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Introduction

A 10-cm-long Thin Glass Rod Uniformly Charged To 12.0 nC And A 10-cm-long Thin Plastic Rod

Uniformly provide an intriguing scenario for understanding electrostatics, specifically the behavior of

electric fields generated by charged linear conductors. These two rods, made from different

materials—glass and plastic—are both uniformly charged and possess identical lengths, yet they differ

in their material properties, which influence their behavior in electric fields. Exploring their charge

distributions, electric field calculations, potential differences, and the forces they exert on each other

offers valuable insights into electrostatic phenomena and the influence of material properties on charge

behavior.

Understanding the Setup

Material Properties of Glass and Plastic

Glass: Typically an insulator with a high dielectric strength, glass can hold static charges for

extended periods. When charged, it tends to accumulate charges on its surface, and its behavior

is characterized by low conductivity.

Plastic: Also an insulator, plastic can be easily charged through methods like rubbing

(triboelectric effect). Its dielectric properties influence the distribution and retention of charge.



Charge Quantities and Lengths

Both rods are 10 cm long, which is relatively short but sufficient for electrostatic calculations.1.

The glass rod is uniformly charged with a total charge of 12.0 nC.2.

The plastic rod is also uniformly charged, but its charge value is not specified in the initial3.

statement, prompting further analysis.

Charge Distribution and Linear Charge Density

Calculating Linear Charge Density

Since both rods are uniformly charged, their charge distributions can be characterized by their linear

charge density (λ), defined as the charge per unit length:

For the glass rod: λ_glass = Q_glass / L

Similarly, for the plastic rod: λ_plastic = Q_plastic / L

Given that Q_glass = 12.0 nC = 12.0 × 10-9 C and L = 10 cm = 0.1 m:

λ_glass = (12.0 × 10-9 C) / 0.1 m = 1.2 × 10-7 C/m

For the plastic rod, assuming the charge is also given or is different, the linear charge density would

be similarly calculated once the total charge is specified.



Electric Field Due to a Uniformly Charged Rod

General Expression for Electric Field

The electric field at a point along the axis of a uniformly charged rod can be derived using Coulomb's

law and integrating over the length of the rod. For a point located at a distance x from the center of

the rod, the electric field magnitude is:

E = (1 / (4πε₀))  (2λ) / r

where:

ε₀ is the vacuum permittivity (8.854 × 10-12 F/m)

λ is the linear charge density

r is the perpendicular distance from the point to the rod

For points along the axis of the rod, the electric field at a point outside the rod can be calculated using

the formula:

E = (1 / (4πε₀))  (2λ)  (1 / r− − 1 / r+)

where r− and r+ are distances from the ends of the rod to the point of observation.

Electric Field at the Center of the Rod

For points along the axis, directly at the center of the rod, the electric field due to a uniformly charged

finite rod cancels out to zero at the exact center. However, the field at points close to the surface or at

a distance from the center can be computed accordingly.



Interaction Between the Two Rods

Electric Force Between the Rods

The electrostatic force between the rods depends on their charges, positions, and the nature of their

interaction. To analyze this, consider the following:

Both rods are charged and placed in proximity; their electric fields influence each other.

The force experienced by one rod due to the other can be modeled as the force on a linear

charge distribution in the electric field generated by the other rod.

Calculating the Force

Determine the electric field created by one rod at the location of the other.1.

Calculate the force on the second rod by integrating the force on each infinitesimal charge2.

element along its length caused by the field of the first rod.

The differential force dF on an element dq = λ·dy of the second rod in the field E of the first rod is:

dF = dq  E = λ dy  E

Integrating over the length of the second rod yields the total force:

F = ∫ dF = λ ∫ E dy

Where the limits of integration depend on the position of the rods relative to each other, and E varies

along the length depending on the distance from the field source.



Potential and Energy Considerations

Potential of a Uniformly Charged Rod

The electric potential at a point along the axis of a uniformly charged rod is given by:

V = (1 / (4πε₀))  λ  ln[(L/2 + r) / (L/2 - r)]

where r is the distance from the center of the rod to the point where the potential is being calculated.

Electrostatic Potential Energy

The total electrostatic potential energy stored in the system of two charged rods is obtained by

integrating the energy contributions of each charge element, or equivalently, by using the formula:

U = (1 / (2))  Q_total  V at the position of the charges

where V is the potential at the location of the charges due to the other rod.

Material Influence on Charge Behavior

Role of Material in Charge Retention and Distribution

Glass: Its high dielectric strength and low conductivity allow it to maintain static charges without

significant leakage.

Plastic: Easily charged via triboelectric effects, plastic can hold charges for extended periods but

may also discharge more readily under certain conditions.



Implications for Electrodynamics Experiments

Understanding how these materials influence charge distribution and field behavior is critical when

designing experiments or applications involving static charges, electrostatic shielding, or charge

transfer processes.

Practical Applications and Further Considerations

Electrostatic Devices and Sensors

Charged rods are fundamental components in electrostatic precipitators, sensors, and other

devices where control of electric fields is crucial.

Safety and Precautions

Handling highly charged insulators like glass and plastic requires caution to prevent unwanted

discharge or static buildup.

Proper grounding and environmental control (humidity, air purity) are essential in experiments

involving static charges.

Conclusion

The scenario of a 10-cm-long thin glass rod uniformly charged to 12.0 nC and a similar plastic rod

offers a comprehensive view of electrostatic principles, including charge distribution, electric field



calculations, force interactions, and the influence of material properties. By understanding the linear

charge densities and the resulting electric fields, one can predict the forces and potentials involved,

which are fundamental in both theoretical physics and practical applications. The differences in

material properties, such as dielectric strength and conductivity, significantly impact how charges are

retained, distributed, and how the rods interact electrostatically. This exploration underscores the

importance of material science in electrostatics and provides foundational knowledge for designing

systems involving static charges and electric fields.

Frequently Asked Questions

What is the electric field created by a uniformly charged 10 cm long

glass rod with a total charge of 12.0 nC at a point along its axis?

The electric field along the axis of a uniformly charged rod can be calculated using Coulomb's law and

integrating over its length. For a point along the axis at a distance x from the center, E = (1/4πε₀)

(2λL)/(x² - (L/2)²), where λ is the linear charge density. In this case, λ = 12.0 nC / 10 cm = 1.2

nC/cm.

How does the electric field differ between the glass rod and a plastic

rod of the same length and charge?

Since electric fields depend on the amount and distribution of charge, if both rods are uniformly

charged with the same total charge and length, their electric fields at similar points will be identical,

regardless of material. Material properties influence other phenomena like polarization but not the

static electric field from the charge distribution.

What is the significance of the material (glass vs. plastic) in the



behavior of the charged rods?

Material affects properties like dielectric constant and polarization. Glass is generally more insulative

and can hold static charges longer, while plastic may be more susceptible to charge redistribution.

However, in terms of the electric field produced by a static, uniformly charged rod, the primary factor is

total charge and geometry.

How can the electric potential at the midpoint of the charged rod be

calculated?

The electric potential at the midpoint can be found by integrating the contributions of all charge

elements along the rod. For uniform charge distribution, V = (1/4πε₀) (λ / r), where r is the distance

from each charge element to the point of observation. At the center, symmetry simplifies the

calculation to V = (1/4πε₀) (2λ / L) (L/2).

What are practical applications of charged glass and plastic rods in

physics experiments?

Charged rods are used in electrostatics experiments to demonstrate electric fields, Coulomb’s law, and

charge distribution effects. Glass rods are often used to demonstrate static charge buildup via rubbing,

while plastic rods are common in experiments involving charge induction and electrostatic forces.

How does the length of the rod influence the electric field and

potential around it?

The length determines the distribution of charge and the resulting field. Longer rods with the same

total charge produce a weaker field at a given point outside the rod compared to shorter ones, due to

the spread of charge. The potential also depends on length, with longer rods creating more extended

field regions.



Can the charge on these rods be transferred to other objects, and how

does material affect this?

Yes, charges can transfer via contact or induction. Glass rods tend to retain static charges longer due

to their insulative properties, while plastic rods may lose charge more easily or transfer it to other

objects, depending on their conductivity and environmental conditions.

What precautions should be taken when handling charged glass or

plastic rods in experiments?

Handle the rods with insulated gloves to prevent unwanted discharge, work in a controlled environment

to minimize humidity (which affects charge retention), and ensure proper grounding to safely dissipate

excess charge. Keep rods away from conductive objects to prevent accidental discharge.

How does the dielectric property of plastic versus glass influence the

electric field around the rods?

The dielectric constant affects how the material influences the electric field within and around the

object. Glass typically has a higher dielectric constant than plastic, which can lead to different charge

distribution behaviors and field strengths when the rods are charged, although in static cases with

external charges, the primary factors are total charge and geometry.

Additional Resources

A 10-cm-long Thin Glass Rod Uniformly Charged to 12.0 nC and a 10-cm-long Thin Plastic Rod: An

In-Depth Investigative Analysis

---

Introduction



Electrostatics, the study of stationary electric charges and their interactions, remains a foundational

pillar in physics, underpinning phenomena from static cling to complex electrical systems. Among the

myriad experimental and theoretical investigations within electrostatics, the behavior of charged

rods—particularly those with uniform charge distributions—offers profound insights into electric field

patterns, potential interactions, and material-dependent effects. This analysis focuses on the intriguing

case of two identical 10-cm-long rods, one fabricated from glass and the other from plastic, both

uniformly charged but with differing materials, and explores their electrostatic properties, interactions,

and broader implications.

---

Background and Significance

The Choice of Materials: Glass and Plastic

Glass and plastic are common dielectric materials, yet they differ significantly in their electrical

properties, especially in their ability to hold static charges. Glass tends to acquire a positive charge

upon rubbing, due to the transfer of electrons, whereas certain plastics may acquire negative or

positive charges depending on the rubbing material and conditions. These material-dependent

charging behaviors influence the magnitude and nature of the charges accumulated, as well as the

stability and distribution of these charges.

Uniform Charge Distribution and Its Importance

A uniform charge distribution along a rod simplifies the analysis and provides a clear model for

understanding electric fields and potential. It assumes all charges are evenly spread, leading to

symmetrical field patterns that can be calculated analytically. Such models are invaluable

pedagogically and practically, serving as benchmarks for more complex systems.

---



Detailed Examination of the Charged Rods

Physical Parameters

- Length of each rod (L): 10 cm (0.10 m)

- Charge on glass rod (Q_glass): 12.0 nC (1.20 x 10^-8 C)

- Charge on plastic rod (Q_plastic): Variable (assumed similar magnitude, unless otherwise specified)

- Material properties: Dielectric constants, surface resistivity, and charge retention capabilities

Charge Density Calculations

Given uniform charge distribution:

\[

\lambda = \frac{Q}{L}

\]

For the glass rod:

\[

\lambda_{glass} = \frac{12.0 \times 10^{-9} \text{ C}}{0.10 \text{ m}} = 1.2 \times 10^{-7} \text{ C/m}

\]

Assuming the plastic rod carries a similar magnitude of charge (for simplicity):

\[

\lambda_{plastic} \approx 1.2 \times 10^{-7} \text{ C/m}

\]

or varying as per experimental data.



---

Electrostatic Field Analysis

Electric Field of a Uniformly Charged Rod

The electric field at a point along the axis of a uniformly charged finite rod can be derived from

Coulomb’s law, leading to:

\[

E = \frac{1}{4\pi \varepsilon_0} \frac{2 \lambda}{r} \left( \sin \theta_2 - \sin \theta_1 \right)

\]

where:

- \(\varepsilon_0\) is the vacuum permittivity (~8.854 x 10^-12 C²/N·m²)

- \(r\) is the perpendicular distance from the point to the rod axis

- \(\theta_1, \theta_2\) are the angles subtended by the ends of the rod at the point

For points along the axis of the rod:

\[

E_{axial} = \frac{1}{4\pi \varepsilon_0} \frac{2 \lambda}{x} \left( \frac{L/2 - x}{|L/2 - x|} \right) \left(

\frac{1}{\sqrt{(L/2 - x)^2 + r^2}} \right)

\]

In practical scenarios, the field at specific points or regions can be mapped numerically to understand

interactions.

---



Interactions Between the Rods

Coulombic Forces and Potential Energy

When two charged rods are placed near each other, their electric fields interact, leading to forces that

can be attractive or repulsive depending on their charge signs. For like charges, the force is repulsive;

for opposite charges, attractive.

The total force can be approximated by integrating the Coulomb forces between differential charge

elements:

\[

F = \iint \frac{1}{4\pi \varepsilon_0} \frac{dq_1 dq_2}{r^2}

\]

which, for uniformly charged rods, reduces to complex but solvable integrals, often simplified via

approximation methods or numerical computations.

Effect of Material Properties

The dielectric properties influence:

- Charge retention: Glass tends to hold static charges longer, leading to more stable interactions.

- Charge magnitude: Depending on their triboelectric series position, plastic may acquire higher or

lower charges.

- Field penetration: Dielectric constants affect how fields propagate through materials, impacting the

interaction strength.

---

Experimental Considerations



Charging Procedure

- Rubbing with appropriate materials (e.g., silk for glass, wool or fur for plastics) imparts charges.

- Charge magnitude measured via electrostatic voltmeters or field meters.

- Ensuring uniform charge distribution involves controlled rubbing and environmental conditions

(humidity, temperature).

Measurement Techniques

- Field mapping: Using field meters or small test charges.

- Force measurement: Using torsion balances or sensitive force sensors.

- Charge quantification: Via electrometers or Faraday cups.

---

Theoretical and Practical Implications

Material-Dependent Charge Behavior

Understanding how different materials acquire and retain charges informs applications in:

- Electrostatic precipitators

- Charge-based sensors

- Electrostatic painting

Electric Field Pattern Visualization

Mapping field lines around the rods helps in:

- Teaching electrostatics concepts.

- Designing devices that utilize electric fields.



Potential for Interaction Control

By adjusting charge magnitudes and positions, one could engineer desired forces and fields, useful in

microelectromechanical systems (MEMS) or electrostatic actuators.

---

Broader Scientific Context

Relevance to Modern Technologies

- Electrostatic discharge (ESD) prevention: Material selection and charge management.

- Electrostatic levitation: Using charge distributions to manipulate small objects.

- Nanotechnology: Charge interactions at microscopic scales.

Challenges and Future Directions

- Achieving precise control of charge distribution on dielectric rods.

- Understanding charge transfer mechanisms at material interfaces.

- Developing advanced materials with tailored dielectric properties for specific electrostatic applications.

---

Conclusion

The investigation into A 10-cm-long Thin Glass Rod Uniformly Charged to 12.0 nC and a 10-cm-long

Thin Plastic Rod reveals a nuanced interplay between material properties, charge distribution, and

electrostatic fields. While the fundamental physics remains consistent across materials, subtle

differences in dielectric behavior influence the stability, magnitude, and interaction of charges. These

insights not only deepen our understanding of electrostatics but also inform practical applications

across technology sectors, from sensors to electrostatic control systems.



Future research should focus on experimental validation of theoretical models, material innovations for

charge management, and the exploration of complex charge configurations for advanced technological

applications. The ongoing study of charged dielectric rods exemplifies how classical physics continues

to underpin innovation and discovery in the modern world.
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