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The Millikan Oil-drop Experiment, Which Was The First Experiment To Measure The
Charge Of The Electron, stands as a pivotal milestone in the history of physics. Conducted by
Robert A. Millikan in 1909, this groundbreaking experiment provided the first precise measurement
of the fundamental electric charge, laying the foundation for modern atomic theory and quantum
physics. In this comprehensive article, we will explore the background, methodology, significance,
and lasting impact of the Millikan oil-drop experiment.

Background and Historical Context

The Quest to Understand the Electron
In the late 19th and early 20th centuries, scientists were delving into the nature of atoms and
subatomic particles. The discovery of the electron by J.J. Thomson in 1897 revealed that atoms were
divisible and contained smaller constituents. However, the exact electric charge of the electron
remained unknown, with previous estimates being imprecise.

Why Measuring the Electron's Charge Was Important
Determining the charge of the electron was crucial for several reasons:

Understanding atomic structure and stability.

Developing accurate models of atomic and molecular behavior.

Refining fundamental constants of nature.

Advancing the emerging field of quantum mechanics.

Millikan's experiment was designed to address this need by providing a highly accurate
measurement of the electron's charge.

The Principle Behind the Experiment



Fundamental Concepts
The Millikan oil-drop experiment was based on balancing gravitational and electrical forces acting
on tiny charged droplets of oil suspended in a chamber. By observing the motion of these droplets
under controlled electric fields, Millikan deduced the magnitude of the elementary charge.

Key Physics Principles
The experiment relied on:

Stokes' law, which describes the viscous drag force on small spheres moving through a fluid.

Electrostatics, specifically Coulomb's law, which governs the force between charged objects.

Newton's laws of motion, used to analyze the movement of the oil droplets.

Experimental Setup and Procedure

Apparatus Components
The apparatus consisted of:

Chamber: A sealed container where oil droplets are introduced.1.

Atomizer: A device to produce a fine mist of oil droplets.2.

X-ray or UV source: To charge the droplets by ionization.3.

Electrode plates: Parallel metal plates creating a uniform electric field.4.

Microscope: To observe the droplets' motion with high precision.5.

Power supply: To apply and vary the electric field.6.

Step-by-Step Procedure
1. Introducing Oil Droplets: The atomizer sprays oil into the chamber, creating tiny droplets that
acquire a charge through ionization.
2. Neutralizing Charges: Using an X-ray source, droplets are given known charges or neutralized to
a baseline.
3. Observing Droplet Motion: Under no electric field, droplets fall at terminal velocity due to gravity.
The microscope records their fall rate.
4. Applying Electric Field: A voltage is applied across the plates, producing an electric field. The



field can be adjusted to make droplets rise, fall, or hover.
5. Balancing Forces: The electric force is tuned until a droplet remains stationary, indicating that the
upward electric force balances the downward gravitational force.
6. Calculating Charge: Using the known electric field strength and the droplet's observed behavior,
Millikan calculated the charge on each droplet.

Mathematical Analysis of the Data

Forces Acting on the Oil Droplets
When a droplet is stationary, the forces balance:

\[ qE = mg \]

where:
- \( q \) = charge on the droplet,
- \( E \) = electric field strength,
- \( m \) = mass of the droplet,
- \( g \) = acceleration due to gravity.

Calculating the Mass of a Droplet
The mass \( m \) can be derived from the terminal velocity \( v \) when no electric field is applied,
using Stokes' law:

\[ v = \frac{2 r^2 (\rho_{oil} - \rho_{air}) g}{9 \eta} \]

where:
- \( r \) = radius of the droplet,
- \( \rho_{oil} \) = density of oil,
- \( \rho_{air} \) = density of air,
- \( \eta \) = viscosity of air.

By measuring \( v \), and knowing the properties of the oil and air, Millikan could find the radius \( r
\), and subsequently the mass \( m = \frac{4}{3}\pi r^3 \rho_{oil} \).

Determining the Charge \( q \)
Once the electric field \( E \) required to suspend the droplet is known, the charge is:

\[ q = \frac{mg}{E} \]

Millikan measured multiple droplets and found that their charges were integer multiples of a
smallest value, which he identified as the elementary charge \( e \).



Significance and Discoveries

Quantization of Electric Charge
One of the most profound outcomes of Millikan's experiment was the confirmation that electric
charge is quantized. The measured charges on oil droplets were always integer multiples of a
smallest charge, which Millikan identified as approximately \( 1.6 \times 10^{-19} \) coulombs—the
charge of a single electron.

Refinement of the Elementary Charge
Millikan's measurements provided a precise value for the electron charge, refining previous
estimates. His value closely matched the modern accepted value, confirming the fundamental nature
of the electron.

Impact on Physics and Chemistry
The experiment's success cemented the idea that atoms and subatomic particles are discrete
entities, influencing theories of atomic structure, quantum mechanics, and the development of
quantum electrodynamics.

Legacy and Modern Relevance

Influence on Future Research
Millikan's method inspired subsequent experiments in atomic physics and quantum mechanics. It
established experimental techniques for measuring fundamental constants with high precision.

Modern Techniques and Improvements
Today, more advanced methods such as electron microscopy and mass spectrometry have refined
our understanding of subatomic particles. However, the core principles of the oil-drop experiment
remain foundational in physics education and research.

Educational Value
The experiment exemplifies how careful experimentation and analysis can uncover fundamental
aspects of nature. It is frequently studied in physics courses as a prime example of experimental
physics.



Conclusion
The Millikan oil-drop experiment represents a monumental achievement in physics, providing the
first precise measurement of the electron's charge and confirming the quantization of electric
charge. Its innovative methodology, combining principles of electromagnetism, fluid dynamics, and
meticulous observation, exemplifies the power of experimental science. The insights gained from
this experiment have had a lasting impact, shaping our understanding of the atomic world and
paving the way for the development of modern physics. Today, it remains a classic demonstration of
scientific ingenuity and the importance of precise measurement in advancing human knowledge.

Frequently Asked Questions

What was the primary goal of Millikan's Oil-drop Experiment?
The primary goal was to measure the fundamental electric charge of the electron accurately.

How did Millikan's experiment determine the charge of an
electron?
By observing tiny oil droplets in an electric field and balancing gravitational and electric forces to
calculate the electron's charge.

What role did the oil droplets play in Millikan's experiment?
The oil droplets served as charged particles whose behavior under electric fields allowed
measurement of their charge.

Why was Millikan's experiment considered groundbreaking in
physics?
Because it was the first precise measurement of the elementary electric charge, confirming the
quantization of electric charge.

What equipment was used in the Millikan Oil-drop
Experiment?
A fine spray of oil, a microscope, an electric field apparatus, and a device to observe and measure
droplet motion.

How does the balance of forces help in calculating the
electron's charge in the experiment?
By balancing gravitational force and electric force on the droplet, the charge can be calculated
based on known values.



Who was Robert Millikan and what was his contribution to
physics?
Robert Millikan was a physicist who conducted the Oil-drop Experiment, leading to the first precise
measurement of the electron's charge.

When was the Millikan Oil-drop Experiment conducted?
It was performed in 1909 and published in 1911.

How did Millikan's findings impact the understanding of
atomic structure?
They confirmed that electric charge is quantized, supporting the existence of subatomic particles
like the electron.

What is the significance of the quantization of electric charge
discovered through the experiment?
It established that electric charge exists in discrete units, which was fundamental to the
development of atomic and quantum physics.

Additional Resources
The Millikan Oil-drop Experiment, Which Was The First Experiment To Measure The Charge Of The
Electron

The Millikan Oil-drop Experiment stands as one of the most pivotal milestones in the history of
physics, marking the first precise measurement of the electron's fundamental charge. Conducted by
Robert A. Millikan in 1909, this experiment not only confirmed the quantized nature of electric
charge but also laid a crucial foundation for the development of quantum mechanics and atomic
theory. By ingeniously balancing the forces acting on tiny charged droplets suspended in an electric
field, Millikan was able to determine the elementary charge with remarkable accuracy for its time.
This groundbreaking work exemplifies the intersection of meticulous experimentation, innovative
methodology, and theoretical insights, making it a cornerstone in the study of atomic physics.

---

Background and Significance of the Experiment

Understanding the significance of the Millikan oil-drop experiment requires contextualizing it within
the scientific landscape of the early 20th century. Prior to Millikan's work, scientists had established
that electric charges appeared to come in discrete amounts, but the exact value of the smallest
unit—the charge of an electron—remained elusive. Theoretical physicists like J.J. Thomson had
identified the electron as a fundamental particle, but experimental verification was essential for



confirming this hypothesis.

The experiment’s importance lies in its ability to measure the charge of the electron directly.
Confirming its quantized nature was a major stride toward understanding atomic structure,
supporting the emerging quantum theory, and fostering the eventual development of quantum
mechanics.

---

Overview of the Experiment

The core idea behind Millikan’s experiment was to observe tiny oil droplets suspended in an electric
field. By adjusting the field, Millikan could counteract gravitational forces and suspend the droplets,
allowing for precise measurements of their charge. Through repeated experimentation with
numerous droplets, he established that the charges on the droplets were always integer multiples of
a smallest value—the charge of a single electron.

Key components of the experiment included:

- An atomizer to produce tiny oil droplets
- A microscope for observation
- An electric field generated between parallel plates
- A way to measure the droplets’ velocity and the electric field strength

---

Experimental Setup and Methodology

Apparatus Design
Millikan's apparatus consisted of a sealed chamber with two horizontal metal plates separated by a
known distance. The top plate was connected to a high-voltage power supply, creating a uniform
electric field when energized. An atomizer introduced fine oil droplets into the chamber, which then
fell under the influence of gravity.

A microscope with a scale was used to observe the droplets, and a light source illuminated them for
clear visualization. The setup allowed Millikan to track individual droplets as they fell under gravity
and responded to the electric field.

Procedure
The experimental process involved several steps:

1. Generating Oil Droplets: Using an atomizer, Millikan produced tiny, charged oil droplets that
entered the observation chamber.



2. Observing Falling Droplets: The droplets' initial velocity was measured as they fell under gravity,
without any electric field applied.

3. Applying Electric Field: A voltage was applied across the plates, creating an electric field that
exerted an upward force on the charged droplets.

4. Balancing Forces: By adjusting the electric field strength, Millikan was able to suspend a droplet
momentarily, balancing gravitational and electric forces.

5. Measuring Data: The terminal velocity of the droplet (both during free fall and when suspended)
was recorded, along with the electric field strength.

6. Calculating Charge: Using the data, the charge on each droplet was calculated via the balance of
forces, considering both viscous drag and gravitational force.

---

Theoretical Foundations

The experiment relies on the physics of forces acting on small particles in viscous media and the
principles of electrostatics.

- Gravitational force: \( F_g = mg \), where \( m \) is the mass of the droplet and \( g \) is acceleration
due to gravity.

- Electric force: \( F_e = qE \), where \( q \) is the charge on the droplet and \( E \) is the electric field
strength.

- Drag force: For tiny droplets moving slowly, viscous drag is described by Stokes' law: \( F_d = 6\pi
\eta r v \), where \( \eta \) is the viscosity of air, \( r \) is the droplet radius, and \( v \) is the velocity.

By measuring the terminal velocities during free fall (\( v_f \)) and when suspended (\( v_s \)), and
knowing the other parameters, Millikan could solve for \( q \).

---

Results and Discoveries

Millikan’s meticulous measurements revealed that the charges on droplets were always integer
multiples of a smallest value—approximately \( 1.6 \times 10^{-19} \) coulombs. This was the first
direct, experimental confirmation of the quantization of electric charge and the elementary charge
of the electron.

Key features of the results:

- The measured charge values clustered around multiples of the elementary charge.



- The average value of the elementary charge was consistent with other theoretical and experimental
estimates.
- The experiment demonstrated that electric charge is discrete, not continuous.

---

Impact and Significance

The implications of Millikan’s findings were profound:

- Confirmation of Quantization: The experiment conclusively showed that electric charge exists in
discrete units, reinforcing atomic theory.
- Foundation for Quantum Mechanics: The quantized nature of charge became a cornerstone in the
development of quantum physics.
- Determination of Electron’s Charge and Mass: Combining Millikan’s charge measurement with
Thomson’s electron mass estimates allowed calculation of the electron’s mass.

Features of the experiment that contributed to its success:

- Precision measurement techniques
- Repetition and statistical analysis
- Innovative approach to isolating individual charged particles

---

Strengths and Limitations

Pros:

- High accuracy for its time: Millikan’s measurements were remarkably precise, with errors within a
few percent.
- Innovative methodology: The balancing of forces provided a straightforward way to measure
microscopic charges.
- Reproducibility: The experiment could be repeated with consistent results.

Cons / Challenges:

- Assumption of uniform oil droplets: Variations in droplet size and charge distribution could
introduce errors.
- Viscosity and air currents: External factors like air currents and temperature fluctuations could
affect measurements.
- Limited to small droplets: The technique was constrained to droplets of a certain size, potentially
limiting the precision for extremely small charges.

---



Legacy and Modern Perspectives

Millikan’s oil-drop experiment remains a textbook example of experimental physics—combining
ingenuity, meticulous observation, and theoretical insight. It set the stage for subsequent research
in atomic physics, quantum theory, and the development of electronic devices.

Modern techniques have refined measurements of the electron’s charge further, employing
advanced instrumentation like electron microscopes and quantum measurement devices.
Nonetheless, the core principles established by Millikan continue to underpin experimental physics.

---

Conclusion

The Millikan Oil-drop Experiment is a landmark in the history of science, demonstrating the power of
precise measurement and experimental ingenuity. By directly quantifying the charge of the electron,
Millikan not only confirmed a fundamental property of nature but also provided a critical piece of
evidence supporting the emerging atomic theory and quantum physics. Its legacy endures as a
testament to scientific perseverance and the pursuit of understanding the universe at its most
fundamental level.
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