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3. Velocity and Acceleration 

3.1. How to Add and Subtract Velocities

Some terms in physics like velocities, forces, a.o. have two distinct properties: an amount 
and a direction. Such terms are called vectors.

If a velocity is bound to a specific direction, it can have 2 orientations, either to the left or 
to the right, up or down, north or south a.o.

In physics and mathematics such two opposite orientations are by convention symbolised 
as positive (+) and negative (-). These symbols - even though they look alike - are not 
identical with the mathematical operations addition (+) and subtraction (-). 

If velocities with positive or negative orientations have to be added or subtracted the fol-
lowing rules apply:

To add a velocity with negative orientation + (-)v is the same as to subtract velocity with 
positive orientation. In mathematical symbols: + (-)v = - (+)v

 To subtract a velocity with negative orien-
tation - (-)v is the same as to add the same 
velocity with positive orientation. In math-
ematical symbols: - (-)v = + (+)v

The rules to be applied are the same as 
adding or subtracting positive or negative 
numbers.

If a velocity is symbolised as (+)v, it 
should be called positively oriented veloci-
ty while the short form "positive velocity" 
can lead to confusion among newcomers to 
the field. There is no positive or negative 
velocity, there are only positively or nega-
tively oriented velocities and this only rel-
ative to a specific direction in space. 

What has to be done to increase the speed 
of both particles in simulation 3_velocity".

 Fig 3.1.:  Simulation "3_velocity"

The following picture illustrates, how to detect or change the velocity (its amount) of a se-
lected particle. 

This can be done by entering the numerical values for the three components vx, vy and vz

in the "Particle Inspector" window at A 
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 Fig 3.2.:  How to change the velocity and how to activate the visualization of vectors

The velocity of a particle can be visualised as arrow - the symbol for a vector. This func-
tionality can be initiated in the "Particle Inspector" window at B (fig. 3.2.).

The visulisation of v common for all particles within the XYZ-cube can be set in the "Parti-
cle Management" window at C (fig. 3.3.).
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 Fig 3.3.:  How to activate the visualization of vectors common for all particles

The scale of the visualized vectors (for acceler-
ation, force and velocity) can be set in the 
"Global Paramenter" window at D. 

 Fig 3.4.:  How to scale arrows, 
the symbol for vector quantities
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The last two windows are called from the main menu line of the Java-XYZ window at E 
(Fig 3.3.at E)

3.2. Velocity in 3 Dimensions

A velocity with an arbitrary direction in space can be decomposed in so-called x-, y- and 
z-components, directed along the 3 axis of a system of rectangular coordinates.

These components can have 2 orientations along each axis, labelled either as positive or 
negative.

As an exercise to get familiar with coordinates within the Java-XYZ cube as well as with 
velocity components, the following 4 similar exercises are proposed where each time the 
velocity components of the particle in the middle should be set in such a way, that it will 
collide head-on with the particle in the back. For changing the velocity components of a 
particle see fig. 3.1.

 Fig 3.5.:  Assignments to exercise with coordinates and v-components in 3 D

A reminder:
The cube can be rotated when moving the moues with the left mouse button down.

You may either set the 2 particles at the 
given positions yourself or you can load the 
prepared simulations named:

3_assignement1 till _assignement4. 

Prepared assignments or simulations can be 
loaded under the menue "Experiment" in 
the main menue line of the XYZ-cube (see 
fig. 3.6 at A).

 Fig 3.6.:  How to load a prepared simulation

3.3. Velocity and System of Reference

Rest and Motion

For our daily life the two states “being at rest” and “being in motion” are clearly distinct 
This idea has first been questioned by Galileo and Newton in the 17th. century. 
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There is no place in the whole cosmos which could be claimed to be at rest. We are placed 
on a rotating earth, we are circulating around the sun, we are moving with the sun across 
our galaxy, etc. 

What we so distinctly perceive as being at rest, is therefore only relative, only apparent. 

To define a place to be at rest or to move with a specific velocity, a system of reference is 
indispensable. 

The importance of such a system of reference becomes quite obvious if the movement of a 
planet, for instance Mars, has to be described. 

Movement of Planet Mars from Geocentric versus Heliocentric Perspective

To understand the retrogradation of our planets, the geocentric and the heliocentric perspec-
tive have to be unified in thought. To support this mental task, a video is prepared (http://
www.astrophysik.uni-kiel.de/~hhaertel/CGA_e/Flv/mars_en.htm) which shows pictures from 
these two perspectives with smooth transitions.

Retrograde Motion
of the Planet Mars
from changing perspectives

Concept
Hermann Härtel

Computergraphics
Duc Van Dang

 

 Fig 3.7.:  Video about the movement of Mars

To simplify the explanation, it may be useful to rectify the circular movement of Earth and 
Mars in the following way.
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 Fig 3.8.:  Explanation about the retrograding movement of Mars

The circular path of Earth is simplified to the track A-B-C, while the path of Mars is sim-
plified to a straight line D. 

While on track A, it is obvious that Mars seems to move to the left. 

Since the velocity of Earth on track B is faster than the velocity of Mars, it seems that Mars 
is moving to the right. On track C as on track A it looks again as if Mars is moving to the 
left. 
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3.4. Acceleration

In daily life the meaning of "acceleration" is limited to an object moving with increasing 
speed. The meaning of this term in physics, however, is more general.

When ever the velocity of a moving object is changing, either increasing or decreasing its 
speed or changing its direction, the corresponding movement in physics is called to be ac-
celerated.

If the velocity of an object is changing from v1 to v2, during a certain time period t, in 
physics the corresponding movement is called to be accelerated. 

The acceleration of a moving object is larger, 
if the difference v2 - v1 is larger for the same 
time interval: In mathematical terms this im-
plies: a v2 v1–  

The acceleration is smaller, if the time inter-
val t = t2 - t1 is larger to reach the same dif-
ference in velocity: In mathematical terms this 
implies: a 1 t2 t1–   

This leads to the mathematical definition of ac-

celeration as: a
v2 v1–

t2 t1–
----------------- v

t
-------= =  

 Fig 3.9.:  Simulation "3-acceleration1

The particles in the simulation "3_acceleration-1" move with different acceleration (for 
loading a prepared simulation see fig.3.6). This can be checked by stopping the simulation 
in the middle and checking the velocity component vx inside the "Particle Inspector" (fig. 
3.2)

Acceleration as Vector

The physics term acceleration has vector properties. This means that it has a direction in 
space and that it can be decomposed along the axis x, y, and z parallel to the axis of a rec-
tangular coordinate system.

For a given direction the acceleration as vector can have 2 orientations, indicated as posi-
tive and negative.

These indications are often identified with acceleration and deceleration.

However, this not correct in the world of physics. A particle which moves with a negative-
ly oriented acceleration does not mean, that the velocity of the particle is decreasing. It 
may well increase.

The prepared simulation "3_acceleration2" may help to clarify this issue.
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  The blue arrow indicates the actual acceler-
ation. The velocity is permanently changing 
but the acceleration is always constant and 
has a positive orientation (parallel to the 
positive direction of the x-axis). 

The acceleration in this simulation is caused 
by simulating a charged particle and an elec-
tric field in +x-direction, causing a force in 
+x-direction. 

 Fig 3.10.:  Simulation "acceleration2"
Movement with constant acceleration 
but permanently changing velocity

The orientation and amount of the acceleration can be changed inside the "Particle Inspec-
tor" window by changing the amount of the charge (A) or the polarization (plus instead of 
minus) of the charged particle. 

A

 

 Fig 3.11.:  How to change charge and polarity of a selected particle

A further possibility to change the amount of the acceleration (the applied force) is given 
by changing the strength of the simulated electric field (see fig. 3.12)
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 Fig 3.12.:  How to set or change the strength of the electric field (at B) inside the "Glob-
al Parameters" window, called at A in the Window sub-menu 

(main menu line of Java-XYZ)

Remark: 

The acceleration during the collision with the walls of the cube are not shown.

Result

The orientation of the acceleration - either positively or negatively oriented - has nothing 
to do with increasing or decreasing speed. With both orientations the object can move fast-
er or slow down. 

Important is in what sense the velocity is changing. If the velocity changes to more posi-
tive values or towards the positive orientation, the acceleration has a positive orientation 
and vice versa In mathematical terms this rule can be expressed as:

acceleration with positive orientation: (v2 - v1 > 0), 

acceleration with negative orientation: (v2 - v1 < 0)
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