
PSYCHOLOGICAL SCALES scales.arabpsychology.com

ACCELERATION

Authored by

mohammad looti

November 10, 2025

RECOMMENDED CITATION

mohammad looti (2025). ACCELERATION. PSYCHOLOGICAL SCALES. Retrieved from

https://scales.arabpsychology.com/?p=69065

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=69065
https://scales.arabpsychology.com/?p=69065
https://scales.arabpsychology.com
https://scales.arabpsychology.com


ACCELERATION 2

PSYCHOLOGICAL SCALES scales.arabpsychology.com

ACCELERATION

Primary Disciplinary Field(s): Physics, Kinematics, Calculus, General Dynamics

1. Core Definition and Fundamental Principles

Acceleration is one of the most fundamental concepts in classical mechanics, defined formally as

the rate of change of velocity with respect to time. Velocity, itself a vector quantity, encompasses

both the speed and the direction of motion. Therefore, acceleration occurs not only when an object

speeds up (an increase in magnitude of velocity) or slows down (a decrease in magnitude, often

termed deceleration or negative acceleration), but also when an object changes its direction of

motion, even if its speed remains constant (e.g., uniform circular motion).

In the International System of Units (SI), acceleration is measured in meters per second squared

(m/s²). This unit signifies the change in velocity (meters per second) that occurs every second.

According to Newton's Second Law of Motion, the acceleration of an object is directly proportional

to the net external force acting on it and inversely proportional to its mass (F = ma). This

relationship establishes acceleration as the primary dynamical response of a physical system to an

applied force.

The distinction between average acceleration and instantaneous acceleration is crucial in physics.

Average acceleration is calculated over a finite time interval, representing the total change in

velocity divided by the total time taken. Conversely, instantaneous acceleration refers to the

acceleration of an object at a specific moment in time, mathematically defined as the limit of the

average acceleration as the time interval approaches zero. This instantaneous perspective links

acceleration directly to the methods of differential calculus.

2. Vector Nature and Measurement

Because acceleration is defined by the change in velocity, and velocity is a vector, acceleration

must also be a vector quantity. This means acceleration possesses both magnitude and direction.

Understanding the direction of the acceleration vector relative to the velocity vector is essential for

describing motion accurately.

If the acceleration vector points in the same direction as the velocity vector, the object is speeding

up. If the acceleration vector points in the opposite direction to the velocity vector, the object is

slowing down (decelerating). However, if the acceleration vector is perpendicular to the velocity

vector, the object is changing its direction of motion without necessarily changing its speed. This

perpendicular acceleration is characteristic of circular motion, where the acceleration is directed

toward the center of the circle, ensuring the object follows a curved path.
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The practical measurement of acceleration is achieved using instruments called accelerometers.

These devices utilize microscopic structures (often micro-electro-mechanical systems, or MEMS)

that respond to inertial forces. When the device accelerates, the mass inside experiences a force

proportional to the acceleration, and this deflection is measured electrically. Accelerometers are

ubiquitous today, integrated into navigation systems, consumer electronics (like smartphones and

game controllers), and seismic activity monitoring equipment.

3. Etymology and Historical Development

The concept of acceleration, derived from the Latin term acceler?ti?, meaning 'hastening' or

'speeding up,' has been informally recognized since antiquity. However, its precise mathematical

and physical formulation is relatively recent, dating primarily to the scientific revolution.

Early studies by philosophers like Aristotle focused on describing motion without a rigorous

mathematical framework, generally linking speed directly to force, an idea that was later proven

incorrect. The critical transition came with Galileo Galilei (1564-1642), who conducted

experiments using inclined planes to study the motion of falling objects. Galileo was the first to

accurately define acceleration as the change in velocity over time, recognizing that the rate of

change of speed, rather than speed itself, was proportional to time for objects moving under

constant gravity. He demonstrated that, neglecting air resistance, all objects accelerate at the

same rate regardless of their mass.

The definition was solidified by Sir Isaac Newton (1643-1727) through his laws of motion. Newton

formalized the relationship between force, mass, and acceleration (F = ma), establishing

acceleration as a fundamental concept in the dynamic description of the universe. This

mathematical framework, detailed in his 1687 work Philosophiæ Naturalis Principia Mathematica,

remains the cornerstone of classical mechanics.

4. Types of Acceleration

Acceleration can be categorized based on how its magnitude and direction change over time,

leading to specific kinematic descriptions critical for engineering and theoretical physics.

Uniform (Constant) Acceleration: This occurs when the acceleration vector remains constant in

both magnitude and direction. The most common example is the acceleration due to gravity near

the Earth's surface (g), which is approximately 9.8 m/s² directed downwards. Motion under uniform

acceleration can be perfectly described using the standard set of kinematic equations.

Non-uniform (Variable) Acceleration: This is the more common scenario in real-world dynamics,

where the acceleration changes over time, often due to varying forces (e.g., a car navigating a

winding road while changing throttle input). Analyzing non-uniform acceleration requires the use of

integral and differential calculus.

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=69065
https://scales.arabpsychology.com
https://scales.arabpsychology.com


ACCELERATION 4

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Centripetal Acceleration: Meaning "center-seeking," this type of acceleration is responsible for

maintaining circular motion. Even if an object moves at a constant speed along a circular path

(uniform circular motion), its direction is constantly changing, necessitating an inward acceleration.

The magnitude of centripetal acceleration is proportional to the square of the speed and inversely

proportional to the radius of the circle (a = v²/r).

Tangential Acceleration: This component of acceleration acts parallel to the direction of motion,

responsible for changing the object's speed. In general curvilinear motion, the total acceleration is

the vector sum of the tangential acceleration (speed change) and the centripetal acceleration

(direction change).

5. Acceleration in Mathematics and Calculus

The definition of acceleration is intrinsically linked to the concepts of differential calculus. In the

mathematical description of motion, position is defined as a function of time, often denoted s(t).

Velocity, v(t), is the rate of change of position, which corresponds mathematically to the first

derivative of the position function with respect to time: v(t) = ds/dt. Following this sequence,

acceleration, a(t), is the rate of change of velocity, making it the first derivative of velocity with

respect to time, or the second derivative of the position function: a(t) = dv/dt = d²s/dt².

The source content specifically referenced the arithmetic interpretation of acceleration as "the

speed at which change occurs in the slope of a specific function." In the context of kinematics, the

slope of the position-time graph represents velocity, and the slope of the velocity-time graph

represents acceleration. Therefore, acceleration is the measure of how quickly the slope (velocity)

is changing. Furthermore, the rate of change of acceleration itself is sometimes used in highly

advanced dynamics and is termed jerk, which is the third derivative of position. Higher derivatives,

such as snap, crackle, and pop, also exist but are rarely used outside of theoretical analysis.

6. Acceleration in Relativistic Mechanics

While Newton's laws provide an accurate description of acceleration for objects moving at speeds

much less than the speed of light, the definition must be modified in the context of Special

Relativity (SR), introduced by Albert Einstein.

In SR, the relationship F = ma does not hold true in the same simple form when approaching the

speed of light (c). As an object accelerates and its velocity increases, its relativistic mass

increases, and consequently, it requires an ever-increasing amount of force to produce the same

unit of acceleration. Theoretically, no amount of force can accelerate a massive object to or past

the speed of light, as the required energy and force would become infinite.

Relativistic acceleration is often described using the concept of proper acceleration, which is the
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physical acceleration felt by an observer or object, typically measured by an accelerometer. This

concept differs from coordinate acceleration (the second derivative of position in a chosen

coordinate system) because of time dilation and length contraction effects inherent in high-speed

motion. The study of accelerated reference frames is a key component of General Relativity,

where acceleration and gravity are treated as equivalent phenomena (the Equivalence Principle).

7. Practical Applications and Significance

Acceleration is not merely a theoretical concept; it governs nearly every aspect of mechanical and

dynamical engineering, transportation, and biomechanics.

In transportation, understanding acceleration profiles is crucial for designing vehicles, roller

coasters, and aircraft. The feeling of being pushed back into a seat during takeoff or pressed down

during a steep dive is the direct sensory perception of acceleration and the inertial forces it creates.

Engineers must design systems that keep these accelerations within limits tolerable by the human

body; excessive acceleration (measured in units of G-force, where 1 G is the acceleration due to

Earth's gravity) can lead to loss of consciousness or structural damage.

In fields ranging from competitive athletics to space exploration, acceleration dictates performance

and trajectory. For instance, the source content provided the example of an athlete: "Through

months of training, Jennifer was able to reach peak endurance during the race and accelerated as

she ran, carrying her to the finish line in first place." This example illustrates the practical biological

application where muscular force generates the necessary acceleration to win a race. In

astrophysics, understanding the acceleration of celestial bodies, such as the mysterious

accelerated expansion of the universe driven by dark energy, requires complex relativistic

calculations of gravitational and kinematic acceleration.

8. Debates and Criticisms

While the mathematical definition of acceleration is undisputed within its respective framework

(classical or relativistic), debates often center on the philosophical implications and the difference

between observed and absolute acceleration.

One of the enduring philosophical discussions involves the nature of absolute acceleration,

stemming from Newton's famous thought experiment involving a rotating bucket of water. Newton

argued that the concave shape of the water surface proved acceleration (rotation) was absolute--it

existed independent of any external reference frame. Critics, notably Ernst Mach, countered this by

suggesting that acceleration is always relative to the mass distribution of the universe (Mach's

Principle). While General Relativity moved away from absolute space, it maintained the concept of

absolute proper acceleration, which is locally measurable and distinguishable from uniform

velocity.
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Furthermore, in human physiology and psychology, the perceived sensation of acceleration often

differs from the measured physical value. Humans are sensitive detectors of acceleration but are

entirely insensitive to constant velocity. This distinction is vital in fields like aviation medicine and

virtual reality, where manipulating perceived acceleration (e.g., through visual cues or vestibular

stimulation) is critical for training and user experience.

Further Reading

Acceleration - Wikipedia (Physics and Kinematics)

Acceleration - Britannica (Definition and Units)

Second Derivative (Mathematical Definition of Acceleration)
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