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INTRODUCTION

ELECTROSTATICS 3D is an interactive software program that allows students to study electrostatics
in a visually spectacular fashion. ELECTROSTATICS 3D utilizes colorful three-dimensional graphics
to display electric fields and potential for various types of charged objects with user-created
configurations. The stunning imagery has not been achieved by other software visualization
methods, and uniquely brings a deeper understanding to electrostatics. In addition to displaying
electric fields and equipotential surfaces in 3D space; three-dimensional topographical mapping
is also utilized providing an easy to interpret highly-informative perspective.  

All the various types of three-dimensional graphics can be rotated in space about multiple axes
for a true 3D perspective! The user is provided with a wide variety of simple-to-use tools that
permit any desired charge configuration to be created on-screen. Simply click the desired object
from the toolbar, input the chosen parameters, and position the object on-screen. The user has
the option to work in a 2D environment or 3D environment. ELECTROSTATICS 3D may be used as
an instructor lead demonstration in front of the classroom, or used by students as a computer-
based lab activity. The program is designed to integrate smoothly into a unit or course on elec-
trostatics. 

SOFTWARE FEATURES:
• View 2D & 3D electric field lines and equipotential surfaces. 

• Choose from a variety of charged objects that may be used in any combination including:
point charges, linear charges, plane charges with limited or unlimited length, grounded or 
isolated conductive spheres, conductive planes and dielectric boundaries.

• View options include: 2D, 3D space, 3D topographic mapping, 2D color-coded mapping, 
colored linear integral convolution.

• Option to display on-screen electric field vectors indicating individual charge contributions
and net electric field for any location.

• Numeric display indicates strength of electric field and electric potential at any location.

• Option to display the path of a charged particle as it moves under the influence of the electric
field. Select the charged particle's mass, charge and velocity. 

• Highly accurate calculations - potential determined by true mathematical integration (not 
inaccurate numerical calculation of integrals). 

• Designed for both high school and college physics courses.  



INSTALLING ELECTROSTATICS 3D SOFTWARE

INSTALLATION 

Double-click on the Electrostatics3D ver41 Install.exe file. The on-screen instructions will
guide you through the complete installation.

RUNNING THE PROGRAM

Launch ELECTROSTATICS 3D by selecting it from the Windows Start menu. 

LAB PACK / NETWORK INSTALLATION

For those schools purchasing a Lab-Pack License, ELECTROSTATICS 3D may be run on multiple
computers at one building or one campus as specified by the license agreement. The software
may be installed on a network, provided that the number of computers running the software at
any given time does not exceed that specified in the license agreement. The software may also
be installed on stand-alone computers, provided that the number of computers with installed
software does not exceed that specified in the license agreement. 
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ELECTROSTATICS 3D TUTORIAL

When ELECTROSTATICS 3D is started up, you are presented with the 2D environment. Charge con-
figurations are generally created and edited in this environment. The toolbar at the top of the
screen allows you to build a wide variety of charge configurations:      

Toolbar

Work Area

2d Environment

Adds Point

Charge to

work area.

Adds Horizontal

Linear Charge

in the same

plane as work

area. 

Adds Vertical

Linear Charge

perpendicular

to work area

plane. 

Adds Plane

Charge

perpendicular

to work area

plane. 

Adds Conductive Plane

perpendicular to work

area plane. 

Adds Conductive

Sphere to work

area (grounded or

isolated). 

Toolbar
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1) In this tutorial, we are going to create a basic charge configuration comprised of two point
charges. Click on the Point Charge button found on the far left side of the toolbar. The dialog
box that opens allows you to enter the magnitude of the point charge, and whether it is positive
or negative. Enter 3.0 mC (3.0 x 10-6 C) for Value of new charge and click OK.

2) The cursor changes to a cross-hair, indicating that the charge is ready to be placed anywhere
in the work area. Position the cursor in the middle of the work area and click to place the charge
at that position.

3) By default, electric field lines and equipotential surfaces are automatically drawn around the
point charge. This feature can be turned off by selecting Automatic from the overhead menu, and
then clicking E Lines or Equipotential Surfaces from the drop-down list. Note that Automatic E
Lines can also be selected/unselected for an individual charge from its associated dialog box. 

4) Click on the Point Charge button on the toolbar again. This time, enter -3.0 mC for Value of
new charge by using the down arrow in the input field. Place this negative point charge in the
work area to the right of the existing positive point charge. 

NOTE: When opposite charges are present, it’s best to unselect the Automatic E Lines option for
one of the charges so that the line density accurately represents the electric field strength.

input magnitude

of point charge

option to have

electric field lines

drawn automati-

cally from charge

Electric field Lines

Equipotential surfaces

single point charge (positive) placed in 2d Environment
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5) Once placed in the work area, charges can be moved simply by clicking on the charge, and
then holding down the mouse button while dragging. Right-clicking on the charge yields a
drop-down list allowing you to change its properties or delete it from the work area. 

6) Additional field lines may be added at any selected location. Click on the Electric field line
button in the toolbar, and then click a desired location in the work area. Also, whenever the
Electric field line button is selected, electric field vectors are displayed showing net and individ-
ual charge contributions. By moving the cursor, electric field vectors can be displayed for any
point in the work area. The numeric display at the bottom of the screen indicates the strength of
the electric field and electric potential at the present cursor position. 

7) Two-dimensional color-coded mapping of the electric field can be displayed by selecting
Field from the menu at the top of the screen, then choosing Colored E Field from the drop-
down list. The legend insert shows the correlation between color and field strength. (The color
intensity can be adjusted by selecting View >> Options, then changing the E Field Coefficient
found under Colored View.)

Positive and negative point charges in 2d Environment 

2d color-coded mapping of electric field 

By clicking on the Electric

field line button, additional

field lines may be added

at any selected location.

Electric field vectors show-

ing net and individual

charge contributions are

also displayed at the pre-

sent cursor position. 



6

8) To remove the color-coded mapping and return to the previous view, select Edit >> Clear
Surfaces. Try out some of the other two-dimensional views: 
(i) color-coded electric potential — Potential >> Colored Potential
(ii) color-coded electric field lines — Field >> Colored E Lines 
(iii) Small fibers aligned with field (simulates bits of thread suspended in oil) — Field >> Threaded E
(iv) Linear integral convolution — Field >> Linear integral convolution

NOTE: On slower computers, some views may take a considerable amount of time to render. In
these instances, the process can be sped up by limiting the rendering to a smaller selected area.
Click on the Region button on the far right side of the toolbar, then drag out a rectangular region
in the work area that you wish to have rendered. 

9) The Path of a Moving Charge feature allows you to input the mass, charge and velocity of a
particle, place it anywhere in the work area, and then observe its motion path in the electric
field. Select the Path of a Moving Charge button from the toolbar (2nd from the right). In the
dialog box that opens, make sure the Variable Velocity option is checked and then click OK:

10) With the Variable Velocity option selected, you can position the cursor anywhere in the work
area and then click and drag to create the initial velocity vector for the particle. Click a second
time when you have drawn the desired vector to launch the particle. Note that the length of the
vector is proportional to the particle’s velocity, the velocity is also displayed numerically at the
bottom of the screen. 

Variable Velocity
option selected

Path of a Moving Charge button on toolbar

Path of a charged particle
moving through the electric
field. Experiment with some
slow initial velocities that are
directed perpendicular to an
electric field line for some
interesting results!
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11) In order to clear the particle path(s) from the work area, first unselect the Path of a Moving
Charge button by clicking on it, then click on Edit from the menu at the top of the screen and
select Clear Surfaces from the drop-down list. 

NOTE: Should you encounter the reminder message shown below, then the task you are
presently performing needs to be completed or closed-out before proceeding. Either unselect the
active toolbar button, or click on the working area to complete the process of adding a charge.

12) Equipotential Surfaces — You can select from two different methods for drawing equipoten-
tial surfaces:  (i) Closed Equipotential Surfaces draws one continuous contour, it’s very fast and
accurate, but if there exists more than one contour with the same potential it will draw only the
one running through the selected (clicked) location.  (ii) Complete Equipotential Surfaces scans
the entire work area (or a selected Region) and all points with the same potential are identified,
revealing all equipotential contours. For this tutorial, click on the Closed Equipotential
Surfaces button on the toolbar. Position the cursor at any desired point in the work area and
click to have an equipotential surface drawn. Click in multiple areas to draw any number of
desired equipotential surfaces. (In order to clear the equipotential surfaces from the work area,
first unselect the Closed Equipotential Surfaces button by clicking on it, then click on Edit
from the menu at the top of the screen and select Clear Surfaces from the drop-down list.) 

Closed Equipotential Surfaces button on toolbar

Click any desired location
in the work area to draw
an equipotential surface
through that point.

Equipotential surface drawn in 2D environment
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3D ENVIRONMENT

13) The 3D environment provides an extraordinary perspective on electric fields and potential.
It is truly three-dimensional in that objects can be rotated about multiple axes so that depth can
be clearly perceived. The zoom feature even allows you to view from within the field looking
out! Charge configurations are first created in the 2D environment before moving into the 3D
environment. We will continue to work with the pair of point charges used from the start of this
tutorial. There are three different types of 3D environments available, to enter the first, select
the 3D Space button from the toolbar.

NOTE: The Region button on the 2D environment toolbar can be used to select a portion of the
2D work area that you wish to focus on in the 3D environment. Click the Region button and
then drag out a rectangle over the desired portion of the work area. (Click once to mark the
upper-left corner, drag out the rectangle, click a second time to mark the lower-right corner.)
The Region will be outlined by a dashed rectangle. To remove the Region outline, double-click
on the Region button. Also, the length of the 3D electric field lines can be adjusted by selecting
View >> Options, then changing the E Field Draw Step found under 3D.  

14) The charges and field lines can be rotated using two different methods: (i) Place the cursor
anywhere in the 3D environment and hold down the mouse button - move the mouse up/down
or left/right to rotate about two different axes. (ii) Select Rotate from the options presented in
the lower-left corner of the screen, then use the red arrow buttons at the bottom of the screen to
rotate in different directions. 

3D Space button on toolbar

3D Space environment

To rotate the charges and field
lines, place the cursor anywhere
in the 3D environment and hold
down the mouse button - move
the mouse up/down to rotate
about a horizontal axis, or
left/right to rotate about a verti-
cal axis.  

Make sure the following
options are all selected:
Automatic E Line, Axes, 
and Quality E Lines. 
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15) Additional electric field lines can be drawn by positioning the 3D pointer at a desired loca-
tion and clicking on the E button. The 3D pointer can be positioned by selecting Pointer from
the options presented in the lower-left corner of the screen, then using the red arrow buttons. 

Exit: exits the
3D Space envi-
ronment and
returns to 2D
environment.

Pointer Size:
changes the
size of the 3D
pointer.  

Arrow buttons:
change function
depending on selection
of Move, Rotate, or
Pointer at far left.

buttons move 3D
Pointer up/down in the
z-direction.  

Wire Frame: draws charged
objects and equipotential surfaces
using a wire frame so that their
interior is visible.
Solid: draws charged objects and
equipotential surfaces using a
solid surface.
Automatic E Line: automatically
generates 3D electric field lines for
point charges.
Axes: displays the x, y, z axes.
Quality E Lines: displays electric
field lines using tubular surfaces to
aid 3D perspective.

Zoom buttons:
zoom-in or zoom-
out to frame desired
view. 

E button: draws a 3D
electric field line at the
current location of the
3D pointer.
S button: draws a 3D
equipotential surface
at the current location
of the 3D pointer.

Move: when selected, arrow
buttons function to move object
up/down and left/right.
Rotate: when selected, arrow
buttons function to rotate object. 
Pointer: when selected, arrow
buttons and        buttons func-
tion to reposition the 3D pointer. 

3D pointer moved to a
desired location where
a new electric field
line is to be drawn.

Electric field line added in 3D environment
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NOTE: The 3D pointer can also be positioned by holding down the SHIFT key and clicking
simultaneously. This will place the 3D pointer at the cursor location. You can then follow-up by
using the mouse to rotate to an overhead (or side) view and SHIFT-click again to place the 3D
pointer at the desired depth. Practice this method a few times, you’ll soon find it to be very convenient. 

16) A 3D equipotential surface can be drawn by positioning the 3D pointer at a desired location
and clicking on the S button. You can draw multiple overlapping equipotential surfaces and then
select the Wire Frame option to make enclosed surfaces visible.   

17) Point charges can be added directly to the 3D environment and positioned anywhere in
three-dimensional space. To do so, first return to the 2D environment and click on the Point
Charge button on the toolbar.  In the dialog box that opens, assign a charge value and select In
Space found under Type of Charge. After clicking OK, you are automatically brought back to
the 3D environment. Move the 3D pointer to the position where the new point charge should go
and click the Drop 3D Charge button. 

3D pointer moved to a
desired location where
an equipotential surface
is to be drawn.

Equipotential surface drawn in 3D environment

In Space option selected from
Point Charge dialog box.

Click Drop 3D Charge button
to add point charge at the
location of the 3D pointer. 

Point charge added to 3D environment  
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18) Return to the 2D environment in order to access the remaining types of 3D environments —
Topographic Electric Field and Topographic Potential . Topographic plots show intensity of a
variable with height, allowing one to visualize the electric field strength and potential in three-
dimensions. Click on the Topographic E Field button on the toolbar.

19) Return to the 2D environment and click on the Topographic Potential button on the tool-
bar. Both topographic environments have a Colored by Value option that adds color mapping to
the contours, creating a visually striking and informative 3D plot. The Topographic Potential
environment also has an Auto E Lines option that automatically draws electric field lines, along
with an E Lines option that allows you to manually add electric field lines by clicking desired
points. 

Topographic E Field  button on toolbar

The plot can be rotated using the
same methods as in the 3D Space
environment. The x-y plane corre-
sponds to the work area plane,
and the height (z-axis) shows the
magnitude of the electric field.
Note how the image dramatically
displays the sharp drop in electric
field strength.  

Topographic Electric Field environment 

Topographic Potential button on toolbar

The Quality slider is used to set
the image resolution. Set this to
the highest level (far right), or the
highest level not slowing the per-
formance of your computer.     

Topographic Potential environment 
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20) This concludes the tutorial. Experiment with new charge configurations using the other
types of charged objects. To clear the work area and begin a new project, click on File from the
menu at the top of the screen and select New from the drop-down list.

CHARGED OBJECTS REFERENCE

Elaborate charge configurations can be created with the objects described below. A charged
object can be used multiple times in a given configuration, and used in any combination with
other charged objects. Once placed in the work area, charges can be dragged to a new location
and edited by right-clicking on the charge.

POINT CHARGE: Adds a point charge to the work area or directly into the 3D Space envi-
ronment. Select In Plane to add the point charge to the 2D work area, select In Space to add the
point charge to the 3D Space environment.

HORIZONTAL LINEAR CHARGE: Adds a linear charge, possessing a continuous linear dis-
tribution of charge, in the same plane as the work area. Any line of desired length and angle can
be drawn. Click once to mark an end-point, drag out the desired line, click a second time to
mark the other end-point.  

VERTICAL LINEAR CHARGE: Adds a linear charge, possessing a continuous linear distrib-
ution of charge, perpendicular to the work area plane. In the 2D environment, it will resemble a
point charge due to the fact that it is directed up and out of the plane. In the 3D Space environ-
ment, it will appear as a linear charge in the z-direction. Select an Unlimited length (infinite
length), or enter a desired length using the Limited option.

PLANE CHARGE: Adds a plane charge, possessing a uniform charge density, perpendicu-
lar to the work area plane. In the 2D environment, it will resemble a linear charge due to the
fact that it is directed up and out of the plane. In the 3D Space environment, it will appear as a
plane charge with its height in the z-direction. Select an Unlimited plane (infinite in both direc-
tions), or enter a desired height using the Limited option. Click once to mark an edge, drag out
the desired cross-section, click a second time to mark the other edge. (With the Unlimited
option selected, the plane will extend beyond the drawn edges.) 
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CONDUCTIVE SPHERE: Adds a conductive sphere, either grounded or isolated, to the
work area.

Grounded Conductive Sphere has a connection to the earth, so it has zero electric poten-
tial under all conditions. It can receive charge from the earth, so its total electric charge is not
necessarily zero.

Isolated Conductive Sphere has no electric connection to other objects so its total electric
charge is always zero, however, its potential may change due to nearby charges. 

A conductive sphere will have its surface charge density represented by a violet contour line
drawn within or around the sphere. The magnitude of the surface charge density is proportional
to the distance between the violet line and the sphere’s surface. Click once to mark the center of
the circle, drag out the desired radius, click a second time to complete the circle. Only point
charges can be used when a conductive sphere is present, any other type of charge will be auto-
matically deleted when a conductive sphere is added. 

CONDUCTIVE PLANE: Adds a conductive plane, infinite in both directions, perpendicular
to the work area plane. (See DIELECTRIC BOUNDARY)

DIELECTRIC BOUNDARY: Adds a dielectric boundary plane, infinite in both directions,
perpendicular to the work area plane. A dielectric boundary is a boundary between two regions
of space possessing different dielectric constants (k). The dielectric boundary can be made into
a CONDUCTIVE PLANE (one side has infinite conductivity and zero potential) by selecting the
Conductor Boundary checkbox. Click once and drag out the desired cross-section, click a sec-
ond time to complete the boundary. (If a dielectric boundary has already been placed in the
work area, click the New Position button to re-draw its position.) A dielectric boundary cannot
be used when a conductive sphere is present, adding one will automatically delete the other. 


