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The Millikan oil drop experiment stands as a landmark achievement in the history of physics,
fundamentally advancing our understanding of electric charge. Conducted by Robert Millikan in
1909, this groundbreaking experiment was the first to accurately determine the fundamental unit of
electric charge, providing crucial evidence for the quantization of electric charge. Its innovative
methodology and meticulous execution not only confirmed that electric charge exists in discrete
amounts but also laid the groundwork for modern atomic physics and quantum mechanics. In this
article, we explore the significance of the Millikan oil drop experiment, its methodology, historical
impact, and lasting influence on scientific research.

Understanding the Context Before the Experiment

Theoretical Background and Scientific Motivation

Before Millikan’s experiment, scientists recognized that electric charge appeared to be quantized,
but they lacked precise measurements of its fundamental unit. The discovery of the electron by J.J.
Thomson in 1897 had already suggested the existence of a subatomic particle with a negative
electric charge, but quantifying this charge was challenging. Researchers believed that electric
charge came in discrete units, yet direct experimental evidence was needed to confirm the exact
magnitude.

The quest for a precise measurement of the elementary charge was driven by the need to
understand atomic structure better. Quantization was a key feature of emerging theories in atomic
physics, and establishing the value of the fundamental charge was critical for validating these
theories. Millikan’s experiment aimed to provide this crucial piece of evidence, bridging the gap
between theory and empirical data.

Design and Methodology of the Millikan Oil Drop
Experiment

Core Components of the Experiment



The core idea behind Millikan’s experiment was to observe tiny oil droplets between two metal
plates and analyze their motion under the influence of gravity and an electric field. The main
components included:

Fine spray of oil droplets: Created using an atomizer, producing droplets small enough to be
affected by electric forces.

Observation chamber: A sealed container with adjustable electric plates at the top and bottom.

Microscope: To visually track individual oil droplets and record their behavior.

Voltage supply: To generate a uniform electric field between the plates.

Step-by-Step Experimental Procedure

The experiment involved several carefully controlled steps:

Spraying oil droplets: Millikan used an atomizer to produce a fine mist of oil droplets inside1.
the observation chamber.

Charging the droplets: The droplets acquired a small electric charge, often through contact2.
with charged objects or by ionization of air molecules.

Observing sedimentation: With no electric field applied, the droplets’ downward motion3.
under gravity was observed under the microscope, allowing calculation of their mass based on
terminal velocity.

Applying an electric field: A voltage was applied across the plates, creating an electric field4.
that exerted an upward force on charged droplets.

Adjusting the electric field: The voltage was varied until the droplet was suspended in5.
equilibrium, appearing stationary under the microscope.

Calculating the charge: Using the known electric field strength, the droplet’s mass, and the6.
balance of forces, Millikan calculated the charge on each droplet.

Key Assumptions and Calculations

The calculations relied on assumptions such as the droplets reaching terminal velocity quickly and
the viscosity of air being known. Millikan used Stokes’ law to relate the observed velocities to the
forces involved, leading to the determination of the droplet's charge. Repeating the experiment for
numerous droplets allowed him to observe that charges occurred in discrete multiples of a smallest



value, which he identified as the elementary charge.

Results and Significance of the Millikan Oil Drop
Experiment

Discovery of Quantized Electric Charge

One of the most profound outcomes of Millikan’s experiment was the confirmation that electric
charge exists in discrete units rather than any arbitrary value. The data showed that the measured
charges on the oil droplets were integer multiples of a smallest, fundamental charge—approximately
1.6 x 10^-19 coulombs. This value matched the charge of the electron, which J.J. Thomson had
discovered earlier, thus providing strong evidence for the quantization of electric charge.

Precise Measurement of the Elementary Charge

The experiment’s meticulous approach yielded a remarkably accurate measurement of the
elementary charge. Millikan’s initial value was within 10% of the modern accepted value, and
subsequent refinements improved the precision further. This measurement became a cornerstone in
physics, enabling scientists to understand atomic and subatomic phenomena more precisely.

Impact on Atomic Theory and Quantum Mechanics

By establishing that electric charge is quantized, Millikan’s experiment supported the emerging
atomic theory and influenced the development of quantum mechanics. It provided a fundamental
constant that became essential in various calculations and theories involving atomic structure,
electron behavior, and electromagnetic interactions.

Historical Significance and Scientific Legacy

Advancement of Experimental Physics

The experiment exemplified the power of careful experimental design and quantitative analysis. It
demonstrated how precise measurements could resolve fundamental questions about nature,
inspiring future research and technological innovation.



Influence on Subsequent Research

Millikan’s findings laid the groundwork for many subsequent discoveries in physics and chemistry.
Confirming the quantization of electric charge helped propel research into atomic models, electron
theory, and the development of quantum physics. It also provided essential constants used in diverse
scientific fields, including electrical engineering and materials science.

Recognition and Honors

In recognition of his achievement, Robert Millikan was awarded the Nobel Prize in Physics in 1923.
His work remains a classic example of experimental ingenuity and scientific rigor, often studied in
physics education to illustrate the scientific method and the process of measurement.

Modern Perspectives and Continued Relevance

Technological Advances and Modern Measurements

Today, the principles established by Millikan’s experiment continue to underpin modern techniques
in measuring electric charge and related quantities. Advances in microfabrication, computer
automation, and imaging technologies have refined the process, allowing even more precise
determinations of fundamental constants.

Educational Importance

The Millikan oil drop experiment is a staple in physics education, illustrating core concepts such as
electric forces, viscosity, and experimental uncertainty. It serves as an inspiring example of how
careful experimentation can lead to profound scientific insights.

Ongoing Research and Applications

Understanding electric charge at a fundamental level remains vital in fields like nanotechnology,
quantum computing, and particle physics. The principles demonstrated by Millikan’s experiment
continue to influence experimental design and measurement techniques in cutting-edge research.

Conclusion

The classic Millikan oil drop experiment was a pivotal moment in physics, marking the first precise
measurement of the elementary electric charge. By ingeniously combining experimental techniques,



careful observation, and rigorous analysis, Robert Millikan provided definitive evidence for the
quantization of electric charge. This discovery not only confirmed key aspects of atomic theory but
also established a fundamental constant that underpins much of modern physics. The experiment’s
legacy endures today, inspiring ongoing scientific inquiry and technological innovation in
understanding the building blocks of matter.

Frequently Asked Questions

What was the main goal of the Millikan Oil Drop Experiment?
The primary goal was to measure the elementary electric charge accurately for the first time.

How did Millikan's experiment determine the charge of an
electron?
By balancing the gravitational and electric forces on tiny oil droplets and observing their motion
under a microscope, Millikan calculated the charge on individual droplets, revealing it was always a
multiple of a fundamental unit.

Why was the Millikan Oil Drop Experiment considered a
breakthrough in physics?
Because it provided the first precise measurement of the elementary electric charge, confirming the
quantization of electric charge and supporting atomic theory.

What role did the oil droplets play in the experiment?
The oil droplets acted as tiny charged particles whose motion under electric and gravitational forces
allowed for the measurement of their charge.

How did Millikan ensure the accuracy of his measurements?
He carefully controlled variables such as droplet size, electric field strength, and used precise
microscopy to observe the droplets' motion, along with multiple trials to confirm quantization.

What was the significance of discovering that charges on
droplets were multiples of a basic unit?
It demonstrated that electric charge is quantized, meaning it occurs in discrete units, which was
fundamental evidence for atomic and subatomic theory.

When was the Millikan Oil Drop Experiment conducted?
The experiment was performed by Robert Millikan in 1909.



How did the experiment influence the development of atomic
physics?
It provided concrete evidence for the existence of the electron and established the quantization of
charge, laying groundwork for quantum mechanics and atomic models.

What are some modern applications of the principles
demonstrated in the Millikan experiment?
Modern applications include precise measurement of fundamental constants, calibration of
instruments, and research in nanotechnology and particle physics.

Are there any limitations or criticisms of the Millikan Oil Drop
Experiment?
While highly influential, the experiment faced criticisms regarding measurement precision and
assumptions about droplet size and charge distribution, but it remains a cornerstone in physics for
its groundbreaking findings.

Additional Resources
Millikan Oil Drop Experiment: The Landmark Achievement in Measuring the Electron’s Charge

The Millikan Oil Drop Experiment stands as one of the most pivotal experimental achievements in
the history of physics. It was the first precise measurement of the elementary electric charge,
fundamentally advancing our understanding of atomic and subatomic structures. Conducted in 1909
by Robert A. Millikan, this experiment not only confirmed the quantized nature of electric charge but
also laid the groundwork for modern physics, quantum theory, and the Standard Model.

In this comprehensive analysis, we explore the experiment's background, methodology, significance,
and lasting impact, adopting an expert’s tone to elucidate why it remains a cornerstone in scientific
history.

---

Introduction to the Millikan Oil Drop Experiment

Before delving into the specifics, it is essential to understand the scientific landscape preceding
Millikan’s work. In the early 20th century, scientists had established that electric charge appeared
to be quantized—existing only in discrete amounts rather than any arbitrary value. However,
quantifying this elementary charge with precision remained elusive.

Millikan’s goal was to measure this fundamental constant—the charge of the electron—with
unprecedented accuracy. While previous experiments hinted at the existence of quantized charge,
Millikan’s meticulous approach provided the first definitive and reliable measurement.



---

Historical Context and Scientific Motivation

Theoretical Background
- Quantization of Electric Charge: Early 20th-century physicists, notably J.J. Thomson, had
demonstrated that particles like electrons carried discrete charges.
- Need for Precise Measurement: Quantitative confirmation required an experiment capable of
isolating and measuring these tiny charges accurately.

Challenges in Measuring Electron Charge
- The charge of an electron is extremely small (~1.6 x 10-19 coulombs).
- Previous attempts lacked the precision needed to distinguish between different multiples of the
elementary charge.
- External factors such as air currents, temperature fluctuations, and the influence of electric fields
complicated measurements.

---

The Experimental Setup: Engineering Precision

Millikan designed an intricate yet elegant apparatus capable of balancing gravitational and electrical
forces acting on tiny charged oil droplets.

Components of the Apparatus
- Oil Drop Generator: An atomizer or spray device used to produce fine oil droplets.
- Viewing Chamber: A sealed chamber filled with air to suspend the droplets.
- Parallel Metal Plates: Two horizontal plates creating a uniform electric field when a voltage is
applied.
- Microscope and Illumination: To observe the movement of individual oil droplets with high
precision.
- Voltage Source: To generate a controlled electric field across the plates.
- Control System: For adjusting and measuring the applied voltage accurately.

How It Works
- Generation of Oil Droplets: The atomizer sprays tiny oil droplets into the chamber.
- Charging the Droplets: Some droplets acquire charge through friction or contact, becoming
negatively charged.
- Observation: Using the microscope, the scientist observes the motion of the droplets as they



respond to gravity and electric fields.
- Balancing Forces: By adjusting the electric field, the droplet can be made to hover, rise, or fall at a
constant velocity, allowing precise measurement of the forces acting upon it.

---

Methodology: From Observation to Quantification

The core principle behind Millikan’s measurement hinges on balancing forces acting on a charged
droplet in a controlled environment.

Key Forces at Play
- Gravitational Force (Weight): \( F_g = mg \), where \( m \) is the mass of the droplet, and \( g \) is
acceleration due to gravity.
- Buoyant Force: \( F_b = V \rho_{air} g \), accounting for displaced air.
- Electrical Force: \( F_e = qE \), where \( q \) is the charge on the droplet, and \( E \) is the electric
field.
- Drag Force: Opposes the motion, described by Stokes’ law for small spherical droplets.

Procedure in Detail
1. Droplet Selection: Fine oil droplets are generated and observed individually.
2. Measuring the Droplet Radius: Using the microscope, the diameter of the droplet is measured,
allowing calculation of its volume and mass.
3. Droplet Charging: Some droplets acquire a charge, often through contact with charged surfaces.
4. Adjusting the Electric Field: Voltage is applied across the plates to generate a known electric
field.
5. Observation of Motion:
- When the electric field opposes gravity, droplets can be made to hover.
- The terminal velocity during upward or downward motion is recorded.
6. Calculations:
- Using the observed velocities and known physical laws, the charge \( q \) on each droplet is
calculated.
- Repeating measurements on multiple droplets reveals that charges are multiples of a fundamental
unit.

Key Equations
- Balance during equilibrium (hovering):

\[
qE = mg - F_b
\]

- Calculating droplet radius:



\[
r = \left( \frac{3m}{4\pi \rho_{oil}} \right)^{1/3}
\]

- Determining charge:

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

---

Results and Discovery: Quantization of Charge

By analyzing numerous droplets, Millikan observed that the measured charges were integer
multiples of a smallest value, which he identified as the elementary charge, \( e \).

Key Findings
- Quantized Charges: All measured charges were integral multiples of a fundamental unit,
confirming charge quantization.
- Value of the Elementary Charge: Millikan determined \( e \) to be approximately \( 1.592 \times
10^{-19} \) coulombs, remarkably close to the modern accepted value of approximately \( 1.602
\times 10^{-19} \) coulombs.
- Multiple Charges: Some droplets carried charges of \( 2e \), \( 3e \), and so forth, providing direct
evidence for the discrete nature of electric charge.

Significance of the Results
- Provided the first accurate, experimentally confirmed value of the elementary charge.
- Validated the hypothesis of charge quantization, a fundamental principle in physics.
- Supported the atomic theory by linking microscopic particles to measurable quantities.

---

Impact and Legacy of the Experiment

The Millikan Oil Drop Experiment's influence extends beyond its immediate findings; it
revolutionized experimental physics and our understanding of matter.

Scientific Significance
- Confirmation of Atomic Theory: The quantization of charge supported the existence of subatomic
particles.



- Advancement of Quantum Mechanics: Precise charge measurements were instrumental in
developing quantum theories.
- Standardization of Measurement Techniques: The experiment set a benchmark for precision
measurement in physics.

Technological and Practical Impacts
- Development of highly sensitive measurement apparatus.
- Inspiration for subsequent experiments probing fundamental constants.
- Influence on the design of particle detectors and instrumentation.

Historical Recognition
- Recognized as a classic experiment in physics textbooks.
- Demonstrates the importance of ingenuity and meticulousness in scientific inquiry.
- Lauded for its clarity, simplicity, yet profound implications.

---

Modern Perspectives and Continuing Relevance

While technology has advanced, and more sophisticated methods now exist, the principles
demonstrated by Millikan remain foundational. Modern techniques, such as electron microscopy and
quantum measurement devices, build upon the conceptual framework established by this
experiment.

Today, the elementary charge is known with extraordinary precision, thanks in part to the
groundwork laid by Millikan. The experiment exemplifies how careful experimentation can unveil the
universe's fundamental constants, reinforcing science's empirical nature.

---

Conclusion: A Landmark in Scientific History

The Millikan Oil Drop Experiment epitomizes the power of precision, ingenuity, and scientific rigor.
It was the first experiment to accurately measure the elementary charge of an electron, confirming
the discrete nature of electric charge and reinforcing the atomic theory. Its success transformed
physics, providing a cornerstone for subsequent advancements in quantum mechanics, particle
physics, and our understanding of matter.

As a model of experimental excellence, it continues to inspire physics students and researchers
alike, reminding us that meticulous work and innovative thinking can unlock the universe's most
profound secrets. Millikan’s experiment stands as a testament to human curiosity and the relentless
pursuit of knowledge—a true milestone in the history of science.
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