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Abstract

In this paper we demonstrate how a computational
physics approach based on a discrete particle model
can be employed for the visualization of magnetic
field lines. This can be regarded as an illustration
technique for the underlying vector field. To accom-
plish this, a model for ellipsoidal shaped particles
consisting of ferromagnetic materials is described
in combination with a parallel simulation algorithm
based on an electrostatically enhanced Molecular
Dynamics approach. For interactive viewing of the
time-dependent simulation data, a hardware-based
projection algorithm for the perspectively correct
rendering of large numbers of illuminated ellipsoids
is presented.

1 Introduction

Experimental visualization of magnetic field lines
is a well-known technique. Probably no student
leaves school without having seen simple demon-
strations carried out with a permanent magnet and
some iron filings. With this simple and yet powerful
experiment it is possible to gain much insight into
the structure and properties of magnetic fields. So
why not also use this method most people are fa-
miliar with in a computer graphics tool to illustrate
the shape of magnetic fields, e.g. in education or in
popular scientific publications? This could be es-
pecially useful, if real experiments are not possible
due to a complicate experiment setup or large scale
fields which can not be reproduced in a small scale
experiment are involved.

In this paper we present a physically based simu-
lation method for the dynamic behavior of particles
of ferromagnetic materials in an applied magnetic
field. Using a full three-dimensional model allows
for the simulation of a wide range of phenomena
that can be observed during the alignment process

of the particles, e.g. particles that pile up or are re-
stricted in motion due to their shape. It is impor-
tant to model several physical properties and laws
that are involved. First, there are the mechanical
properties of the particles, e.g. their size and shape
and material properties like friction coefficients or
elasticity, that, in coaction with for example gravity
or obstacle geometry, influence the motion of the
particles and their interaction with adjacent parti-
cles. As large numbers of finite-sized particles have
to be used in order to produce illustrations that re-
semble the appearance of real world experiments,
typical rigid body simulation approaches known
from computer animation do not suffice. Instead,
methods from computational physics that deal with
large many-particle systems have to be used. For
the magnetostatic interaction between particles and
between particles and an external magnetic field,
two additional effects have to be incorporated: The
magnetization of a particle due to the given external
magnetic field and the induced magnetic fields of
the other particles, and the forces and torques act-
ing on the particles as a result of that.

Furthermore, since for a reasonable simulation
the size of the problem, given by the number of
discrete particles, can easily exceed 100,000 inter-
acting objects, this computational task is only fea-
sible when high performance computers like large
shared memory machines or cluster computers are
used. In this work a MPI-based [2] implementation
is presented that allows us to simulate large num-
bers of particles while moderate computing times
are achieved.

2 Related Work

Traditionally, the visualization of magnetic fields or
more general vector fields is done via field lines.
But there are also many problems associated with
this approach. How to find appropriate seed points?
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How to achieve a reasonable coverage or line den-
sity, especially in 3D? Many lines have to be pre-
computed in order to visualize the whole field. An-
other popular method, known as Line Integral Con-
volution (LIC), that addresses at least some of those
limitations in a way that it produces a dense repre-
sentation of the whole field, has been the ancestor of
an entire family of modern flow visualization meth-
ods, cf. [9] for an overview.

Although, the magnetic field is a vector field,
it is in fact no flow field. Therefore conventional
LIC is not very well suited for visualizing mag-
netic fields. An improved method that was specifi-
cally designed for vector fields that exhibit no typ-
ical flow behavior such as electric fields, was pre-
sented by Sundquist [14]. This method, called Dy-
namic Line Integral Convolution (DLIC), addresses
the fact that in electromagnetic fields, unlike flow
fields, the direction of the motion is not necessarily
the direction of the field itself.

The method we want to present in this paper, in
turn, is not meant to be an alternative to the above
mentioned algorithms for interactive visualization
in scientific applications, but rather as a way to gen-
erate near photo-realistic illustrations of magnetic
fields that can be used for example in educational
or instructional contexts.

The dynamic behavior of particles in magnetic
fields is still subject of current research in computa-
tional physics. Most of the published papers regard-
ing the simulation of the behavior of granular mag-
netizable materials focus on the investigation and
improvement of the compaction process in manu-
facturing of magnetic materials such as permanent
magnets or magnetic recording media [7].

3 Simulation of Particles in a Mag-
netic Field

In order to achieve realistic and visually pleasing
illustrations large numbers of particles have to be
used. From our experiments we found that, de-
pending on the underlying magnetic field and the
resolution of the generated images, at least 30,000
to 50,000 particles should be used. Although, for
some of our experiments we used up to 100,000 par-
ticles to achieve satisfying results. For such a large
number of distinct objects the well-known meth-
ods traditionally used in computer animation are no
longer feasible. Instead we have to use methods

from computational physics where dynamic many-
particle systems consisting of several thousands to
millions of particles have attracted the attention of
researchers for more than 50 years. There are sev-
eral well-known and widely used methods available
that could be applied to our problem. We have cho-
sen a Molecular Dynamics approach that is known
to deliver realistic results, takes the geometric rela-
tionship into account, which is crucial in a graphics
application, and is also easy to parallelize.

Molecular Dynamics (MD) is a common tech-
nique for the simulation of large numbers of dis-
tinct particles, e.g. in the study of atomic clusters,
in biomolecular modeling, the simulation of liquids
or granular matter. Each molecular object, e.g. atom
or small molecule, is represented by a single parti-
cle or mass point that interacts with other particles
and its environment via pairwise potentials. In basic
MD the evolution in time, i.e. the trajectories, of the
particles is computed by integrating the Newtonian
equations of rigid body motion depending on forces
derived from the given interaction potential and,
maybe, external forces. Whereby the actual poten-
tial has to be deduced from certain physical laws,
e.g. van der Waals forces. This simple microscopic
model can be extended to a macroscopic model that
can handle the interaction of particles composed of
millions of molecules. For such a model, obviously,
a simple potential function is not sufficient to de-
scribe the interaction between two particles. There-
fore, some kind of geometric particle-particle inter-
action potential has to be defined. For two elastic
particles that cannot interpenetrate each other, the
expected qualitative behavior of the contact poten-
tial would be as follows: Neglecting adhesion, the
two spheres do not exert any force on each other as
long as their surfaces do not touch, but as soon as
they get in contact with each other the balls will de-
form and a repulsive force will arise between them.
The greater the deformation, the greater the repul-
sive force.

In traditional rigid body collision systems a hard
object model is used, in which collisions are treated
by applying linear momentum at the time of contact
between two objects and restarting the time integra-
tion. Thus, for many tightly packed objects, the ef-
fective time step tends to get very small. In MD a
constant time step is used. That means, instead of
enforcing the constraint that particles can not pen-
etrate each other, the assumption that the two col-
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liding particles undergo a slight elastic deformation
is introduced. In this, so-called soft particle model,
the overlap, that occurs due to the fact that essen-
tially the particle model does not reflect those vir-
tual deformations, provides a measure for the re-
pulsive force and is called virtual overlap. The re-
sulting repulsion force is typically modeled by the
behavior of a damped nonlinear spring acting in the
direction of the collision normal. Additionally to
these normal forces, e.g. frictional forces for graz-
ing contacts can be modeled.

3.1 Particle Model

Most particle dynamics codes still use a very sim-
ple, spherical particle model. In this work, in-
stead, general ellipsoidal particles, i.e. ellipsoids
with no restrictions concerning the lengths and ra-
tio of the three semi-axes, are used. There are
several reasons why we use ellipsoidal particles
for the simulation. First of all, it provides us
with a reasonable good approximation to real par-
ticle shapes, such as the iron filings we want to
simulate. Although more elaborate particle mod-
els, e.g. super-ellipsoidal forms [16], multi-element
approaches [3] or polygonal approximations [11],
have been described that may provide an even better
coincidence with the shape of real particles, the use
of ellipsoids has some additional advantages. They
can be analytically described in a very simple way,
but nevertheless provide a wide range of different
particle shapes, ranging from spherical over elon-
gated or needle-like forms to oblate or disc-shaped
objects. Furthermore, the ellipsoidal shape exhibits
certain magnetic properties that are important for
the computation of the particle magnetization. Fer-
romagnetic samples are more easily magnetized in
the direction of greater extent than in others, caus-
ing an anisotropy of the magnetization. Therefore,
spherical particles are not well suited for our pur-
pose.

In order to perform a MD simulation, a method
for finding particle-particle contacts and comput-
ing the overlap between two general ellipsoids has
to be introduced. Unlike the spherical case, de-
termining if two general ellipsoids intersect or are
separated from each other is no trivial task. There
are several methods, e.g. [18], that have been pro-
posed for finding the intersection curve of two el-
lipsoids in three-dimensional space. But as we are
only interested in the fact whether there is an in-

tersection and if this is the case how large the ac-
tual overlap is, our problem is slightly different.
A special contact function for ellipsoids that ac-
complishes that task was proposed by Perram and
Wertheim [13] for Monte-Carlo simulations. Other
algorithms for contact detection and overlap com-
putation in discrete element simulations are based
on solving quartic equations [15] or a geometric po-
tential concept [10]. The drawback common to all
these methods is that they all rely on numerical it-
eration techniques for either solving the resulting
differential equations, finding roots or minimizing
functions.

In order to improve the robustness and the speed
of the initial collision test we employ an algebraic
criterion for the separation of two ellipsoids [17].
It requires no iterative computations, and thus is
more efficient and exact compared to the aforemen-
tioned methods. In [17] it is shown that two ellip-
soids of the form Gk(x) = xtAkx = 0 have an in-
tersection if and only if their characteristic equation
f (λ ) := det(λAi +A j) has at most one distinct pos-
itive root. Given that only the signs of the roots
are important, the task of deciding whether the el-
lipsoids intersect can be accomplished without ex-
plicitely finding those roots [6].

If a contact was detected, the virtual overlap of
the ellipsoid pair has to be computed. This is done
with an iterative method based on a steepest de-
scent approach that finds the two points of deep-
est penetration, hereafter referred to as the contact
points. Fig. 1 shows a simplified conceptual view of
the algorithm. Starting with an initial guess on the
boundary of the first ellipsoid G1(x) = 0, walking
tangentially along that boundary in a way that min-
imizes the value of the function G2(x) the first con-
tact point is found. The descending direction is cho-
sen depending on the gradients of the two quadratic
forms. The locally strongest minimization is to be
expected in the direction of the negative gradient
−∇G2(x). But as this gradient is not mandatory
tangential to the surface of the first ellipsoid, it has
to be projected into the tangential plane in order to
find di, the direction of descent. For a given approx-
imation qi, the next point qi+1 is found by walk-
ing along the straight line qi + λdi with step size
h > 0 and projecting the point q∗

i+1 = qi +hdi back
onto the surface G1(x) = 0. The contact point qc

is reached as soon as ∇G1(x)‖∇G2(x), which is a
reasonable assumption for small overlaps. Thereby
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Figure 1: Finding the contact point.

special care has to be taken about the “leaping over
the contact point” that can occur if the step size h
is chosen too large. In this case, adapting the step
size to h := h/2 ensures convergence. The virtual
overlap is then given by the Euclidean distance of
the two contact points.

3.2 Magnetic Interaction

We use an extremely simplified but still physically
based model for the magnetic properties and inter-
actions of our particles. First of all we assume that
each particle can be represented by a single macro-
scopic magnetic dipole m = VM according to its
current magnetization vector M and its volume V .
Then, computing the magnetic interaction consists
of two main aspects: magnetization of the particles
and forces and torques acting on the particles due to
the magnetic field they are exposed to. This mag-
netic field consists, on the one hand, of the applied
external magnetic field Hext and, on the other hand,
of the secondary induced fields H j = B j/µ0 of all
magnetized particles.

First, the forces and torques acting on the parti-
cles due to the magnetic field they are exposed to
have to be considered. These are given by

F = ∇(m ·B) and τ = m×B ,

where B is the induction of the magnetic field given
by the superposition of Hext and the dipole fields H j
of all other particles. This can be written as an addi-
tional pairwise particle-particle interaction term for
the MD simulation.

Computing the particle magnetization requires
some more effort. We use a micromagnetic
approach that reduces the problem to a multi-
dimensional minimization problem of the total free
magnetic energy. According to [8] this energy of a

ferromagnetic particle in a magnetic field is given
by

E = Ez +Es +Ec +Ee +Eσ , (1)

where Ez denotes the energy of the sample due to
the torque the external field H = Hext + ∑H j ex-
erts on the elementary dipoles (Zeeman energy), Es
represents the energy of the particle in its own mag-
netic stray field, Ec and Ee the magnetocrystalline
anisotropy energy that arises from the alignment
of the elementary dipoles with respect to the crys-
talline structure of the material and the exchange
energy that originates from the interaction of the el-
ementary dipoles, respectively. The last term Eσ
denotes the magnetic stress anisotropy energy that
is caused by stress exerted on the samples crys-
talline structure.

We simplify this expression by introducing some
more assumptions. First, we assume that the parti-
cles we deal with are quite small, i.e. they consist
of only one magnetic domain. Thus, the exchange
energy can be neglected. We also neglect Ec and
no stress is taken into account. Last, we assume
that the particle magnetization is always saturated,
i.e. |M| = Ms. With these assumptions the total en-
ergy reduces to E = Ez + Es. Only two terms are
left: The Zeeman energy and the self-energy of the
particle in its stray field Hs. As Hs is always act-
ing against the particle’s magnetization it is also
called demagnetization field. This field introduces
an anisotropy depending on the shape of the sam-
ple. In general, the demagnetization tensor N that
characterizes the shape anisotropy and, therefore,
Es are very complicated to compute. But, due to
the simple symmetries of the ellipsoidal shape the
demagnetization field inside the ellipsoid is homo-
geneous and the demagnetization tensor is diagonal
and its elements can be computed very easily [12].
Thus, the magnetic energy of the ith particle can be
expressed in terms of the magnetization vectors M j
of all particles as follows:

Ei = −µ0ViMi ·Hi +
1
2 µ0M2

s Vi

3

∑
k=1

Ni,kα2
i,k (2)

with

Hi = ∑
j 6=i

1
µo

B j = 1
4π ∑

j 6=i

V j

(

3(M j ·ri j)ri j

|ri j|
5 −

M j

|ri j|
3

)

,

and the direction cosines αi,k of Mi with respect
to the half-axes vectors hk of the ellipsoid. This
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yields a system of non-linear equations that have to
be minimized simultaneously for the directions of
the n unknown vectors Mi.

E (M1, . . . ,Mn) → min . (3)

Finding a minimum for this systems would be very
time-consuming for a large number of particles.
Therefore, we further assume that for each particle
M j is constant for all j 6= i during the minimization,
thus linearizing and decoupling the system. This al-
lows us to solve for the directions Mi independently
by means of a conjugated gradient iteration method.

3.3 Parallel Implementation

The complete MD simulation algorithm is imple-
mented in C++ using MPI [2] to distribute the com-
putation over the nodes of a PC cluster. A cell-
based space partitioning scheme typically referred
to as the linked-cell-list approach is used to speed
up the computation of the contact forces. In con-
trast to the short-range contact potential the mag-
netic interactions are not limited to the vicinity of
a particle, i.e. each particle interacts with all other
particles in the simulation area. Therefore, a sim-
ple approach as used for the mechanical particle-
particle interaction is not sufficient. Although, there
have been many different methods proposed that
speed up long-range interaction computations in
many-particle simulations, these techniques are ei-
ther only applicable to periodic systems or rather
complex to implement. Therefore, we have chosen
a simplified version of a PPPM technique (Particle-
Particle Particle-Mesh) proposed in [4] that is quite
similar to the linked-cell method used for the short-
range interactions. It is based on the following ob-
servation: The strength of the magnetic dipole field
of a particle varies with the inverse of the cube of
the distance from the particle’s center and the re-
spective forces arising between particles decrease
even faster. Taking into account that all particles
are of approximately the same size and assuming
that they are relatively evenly distributed in space
it is possible to use the spatial partitioning to speed
up the computation of the magnetic interaction, as
well. The direct particle-particle interaction is com-
puted only for the particles inside the same cell and
the 26 neighbor cells. The contributions of all other
particles are approximated on a per cell basis. First,
for each cell a “virtual” magnetic dipole is intro-
duced that is defined by the center of mass of the

particles in the cell and the sum of their single mag-
netic moments. Then, for each cell center the mag-
netic field generated by all other cells–excluding the
cell itself and its neighbors–is computed from those
“virtual” dipoles. This gives us an approximation to
the field of the farther away particles. Thus, Hi can
be approximated as

Hi ≈ ∑
j∈Ω\i

1
µo

B j +Hgrid , (4)

with Ω being the set of indices of the particles con-
tained in the cell the ith particle is located in and all
of its 26 neighbor cells.

To achieve the maximum parallelism, an evenly
distributed load for all used cluster nodes is nec-
essary. Therefore, dynamic load balancing using
graph partitioning functions from the ParMetis li-
brary [1] is used. The cells of the space partition-
ing are assigned to the cluster nodes according to
the partitioning computed with a k-way partition-
ing algorithm from the weighted dual graph of the
grid cell structure. The vertices and edges of the
graph are weighted depending on the computational
load, i.e. the number of particle-particle computa-
tions that have to be carried out for this cell, and
the communicational effort, i.e the amount of data
that has to be transfered potentially from one com-
pute node to another if the two neighboring cells are
located on different nodes.

4 Particle Rendering

During the particle simulation step large amounts of
time-dependent simulation data are produced. For
most of the examples we have computed, 50,000
particles or more were used and the simulation re-
sults in more than 1,000 saved time steps. That
means several gigabytes of total simulation data
have to be handled. Rendering that many particles
at interactive rates becomes tedious when a suffi-
ciently smooth geometric representation of the el-
lipsoids is required, due to the large amount of ge-
ometry that is involved. Even when OpenGL dis-
play lists or vertex arrays are employed the frame
rates that can be achieved for reasonably smooth
tessellated ellipsoids are far from being interactive.
Therefore, we have come up with a solution that
breaks down the generated geometric data per ren-
dered ellipsoid to a single vertex position with two
additional per-vertex attributes. The basic idea is to
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render just a single OpenGL point per ellipsoid and
exploit the programmability of both the vertex and
the fragment processing pipeline of recent graph-
ics processing units (GPUs) in order to compute the
perspectively correct projection of a Phong-shaded
ellipsoid directly on the graphics board, thus avoid-
ing the bottleneck of the AGP bus in exchange of
higher vertex processing and rasterization effort. As
only one extended point primitive is rendered for
each ellipsoid our approach could be also thought
of as a kind of splatting method.

Our approach is very similar to one recently pre-
sented by Gumhold [5]. But our method is also
different from this method in that we reduce the
amount of information that has to be transferred
over the AGP bus to the necessary minimum. Each
ellipsoid is represented by its center point c, a half-
axis vector h and a quaternion q describing its
orientation. These three values can be encoded
into the 3D vertex position, the normal vector and
the four element vertex color attribute of a single
GL_POINT primitive. Thus, only ten floating point
values, or 40 bytes, per ellipsoid have to be trans-
fered over the system bus to the GPU.

The rough outline of the algorithm is as follows:
First, for each ellipsoid the screen area that is cov-
ered by its perspective projection is determined.
Then, the fragments that actually lie inside the sil-
houette of the projection have to be determined. For
each pixel covered by the point primitive a ray from
the eye-point through that pixel is computed. This
eye-ray is intersected with an implicit representa-
tion of the ellipsoid in order to decide if the frag-
ment belongs to the projected boundary or not. De-
pending on this the fragment is either discarded or
the intersection point and the ellipsoid normal are
computed for shading the resulting pixel.

Associated with each ellipsoid there is a local co-
ordinate system in which its boundary can be repre-
sented implicitly by the quadratic form

{

x̃| ‖x̃‖2 = 1
}

. (5)

Starting from Eqn. (5) the world space description
{

x| ‖M−1 (x− c)‖2 = 1
}

(6)

of the ellipsoid can be derived, where M = QH is
a symmetric, positive definite matrix given by the
scaling matrix H = diag(h) and the rotation matrix
Q = R(q) that describes the orientation with respect
to the local coordinate system.

4.1 Ellipsoid-Ray Intersection

In the first step of the rendering algorithm the screen
area that is covered by the perspective projection of
the ellipsoid’s shell is found by projecting the eight
corners of its bounding box into clip space. Since
OpenGL points are always square, the point size is
defined by the longer edge of the axis-aligned rect-
angle enclosing the projection. This is clearly a
drawback of our approach, since many fragments
have to be considered in the following steps that
could be excluded if a non-axis-aligned screen-
space area could be used. But in fact this is only
a problem if the ellipsoid projects to a rather large,
non-axis-aligned screen area.

The next step is to find those fragments of the ras-
terized point that indeed belong to the projection of
the ellipsoid. This is done by intersecting the eye-
rays, passing through each fragment, with the ellip-
soid. If there is at least one intersection point the
fragment belongs to the projection, otherwise it has
to be discarded. Intersecting a straight line with an
ellipsoid is not difficult, but even simpler in its lo-
cal coordinate system. Because all transformations
we have to deal with are affine it is quite obvious to
transform the eye-ray into object space and then do
a simple ray-sphere intersection computation.

The point ẽ = M−1(e− c), the origin of our eye-
ray in object space, is constant for all fragments of
the projection, and thus, has to be computed only
once per ellipsoid. In contrast, the ray direction
d̃ has to be computed for each fragment indepen-
dently. Since we render only a single point it is
not possible, e.g. to exploit the linear interpolation
of vertex attributes during the rasterization for the
computation of d̃, as it is done in [5]. Instead we
have to compute it from the current fragment posi-
tion in screen space. Then the actual intersection
computation is very easy. Inserting the ray equation
ẽ +λ d̃ into Eqn. (5) yields

d̃t d̃λ 2 +2ẽt d̃λ + ẽt ẽ−1 = 0 , (7)

which has to be solved for the intersection parame-
ter λs.

4.2 Shading and Depth Correction

For a per-fragment correct lighting of the ellipsoid
we have to compute the surface normal in the inter-
section point. Fortunately, the point of intersection
s̃ = ẽ + λsd̃ is identical to the normalized surface
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normal. Computing per fragment Phong-lighting is
now straight-forward. Last the correct depth order-
ing of the rendered objects is ensured. For each
fragment the depth value has to be computed and
written to the z-Buffer. This is done by trans-
forming the point of intersection to world space,
s = Ms̃ + c, and applying the model view and pro-
jection transforms. Perspective division and depth
range mapping yields the corrected depth value for
each fragment.

4.3 OpenGL Implementation

We implemented the described algorithm based on
the NVIDIA (NV) as well as the ARB vertex and
fragment program extensions. As mentioned be-
fore, the three properties that define an ellipsoid are
specified by the attributes of a single vertex. These
vertices are rendered from vertex arrays in order to
achieve the maximum throughput of the AGP bus
transfer. For each transferred vertex, a vertex pro-
gram computes the point size and position of the
OpenGL point that covers the 2D projection of the
ellipsoid. Additionally, all values that are needed in
the fragment program and are constant for all frag-
ments of the respective ellipsoid are also precom-
puted in the vertex program and passed on as vertex
attributes. Then the fragment program computes the
eye-ray through the current fragment position and
checks for intersection with the ellipsoid. If there
is no intersection the fragment is discarded (texkil).
Otherwise, fragment color and depth are computed
according to the intersection point and the respec-
tive lighting model.

5 Results

Three different scenarios illustrate our method: The
magnetic field of a bar magnet, the combined field
of two solenoids, and the field excited by four cur-
rent carrying conductors. Initially, in all examples
the particles were randomly oriented and uniformly
distributed in a thin layer above the ground plane.
All images are shown on the accompanying color
plate and were rendered on a NVIDIA GeForce FX
5950 based graphics card.

The first example, shown in Fig. 3, is a rather
small setup. Here, only 6,000 particles were used
to illustrate the field of a bar magnet positioned a
short distance below a thin magnetic non-shielding
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Figure 2: Rendering speed depending on the num-
ber of visible particles and written fragments2.

plate, e.g. glass or paper. Nevertheless, the general
structure of the underlying field is clearly visible,
even for this small number of particles. On four
2.8GHz Pentium 4 PCs connected by Gigabit Ether-
net the 30,000 time steps of the presented example
were simulated at approximately 0.6s per simula-
tion step. However, for more complex fields and a
better visual quality, i.e. images that resemble the
pictures of real-world experiments, more particles
should be used. We have found that using 20,000 to
100,000 particles leads to reasonably good results.

In the second image, Fig. 4, a variation of an-
other typical example often used in introductionary
texts on electromagnetism is shown: The field of
two solenoids, i.e. coils with an air core. Some addi-
tional geometry is used in Fig. 4 to depict the plate,
the particles are strewn on, and the coils. The simu-
lation time for the 20,000 time steps of this example
was below 0.5s per step on a eight PCs cluster.

As a last example, Fig. 5 shows a small section of
a simulation with four electric conductors at differ-
ent zooming levels. In this example 100,000 parti-
cles of different shapes were used. Note how the
particles pile up due to the strong attraction ex-
erted by the magnetic force in the vicinity of the
(here not shown) wire. Fig. 2 shows the rendering
speed for this example, Note that the written frag-
ments are considerably less then the actual number
of fragments that have to be computed in the frag-
ment program. This is especially bad as the frag-
ment kill instruction does not terminate a fragment
program. That means if fragments are masked out
because they are not contained in the ellipsoids pro-
jection, the same number of computations is car-
ried out as for fragments that are actually written

2Pentium 4 2.8GHz, GeForceFX 5950; 5122 viewport.
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to the frame buffer. Moreover, if the kill instruc-
tion is used or fragment depths are written in the
fragment program even the early z-buffer test is dis-
abled. Thus, the achieved frame rate depends on the
number of rendered point primitives, i.e. speed of
AGP bus transfer, and the number of generated frag-
ments, i.e. fragment processing speed. When we
start to zoom in, the frame rate increases as points
are culled at the view frustum. As the rendered
points get larger, i.e. the projected area of the ren-
dered particles increases, the frame rate approaches
an upper limit. Then, as the number of generated
fragments starts to grow very fast, since large parts
of the viewport are covered by images of ellipsoids
and the depth complexity is quite high, the render-
ing speed drops considerably. This reveals the main
drawback of our algorithm: we have traded raster-
ization speed for bus transfer. Therefore, the pro-
posed algorithm is best suited for settings where
many particles with a relatively small projected area
per particle have to be rendered while still maintain-
ing the possibility of seamless zooming on parts of
the image containing a small number of particles
with a larger screen space footprint.

6 Conclusions

In this paper we have shown that a physically-
based modeling technique that utilizes methods
from computational physics can be successfully
used for computer graphics applications. Using
a Molecular Dynamics simulation algorithm, it is
possible to generate illustrations of the structure of
magnetic field lines by means of a discrete particle
simulation. A parallel implementation on a clus-
ter computer provides the possibility for simulating
reasonably sized examples in moderate time inter-
vals. This has been shown for practical examples of
up to 100,000 particles in complex magnetic fields.
In addition, a hardware-accelerated algorithm for
the perspectively correct rendering of illuminated
ellipsoids is presented. The proposed rendering ap-
proach reduces the amount of data that has to be
transfered over the AGP bus to a minimum, and thus
permits the rendering of large, time-dependent sim-
ulation datasets at interactive rates. The presented
results show that the illustrations that can be gen-
erated using the proposed method resemble the ap-
pearance of real world experiments with ferromag-
netic powders.
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Figure 3: The field of a bar magnet illustrated with 6,000 ferromagnetic particles.

Figure 4: The field of two solenoids. 30,000 particles were used for the simulation and rendering.

Figure 5: A small section of the result of a simulation using 100,000 particles in order to depict the field ex-
ited by the electric currents running through four conductors perpendicular to the base plane. The hardware-
accelerated rendering algorithm allows interactive viewing of the time-dependend dataset, including seam-
less zooming in high quality.
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