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2.3: Acceleration

Graphical Interpretation
The graphical representation of acceleration over time can be derived through the graph of an object’s position over time.

Distinguish the difference between how to plot a velocity graph and how to plot an acceleration graph

In physics, acceleration is the rate at which the velocity of a body changes with time. It is a vector quantity with both magnitude
and direction. Acceleration is accompanied by a force, as described by Newton’s Second Law; the force, as a vector, is the product
of the mass of the object being accelerated and the acceleration (vector), or . The SI unit of acceleration is the meter per
second squared: 

Acceleration is a vector that points in the same direction as the change in velocity, though it may not always be in the direction of
motion. For example, when an object slows down, or decelerating, its acceleration is in the opposite direction of its motion.

The motion of an object can be depicted graphically by plotting the position of an object over time. This distance-time graph can be
used to create another graph that shows changes in velocity over time. Because acceleration is velocity in  divided by time in s,
we can further derive a graph of acceleration from a graph of an object’s speed or position.

is a graph of an object’s position over time. This graph is similar to the motion of a car. In the beginning, the object’s position
changes slowly as it gains speed. In the middle, the speed is constant and the position changes at a constant rate. As it slows down
toward the end, the position changes more slowly. From this graph, we can derive a velocity vs time graph.

Position vs Time Graph: Notice that the object’s position changes slowly at the beginning of the journey, then more and more
quickly as it picks up speed. Its position then changes more slowly as it slows down at the end of the journey. In the middle of the

journey, while the velocity remains constant, the position changes at a constant rate.

This shows the velocity of the object over time. The object’s velocity increases in the beginning as it accelerates at the beginning,
then remains constant in the middle before it slows down toward the end. Notice that this graph is a representation of the slope of
the previous position vs time graph. From this graph, we can further derive an acceleration vs time graph.
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Velocity vs Time: The object’s velocity increases as it accelerates at the beginning of the journey. It remains the same in the middle
of the journey (where there is no acceleration). It decreases as the object decelerates at the end of the journey.

To do this, we would also plot the slope of the velocity vs time graph. In this graph, the acceleration is constant in the three
different stages of motion. As we noted earlier, the object is increasing speed and changing positions slowly in the beginning. The
acceleration graph shows that the object was increasing at a positive constant acceleration during this time. In the middle, when the
object was changing position at a constant velocity, the acceleration was 0. This is because the object is no longer changing its
velocity and is moving at a constant rate. Towards the end of the motion, the object slows down. This is depicted as a negative
value on the acceleration graph. Note that in this example, the motion of the object is still forward (positive), but since it is
decelerating, the acceleration is negative.

Acceleration vs Time Graph: The object has positive acceleration as it speeds up at the beginning of the journey. It has no
acceleration as it travels at constant velocity in the middle of the journey. Its acceleration is negative as it slows down at the end of

the journey.
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Graphing Motion: A brief introduction to particle diagrams and motion graphs.

Motion with Constant Acceleration
Constant acceleration occurs when an object’s velocity changes by an equal amount in every equal time period.

Describe how constant acceleration affects the motion of an object

High School Physics: Graphing MotionHigh School Physics: Graphing Motion
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One-Dimensional Motion: When you drop an object, it falls vertically toward the center of the earth due to the constant
acceleration of gravity.

An object experiencing constant acceleration has a velocity that increases or decreases by an equal amount for any constant period
of time. Acceleration can be derived easily from basic kinematic principles. It is defined as the first time derivative of velocity (so
the second derivative of position with respect to time):

Assuming acceleration to be constant does not seriously limit the situations we can study and does not degrade the accuracy of our
treatment, because in a great number of situations, acceleration is constant. When it is not, we can either consider it in separate
parts of constant acceleration or use an average acceleration over a period of time.

The motion of falling objects is a simple, one-dimensional type of projectile motion in which there is no horizontal movement. For
example, if you held a rock out and dropped it, the rock would fall only vertically downward toward the earth. If you were to throw
the rock instead of just dropping it, it would follow a more projectile-like pattern, similar to the one a kicked ball follows.

Projectile motion is the motion of an object thrown or projected into the air and is subject only to the acceleration of gravity. The
object thrown is called a projectile, and the object’s path is called its trajectory. In two-dimensional projectile motion, there is both
a vertical and a horizontal component.

Due to the algebraic properties of constant acceleration, there are kinematic equations that relate displacement, initial velocity, final
velocity, acceleration, and time. A summary of these equations is given below.
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Constant Acceleration Explained with Vectors and Algebra: This video answers the question “what is acceleration? ".

Key Points
Acceleration is the rate at which the velocity of a body changes with time.
Acceleration is a vector that points in the same direction as the change in velocity, though it may not always be in the direction
of motion.
Because acceleration is velocity in m/s divided by time in s, we can derive a graph of acceleration from a graph of an object’s
speed or position.
Assuming acceleration to be constant does not seriously limit the situations we can study and does not degrade the accuracy of
our treatment.
Due to the algebraic properties of constant acceleration, there are kinematic equations that can be used to calculate
displacement, velocity, acceleration, and time.
Calculations with constant acceleration can be done in relation to one-dimensional motion as well as two-dimensional motion.

Constant Acceleration Explained with Vectors and AConstant Acceleration Explained with Vectors and A……
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Key Terms
acceleration: The amount by which a speed or velocity increases (and so a scalar quantity or a vector quantity).
velocity: A vector quantity that denotes the rate of change of position with respect to time, or a speed with a directional
component.
position: A place or location.
kinematic: of or relating to motion or kinematics

LICENSES AND ATTRIBUTIONS

CC LICENSED CONTENT, SHARED PREVIOUSLY

Curation and Revision. Provided by: Boundless.com. License: CC BY-SA: Attribution-ShareAlike

CC LICENSED CONTENT, SPECIFIC ATTRIBUTION

Acceleration. Provided by: Wikipedia. Located at: en.Wikipedia.org/wiki/Acceleration. License: CC BY-SA: Attribution-
ShareAlike
OpenStax College, College Physics. September 17, 2013. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
position. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/position. License: CC BY-SA: Attribution-
ShareAlike
velocity. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/velocity. License: CC BY-SA: Attribution-ShareAlike
acceleration. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/acceleration. License: CC BY-SA: Attribution-
ShareAlike
OpenStax College, College Physics. October 25, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
OpenStax College, College Physics. October 25, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
OpenStax College, College Physics. October 25, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
Graphing Motion. Located at: http://www.youtube.com/watch?v=vYXf7Q9j9qA. License: Public Domain: No Known
Copyright. License Terms: Standard YouTube license
Acceleration. Provided by: Wikipedia. Located at: en.Wikipedia.org/wiki/Acceleration. License: CC BY-SA: Attribution-
ShareAlike
kinematic. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/kinematic. License: CC BY-SA: Attribution-
ShareAlike
acceleration. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/acceleration. License: CC BY-SA: Attribution-
ShareAlike
OpenStax College, College Physics. October 25, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
OpenStax College, College Physics. October 25, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
OpenStax College, College Physics. October 25, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42100/latest/?collection=col11406/1.7. License: CC BY: Attribution
Graphing Motion. Located at: http://www.youtube.com/watch?v=vYXf7Q9j9qA. License: Public Domain: No Known
Copyright. License Terms: Standard YouTube license
Constant Acceleration Explained with Vectors and Algebra. Located at: http://www.youtube.com/watch?v=-4pV1HibhlU.
License: Public Domain: No Known Copyright. License Terms: Standard YouTube license
OpenStax College, College Physics. October 19, 2012. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m42102/latest/?collection=col11406/1.7. License: CC BY: Attribution

This page titled 2.3: Acceleration is shared under a not declared license and was authored, remixed, and/or curated by Boundless.

2.3: Acceleration by Boundless has no license indicated.

https://libretexts.org/
https://phys.libretexts.org/@go/page/18107?pdf
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
http://www.youtube.com/watch?v=vYXf7Q9j9qA
https://creativecommons.org/about/pdm
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
http://cnx.org/content/m42100/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
http://www.youtube.com/watch?v=vYXf7Q9j9qA
https://creativecommons.org/about/pdm
http://www.youtube.com/watch?v=-4pV1HibhlU
https://creativecommons.org/about/pdm
http://cnx.org/content/m42102/latest/?collection=col11406/1.7
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/Courses/Joliet_Junior_College/Physics_201_-_Fall_2019v2/Book%3A_Custom_Physics_textbook_for_JJC/02%3A_Kinematics/2.3%3A_Acceleration
https://phys.libretexts.org/Courses/Joliet_Junior_College/Physics_201_-_Fall_2019v2/Book%3A_Custom_Physics_textbook_for_JJC/02%3A_Kinematics/2.3%3A_Acceleration?no-cache
https://phys.libretexts.org/Courses/Joliet_Junior_College/Physics_201_-_Fall_2019v2/Book%3A_Custom_Physics_textbook_for_JJC/02%3A_Kinematics/2.3%3A_Acceleration?no-cache
https://phys.libretexts.org/@go/page/14440

