infinity to a separation \(r\):

\ [

\boxed{

\text{Work Done } (W) = \frac{k q 1 q 2}{r}
}

\]

- Significance:

- This expression represents the energy input required to assemble the two
charges at a distance \(r\).

- It is equal to the potential energy stored in the system at that
separation.

- The work is positive if the charges are like charges (repulsive),
indicating energy input is necessary to bring them together.

Extending to Spheres of Finite Size

While the derivation above considers point charges, real spheres have finite
radii (\( R \)). When the spheres are close enough that their sizes matter,
the force calculation must be modified to account for their geometry:

1. Surface-to-surface separation \(s\):
\ [

s=r-2R

\1]

2. Adjusted Force Expression:

- For spheres with charge distributions or uniform charge densities, the
Coulomb interaction is more complex.

- Approximations involve treating the spheres as point charges located at
their centers when \( r \gg R \).

- For closer separations, more advanced methods (like the method of image
charges or numerical simulations) are required.

3. Work Calculation:
- The integral approach remains valid, but the force expression \(F(r)\) must
be derived or approximated considering the geometry.



Other Types of Interactions and Generalizations

The methodology for deriving the work done can be adapted to other inverse-
square law forces:

- Gravitational Force:

\ [

F(r) = \frac{G m_1 m 2}{r"2}

\1

where \(G\) is the gravitational constant, and \(m 1, m 2\) are masses.

- Magnetic or other Central Forces:
- Similar integral formulations apply, with the specific force law
substituted.

In each case, the key steps involve:

- Expressing the force as a function of \(r\).
- Setting up the integral for work from initial to final separation.
- Computing the integral to find the energy required or released.

Physical Significance and Applications

Understanding the work done in moving spheres horizontally from far apart to
a finite separation has several practical and theoretical applications:

- Electrostatics:

- Designing charged particle traps or understanding Coulombic interactions in
molecular systems.

- Calculating the energy required to assemble complex charge configurations.

- Material Science:
- Analyzing the energy involved in forming colloidal particles or
nanoparticles with charged surfaces.

- Astrophysics and Gravitational Systems:
- Estimating the energy involved in forming binary star systems or planetary
bodies from initial dispersed matter.

- Engineering:
- Calculating energy costs in the assembly of charged components or in
electrostatic levitation systems.



Limitations and Considerations

While the derivation provides a clear theoretical expression, real-world
scenarios involve factors such as:

- Friction and Resistance:
- External forces oppose movement, requiring additional work.

- Non-ideal Charge Distributions:
- Real spheres may have non-uniform charge densities, affecting force
calculations.

- Dynamic Effects:
- Rapid movement introduces kinetic energy and radiation losses, complic

Write An Expression For The Work Done Moving The Spheres
Horizontally From Far Apart To A Separation

Write An Expression For The Work Done Moving The Spheres Horizontally From Far Apart To A
Separation

Related Articles

e When Reviewing The Results Of A Client's Lumbar Puncture, A Nurse Notes A Glucose Level
Of 32 Mg/dl.

e 6.The Ability Of A President To Appoint Federal Judges And Justices To The Supreme Court,
Appoint The

¢ A Basketball Player Makes A Jump Shot. The 0.6 Kg Ball Is Released At A Height Of 2 M Above
The Floor

Back to Home


https://sip.evo9x.com/ma16/write-an-expression-for-the-work-done-moving-the-spheres-horizontally-from-far-apart-to-a-separation.pdf
https://sip.evo9x.com/ma16/write-an-expression-for-the-work-done-moving-the-spheres-horizontally-from-far-apart-to-a-separation.pdf
https://sip.evo9x.com/ma16/when-reviewing-the-results-of-a-client-s-lumbar-puncture-a-nurse-notes-a-glucose-level-of-32-mg-dl.pdf
https://sip.evo9x.com/ma16/when-reviewing-the-results-of-a-client-s-lumbar-puncture-a-nurse-notes-a-glucose-level-of-32-mg-dl.pdf
https://sip.evo9x.com/ma16/6-the-ability-of-a-president-to-appoint-federal-judges-and-justices-to-the-supreme-court-appoint-the.pdf
https://sip.evo9x.com/ma16/6-the-ability-of-a-president-to-appoint-federal-judges-and-justices-to-the-supreme-court-appoint-the.pdf
https://sip.evo9x.com/ma16/a-basketball-player-makes-a-jump-shot-the-0-6-kg-ball-is-released-at-a-height-of-2-m-above-the-floor.pdf
https://sip.evo9x.com/ma16/a-basketball-player-makes-a-jump-shot-the-0-6-kg-ball-is-released-at-a-height-of-2-m-above-the-floor.pdf
https://sip.evo9x.com

