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The Unit Of Current, The Ampere, Is Defined In Terms Of The Force Between
Currents. Two 1.0-meter-long conductors, placed in a vacuum or air, provide a
fundamental basis for understanding the measurement of electric current. This definition,
rooted in the physical force between currents, forms the cornerstone of electrical
standards worldwide. As one of the fundamental SI units, the ampere (A) quantifies the
flow of electric charge, enabling precise communication, measurement, and application in
electrical engineering, physics, and technology. This article explores the detailed
definition of the ampere, the physical principles involved, historical context, and practical
implications, providing a comprehensive understanding suitable for students,
professionals, and enthusiasts alike.

Understanding the Ampere: The Fundamental
Unit of Electric Current

What Is Electric Current?

Electric current is the rate at which electric charge flows through a conductor or a circuit.
It is expressed in amperes (A), representing the number of coulombs of charge passing a
given point per second:

- 1 ampere = 1 coulomb of charge passing through a point per second.

The Significance of the Ampere

The ampere is central to electrical science and engineering because:

- It quantifies how much charge moves through a conductor over time.

- It helps determine electrical power, resistance, and other properties.

- It standardizes measurements across laboratories and industries worldwide.

Historical Context and Evolution of the Ampere
Definition



Early Definitions of the Ampere

Historically, the ampere was defined based on electromagnetic phenomena observed in
laboratory experiments:

- The force between two parallel conductors carrying current.

- The physical parameters of these conductors, such as length, distance, and current.

Modern Redefinition (Since 2019)

In 2019, the SI system redefined the ampere based on fundamental constants:

- The elementary charge (e), a basic physical constant.

- This change ensures greater stability and universality in measurements.

- The new definition fixes the value of the elementary charge at exactly 1.602176634 X
10-1° coulombs.

The Physical Basis: Force Between Two Parallel
Currents

The Fundamental Concept

The current definition of the ampere is based on the magnetic force per unit length
between two long, parallel conductors separated by a specified distance. The core idea is:
- When two conductors carry currents, they exert forces on each other.

- The magnitude of this force is directly related to the current flowing through each wire.

Biot-Savart Law and Ampere’s Force Law

Two key principles underpin this concept:
- Biot-Savart Law: Describes the magnetic field produced by a current-carrying conductor.
- Ampeére’s Force Law: Describes the force per unit length between two parallel currents.

The force per unit length (F/L) between two conductors is given by:
\[ \frac{F}{L} = \frac{\mu 0} {2\pi} \frac{I 11 2}{r} \]

Where:

-\( F\) = force between the conductors,

-\( L\) = length of the conductors,

-\(\mu 0 \) = permeability of free space (\( 4\pi \times 10"~ {-7} \) N/A?),
-\(I 1,1 2\) = currents in the conductors,

-\(r\) = distance between the conductors.

The Definition in Terms of Force
The SI defines the ampere by fixing the value of the magnetic constant (\( \mu 0 \)) and



setting specific parameters:

> One ampere is the current that, when maintained in two straight, parallel conductors of
infinite length, placed 1 meter apart in vacuum, produces a force of exactly 2 x 107
newtons per meter of length between them.

This precise definition ensures a reproducible standard based on measurable physical
phenomena.

Practical Illustration: Two 1.0-Meter Conductors

Setup and Parameters

Imagine two conductors:

- Length: exactly 1.0 meter each,

- Material: ideal, perfectly conducting wires,

- Placement: parallel, separated by 1 meter in a vacuum or air,
- Current: identical in both conductors.

Key Points:

- The conductors are stationary and straight.

- The environment is free of external magnetic fields or interference.
- Currents are steady (DC) and uniform.

Calculating the Force

Using the force law:

\[ F = \left( \frac{\mu 0} {2\pi} \right) \frac{I"™2}{r} \times L \]

Where:

-\( F\) is the force,

-\(1I\) is the current in each conductor,

-\(r = 1)\) meter,

-\(L = 1\) meter.

Given the definition, when the force per meter is \( 2 \times 10~ {-7} \) N/m:
\[ 2 \times 10" {-7} = \left( \frac{\mu 0} {2\pi} \right) \frac{I~2} {1} \]
Rearranged to solve for \( I\):

\[ T = \sqrt{ \frac{2\pi \times 2 \times 10~ {-7}}{\mu 0} } \]

Since \(\mu_0 = 4\pi \times 10"~ {-7} \) N/A2:



\[ I = \sqrt{ \frac{2\pi \times 2 \times 10" {-7}}{4\pi \times 10~ {-7}} } \]
Simplify:

\[ I = \sqrt{ \frac{2 \times 2\pi \times 10"~ {-7}}{4\pi \times 10™{-7}} } = \sqrt{ \frac{4\pi
\times 10" {-7}}{4\pi \times 10~ {-7}} } = \sqrt{1} = 1\, \text{A} \]

This demonstrates that a current of 1 ampere in each conductor produces the specified
force, establishing the concrete link between the physical force and the unit of current.

Implications of the Definition for Measurement
and Standards

Measurement Techniques

The physical definition allows for precise measurement through:

- Force measurements using sensitive torsion balances,

- Magnetic field measurements with fluxgate magnetometers,

- Quantum standards based on phenomena like the Josephson and quantum Hall effects
(for voltage and resistance).

Advantages of the Physical Definition

- Stability: Based on fundamental constants, which are invariant over time.

- Universality: Applicable worldwide without dependence on material artifacts.

- Precision: Enables extremely accurate measurements necessary for advanced scientific
research and technological development.

Related Concepts and Units

Other SI Units Related to Current

- Coulomb (C): The unit of electric charge.

- Volt (V): The unit of electric potential, linked to current via Ohm’s law.
- Ohm (Q): The unit of electrical resistance.

- Henry (H): The unit of inductance, relevant in magnetic phenomena.

Fundamental Constants Connecting to the Ampere

- Elementary charge (e): The charge of a single proton or the magnitude of an electron's



charge.
- Magnetic permeability of free space (\( \mu 0 \)): Fixed by the SI definition.

Conclusion: The Significance of the Ampere in
Modern Science and Technology

The ampere, defined through the force between two long, parallel conductors separated
by a meter, exemplifies the profound connection between measurable physical phenomena
and the units used in science. This physical basis ensures that electrical measurements
are consistent, reproducible, and rooted in fundamental constants. The shift to a definition
based on the elementary charge and other constants marked a milestone in metrology,
emphasizing stability, precision, and universality.

Understanding the physical principles underlying the ampere enhances our appreciation
of how electrical systems function, from simple circuits to complex quantum devices.
Whether designing electrical motors, developing quantum computers, or conducting
fundamental physics research, the precise definition and measurement of the ampere
remain central to progress in technology and science.

Keywords: Ampere, unit of current, force between currents, SI units, magnetic force,
fundamental constant, measurement, physics, electrical engineering, quantum standards

Frequently Asked Questions

What is the unit of electric current in the International
System of Units?

The unit of electric current in the International System of Units (SI) is the ampere (A).

How is the ampere defined in terms of the force
between two currents?

The ampere is defined as the constant current which, when maintained in two straight
parallel conductors of infinite length and negligible cross-section, placed one meter apart
in a vacuum, produces a force of exactly 2 x 10-7 newtons per meter of length between
them.

What physical principle relates the force between two



currents to the unit of current?

Ampere's force law states that the force per unit length between two parallel currents is
directly proportional to the product of the currents and inversely proportional to the
square of the distance between them, forming the basis for defining the ampere.

Why are two 1.0-meter-long conductors used in the
definition of the ampere?

Two 1.0-meter-long conductors are used to standardize the measurement, ensuring
consistency and simplicity in defining the force per unit length for the current unit.

How does the force between two current-carrying
conductors relate to their current and distance?

The force per unit length between two parallel conductors carrying currents I1 and I
separated by a distance r is given by F/L = (110 / 2m) (I1 I2) / r, where po is the permeability
of free space.

What is the significance of the constant 2 X 10-7 N/m in
the definition of the ampere?

It serves as the standard force per meter between two conductors carrying one ampere
each, separated by one meter in a vacuum, establishing a precise and reproducible
definition of the ampere.

How does the definition of the ampere relate to
electromagnetic force?

The definition directly links the ampere to the electromagnetic force between conductors,
making it a measure rooted in the fundamental interaction of magnetic fields and currents.

Are the two conductors used in the ampere's definition
assumed to be infinitely long?

Yes, the conductors are assumed to be infinitely long to ignore end effects and ensure the
force per unit length remains uniform and well-defined.

How has the definition of the ampere evolved in recent
SI redefinitions?

In the recent SI revision (2019), the ampere is defined by fixing the value of the
elementary charge, making it independent of specific physical arrangements like the force
between currents, though the classical force-based definition remains fundamental
historically.



Additional Resources
The Unit Of Current, The Ampere, Is Defined In Terms Of The Force Between Currents

Understanding the fundamental units of measurement in physics is essential for grasping
the underlying principles that govern electrical phenomena. Among these units, the
ampere stands out as the SI base unit of electric current, intricately linked to the forces
experienced between current-carrying conductors. This deep dive explores the definition,
historical evolution, physical principles, and practical implications of the ampere,
especially focusing on how it is established through the force between two idealized
conductors.

The Fundamental Significance of the Ampere

The ampere (A) is the base unit of electric current in the International System of Units
(SI). It quantifies the rate at which electric charge flows through a conductor per unit
time:

- Definition: One ampere corresponds to one coulomb of charge passing through a point in
a circuit per second.

Mathematically:

\[

1\, \text{A} = 1\, \text{C/s}
\]

This seemingly straightforward definition connects the abstract concept of electric charge
to a measurable quantity like current.

Why is the ampere fundamental?

- It forms the basis for defining many other electrical units, such as voltage, resistance,
and capacitance.

- Precise measurement of current is vital in electronics, power systems, and fundamental
physics experiments.

- The ampere's definition is rooted in fundamental physical constants, ensuring
universality and consistency across measurements worldwide.

Historical Evolution of the Ampere’s Definition

Historically, the definition of the ampere was based on the force between two parallel



conductors, which provided an elegant physical basis rooted in electromagnetic theory.
Original Definition (1881):

> The ampere was defined as the constant current that, when maintained in two straight,
parallel conductors of infinite length and negligible circular cross-section, placed one
meter apart in vacuum, would produce a force equal to \(2 \times 10" {-7}\) newtons per
meter of length between those conductors.

This physical definition linked the unit directly to measurable forces, offering clarity and
reproducibility.

Evolution to the SI Base Unit:

- The original definition relied on macroscopic forces, which, while conceptually sound,
presented practical challenges in measurement accuracy.

- In 1948, the 9th General Conference on Weights and Measures (CGPM) reaffirmed this
electromagnetic force-based definition.

- Recent developments (2019): The SI redefined the ampere in terms of fundamental
constants (elementary charge \(e\)), moving away from the physical force between
conductors. This change ensures greater stability and universality, but the force-based
definition remains historically and conceptually significant.

The Physical Basis: Force Between Two Currents

The core principle underlying the original definition of the ampere involves the magnetic
force experienced between two parallel currents.

The Ampere's Force Law

This law states that two infinitely long, straight, parallel conductors carrying currents
\(I 1\) and \(I 2\) exert magnetic forces on each other per unit length:

\[

F/L = \frac{\mu 0}{2\pi} \frac{I 11 2}{r}
\]

Where:

-\(F\) = Force between the conductors

-\(L\) = Length of the conductors

-\(\mu_0\) = Magnetic permeability of free space (\(4\pi \times 10~ {-7} \, \text{H/m}\))
-\(r\) = Distance between conductors

Key points:



- The force is attractive if currents flow in the same direction; repulsive if in opposite
directions.

- The force per unit length depends on the product of the currents and inversely on the
distance.

Implication for the Definition of the Ampere

Using this law, the ampere was originally defined as the current that produces a specific
force:

- Force per unit length: \(2 \times 10" {-7} \, \text{N/m}\)
- Conductors: Two parallel wires, each 1 meter long
- Separation: 1 meter

Thus, if two wires 1 meter long are separated by 1 meter in vacuum, each carrying 1
ampere of current, they experience a force of \(2 \times 10" {-7}\) newtons per meter.

This physical realization connects the abstract measurement of current to a measurable
electromagnetic force, providing a tangible method for establishing the ampere.

Practical Implementation and Experiments

While the force-based definition provided a clear physical basis, practical measurement of
such forces with extreme precision posed challenges. Modern electrical measurements
have transitioned to quantum-based definitions, but understanding the original approach
enhances appreciation of electromagnetic principles.

Key experimental considerations:

- Uniformity of conductors: Conductors are idealized as infinitely long and straight, which
is impossible practically but approximated with long, straight wires.

- Vacuum or low-pressure environments: To reduce external influences, experiments are
conducted in vacuum chambers or controlled environments.

- Precise measurements: Sensitive force measurement devices, such as torsion balances or
force sensors, are employed to detect tiny forces.

Typical experimental setup:

1. Two parallel conductors, 1 meter long, arranged in a vacuum chamber.

2. The conductors are positioned exactly 1 meter apart.

3. A current is passed through both conductors, and the resulting force per unit length is
measured.

4. The current value is adjusted until the measured force matches the defined value (\(2
\times 10"~ {-7}\) N/m), establishing the current as 1 ampere.



Modern Redefinition of the Ampere Using
Fundamental Constants

As of the 2019 SI redefinition, the ampere is no longer based on the force between
conductors but is defined through the elementary charge:

\[

\boxed{

1\, \text{A} = \frac{1\, \text{C}}{1\, \text{s}} \quad \text{where} \quad e =
1.602\,176\,634 \times 10"~ {-19}\, \text{C}

}

\]

Implications of this redefinition:

- The ampere is now defined by fixing the numerical value of the elementary charge \(e\).
- It can be realized in practice using quantum electrical standards, such as single-electron
tunneling devices.

- The force-based definition remains important historically and for educational purposes,
but the quantum definition offers superior stability and universality.

The Relationship Between the Force Between
Currents and the Ampere

The relationship between the physical force and the unit of current underscores the
fundamental link between magnetism and electricity.

Deriving the Force from the Ampere

Given the force law:

\[
F =\frac{\mu 0} {2\pi} \frac{I 11 2 L}{r}
\]

- For two conductors each carrying 1 ampere and separated by 1 meter:

\[
F = \frac{4\pi \times 10" {-7}}{2\pi} \times \frac{1 \times 1 \times 1} {1} = 2 \times



10~ {-7}\, \text{N}
\]

- The force per unit length (since \(L=1\) meter):

\[
F/L = 2 \times 107~ {-7}\, \text{N/m}
\]

This calculation illustrates how the current magnitude directly influences the
electromagnetic force, anchoring the definition of the ampere in a measurable physical
interaction.

Implications and Applications of the Ampere
Definition

The precise understanding and measurement of the ampere impact numerous fields:

- Electrical engineering: Ensuring accurate current measurements for circuit design,
power transmission, and device operation.

- Metrology: Establishing standards for calibration of measurement instruments.

- Fundamental physics: Testing electromagnetic theories and constants.

- Quantum metrology: Using quantum effects (like the Josephson and quantum Hall
effects) to realize electrical units with exceptional precision.

Conclusion: The Elegance of Defining a Unit
Through Physical Laws

The definition of the ampere as the current producing a specific force between two
conductors exemplifies the profound connection between physical laws and measurement
standards. It reflects a desire to ground units in observable phenomena, providing clarity
and universality. Although technological advancements have shifted toward quantum-
based definitions, the force-based approach remains a testament to the deep interplay
between electricity and magnetism—a cornerstone of modern physics and engineering.

By understanding this relationship, we appreciate the meticulous craftsmanship behind
electrical measurements, the elegance of physical laws, and the ongoing pursuit of
precision in science. The ampere, once defined by the force between two 1-meter-long
conductors separated by 1 meter, now stands as a pillar of measurement rooted in the
constants of nature, ensuring consistency and universality across the scientific community.
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