
 

Studies on noise in magnetic recording on particulate media

Citation for published version (APA):
Thurlings, L. F. G. (1982). Studies on noise in magnetic recording on particulate media. [Phd Thesis 1 (Research
TU/e / Graduation TU/e), Electrical Engineering]. Technische Hogeschool Eindhoven.
https://doi.org/10.6100/IR147220

DOI:
10.6100/IR147220

Document status and date:
Published: 01/01/1982

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 26. May. 2023

https://doi.org/10.6100/IR147220
https://doi.org/10.6100/IR147220
https://research.tue.nl/en/publications/abc02ffe-b7c9-4976-92e6-4077101e3378


STUDIES ON NOISE IN MAGNETIC RECORDING 
ON PARTICULATE MEDIA 

L. F. G. ?hurlings 



STUDIES 01\T l\TOISE 11\T MAGl\TETIC RECORDll\TG 
01\T PARTICULATE MEDIA 



STUDIES ON NOISE IN MAGNETIC RECORDING 
ON PARTICULATE MEDIA 

PROEFSCHRIFT 

TER VERKRUGING VAN DE GRAAD VAN 
DOCTOR IN DE TECHNISCHE WETENSCHAPPEN 

AAN DE TECHNISCHE HOGESCHOOL IN EINDHOVEN, 
OP GEZAG VAN DE RECTOR MAGNIFICUS, 

PROF. IR. J. ERKELENS, VOOR EEN COMMISSIE 
AANGEWEZEN DOOR HET COLLEGE VAN DEKANEN 

IN HET OPENBAAR TE VERDEDIGEN 
OP VRUDAG 2 APRIL 1982 DES NAMIDDAGS TE 4 UUR 

DOOR 

LAMBERTUS FRANCISCUS GERARDUS THURLINGS 

geboren te Rotterdam 



DIT PROEFSCHRIFT IS GOEDGEKEURD 
DOOR DE PROMOTOREN 

Prof. dr. F.N. Hooge 

en 

Prof. dr. M.P.H. Weenink 



aan Marlies 
mijn ouders 
Carolien en Marieke 



CONTENTS 

NOMENCLATURE 

INTRODUCTION 
References ......................................... . 

II GENERAL THEORY ON THE NOISE POWER SPECTRAL DENSITY 
1. Introduction 

Page 

1 
7 

9 
9 

2. General formulation of the noise power spectrum . . . . . . . . . . . . . . 9 
3. Non-correlated particulate layer . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
4. Particulate layer with clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
5. Particulate layer with negative magnetic interactions . . . . . . . . . . . . 28 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

III EXPERIMENTAL METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
2. Sample preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
3. Measuring apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

a. recording system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
b. head properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
c. magnetostriction effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

IV ANALYSIS OF THE DEMAGNETIZED STATE ................ 41 
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
2. Spectrum analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

a. Experimental noise spectra . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
b. Comparison between calculated and measured DC noise spectra . . . 48 
c. Comparison between calculated and measured erased noise spectra . 55 

1. Negative magnetic interactions . . . . . . . . . . . . . . . . . . . . . . . 55 
2. Negative and positive magnetic interactions . . . . . . . . . . . . . . 65 

3. Cross-correlation methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
Appendix A ......................................... 76 
Appendix B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Samenvatting en conclusies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 
Aknowledgement 
Curriculum vitae 



NOMENCLATURE 

SI units are use throughout the thesis, and the magnetization M is defined as 
M = (B/µo)- H. 

a Head-to-medium distance (m) 
A Auxiliary variable defined by (2.5). 
A A/V, see (4.10) 
B Auxiliary variable defined by (2.5). 
B B/V, see (4.10). 
C Auxiliary variable defined by (2.5). 
Cy Variance coefficient of the particle volume, see (2.20). 
d Coating thickness (m). 
D Diameter of the read head with a cylindrical profile, see (3. l ). 
E Statistical expectation 
f Probability density function. 
g Gap length (m). 
h Cluster thickness (m). 
h 1 Position of a cluster in the transversal direction (m), see (2.47). 
h2 Transversal position of a particle in a cluster (m), see (2.47). 
H Modification factor for the read head with cylindrical profile, see (3.1). 
Hx Longitudinal component of the Karlqvist head field, (2.3). 
Hy Perpendicular component of the Karlqvist head field, (2.3). 
j y-1. 
k Wave number k = 2rr/A. (m"1 ). 

K Number of particles per cluster 
l Length of a particle (m). 
L Position of a particle in a doublet (m), see (2.58). 
m

0 
Magnetic moment of a particle (Am2 ), see (2.6). 

m Average magnetic moment of the particles (Am2
) 

MT Average number of clusters passing the read head in the time interval 2T. 
n Number of turns of the coil of the read head. 
fi Number of doublets passing the read head per unit time (s"1 ), see (2.59). 
n' Number of doublets per unit volume (m ·3 ). 

nT Number of doublets passing the read head during the time interval 2T, see 
(2.57). 

ni Number of doublets in a cluster, see (4.9). 
N Number of particles per unit volume (m·~ ). 
N Number of particles passing the read head per unit time (s"1 ), see (2.14). 
NT Number of particles passing the read head during the time interval 2T. 
p Auxiliary variable defined by (2.5). 
P Power spectral density, k ~ 0 (V2 /Hz). 
q Auxiliary variable defined by (2.5). 
q1 2fi/N, Percentage of particles participating in the negative interactions, 

see (4.6). 



qz E{e }, expectation of the ratio of the volumes of the two particles of a 
doublet, see (4.14). 

sm Sign of the magnetic moment of a particle with respect to the longitudinal 
axis. 

S Fourier transfonn of the induction voltage of a particle passing the read 
head. 

rs Real part of the Fourier transfonn S. 
js Imaginary part of the Fourier transfonn S. 
2T Time interval of observation (s). 
u Position of a doublet in a cluster (m). 
u1 Position of a cluster in the coating in the longitudinal direction (m). 
Uz Position of a particle in a cluster in the longitudinal direction (m). 

ii 

u3 Position of a sub-agglomerate in an agglomerate in the longitudinal direction (m). 
l4 Position of an agglomerate in the coating in the longitudinal direction (m). 
U Step function. 
v Velocity of the magnetic coating (m/s). 
V Volume of a particle (m3 ). 

V Average of the particle volume (m3 ). 

w Track width (m). 
w' = 2/.../a, Average size of a cluster (m), see (4.3). 
w0 = 2/.../f, , Average size of a doublet (m), see ( 4.8). 
w1 = 2/.../1, Average size of a doublet-cluster (m), see (4.15). 
(x,y,z) Coordinate system associated with the coating. 

ex Parameter for Gaussian clusters, see (2.53). 
f, Parameter for Gaussian doublets, see (4.8). 
1 Parameter for Gaussian doublet-cluster, see (4.13). 
o Dirac function. 
e Ratio of the volumes of the two particles of a doublet, 0 <: e <: I. 
11 Efficiency of the read head. 
(8,!fl) Orientation ofa particle 
A Wavelength (m). 
µ

0 
Penneability 411' x l 0·7 (V s/ Am). 

~ Displacement of the coating~= v.t (m). 
as Intrinsic saturation magnetization of the magnetic material (A/m). 
av Variance of the particle volume (m3

). 

w 1 Casting speed of the spin-coating process. 
Wz Drying speed of the spin-coating process. 



1. INTRODUCTION 

The advent of magnetic recording many years ago has confronted science and 
technology with one of the most controversial recording systems in the world today. 
Since, on the one hand its main components are surprisingly simple, but on the 
other hand the physical mechanisms of the recording process are quite intrigated. 
The recording head is a simple ring core wrapped with a few copper windings 
(Fig. 1) and has a gap which produces a stray field as recording field. The magnetic 
recording medium is simply a thin film of small iron oxide particles in a plastic 
lacquer. If such a magnetic film is moved along the core and a time-varying current 
flows through the coil, a spatially varying magnetization pattern is created in the 
film. As all magnetized bodies do, this magnetized film will also produce fields 
around itself, whose strength is of course proportional to the magnetization. Now, 
the same ring core is used to pick up these outer fields of the film. When the film 
moves along the read head, the flux captured by the head varies with time, and thus 
induce a voltage in the coil windings. A very important feature of this system is its 
erasing capability. By simply exciting a ring core with an alternating current of high 

stray field 

particulate layer ----- direction of movement 

Fig. 1.1. Principles of the recording process. 
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frequency any infonnation recorded in the film can be erased, after which it can be 
re-used for recording. In this way information has been stored, recovered and erased 
by relatively simple means. 
However, at a closer inspection this system turns out to be extremely complicated, 
and even after about half a century of sophisticated research it still intrigues many 
scientists all over the world. 
Basically, the complexity arises from the magnetic nature of the system, i.e. any 
magnetized body produces a magnetic field which interacts with its surroundings. 
Evidently, without it, the recording system would not be feasible at all. But on the 
other hand it has the consequence that the head and the recording medium, with 
their different magnetic properties, have to be treated as a whole, each element 
imposing conditions on the magnetic behaviour of the other element. 
As described above, the RECORDING PROCESS is a magnetization process that 
occurs when a magnetic film moves through the time-varying stray field of the gap 
of a ring core. What actually happens is that at a certain instant t0 , when the 
current I(t) through the coil has the magnitude I(t0 ), the stray field H(t0 ) caused 
by this current will magnetize a bell.shaped section of the magnetic filtn in front of 
the gap. But the stray field is not the only field that acts at that instant. 
The demagnetizing field of the bell itself and the magnetic fields of the patterns 
recorded previously contribute also to the magnetization process at that instant. 
Moreover, this happens in the vicinity of a piece of magnetic material with a large 
permeability (the head itself), which tends to shortcircuit magnetic fields. When the 
currents vary slowly some insight can be gained into these processes, but this 
becomes almost impossible when they are high-frequency currents. 
The magnetic film must be able to retain the recorded infonnation, which means 
that a mechanism should be available to prevent the material from being demagne
tized by the fields of other magnetized parts or by its own internal field. Hence, the 
magnetic material must be insensitive to magnetic fields of magnitude smaller than 
the largest field that can possibly arise from magnetizations in the film. On the 
other hand, the head field must be able to magnetize the magnetic filtn. Hence, the 
head field must be able to surpass the coercivity of the magnetic film whereas this 
coercivity must be larger than the maximum demagnetizing field of the magnetiza. 
tion. The large coercive force of modern pigment layers, where acicular particles of 
sub-micron size and of ferrous magnetic material are used [ 1] , originates from the 
shape of the individual particles. The coercivity also depends on interaction with 
other particles. The determination of the relationship between the magnetic 
properties of one particle [2] and those of the particles collectively [3] is severely 
obstructed by, on the one hand, a lack of experimental data on the magnetic 
properties and, on the other hand, an insufficient insight into the influence of the 
interactions between the particles. Since an analysis of the recording process of a 
harmonic signal with a macroscopic approximation is at present only possible by 
means of numerical simulation, a microscopic treatment seems, for the time being, 
out of the question. 



The READ PROCESS is much simpler. Apart from possible reversible and 
irreversible changes that can occur when the tape approaches the read head, the 
read process is adequately formulated by the well-know reciprocity theorem [ 4], 
which states that the flux through the highly permeable read head is equal to the 
integral of the volume magnetization in the tape, weighted by the field of the head 
ifit were excited by a unit current. Thus when the magnetization of the tape and 
the head field is known, the induction voltage can be calculated. 
In recording on particulate media a thin layer of acicular particles, each being a 
single domain, is moved along the record head by which the polarizations are set. 

3 

In the coil of the read head a voltage is induced which is the sum of the voltages 
induced by the individual particles. When a signal current is applied to the record 
head a certain magnetization pattern is established, which means that there is some 
kind of correlation between the magnetic moments of the particles, and the average 
of the flux through the read head will correspond to this pattern. If, on the other 
hand, the particulate layer has been demagnetized the average flux will be zero. In 
both cases, however, the momentary value of the flux through the read head will 
not - in general - be zero, mainly because of the particulate nature of the recording 
medium and this is observed as noise. This noise, thus originating from the magnetic 
properties of the recording medium, and hereafter referred to as coating noise, is in 
practice much larger than the noise originating from other parts in the recording 
channel. Therefore, the S/N-ratio of a recording system is in principle related to the 
(micro) magnetic properties of the recording medium. 
As far as the signal is concerned, the S/N-ratio has an upper limit owing to the 
limitation imposed by the saturation magnetization as, the packing density p, the 
coercive force He etc. It may be expected, therefore, that ultimately when this limit 
has been reached, the S/N ratio will be bounded only by a lower limit of the noise. 
However, the latter depends not only on these relatively simple factors, but also on 
the structure of the particulate layer and on the magnetic interactions between the 
particles. Hence, to understand the characteristics of the noise power, its relation 
with the micromagnetic properties of the particulate layer must be determined first. 
The literature, to be reviewed below, does not present a clear insight into the 
matter. In particular, no reliable experiments have been done to establish the 
relationship between the coating noise, the structure, the coating process and the 
dispersion process, and even a proper theoretical understanding is lacking. 
As a matter of fact, there is little insight into the factors that determine the lowest 
level the coating noise can reach. Moreover, the coating noise does not appear in 
one and the same characteristic manner but in rather different types depending on 
the statistics of the actual micromagnetic state of the particulate coating. 

DC noise (structure noise) is the noise observed after applying a uniform, saturating 
field to the layer. In saturation remanence the layer gives rise to a noise level which, 
in the case of particulate layers, is much higher than the AC noise [ 5] . 
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Virgin noise is the noise measured on a particulate layer which has never been 
exposed to any relevant magnetic field before. Most of the commercially available 
particulate coatings are deliberately oriented during the production process by 
means of a saturating field, so this noise cannot be observed with such media. 

Bulk erased noise is the noise after demagnetizing the particulate layer with a slow
ly decreasing alternating field which is uniform throughout the whole recording 
sample (solenoid). 

AC noise is the noise after demagnetizing the particulate layer with a slowly de
creasing alternating field of an erase head, that produces a field which is uniform 
throughout the coating thickness. 

Bias noise is observed after the coating has just passed the record head, which is 
driven with a high-frequency bias current which is adjusted for optimum output, 
the signal current being zero. Generally, the bias noise is a few decibels higher than 
the AC noise [6]. 

Modulation noise usually refers to the amplitude modulation of a recorded har
monic signal, which is due to variation of the head-to-coating distance or to the 
structure of the particulate layer. 

To complete the list of commonly used terms, we mention here two further de
finitions which are referred to in later sections. 
The term erased noise is used for both the virgin noise and the AC noise, the term 
random noise (or: non-correlated noise) stands for the theoretical noise power for 
the case that all statistical variables are mutually independent. 
Which of these noise categories is the most important one will depend on the con
ditions of the application . Nevertheless, the sequence in which they are mentioned 
here is also the sequence of increasing complexity. The first four originate from 
uniformly (de)magnetized particulate layers; for bias noise the magnetization is 
essentially non-uniform, and for modulation noise it is not only non-uniform but 
also dependent on the signal amplitude. Although each category of the coating 
noise has attracted some notice in the literature, none of them have as yet been 
satisfactorily explained. Early attempts started in 1949 [7] but it was not until 
1957 that Mann [8] formulated the theoretical noise power spectrum, (i.e. the noise 
power per unit frequency as a function of the frequency), for a non-correlated 
particulate coating, i.e. consisting of non-interacting magnetic dipoles. Being un
aware of this model which was published in the German literature, Daniel (9] 
derived the same formula and compared it with the experimentally obtained AC 
noise power spectrum, as was also done by Smaller [ 10] somewhat later. The result 
was a significant discrepancy, especially at high frequencies, between theory and 
experiment. The theoretical noise power turned out to be much larger than the AC 
noise power observed in.practice. It was remarked that this behaviour should be 
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explained in tenns of magnetic interactions, but nobody seemed to know how to 
deal with the problem. As far as modulation noise is concerned, a few experimental 
investigations were performed [11], [12], [13], but a reliable model could not be 
fonnulated. 
In 1964 Ragle and Smaller [6] made it clear that bias noise is inherent to the bias 
recording process. They found that the head-to-coating spacing at the record head 
is of particular importance, which is certainly not the case when erasing with an 
erase head. They concluded that through the bias recording process the particles 
near the surface of the particulate coating near to the head become magnetized in 
unison, which enhances the noise. 
In about 1974 the Japanese Satake and Hokkyo [14] returned to the problem of 
the origins of AC noise in a first attempt to take into account the effects of the 
magnetic interactions between the particles. They regarded the AC-demagnetized 
particulate layer as one consisting of particles occuring as (a) closed loops, (b) long 
chains and (c) isolated particles. By disregarding the effects of(a) and considering 
(b) as extremely long particles, a model could be fonnulated based on Mann's 
formula. Although actual magnetic interactions were still not involved, they 
pointed out that in some way the AC noise must be related to long-distance correla
tions. 

The main question to be answered in this thesis is to what extent the structure 
influences the AC noise, since by means of the magnetic interactions among the 
particles the structure must be involved. To investigate this, a series of recording 
samples have· been made which are different in their dispersion and coating 
properties in order to obtain a variation of the coating structure. 
On these samples the power spectra of AC noise and DC noise have been measured 
of which DC noise is needed to derive the properties of the structure. To analyze 
these spectra, a theory for the power spectral density is needed in which correlations 
between the magnetic moments of the particles can be fonnulated. In principle, 
this theory should incorporate the noise power as well as the signal power from a 
recording medium consisting of magnetic particles. 
The literature, however, does not give such a theory. The only fonnula relating to a 
particulate layer is one due to Mann [8] in which all the statistical variables are 
mutually independent; the one established by Satake and Hokkyo [14] is in prin
ciple derived from the former. Westmijze [4] derived the flux response for a 
harmonic signal recorded in a homogeneous non-particulate medium. However, an 
expression that combines the noise and the signal has the advantage of contributing 
to our understanding of the physical backgrounds of the recording mechanism. 
Such a fonnulation will be given in Chapter II, where it is worked out for three 
obvious situations. The formula for the power spectrum of a harmonic signal 
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recorded in a particulate layer is not included in Chapter II, but can be found in the 
relevant paper [ 15] . 
To make it possible to calculate the power spectrum, we first derive the induction 
voltage of a bar magnet of infinitesimal diameter and of length I, which moves along 
the finite-gap read head. The general formulation of the power spectral density is 
then derived by computing the expectation of the square of the sum of the Fourier 
transforms of the induction voltage of the individual particles. Next, the following 
three situations are considered. First, the one in which all statistical variables are 
mutually independent. The general expression thus derived includes the result 
obtained by Mann, but also yields the influence of the finite particle length. 
In a particulate magnetic layer particles will usually tend to form clusters. The 
second model derived from the general formulation describes such a situation and 
shows that clusters are able to increase the noise level above the random noise level. 
In the third situation we examine the power spectrum obtained when particles 
systematically form a flux-closure with a neighbouring particle. Such a mechanism 
must be present, since, as already mentioned above, Daniel and others have shown 
that AC noise is generally lower than the theoretical random noise so that some 
kind of flux-closure must be involved. 

Chapter III is devoted to the experimental methods, like the preparation of the 
samples and the measuring methods used in the experiments. 
In Chapter IV the experiments are compared with the theory. Here, we investigate 
how and in what way the power spectral density of erased noise is influenced by 
certain variations of the structure of the particulate coating, as quantified by the 
DC noise. It turns out that the theory of Chapter II is not yet sufficient to explain 
the typical behaviour of the erased noise. An extended model is formulated and this 
fits the experimental power spectrum quite well. 
To examine certain problems that cannot be investigated by means of a power 
spectrum analysis, a new procedure based on correlation methods is applied. This 
makes it possible to investigate separately the properties of particles with a positive 
magnetic polarity and those with a negative one. It is shown that this method opens 
up possibilities that go beyond those dealt with in this thesis. 
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II GENERAL THEORY ON THE NOISE POWER SPECTRAL DENSITY 

1. Introduction 

In this chapter a general theory is developed to describe the power spectral density 
of the noise voltage originating from the particulate nature of the magnetic medium. 
The theory is restricted here to the case that no signal is recorded. Models treating 
the noise spectral density in the presence ofa harmoill.c signal have been published 
elsewhere [ 1] . We will consider three specific models. The first is the one where all 
statistical variables are uncorrelated. It is called the 'random noise' model and 
shows the typical influence of the particle properties. It incorporates the random 
noise formula derived by Mann [2] and Daniel [3], who have considered a random 
orientation of magnetic point dipoles. In the present study finite dimensions will be 
taken into account. It will be shown that in modern pigments the finite dimensions 
of the particles can have only a slight effect on the power spectrum compared to 
point dipoles. 
In the second case some kind of particle agglomeration is involved. If particles 
occur in groups and if their magnetic moments have the same polarity, the induced 
noise voltage will accumulate, leading to an increase of the noise power. Hence, this 
model relates this increase with the statistical properties of the clusters. 
In the third and last model the essentials of negative magnetic interactions are 
formulated, with the underlying hypothesis that somewhere in the neighbourhood 
of a particle with a positive polarity - positive with respect to the direction of the 
displacement of the layer - there is a particle with a negative polarity. 

2. General fonnulation of the noise power spectrum 

In order to be able to· investigate the influence of the length of the particles on the 
noise power spectrum, we will consider a magnetic particle as a bar magnet with a 
length land a cross-section of infinitesimal size. This seems reasonable since the 
diameter of practical recording particles will be of the order of 0.01 - 0.05 µm, 
which is small compared with the average length of the particles("' 0.3 µm). 
The latter is of about the same order as the gap length of high density recording 
heads. Hence, we take into account the finite length of the particle but disregard its 
thickness. In a cartesian coordinate system (p, q, r), with the unit axis ep parallel to 
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the bar magnet elongation direction (Fig. 2.1) the volume magnetization is given 
by: 

u (1/2 + p). u (1/2 - p) 
M = m0 . o(q). o(r). l ep (~/m) (2.1) 

where U(p) is the step function, o( q) is the Dirac function and m0 the magnitude of 
the dipole moment (Am2

). 

q 
r 

1/2 

Fig. 2.1. The bar-magnet with infinitesimal cross-section. 

-P 

£--o 

In fact, the direction M/IMI need not be the particle elongation direction but 
merely the direction of the magnetic moment of the particle. Since, owing to the 
magnetic interactions, the magnetic moment is not necessarily aligned with the 
major axis of the particles. However, for the time being we have to assume that the 
differences are small, so that the orientation of the magnetic moment is given by 
the orientation of the particle. 

As shown in Fig. 2.2, the coordinate system (x, y, z) is associated with the head, 
with x the longitudinal direction, y the perpendicular direction and z the insensitive 
transversal direction. The recording layer moves along the head, but only in the x 
direction. The coordinate system (x1, y 1, z1) which is fixed to the recording layer 
at an arbitrary point, is related to the head-coordinate system by (x1 , y1 , z1 ) = 
(~, y, z) with~= v.t, which means that at the instant t = 0 both coordinate systems 
are identical and at the instant t = t0 the position of the recording layer in the 
longitudinal direction has changed with~= v.to 
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Fig.2.2. The coordinate systems of the read process for the arbitrary oriented bar· 
magnet passing the read head. System (x, y, z) is associated with the head 
and in the centre of the gap, system (x 1 , y 1> z 1) is associated with the 
magnetic layer, system (x 0 , y 0 , z0 ) is in the centre of the particle. 

The induction voltage e(t) of a single particle passing the read head can be derived 
by means of the well-known reciprocity theorem [4] and by using the Karlquist 
expression [5] for the field of the head excited by a unit current I: 

e(t) = -n.v. d {.!!!!__ f M.H dv} 
dt nl v 

nl17 l . x + g/2 Hx = -- arctan - arctan 
ng y 

-nl17 
I). = 2ng 

where 

(x + g/2)2 + y2 
ln -----

(x - g/2)2 + y2 

n = number of turns of the coil of the read head 
v = speed of the coating relative to the read head (m/s) 
M = magnetization of the coating (A/m) 
H = head field of the read if excited by a current I(A/m) 
I current (A) 

(2.2) 

(2.3a) 

(2.3b) 



12 

g = gap length of the read head (m) 
(x,y,z) = coordinate system associated to the read head 
~ = v.t =displacement (m) 

= read head efficiency 

It is possible to formulate a closed expression for the induction voltage but it is 
quite a cumbersome formula and of less practical value. For our analysis we need its 
Fourier transform, which is given by: 

F(f) = f e(t) e·j·211'f.t dt (2.4a) 

which can, with t = ~/v and 211'f= k.v, where k is the wave number k = 211'/A, be re
written as 

F(k) = _!_ f e(~) e·jk~ d~ 
v_ .. (2.4b) 

To distinguish between the wavelength dependent spectrum and the frequency 
dependent spectrum we replace F(k) by S(k) and obtain 

S(k) = _!__ j e(~) e·jk~ d~ 
v 

'kl "k sin kg/2 
= -n µ011mo e· Yo el Xo 

kg/2 

l l l 
je·lkl 2" sin 0 cos ..p iJk 2 cos 0 -elkl 2. sin 0 cos ..p 

Where (0, ..p) is the orientation of the bar magnet, see Fig. 2.2. 

(2.4c) 

Later on, it will turn out to be very convenient to define the real and imaginary 
parts in close form and to introduce the polarity of the magnetic moment. 
The real and imaginary parts of(2.4) can now be written as: (omitting the index 0 ): 

rs(k) = Sm A cos kx - Sm B sin kx 

iS(k) sm A sin kx + sm B cos kx 



where 

A 

B 

c 

p 

q 

2 
= C V e·lkly . -

1 
sink (p) cos ( q) 

= -C V e·lkly 
2 

cosk (p) sin (q) 
1 

= n 1.1.o 0 8 Tl 

1 

sin (k g/2) 

kg/2 

= lkl - sin 0 cos IP 
2 

k cosO 
2 

The polarity of the magnetic moment with respect to the longitudinal - i.e. 
direction of coating movement - axis is now defined by: 

where 

= intrinsic saturation magnetization of the pigment (A/m) 
= volume of the particle (m3 ) 
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(2.5) 

(2.6) 

= sign of the magnetic moment, which implies that the orientation angle 0 
is restricted to 

o~o~ 'lf/2 (2.7) 

So far we have· dealt with the Fourier transfonn of the induction voltage for one 
single particle. We now proceed with the formulation of the power spectral density 
for a collection of particles. 

The power spectral density P(f) for a stationary stochastic process is defined by 
Campbell's theorem [6], [7] : 

P(f) = 2. lim . E{zi, IF (f)l2 
} , f~ 0 

T~ 

I 

(2.8) 

where f is the frequency, 2T the time interval of observation, F(f) the Fourier trans· 
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form of the voltage, and E stands for the statistical expectation*). The induction 
voltage is the sum of the induction voltage induced by NT particles passing the read 
head in the time interval 2T. Thus the power spectral density (from now on as a 
function of the wave number) is: 

[
1 lNT ! 1 =lim - E ~(£Si)2 + -E 
T i=l T 

(2.9) 

vT-+.. 

This is the basic fonnula for all further work. If the distribution functions of all 
statistical variables and the possible correlations are known, the power spectral 
density follows then from (2.9). 

3. Non-correlated particulate layer 

In this section we assume that all statistical variables are mutually independent, 
Hence, (2.9) can be simplified and each term of (2.9) can be written as 

(2.10) 

With this expression we can now compute the power spectrum of (2.9) by treating 
the real and imaginary part separately. 
According to (2.4) Sis a product of functions of different stochastic variables 
which are assumed to be independent. The same statistical rules as with (2.10) can 
now be applied. Then, with the assumption that the particles are randomly 
distributed in the longitudinal tape direction, i.e., 

I 
f(x) = 

2vT 
(2.11) 

*) The expectation of a function y of a statistical variable x with the probability 
function f(x) is defined as 

"' 
E{yf = fy f(x) dx ... 
and its square is written as 
(E{y} )2 = E { y } 2. 



which satisfies 

vT 
f f(x) dx = l 

·VT 

we obtain, after applying the limit vT -+-...: 

NT { } NT vT 1 N 
lim -- E cos2 kx = lim -- f -- cos2 kx dx = 

vT-+.. 2T vT-+.. 2T -vT 2vT 2 

NT NT vT 
lim E{sin2 kx} = lim f 

vT-+.. 2T vT-+.. 2T -vT 

where 

N= N. w. v. d. 

N 
sin2 kx dx =-

2vT 2 
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(2.12) 

(2.13a) 

(2.13b) 

(2.14) 

N is the number of particles per unit volume, w is the trackwidth, vis the tape 
speed and dis the thickness. Now it follows that the last tenn in expression (2.10) 
disappears, which results in 

P(k) = 2 N [ E {A 2 s:n} + E { B2 s:n } ] (2.15) 

Although we are quite aware that s:n = 1 the factor is kept in the formula to be 
used for a discussion at a later stage. 

Hence, we obtain: 

(2.16) 

This formula represents the non-correlated state of the magnetic medium. The 
power spectrum depends on the individual statistical properties of the stochastic 
variables only, so that we have to make up a product of independent expectations. 
In Chapter IV this formula will be evaluated for practical circumstances. If the 
experimentally determined power spectral densities of the various noise categories 
are not equal to the one found with this formula, then correlations must be involved. 
Formulas such as (2.16) have been derived by many authors [2, 3, 8, 9], but only 
for the case 1=0. Mallinson [10] derived this noise power spectral density for 
l f 0, but here the orientation of the particles is restricted to purely longitudinal 
only. 
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·The noise power is found to be proportional to N, the number of particles per unit 
volume, the track width wand the tape speed v. Thus the noise voltage is proportio
nal to the square root of these factors. This dependence originates from the 
assumption that the read process is stationary, i.e. 

NT 
Jim = N 

2T 
(2.17) 

T....,...., 

Thus, with an increasing observation time interval the number of particles passing 
the read head per unit time must approach to a constant value. This implies that the 
time interval of observation, times the speed, must be many times the longest wave
length in the noise power spectrum which is to be investigated. 
By defmition - see (2.6) the polarity of the particles can only have the values + 1 
and -1. Now assume that a fraction p of the particles has a positive polarity with 
respect to the longitudinal track direction so that the fraction (1-p) has a negative 
sign. Hence, the magnetization level is proportional to (2p-l), and the density 
function f(sm) is: 

(2.18) 

With this density function we then find for the expectation: 

(2.19) 

Thus p and hence the magnetization level - has no influence on the noise 
spectrum. In other words: the uncorrelated medium with all signs equal (DC-magne
tized) yields the same power spectrum as when it would be completely demagnetized 
(AC-erased). 
Although this statement seems contrary to experience, it is not, because there are 
simply no correlation mechanisms involved that could cause a difference between 
the two magnetization modes. Therefore, the derivation given by Mikami [11] 
must be in error because the noise power in his paper depends on the fraction p, 
which leads to the incorrect conclusion that DC-magnetization decreases the noise 
level. Stein [8] too, who derived the non-correlated noise spectrum correctly, states 
that in contrast to experimental observations the DC magnetization should decrease 
the noise level. 
Eldridge [ 12] states correctly that if a perfectly dispersed particulate medium 
could be magnetized longitudinally in a perfectly unifonn manner, the noise would 
be the same as if the medium were in the state of net zero magnetization. 
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The expectation of the particle volume is given by 

(2.20) 

- (JV 

where f(V) is the density function of V, V the average volume and V = Cv, the 

variance coefficient. Although formula (2.20) is relatively simple, its evaluation is 
not. The particle volume distribution function is usually determined from electron 
microscopy photographs, which are projections of the particle volumes. Moreover, 
the particles are very small, have irregular shapes and occur in groups, which makes 
it rather difficult to determine particle volumes. 
For the perpendicular y position of the particles it is assumed that the probability 
function is uniform 

1 
f(y)=

d 

and 

a+d 1- e·2kd 
E { e·ky} = f f(y) e·2ky dy = e·2ka 

a · 2kd 

(2.21) 

(2.22) 

where a is the head-to-coating spacing and d the coating thickness. The factor N 
also contains the thickness d, see (2.14) so that the noise power is proportional to 
(1 e·2kd). With increasing dl'A this factor becomes 1, and at small d/X it 
approaches kd, all this being well known. 
Obviously, the further the particles are away from the read head, the less they will 
contribute to the noise powei:. For a layer with thickness d, the top layer with 
0 < y < d' ~ d will contribute a fraction p to the total noise power, where 

1 _ e·2kd' 
p= 

1 _ e·2kd 
(2.23) 

Fig. 2.3 gives p versus d' for d = 5 µm and some practical values for >... For the long 
wavelength (">.. = 100 µm ~ d) the whole thickness contributes, whereas for the 
short wavelength (>.. = 1 µm < d) only the first half micron of the coating contrib
utes to the noise. 
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Fig. 2.3. The relative noise power as a function of the partial thickness, with 
coating thickness d = 5 pm. 

As eq. (2.16) indicates, even in the simple case of a non-correlated particulate 
medium the particle length and the orientation cannot be treated separately. The 
arguments of the circular and hyperbolic functions do not allow the last factor of 
(2.16} to be split up into separate functions for I, fJ and I{). Thus in general the 
the three-dimensional integral involving 1, fJ and I{) has to be calculated. Never
theless, if the particles are regarded as being much smaller than the shortest wave
length of interest, i.e. kl ~ 1, the last tenn of (2.16) becomes 

4 
lim (2.24) 

14() 

When the particles are randomly oriented, the density function, which is defined 
by: 

1f/2 21f 
f f f(fJ, I{)) sin fJ dfJ di{) 

fJ=O 1()=0 

is 

I 
f(fJ, I{))= -

. 21f 

and the expectation becomes 

=k2 .1-
3 

(2.25a) 

(2.25b) 

(2.26) 



This factor is found in the formulas of Mann [2], Daniel [3] and Satake and 
Hokkyo [9]. 
If the particles are all pointing in the same (B 0 , cp0 ) direction, the probability 
density function is 

1 
f(B,cp)= .o(cp-cp0 ).o(B B0 ) 

I sinB I 

and the expectation is 

Efk2 (sin2 B cos2 yi+cos2 B) }=k2 (sin2 B0 cos2 cp0 +cos2 B0 ) 
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(2.27) 

(2.28) 

This expectation is plotted in Fig. 2.4 for several values of cp0 • For cp0 = 0 all the 
particles contribute optimally to the noise, for they are all pointing in a direction 

E/k2 

--•eo 

Fig. 2.4. The influence of the particle orientation on the random noise. 

perpendicular to the z-direction. This aligning always increases the noise. For the 
case (yi0 = 0) eq. (2.28) is independent of B0 • Thus further aligning to B0 = 0 has no 
influence on the noise, so that both x and y components contribute in the same 
manner. 
Next we investigate another special case. We assume that 8 = 0 in eq. (2.16), so that 
all particles are perfectly aligned to the direction of particle movement. Hence, we 
obtain now for finite 1: 

{ 
4 } { (sin(kl/2) ~ 2 

} E f ( sinh
2 

p.cos2 q + cosh2 p.sin2 q) = k2
• E . kl/

2 
/ (2.29) 
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For f(I) = o (I - 10 ) Mallinson's fonnula [ 10] is obtained. Here we will consider f(l) 
to be a log-nonnal distribution function as is usually found for the particle length, 
thus 

1 log 1 log~ 2 

loge I - -(----) 
f(l) = -- . - . e 2 a 

a.../ 2Tr 1 

where log ~ is the median and a the standard deviation [ 13] . 
Function (2.29) is now calculated relative to the case that 1 """'0, giving 

E { ( sin k 1/2 )
2 

} = "°( sink 1/2 )
2 

dl 
k 1/2 / . k 1/2 f(l) 

(2.30) 

(2.31) 

This function is plotted in Fig. 2.5.c for the density functions given in in Fig. 2.5.a 
and b. These curves show that only in a pigment with a large amount of long 
particles a strong influence on the short wavelength region in the noise spectrum 
might occur. However, in practical powders which are comparable to curve~= 0.3, 
a= 0.4, the influence is small. Nevertheless, it will appear later that this expectation 
is an important one for it has possibly strong influences at the short wavelength 
region and no influence at the long wavelength region of the noise power spectrum. 

4. Particulate layer with clusters 

So far, no correlations have been assumed. However, important correlation mecha
nisms occur in particulate media. One of the major effects originates from clustered 
particles. It has clearly been recognized that particles tend to form groups [9], 
[ 12] which is caused by the magnetic forces. 
In the case of non-magnetic elongated particles which have been dispersed in the 
coating as well as possible, a kind of clustering can also be observed which must be 
due to their elongated shape. These clustering mechanisms govern the position of 
particles. On the other hand if it were possible to disperse particles uniformly, dis
regarding the non-zero space occupied by a partiele which imposes in fact a non
overlapping particle matrix, in the demagnetized state the magnetic moments still 
interact and particles which are accidentally near to each other would try to form 
magnetic clusters through this mutual magnetic interaction. 
The basic mechanism of the correlations treated in this section is that particles, or 
actually magnetic moments, occur in groups. Assuming that these groups occur at 
random in the coating and that the magnetic moments within the same cluster have 
the same polarity, owing to DC magnetizing, the noise level is increased compared 
with that in the demagnetized state. Since, if a particle passes the read head there is 
a large probability that another particle with the same polarity will pass the read 
head at about the same moment, hence increasing the noise flux pulse. 
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Fig. 2.5 The influence of the finite particle length on the random noise. 
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A group of arbitrary magnetic moments with the same polarity can be regarded in a 
first approximation as a large magnet. Hence, a simple phenomenological model can 
be fonnulated which treats clusters as large longitudinally oriented particles, as has 
been treated in the literature [9]. Such a model might be a useful approach. How
ever, it does not incorporate the particulate character of the cluster, which might 
lead to incorrect interpretations (see also Chapter IV). 
As a matter of fact, a cluster is a correlation between the positions of the particles 
for at least two, but mostly three dimensions. However, the density function for 
the position in the transversal (z) direction is of less importance. This is so because 
the read head is insensitive for the z-component of the magnetization and hence the 
power spectrum is not dependent on z. 
As far as the exponential y-dependence is concerned, the position of the particles 
can be important. But if the x-position of the particles is independent of y, and 
uniformly distributed, the y-clustering of the particles only alters the random noise 
formula of the preceding chapter in so far as the y function is concerned. 
Clustering of particles in the x-direction is essential to explain a noise level in the 
DC-saturation state which is higher than the uncorrelated noise level. But, as 
mentioned before, magnetic interaction in a non-clustered medium might yield an 
AC-erased noise level which is lower than the uncorrelated noise level. Thus both 
clustering and magnetic interactions can give a difference in the noise levels of the 
AC-erased and the DC-magnetized state. The mechanism of magnetic interactions 
will be dealt with in section 4. 
Consider a particulate medium with N particles per unit volume. 
In the time interval 2T, NT particles pass the read head, thus 

NT 
N = -- =Nwvd 

2T 
(2.14) 

where N is the number of particles passing the read head per unit time. To simplify 
the problem, we assume that each cluster contains the same number of particles K, 
thus 

(2.3,2) 

where MT is the number of clusters passing the read head in the time interval 2T. 
Furthennore, we write the x-coordinate of the particles as 

x= U1 t U:z (2.33) 

where u 1 is the position of the clusters in the coating and u2 is the position of the 
particle within the cluster. Thus, particles within the same cluster have the same 
value for coordinate u1 • 
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The power spectral density (2.9) can now be written as: 

(2.34) 

In this formula products of three specific types can be recognized, see also eq. 
(2.35). First there are the autocorrelation products. These terms describe the cor
relation of the statistical properties of the particles with themselves and represent, as 
we shall see later, the uncorrelated noise (the random noise). 
The products of the second type concern the cross-correlation of the particles that 
belong to the same cluster, thus having the same coordinate u1. These cross-correla
tions contain the information that the medium is a clustered particulate medium, 
and so they reveal the DC noise contribution to the power spectrum. 
The products of the third type describe the cross-correlation of particles that do 
not belong to the same cluster. They yield the average magnetization level and, in 
the case of a harmonic magnetization (not treated here), they deliver the signal 
power in the power spectral density. Here, its contribution will be zero. 
Formula (2.34) can now be rewritten as 

P(k) = lim -
1 

[NT E{ rs2
} +NT E {jS2 J 

vT--. T 

+NT(K-1) (E{rsu1=ui rsu1=ui}+ E{jsu1=ui jSu1=uJ) 

+NT (NT-K) (E{ rSU1 =ui rSU1 =uJ+ E{jsu1 =ui jSU1 =uj} )) (2.35) 

On the right-hand side the first line gives the autocorrelations, the second line re
presents the cross-correlations of particles within the same cluster, the third line the 
cross-correlations among different clusters. Observe that the term (K-1) expresses 
that at least two particles are needed to form a cluster and thus to yield cluster 
noise. Formula (2.35) also expresses that the noise related to the particulate nature 
of the medium is always present, namely in the autocorrelation terms. Cross-corre
lations are able to increase, but also to decrease, this noise. 
Further we assume that all stochastic variables are mutually independent and all 
clusters have arbitrary positions in the coating: 

1 
f(ui)=-

2vT 

and 

(2.36) 
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vT 
f f(ui) du1 = 1 

-vT 

Thus 

sinkvT Ef cosku1} == -
kvT 

With 

. p sin px 
o(x) = lim - -

fr px 
p-+co 

the following relations are derived: 

(2.37) 

(2.38) 

(2.39) 

(2.40) 

NT 
limT (Eps2 f +Eps2 JJ =2R [ElA2 s:nf +E{B2 s:nJJ (2.42) 

vT-+co 

vT-+co 

NT . . 
lim T (NT-K) . E{ Jgu1 =ui Jsu1 =uj} (2.43) 

vT-+co 

Thus formula (2.35) reduces to 

P(k) = 2R (E{ A2 s:n J+ E{ 8 2 s:U}) + 
2R(K-I) (E {A sm} 2 + E{ B sm }2) [E {cos ku2 J2 + E{ sin ku2 } 2 ] (2.44) 
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The first term is the same as in formula (2.15). The second term expresses the extra 
contribution due to longitudinal clustering. 
If the clusters contain only one particle, we have K = 1, and this part vanishes. In 
more detail, expression (2.44) can be written as: 

P(k) = 2N wvd C2 r { V2
} E { s:n} E { e·2kY} E { l: (sinh2 (p) cos2(q) + 

cosh2 (p) sin2 (q) }+ (K-l)E{vf2 E{sm}2 E{e·kY}2
) 

(E { ~ sinh(p) cos( q) }2 + E l ~ cosh(p) sin( q) } 2) 

(E{cosku, }' + E{sinku, }?] (2.45) 

where C, p and q are given by (2.5). 
From this result we observe that owing to clustering the noise power depends on 
the average partl.cle volume V and on the average magnetization level, expressed by 
E ism } . If the coating is demagnetized (2.18) becomes 

(2.46) 

so that the expectation of the polarity sm is zero in that case. Thus the cluster noise 
contribution disappears. Nevertheless this is one type of demagnetization, namely 
uncorrelated demagnetization. If, however, the polarity sm in the demagnetized 
state depends on magnetic interaction mechanisms or on the demagnetization 
procedure, different results might occur. For instance, if the particles within the 
same cluster have the same polarity either + 1 or -1, the expectation E { sm }2 would 
have to be replaced by E{s:n}, where sm now means the polarity of the cluster. In 
that case DC noise is independent of the average magnetization level. 
The factor E{ e·kY }2 is introduced by the assumption that all variables are mutually 
independent. This implies that if the distribution in the y-direction is uniform, see 
(2.21 ), the cluster occupies the whole tape thickness. This is probably too far from 
reality. The other extreme is that all particles within the same longitudinal cluster 
have the same position y=y0 . In that case we again obtain expression (2.45), but 
E{e·kY}2 is now replaced by E{e·2kYL 
If we consider a vertical clustering anaiogous to horizontal clustering by assuming 
that 

(2.47) 

where h 1 is the position of the cluster in the y-direction, and h2 the position of a 
particle within the cluster, then Eje·kY}2 is replaced by 
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E{e·ky }2--+ E{e·2kh1} E{e·kh2 }2 (2.48) 

Iff{h2 ) = c'>(h2 ), all particles within the same cluster have the same altitude and the 
former model is again obtained. The centre of a cluster is thus (u1 , h1 ). 

h h 
Taking a uniform distribution for h2 on an area - - ~ h2 < - , which is smaller 

2 2 
than the tape thickness, we have 

(2.49) 

For long wavelengths (2.49) this is constant, whereas for increasing h/'A an increase 
of the noise power is observed. If, however, we assume that the cluster thickness h 
is much smaller than the coating thickness d, thus h < d, then trh/'A is small for prac· 
tical values of 'A(> 1 µm). In that case (2.49) is about one, so that the cluster 
thickness has only little influence on the noise power. 
As with the other variables, particle length and orientation are assumed to be inde
pendent of any other variable. To obtain some insight into the influence of these 
expectations, we consider the case where 8 = 0 = VJ, so that we have to evaluate 

E{2. cosh(lkl .!._ sinfJ cos VJ). sin(lkl _!.cos() )l J 

1 2 2 '18=0 
VJ=O 

= E {k _si_n _k _l/_2} 
k 1/2 

= 

(2.50) 

To investigate the influence of the finite particle length on the cluster noise we 
compare (2.50) with the situation that k 1 ~ o and therefore we compute 

{ 
"" sm tr l/'A }2 

G ( 1/'A) = f f(l) di 
0 1f l/'A 

(2.51) 

where f(l) is the particle length distribution function. We calculate this function for 
the log-normal distribution function using the parameter values as mentioned in 
Fig. 2.5.a. From the results shown in Fig. 2.6 we observe that only pigments with a 
large fraction of long particles are able to influence the DC noise. Furthermore, this 
influence is larger than in the case of the random noise as depicted in Fig. 2.5 .c. 
The influence of the cluster size on the power spectral density of (2.45) is found in 
the last terms, which depend on u2 • If we assume that only symmetrical clusters 
exist, then 
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Fig. 2. 6. The influence of the finite particle length on the structure noise for the 
parameter values of figure (2.5). 

(2.52) 

If the density of the particles in the clusters is Gaussian, we obtain: 

(2.53) 

where a= 4/(w')2 and w' is the effective longitudinal cluster size. 
If the particles are uniformly distributed and the length of the cluster is L, we have 

L/2 I sin kL/2 
E{ cosku2 } = f - cos ku2 du2 = ----

-L/2 L kL/2 
(2.54) 

Although the formula looks similar to the one obtained by Satake and Hokkyo [9], 
the model is not. In our case we have a statistical distribution of the particles in a 
certain interval L, whereas their model concerns bar magnets with length L, which 
are interpreted as a chain of particles. 
To facilitate the calculation we have assumed that all clusters are identical, i.e. that 
each cluster has the same size w' and the same number of particles K per cluster. 
Independent noise power contributions add up. So if it is assumed that w' and K 
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are independent of any other statistical variable, the corresponding noise powers 
can be integrated if the density functions for w' and K are known. However, for the 
time being, we will continue to regard w' and K as average values for the size and the 
number of particles per cluster. 
It can be proved that both expectations concerning u2 in (2.45) vanish ifk-1-co. 
Hence for very short wavelengths the influence of clusters on the noise power 
spectrum disappears, whereas for A.-+-oo the contribution becomes a constant. 
In other words, for very short wavelengths the noise power spectrum always repre
sents the unco"elated magnetic state of the medium, which depends only on the 
particle properties. 

5. Particulate layer with negative magnetic interactions 

So far the only correlation that has been assumed concerns the longitudinal posi· 
tion of the particles. No correlation of the polarity has been considered and so two 
different noise levels have been formulated, (i): the uncorrelated noise where only 
particle properties are important, and (ii): the cluster noise, caused by the 
clustering of the particles. The latter noise reduces to the uncorrelated noise if the 
clusters are randomly demagnetized. However, due to the magnetic interaction 
fields, demagnetization processes will most probably not occur at random. Because 
of the polar character of the interaction fields, the elongated shape of the particles 
and possible typical particle structures, flux closure processes will occur. This 
means that flux emanating from the particles under these conditions will not or 
only partially enter the read head. Thus the noise will then be lower than the un· 
correlated noise level. This consideration was always believed to explain the differ· 
ence at short wavelengths between the experimental AC-noise level and the theoret· 
ical uncorrelated noise level [14). Nevertheless, no model has been presented to 
support this. In a first approximation one could, as with Satake and Hok.kyo [9] , 
simply ignore the flux closure processes by assuming that particles in this state only 
form complete flux closure so that no flux leaves the tape. However, this assump· 
tion most probably goes too far. Only if two flux-closing particles are identical and 
do have the same position (x, y) and the same orientation (0, cp) will the flux 
closure be complete. Otherwise, a residual flux remains which contributes to the 
noise. 
To determine the influence of flux closure processes on the noise we will examine 
the simple situation in which each particle is accompanied by another particle at a 
longitudinal distance 2L and with a reversed polarity. No assumptions will be made 
regarding the orientation and the individual particle properties. The model is as 
follows. In the time interval 2T, 2nT particles pass the read head, nT with a positive 
polarity, nT with a negative polarity. Each doublet has the longitudinal position x, 
assumed to be distributed uniformly, whereas the individual particles in the doublet 
have the position x = u 1 ± L. 
To obtain the noise power spectral density, formula (2.9) has to be evaluated again. 
As with the foregoing models, three contributions can be distinguished: 
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1. The random noise, described by the autocorrelations of the particles: 

(2.55) 

which is the same as formula (2.16). 

2. The correlation products of the particles within the same doublet. These will be 
examined below. 

3. The correlation between particles which belong to different doublets. Naturally, 
in the present situation such correlations are assumed to be absent and thus will not 
contribute to the noise power. 

For the correlation between the two particles in the same doublet we find for the 
real parts: 

E !2 ~T rsi(-L) rsi(L)t = 2nT El rs(-L) rs(L)L 
i=l ~ ) 

= -2nT E {(A cos k(u1 _:L) B sin k(u1 -L) (Acos k(u1 +L) - B sin k(u1 +L))} 

= -2nr [~ E{A}2 (E{cos2kL}+E{cos2kui}) 

E{A} E{B~ E{sin 2ku1 } 

An analogous expression is found for the imaginary terms, but then the term 
-E{A} E{B~ E{sin 2ku1} has changed sign. 
By applying the limit vT-i-oo and using the definition 

nT 
lim = ft 

2T 
vT~ 

we obtain for the total noise power spectral density 

where 

(2.56) 

(2.57) 

(2.58) 
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fi ""n'.w.v.d 

n' "" number of doublets/m3 

w ""track width (m) 
d = tape thickness (m) 
v =tape velocity (m/s) 

(2.59) 

This result expresses that the noise in this situation can be regarded as the uncor· 
related noise power reduced by a tenn which originates from the correlations. The 
tenn E {cos 2kLl expresses that the influence of the interaction disappears with de
creasing wavelength. This is most important because it implies that at very short 
wavelengths the noise power always approaches the unco"elated noise power. 
The subtraction in (2.58) implies that the noise power can reach levels which are 
much lower than the uncorrelated noise level if 

(2.60) 

and 

E{B 2J = E1BJ2 (2.61) 

From (2.15) it is derived that the following conditions must be fulfilled: 

(2.62) 

Hence, all particles must be identical in particle volume, length, orientation and 
have the same altitude. If then f(L) = b(L), the noise power is reduced to zero. 
The conditions can be restricted to the doublets only. Here they ref er to all particles 
because it has been assumed that the particle properties are not correlated to the 
position in the layer, and hence not correlated to the position in the doublet. The 
only correlation that has been assumed is the position of the particles within the 
doublet. If on the other hand, it has been assumed that particles within the doublet 
are identical with the same y·position and the same orientation, the result would 
have been 

Now the properties of the doublets are less important, while the distribution 
function f(L) detennines the actual noise level. 

(2.63) 

So far nothing has been said about the capability of such a zero noise layer to 
maintain a recorded signal. However, this involves a study of the signal recording 
process in particulate layers, and that is beyond the scope of the present work. 
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III EXPERIMENTAL METHODS 

1. Introduction 

In the preceding chapter we analyzed the noise originating from a particulate medium 
and the ways in which it is affected by particle agglomeration and magnetic inter
actions. This chapter will deal with methods of measurement needed to investigate 
the noise and with the method used to make samples of particulate layers. One of 
the topics to be investigated is whether or not the structure of the particulate layer 
affects the AC noise level. To investigate this, one should have samples with dif· 
ferent structural properties, but with the same pigment. To make and to 
characterize such a specimen is a problem in it self, mainly for reproducibility 
reasons. A short review will be given in section 2. 
The technique generally used to determine the characteristics of noise is to measure 
the power spectral density. This technique is used here too, but here we have the 
additional advantage that the source of the noise - the magnetization - is frozen in 
the layer so that the noise voltage can be repeated at any instant. 
This is an important feature which will be used in various ways. First, in deter
mining the noise power spectral density it is desirable to use for each point of the 
spectrum the same length of track corresponding to the same piece of material since 
this gives a better reproducibility. This is achieved by measuring on a circular track 
on recording layers which have been cast on square glass slides. 
The second method used the principle of the repeatability of the noise, to add up 
the properly triggered noise sample for each revolution *). The voltage at each 
instant is added to the voltage at the instant w ·1 seconds earlier (where w is the 
number of revoltttions per second) so that the S/N ratio, where N is the equipment 
noise in V /..J Hz is increased by the square root of the number of revolutions. This 
method was applied long ago by Eldridge [ l] . To add up the noise he used an 
oscilloscope and a photocamera, so that the number of sweeps is limited to only 10. 
For many experiments this is certainly not enough. The method used in this work 
involves a signal averager (or: multichannel analyzer) with a digital memory of large 
capacity which allows a number of noise samples up to 131 000. The averager is 
connected to a minicomputer so that, for instance, correlation functions can be 
computed. This will be discussed in section 3. 

*) Noise sample: time dependent noise voltage during a certain time interval. 
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When determining noise properties of a certain kind it is obvious that the experi
mental conditions should be such as to exclude all disturbing noise sources. In 
section 3 it will be shown that unwanted noise signals introduced by the magnetic 
properties of the read head can mask the noise sources of interest. The transducer 
properties are also determined. 

2. Sample preparation 

To obtain a variation of the structure of the particulate coating, we have varied the 
dispersion time and the spin coating speed. 
In the dispersion process the magnetic pigment, the plastic binder material and the 
solvent are stirred to produce a homogeneous mixture. The amounts, the exact 
mixing procedure and the sequence of adding the ingredients constitute as a whole 
the recipe, on which the final quality of the magnetic coating depends. Above all, 
the recipe must guarantee the reproducibility of the recording properties of the 
coating, in particular for the experiments to be performed in this work. 
As regard their magnetic properties it can be stated that the particles will always 
tend to agglomerate. During the dispersion process the agglomerates are exposed to 
mechanical forces so that by varying the dispersion time the average cluster size 
must change, but in what manner is a problem in itself. 
For the experiments, two lacquers were made using different dispersion 
times, namely 1 hr and 24 hrs. The existence of differences in the obtained 
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structures is the reason for the distinct rheological properties of the two chemically 
identical lacquers. Because of the rheological differences it is to be expected that 
the two lacquers will behave differently in the coating process. 
The magnetic layer is applied to the glass plate by a spin coating technique. 
Although this technique is widely used in the industry, it appears that the 
behaviour of magnetic lacquers is different from that of the usual paints. 
If the process parameters of the spin-coating technique are not set properly a 
number of flaws can be observed in the magnetic layer, such as pin holes, spikes and 
spiral smears. Important spin-process parameters that determine the magnetic 
characteristics of the layer are the 'casting speed' and the 'drying speed' (Fig. 3.1 }. 

At the casting speed the lacquer is applied to the glass substrate during a certain 
time. This done, the paint starts drying immediately and in the meantime the speed 
can be changed to another value referred to as the drying speed. In our experiments 
these rotation speeds are multiples of 1000 r.p.m., with the lowest speed 1000 r.p.m. 
and the highest one 7000 r.p.m. 

~ 1 1000 3000 5000 7000 

1000 1000/1000 1000/7000 

3000 3000/3000 3000/7000 

5000 5000/1000 I 500013000 5000/5000 5000/7000 

7000 7000/7000 

Table 3.1. Rotation speed combinations, w 1 =casting speed, w2 =drying speed. 

For the lacquer with 1 hr dispersion time we examined only the diagonal with equal 
casting speed and drying speed, whereas for the 24 hrs lacquer we investigated not 
only this diagonal but also the third line - the casting speed w 1 = 5000 rpm - and 
the last column - the drying speed ~ = 7000 rpm, see Table 3 .1. 
After drying, the recording sample is calendered. In our experiments no orienting 
field has been applied. Normally although this depends on the lacquer and spin
coating properties - a cross-section of the magnetic layer shows more or less a bell
shaped profile. The highest point is in the centre of the glass plate,just below the 
casting mouth of the spin coater. In the comers and at the edge the layer is some
what thicker. In between, there is a circular track of a fairly constant thickness 
which can be used for recording experiments. 
After drying, the layer consists of magnetic particles dispersed in a plastic binder, 
which is in principle the same as the ones used in conventional magnetic recording 
layers. The pigment in all the experiments is the Pfizer M02228 iron oxide, which 
is used all over the world in standard recording tapes. 
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3. Measuring apparatus 

a. recording system 

The heart of the experimental set-up is turnable supported in air-bearings driven by 
a crystal-controlled motor with a constant speed. The glass plates can be sucked on 
a vacuum table which is mounted on top of the turnable. 
The recording heads, mounted in appropriate pick-up arms, are positioned to be in 
contact with the magnetic layer. In the circular track four heads can be positioned 
simultaneously, thus allowing experiments in which different heads have to be used. 
The usual contact track width - the same as the magnetic track width - is about 
2 mm and, with a radius of 10 mm for the cylincrical head profile, this was found 
to yield the optimwn running performance oil the relatively hard layer. The power 
spectral density is measured with a modified Hewlett-Packard HP 3580 A Spectrum 
Analyzer which is a low frequency (5 50 kHz) analyzer; in connection with a 
specially designed low-noise pre-amplifier. At a linear speed in the track of about 
4 - 5 emfs, wavelengths in the range of 1 - 500 µm are measured. In the normal 
mode a narrow filter - with a fixed bandwidth moves through the frequency 
band in a certain time to measure the noise power. This filter needs a certain time 
to follow the time-varying noise signals, thus controlling the filter sweep time. 
Hence the time needed to determine one complete spectrum is much longer than 
the cycle-time of the sample. However, this time must be as short as possible in 
order to protect the magnetic layer against damage. Measuring the spectrum takes 
about 180 revolutions provided the filter has been properly selected. In many cases 
this is too long. Furthermore there are two other disadvantages. First the spectrum 
also shows periodic oscillations arising from long-distance variations in thickness 
and packing density. The other is that the low-frequency part of the spectrum is 
disturbed by the line frequency and its harmonics. These difficulties can be over
come by controlling the spectrum analyzer with an Apple II minicomputer. Then 
the filter does not run through the frequency band as in the normal sweep mode, 
but instead it is set to a certain frequency by the computer. At this frequency the 
output of the analyzer is sampled at 20 instants corresponding to 20 equally spaced 
points in the circular track. Then, the average of these 20 voltages is computed, 
normalized for the fllter band width and corrected for the uncorrelated equipment 
noise. In this way, the noise power at 20 different frequencies is determined for one 
complete spectrum. 
To determine auto- and cross-correlation functions of the noise, a Nicolet Signal 
Averager is used in conjunction with the Apple II minicomputer. The signal 
averager basically consists of an AD converter and a 4k- 24 bits memory. 
The resolution of the AD converter can be chosen to be 6, 9 or 12 bits as also can 
be the sample time, which has a minimum of 1 µs. The averager digitizes the time
dependent noise voltage at the terminals of the read head and stores the digital data 
in the memory. Afterwards the data are available for calculations and permanent 
storage in the computer system. 
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b. head properties 

head head track zero efficiency turns 
material width point 

(nr) mm) (um) (%) 

10 ferrite 2 2.2 61 80 
12 ferrite 2 100 80 
20 Sen dust 1.85 1.1 73 80 

Table 3.2. Head properties. 

For the experiments discussed in Chapter IV we used different heads (Table 3.2). 
The read head is a laminated Sendust head with a 1 µ.m gap width. A NiZn-ferrite 
head with a gap width of 2 µ.m is used as record head for calibration signals. 
To demagnetize (i.e. AC-erase) the magnetic layer uniformly a NiZn-ferrite head 
with a large gap (100 µ.m) is used, driven by a large current of high frequency. 
The efficiency has been determined by measuring the output voltages of a long 
wavelength longitudinal harmonic signal recorded on a magnetic layer of known 
properties. 
In the Karlqvist head model the influence of the gap length on the noise voltage is 

sin(11' gfll.) 
represented by a sine (11' g/'A) function(= ); see (2.4). For the infinite 

11' g/'A 
plane head Westmijze [2] derived that the gap losses are represented by the Bessel 
function J0 (11' g/'A). The exact head representation, also derived by Westmijze, gives 
a solution which is somewhere in between the sine and the Bessel function. It is 
very difficult to determine the gap loss function experimentally for small gaps 
owing to other wavelength dependent losses, such as the head-to-medium spacing 
losses, which also occur in the same wavelength region. Nevertheless, the zero 
points of the gap loss function are not influenced by those losses, so that the first 
zero point can be interpreted as the magnetically relevant gap length. From studies 
by Westmijze we know that up to the first zero point the differences between the 
gap loss functions of the several head models are small, so that to a first approxi
mation the gap losses can be represented by the sine function as is also done for the 
Karlqvist head. 
The gap length determined for the Sendust head no. 20 gives a gap of about 1.1 µm. 
The uncertainty of this gap length arises from the laminations, which cause a gap 
scattering. Consequently, a sharp zero point does not occur, merely a minimwn. 
The heads have a cilindrical profile whereas the magnetic layer is flat. Although 
some denting of the coating might occur, it can only be small, so that the heads 
touch only at a very small area. On the other hand the head models mentioned 
above concern flat surfaces of head and medium, so that they possibly do not 
represent the present situation. However, Duinker's analysis [3] shows that 
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the flux response for a cylindrical head in contact with a flat layer is altered by the 
factor 

H(kD) = 1 e·kD (3.1) 

where k = 27T / i\ and D is the diameter of the head. Hence, in our case where D = 
20000 µm and i\ < 500 µm, we have D/ A. = 40 > 1 so that the deviation is 
negligible when we use head models with a flat front surface like the Karlqvist model. 

c. magnetostriction effects 

In the course of the experimental investigations we found that the noise sources of 
interest can be masked by unwanted noise signals. In general the AC noise is the 
lowest noise level. On the other hand, when a high-frequency bias field is applied 
with the help of a record head the noise increases, its magnitude depending on the 
bias current [4]. However, we found that this dependence did not occur when 
using certain read heads. Fig. 3.2 shows the relative noise level at a wavelength of 
15 µmas a function of the bias 
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current for the NiZn record head no. 10, which is also used as read head, curve a. 
The noise was also measured with the Sendust head (20), curve b. Although the 
efficiency of the Sendust head is greater than that of the NiZn-ferrite head, the 
latter detects a higher noise level over almost the entire bias current range. Only in 
the peak the noise level is consistent with the difference in the efficiency of the 
heads. Moreover, the Sendust head gives a difference of 3 dB between the AC noise 
level Ob = 0) and the noise level at high bias current, whereas the difference is less 
than I dB for this NiZn·ferrite head. 
This phenomenon is related to the magnetostriction properties of the heads, which 
depends on the intrinsic magnetostriction properties of the head material and on 
the head construction. Price [5] pays some attention to this subject. However, his 
experiments are of less value because they concern magnetostriction measurements 
on the non-magnetic back of the recording tape, whereas magnetostriction is pro
portional to the magnetization. This was confirmed by the following experiment. 
Both the NiZn-ferrite and the Sendust head were used as read head in contact with 
a magnetic layer of non-magnetic o:Fe2 0 3 particles which had about the same 
dimensions as the magnetic -yFe2 0 3 pigment. In both cases the observed noise 
spectrum did not exceed the equipment noise. 
To prove the magnetostriction dependence the AC noise and the bias noise at high 
bias current have been measured on a stretched tape which could also be supported 
by a glass plate below it. The Sendust head yielded the two different levels for AC 
and bias noise whether or not the glass plate supported the tape. The NiZn-ferrite 
head, however, shows only one level when the glass plate supports the tape. 
However, even with the Sendust head it is not unlikely that the lowest noise level 
- the AC noise does in fact consist of both noise sources, i.e. the particulate 
medium noise and the magnetostriction noise of the head. To solve this problem we 
have to determine the AC noise with the head at a fixed but small distance from the 
layer and compare this with the noise determined with the head in contact with the 
layer. Owing to the wavelength-dependent distance losses that occur when the head is 
not in contact with the layer, the spectrum cannot be determined with the 
spectrum analyzer. An additional problem is that the glass substrate usually has 
curvature which causes height variation along the circular track of about 5 20 µm. 
With the head elevated and properly adjusted, a track length of only about 3 - 5 
mm can be used. We chose a track length of 1800 µm and digitized the noise signal 
on that part of the track at 2000 points with the Nicolet signal averager. At short 
wavelengths the distance losses are large which adversely effect the accuracy, at 
long wavelengths the interval is somewhat short. The observed frequency range is 
limited to 315 Hz - 10 kHz (A : 140 - 4.5 µm). The measurement procedure is 
then as follows. First a signal of frequency f is recorded and its output determined, 
with the read head in contact with the layer. Next this head is elevated and proper
ly adjusted. The signal is determined again and the loss is then directly related to 
the distance. With the head still at the same distance from the layer the latter is 
now demagnetized. The noise voltage at the frequency f is now measured and 
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stored, and the S/N ratio (where N stands for the equipment noise) is increased by 
using 128 sweeps (improvement: 21 dB). After normalization, the read head is now 
brought into contact with the layer again to measure the noise voltage in 8 sweeps. 
After correction for the distance loss, both noise voltages should be the same if no 
disturbing noise sources are involved. The procedure is then repeated for other 
frequencies. The results are given in Table 3.3. 

f X AC noise ( dBV) 

Hz µm nod-contact contact 

315 143 -67.7 -66.6 
500 90 -67.1 -66.5 

1 k 45 -66.2 -64.8 
2 k 22.5 -62.1 -62.2 
3 k 14.3 -64.1 ~61.4 

5 k 9 -63.0 -61.5 
8 k 5.6 -64.8 -64.8 

10 k 4.5 -64.6 -63.8 

Table 3.3. Comparison of contact and non-contact noise voltages for the Sendust 
head no. 20. 

The differences between the contact and the non-contact values are reasonably well 
within the accuracy ofthe measurement, which is in the order of± 2 dB. This 
proves that the noise determined with the Sendust head in contact with the parti
culate layer is not significantly disturbed by magnetostriction, thus allowing this 
head to be used as a read head in the normal - in contact - mode. 
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IV ANALYSIS OF THE DEMAGNETIZED STATE 

1. Introduction 

In this chapter we will compare the theory of Chapter II with experimental noise 
spectra. A series of recording samples are investigated of which the structure is 
varied by means of certain variations in the dispersion process and in the coating 
technique. As will be discussed in section 2a the spectra do show different 
behaviours which are directly related to these variations. 
In section 2b the properties of the structure, such as the average size of the 
agglomerates and the number of particles per agglomerate, are quantified by the 
DC noise spectrum for which an appropriate model was derived in section 11.4. 
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In section 2c both AC noise and virgin noise are examined. First they are compared 
with the model of section 11.5 in which only negative interactions are involved. The 
differences between the theory and experiment then lead to an extension of the 
theory so that finally a model is obtained for the erased noise which contains 
negative interactions as well as positive interactions. 

2 Spectrum analysis 

2a. Experimental noise spectra 

By means of variations in the dispersion process and in the coating technique varia
tions of the structure of the particulate coating were made. As outlined in Chapter 
III the following variations are investigated: 

1. 1 hour dispersion time, equal casting- and drying speed 
2. 24 hours dispersion time, equal casting- and drying speed 
3. 24 hours dispersion time, constant drying speed w2 = 7000 rpm 
4~ 24 hours dispersion time, constant casting speed w 1 = 5000 rpm 

The results of these variations will be discussed in this section. 
As a matter of course, all elementary steps for the processing of the recording 
samples were tested for their reproducibility. Identical lacquers were made at dif
fer~nt times and several samples were made for the same combination of the 
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Fig. 4.1 The noise power spectral densities for the lacquer with 1 hour dispersion 
time for various rotation speeds (x 1000 rpm) of the spin coating process. 
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rotation speeds. Both the harmonic signal output and the noise spectral densities 
proved to be reproducible for all elementary steps. Severe problems were en
countered only when layer defects occurred as mentioned in Chapter III. 
All the spectra given in this chapter have been measured with a linear speed of the 
recording track of v = 4 cm/s. The spectra have been depicted in decibels relative to 
1 V/VHZ, (so a step of 20 dB on the power scale corresponds to a change in the 
noise voltage by a factor 10), and as a function of the frequency. For convenience, 
some values of the corresponding wavelength have been given too. 

I. 1 hour dispersion time, equal casting- and drying speed. 
For the lacquer with 1 hr dispersion time the spectra are shown in Fig. 4.1. The 
rotation speeds were w1 = w2 = i* 1000 rpm, where i is given in the figure. 
Examining the noise spectra we observe that all the curves decrease at long wave
lengths (A.> 40 µrn) with an increase of the rotation speed. This is expected to be 
caused in the first place by a change in the thickness of the coating layer. 
With increasing rotation speed all power spectra at short wavelengths increase. The 
main cause of this is expected to be the effect of the surface of the coating 
becoming smoother, through which the head-to-layer spacing decreases. The 
coercive force plays no part because it was found to remain the same for all 
samples, He= 24. 7 kA/m (310 Oe ). At higher rotation speeds a small orientation 
effect occurs (see Appendix A), but that causes the anisotropy to be transverse to 
the track which results rather in a decrease of the noise. Characterization of the 
condition of the coating surface is extremely difficult. Visual inspection reveals 
hardly any difference, apart from the (1000,1000)-sample being somewhat dull. 
Determination of the surface roughness by mechanical means is feasible, but the 
interpretation of the result is still open to debate because of the presence of the 
plastic binder. We shall return to this point in section 2b. 
When comparing Fig. 4.1.a with Fig. 4.1.b we observe that the virgin noise and the 
AC noise do not have the same strength, at least not throughout the entire frequency 
band. At wavelengths longer than about 40 µm they reach the same level, at shorter 
wavelengths the difference can be about 2 - 3 dB. With these samples it seems as if 
the frequency limit up to which both spectra are still the same shifts towards 
shorter wavelengths with increasing spin rotation speed. Anyway, by demagnetizing 
the particular layer, the noise power has been decreased which is bound to mean 
that the flux-closure mechanism has been reinforced, in other words the number of 
particles with negative interactions has increased. 

2. 24 hours dispersion time equal casting and drying speed. 
The lacquer with 24 hours dispersion time, of which some relevant data have been 
given in Appendix B, is in many respects different from the one with one hour 
dispersion time. Fig. 4.2 shows the noise power spectral densities of DC, AC and 
virgin noise, but only for equal casting- and drying speeds. We observe that at 
long wavelengths (A.> 40 µm) the DC noise power decreases with increasing 



rotation speed, whereas AC and virgin noise do so only weakly. At short wave
lengths all noise powers increase with increasing rotation speed. And for this 
lacquer it also holds that AC and virgin noise reach the same level for long wave
lengths, whereas for short wavelengths the difference can be up to 3 dB. 
The DC-noise power behaves rather differently compared with the lacquer with 
1 hour dispersion time. When the rotation speed is low, there is a considerable 
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noise power at long wavelengths which is remarkably reduced at higher rotation 
speeds. This suggests that large agglomerates are already present in the lacquer, which 
become reduced in size by the spin-coating process. 
Comparing the results of the lacquer that has a 24 hours dispersion time with the 
one that has a 1 hour dispersion time we observe directly that the DC noise power 
at long wavelengths for the two lacquers becomes about the same for increasing 
rotation speed; see Fig. 4.3a and 4.3b. Consequently, both structures must possess 
a strong resemblance because they both have the same product of packing density 
and coating thickness; Nevertheless, the structure is not completely the same. Since 
at a high rotation speed the DC-noise power at short wavelengths is higher for the 
24-hrs than for the 1-hour dispersion time (although the difference for the 
7000/7000 sample is only small), whereas the AC and the virgin noise powers for 
these wavelengt;h.s are lower for the 24-hrs dispersion time than for the one hour 
dispersion time. Hence, the head-to-medium distance cannot be blamed for this 
effect. As we shall demonstrate later, an increase of the DC noise power at short 
wavelengths is caused by a reduction of the longitudinal size of the agglomerates, 
and the decrease of the erased noise implies a strengthening of the negative inter
action mechanism. The latter is most important. It means a reduction of the dis
order of the anti-polarized magnetic moments. The alignment will be better, where
as the packing density and the coercivity have not been changed. 
The erased noise at long wavelengths reveals a remarkably effect, namely that the 
curvature shows a definite resemblance with that of the DC noise spectrum. This 
phenomenon will also be observed later, but then more explicitly, in the samples 
with a variation of the casting speed and with a constant drying speed. If the long 
wavelength DC noise shows a pronounced enhancement then this can also be 
observed - less pronounced for the erased noise. Moreover, the DC-noise power 
for the 1 hrsl000/1000 sample is constantly higher than that for the 24 hrs-
1000/1000 sample for wavelengths between 200 and 20 ~m (200 Hz - 2 kHz) 
which is also the case for the erased noise. When the rotation speed is high the 
erased noise spectra at long wavelengths for the two lacquers become the same, just 
as with the DC-noise spectra\ These phenomena are a strong indication that the 
structure of the particulate medium - which is quantitatively characterized by the 
DC-noise power spectrum - also affects the erased noise power. 

3. 24 hours dispersion time, constant drying speed w2 = 7000 rpm 
We now proceed with the examination of the noise power spectra of the fourth 
column of the matrix of table 3.1, thus for a constant drying speed, see Fig. 4.4. 
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For a low casting speed there is again a typical hump in the DC-noise power spectra, 
which disappears when increasing this speed. But here we observe, more clearly 
than in the preceding situation, that this behaviour is also present in the AC and 
virgin noise power spectra. Hence, it must be caused by the structure of the film. 
The short wavelength curvature of the spectra is seen to be different from the 
preceding series. Here, the DC noise power initially decreases with increasing casting 
speed, whereas the erased noise increases at the same time. This must be due to 
structural variations as well. 
As in the preceding situations, the AC noise power at short wavelengths is again a 
few decibels lower than the virgin noise power. 

4. 24 hours dispersion time, constant casting speed w 1 = 5000 rpm. 
The last series of samples to be discussed is the one with a constant casting speed, 
whose power spectral densities have been given in Fig. 4.5. Here the behaviour of 
the spectra is relatively simple: the drying speed has practically no influence on the 
spectra, only the DC noise power spectrum drops a little with increasing speed. 
The reason for this is apparently not simply that the casting speed is constant but 
has a relatively high number of r.p.m. as well. This must be so, for if we compare 
the noise spectra of the samples (w1 , Wz) = (1000, 1000) of Fig. 4.2 and (w1 , w2) = 
(1000/7000) of Fig. 4.4 with each other we indeed observe that the drying speed 
has a marked influence. Hence, a rather high casting-speed determines the final 
structure in the layer so that the drying speed cannot change it anymore. Hence a 
drying speed lower than the casting speed has no influence on the structure. 

2b. Comparison between calculated and measured DC noise spectra 

As yet, there is no evidence which mechanisme controls the noise spectra. From 
formula (2.19) it follows that in a completely non-correlated layer the average 
magnetization for uniform magnetization has no influence on the noise level, 
which means that irrespective of the precise demagnetization procedure the noise 
spectra would have been the same. The theory in Chapter II indicates that on the 
one hand agglomeration - which can give rise to positive interactions - and negative 
interactions on the other are able to produce different spectra. Thus, for instance, it 
is still possible that DC-noise might represent a completely non-correlated particu
late layer, whereas erased noise is lowered owing to negative interactions. 
To determine which of the two mechanisms controls the spectra, or whether both 
do, it is first necessary to calculate the noise spectral density of the true un
correlated magnetic state and then compare it with the noise spectra determined 
experimentally. 
Thus, the random noise divides the spectra in two groups. If the experimental noise 
power spectrum reaches a higher level than the random noise, then there must be 
clusters of equally polarized magnetic moments. If, on the other hand, the 
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spectrum lies below the random noise, then there is flux-closure, and thus a number 
of magnetic moments are accompanied by others of reversed polarity. 
The spectrum for the random noise power is to be found in its general form in 
formula (2.16). By taking into account the following considerations this expression 
can be further simplified. It is assumed that the particles are uniformly distributed 
throughout the tape thickness, since there is no reason to suppose that this is not 
so. Hence, (2.21) holds and its result is (2.22). 
The expectation concerning the finite particle length and the particle orientation 
does not allow these variables to be treated separately. However, in practical 
pigments the influence of the finite particle length is only felt at wavelengths 
shorter than 1 µm. For the present, then, this influence can be neglected, see also 
Figs. 2.5 and 2.6. 
The samples under investigation here had not been oriented deliberately and more
over the magnetic orientation ratio appeared not to be dependent significally on the 
spin speed. We can reasonably assume, therefore, that the particle orientation is 
uniformly distributed. The power spectral density now is: 

-isinkg/2!
2 a; 1-e·Zkd 2 

P(k) = 2(Nwvd) nµ ria V (1 + -) e·Zka k2 (4.1) 0 s k g/2 V2 2kd 3 

The track width w, the number of tums n of the coil, the efficiency 11, and the gap 
length g for the read head no. 20 have been given in Table 3.2. The linear speed 
v = 4.0 cm/sand the saturation magnetization as for the iron oxide pigment is 
0.9 10-7 Vsm/g. The coating thickness of the samples was measured with a 
Talysurf (a needle method) and can be found in the appendices A and B. Here the 
coating packing density can be found too. If the average particle volume is known, 
then the average number of particles per unit volume is known as well. However, it is 
not easy to determine this average volume because of the rather undefined shape of 
the particles and the fact that they mostly do not occur alone, but in groups. 
With the help of electron microscopy we find the average particle volume V to be in 
the order of 10·21 m3

, and the variance coefficient Cy is estimated to be about one. 

Often it is assumed that the head-to-coating spacing is given by the average rough
ness of the recording side of the particulate layer. However, in the theory developed 
in Chapter II, the distance between the read head and the coating is defined as the 
distance between the ideally smooth and flat front surface of the head and that flat 
surface beyond which the center of each particle can be found. The average rough
ness is thus not incorporated in this definition. 
Actually, to follow this definition, we have to determine the orientation function 
of the particles at the surface of the coating, and their length as well, since this 
spacing is determined by the larger particles that are more or less perpendicular to 
the boundary surface, while their centre is close to it. Thus, the head-to-coating 
distance is at least half the length of the largest perpendicularly protruding particle. 
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However, the determination of the orientation of the particles in the surface of the 
coating is difficult to perform with great accuracy. Moreover, in defining the 
magnetically relevant head-to-coating distance the following effects have to be 
taken into account: the surface roughness of the read head, which is of the order 
of 0.05 µm; a possible non-magnetic layer at the surface of the read head - which 
might be in the order of 0.35 µm for NiZn [1], but is unknown for Sendust and 
a possible air film between the head and the coating surface. 
Consequently, at present the head-to-coating spacing according to the definition 
mentioned above, cannot be obtained with sufficient accuracy. Therefore, the head
to-coating spacing is obtained by fitting the random noise curve to the DC noise 
power spectrum as explained below. This spacing is used in further calculations. 

A comparison between the measured noise spectra and the theory has been made in 
Fig. 4.6, part (a) for the 5000/5000 sample of the lacquer with 1 hr dispersion 
time,. part (b) for the sample with 24 hrs dispersion time. For the results of the 
other samples see Fig. 4.7. Curve (a) represents the virging noise, curve (b) the noise 
power after AC demagnetization and curve ( c) the noise power after uniformly DC 
saturating the layer. The power spectral density computed with (4.1) yields curve 
( d), the head-to-coating distance being obtained by fitting the curve at 20 kHz 
(2 µm) to the experimental DC noise power spectrum, curve (c). The spacing thus 
found is 0.36 µm for the 1-hr lacquer and 0.30 µm for the 24-hrs lacquer. Hence, 
the DC noise power for frequencies higher than 20 kHz is merely due to particle 
properties, whereas below this frequency the spectrum depends on structural 
properties as well. Furthermore, both the AC and the virgin noise spectrum are 
below the random noise so that negative interactions must be involved here. More
over, the difference between the random noise and the erased noise at intermediate 
wavelengths is much larger than it is at long wavelengths, as already noted before 
[2]' [3]. 
Now that it is known that DC noise is determined by agglomerates, we have to 
compute (2.45). Here too, there are some reasonble assumptions, apart from those 
mentioned earlier, which enable us to simplify the formulas. An important one is 
that it is assumed that all particles have the same polarity irrespective of their 
position. This may be somewhat disputable because the particulate layer is not in a 
DC saturation state but rather in a DC-saturation remanence state. Consequently, 
there could be magnetic moments which have a reversed polarity, so that there 
is a certain chance for negative interactions and hence E { s:U f * l. Unfortunately, 
at present there is no method available to determine the presence of particles with 
reversed polarity in this situation. Hence, we assume that all particles have the same 
polarity and therefore the expectation value of the polarity equals unity. 
With respect to the clusters we assume that the distribution f(u2 ) of the position of 
the particles within the cluster is symmetrical, thus satisfying (2.52). 
It will appear that in practice the thickness of the cluster is indeed generally much 
smaller than the coating thickness. 
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Therefore, we assume that the particles within the same cluster have about the same 
height y in the layer. This leads to 

(4.2) 

The density function for u2 is not explicitly known and even electron microscopic 
pictures do not reveal this function with much clarity. A reasonable guess might be 
a uniform distribution function because this simulates meandering chains of 
particles quite well. In the spectrum it results in (2.54) which yields another inter
pretation problem because the sine function has zero points that do not occur in 
the spectrum. This can be avoided by taking into account a statistical distribution 
of the length L of the agglomerates. But then this function has to be defined as 
well. Therefore we prefer the simple Gaussian distribution function (2.53). The 
noise power spectral density now becomes: 

P(k) = Nw v l """;~ ~~2 r ( a,V)' e2ka (I - ,-2kd) k . 

2 a 
2 

l k2/2 [ (l+-V-)+(K-1)-e· a:) 
3 V2 4 

(4.3) 

From this it follows that to evaluate DC noise we have to compute the random 
noise of ( 4.1 ), together with a term that depends on the average number of particles 
per cluster K, and the average cluster size w' = 2/ya:. 
These two quantities are obtained by fitting the theoretical curve to the experi
mental one. In Fig. 4.6 the result has been plotted as curve e. The fitting was done at 
frequencies of about 1000 Hz and 10 kHz, disregarding the hump at low frequencies. 
The fitting procedure to find K and w' can be carried out separately because it was 
found in all cases that the DC noise power at 1000 Hz did not depend on the size 
w'. The l hr lacquer yields K = 340 and w' = 3.4 µm, the 24 hrs lacquer K = 250 
and w' = 2.8 µm. In view of the simplicity of the model the agreement between 
theory and experiment may be regarded as quite good. 
Nevertheless, although the difference is rarely more than 3 dB, it is expected that 
the agreement between the theoretical and measured DC noise spectrum, especially 
at short wavelengths, can be improved by a model which favours the cluster with a 
small size w' and not so much the larger clusters. For the present the determination 
of such a model is considered to be of less importance. 
Before taking a look at the other samples of both lacquers we will first have to 
characterize the hump in the DC spectra at low frequencies. This hump suggests the 
presence of very large agglomerates. These large agglomerates will be indicated as 
'agglomerates' (type 2), the former clusters of the order of 3 µmas 'sub-agglomer
ates' (type l ). Now the question arises whether the medium should be seen as a 
collection of agglomerates and sub-agglomerates of two different sizes or whether it 
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should be regarded as a collection of large agglomerates each existing of a collection 
of smaller sub-agglomerates. If the former holds, then the spectrum is merely the 
sum of spectra resulting from (4.3). 
In the second case this is not so and the model for the DC noise power spectrum 
has to be calculated all over again. Let us assume for that purpose a model of 
identical agglomerates, each existing of M 1 sub-agglomerates. Each sub-agglomerate 
again exists of K particles. Analogous to (2.45) ul is the longitudinal position of a 
particle in a sub-agglomerate, u3 the longitudinal position of the sub-agglomerate 
within the agglomerate and u4 the longitudinal position of the agglomerate in the 
coating. Furthermore we assume that u4 is uniformly distributed and for the sake 
of simplicity that the distribution functions of ul and u3 are symmetrical. We find 
the spectrum to be: 

P(k) (2.44) + 2 r:l K (M1 - l)(E{A2 s:n} + E{B2 s:n}) 

(E{cos ku2 } 
2 + E {cos ku3 } 

2
) (4.4) 

If the average size of the sub-agglomerates and that of the agglomerates differ 
very much of each other, then in the k-range where E {cos ku3 } yields a relevant 
contribution, the factor E {cos ku2 } is approximately one. Hence, (4.4) reduces 
then to a sum of spectra of two independent cluster types, just as above. But now 
there is one contribution originating from the particles in the sub-agglomerates 
which is proportional to (K-1), and another from the sub-agglomerates in the 
agglomerates, which is proportional to K(M-1 ), whereas in the first model of an 
addition of two independent clusters types 1 and 2, we have contributions pro
portional to p1 (K.1 -1) and Pl (K2 -1) respectively. Here, K 1 resp. Kl is the average 
number of particles per cluster 1 resp. 2, and p1 resp. Pl the percentage of the 
number of particles per unit volume that are in the clusters of type 1 resp. of type 2. 
As a matter of fact, the factor p and K cannot be determined separately, but only 
as a product p(K-1). Furthermore, it is not possible to distinguish between p(K-1) 
and K(M-1); only the total quantity p(K-1) or K(M-1) can be determined. So, 
for the time being we have to leave this interpretation problem for what it is. 

If we now assume that the distribution function f( u3 ) of the position of the sub
agglomerate within the agglomerate is also Gaussian, and that the fitting is done at 
appropriate points - for instance 100 Hz and 300 Hz in Fig. 4.6a and 100 Hz and 
500 Hz in Fig. 4.6b then it appears to be possible to quantify the longwavelength 
hump in the DC spectrum. The theoretical DC noise spectra of the other samples 
were determined in the same way. The values found for the factors p1(K1 -1) and 
Pl (K2 -1 ), the size w' 1 and w' 2 and the maximum cluster diameter corresponding 
to w' 1 are given in Appendices A and B. 
We now first consider the lacquer with 1 hr dispersion time. Here, with increasing 
rotation speed the coating becomes smoother and thinner, and at the same time the 
longitudinal length of the sub-agglomerates and the amount of particles contained 
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decreases. Furthermore, the maximum diameter of these clusters decreases as well, 
and is always much smaller than the coating thickness. This maximum diameter was 
calculated by assuming a circular cross-section for the cluster and assuming that the 
packing density within the cluster to be the same as that of the coating. 
For the lacquer with 24 hrs dispersion time a similar process is observed. At identi
cal casting and drying speeds the head-to-coating distance, the number of particles 
and longitudinal size of the sub-agglomerates, and their maximum diameter de
crease with increasing rotation speed. In contrast to the 1 hr lacquer, the agglomer
ates are now already present at the very low rotation speeds, and they are even 
rather large. With increasing rotation speed both the sub-agglomerates and the 
agglomerates become smaller and become of about the same size as those of the 
1-hrs lacquer. Hence, the dispersion process changes the properties of the lacquer in 
such a way that, when the dispersion time is long and the rotation speed low, large 
agglomerates can develop, which are reduced in size when the speed is increased, 
but then new structures are built as well. 

When the drying speed is constant the remarkable effect is observed that with 
increasing casting speed at a high drying speed, the clusters of the first order do not 
change significantly, whereas the clusters of the second order change drastically. 
The casting speed thus has a great influence on the development of the large agglo
merates; the smaller ones, on the other hand, are not dependent on the casting 
speed and are presumably already present in the lacquer beforehand. 
At a constant casting speed of SOOO rpm and increasing drying speed the factors 
p1 {K1 -1), p2 {K2 -l), w' 1 and w' 2 relating to the sub-agglomerates and agglomer
ates respectively, first increase, but eventually decrease again. The controlling 
mechanisms are not clear yet. Possibly this behaviour results from two or more 
interfering mechanisms, but no proof can be given at this stage of the investigations. 

2.c Comparison between calculated and measured erased noise spectra 

1. Negative magnetic interactions 

Now that the characteristics of the DC noise spectra have been determined, we can 
proceed with the analysis of the erased noise power spectral density. One of the two 
remarkable observations we noted was that AC noise and virgin noise reach almost 
the same level, and in most cases it was only at frequencies of about 2 kHz and 
higher that any difference could be observed, although this difference rarely 
exceeded 2 to 3 dB. In the literature, only AC noise and bias noise are discussed; 
the virgin noise is not dealt with at all. This is probably due to the fact that the 
published investigations concern deliberately oriented media, so that during the 
production process the particulate coating is subjected to a saturating field. The 
virgin state of the coating is not found in practice. 

The second important observation we already noticed before is the large difference, 
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especially at short wavelengths, between the theoretical random noise and the 
erased noise spectra. For several decades this has been a topic of discussion in the 
literature, and from the beginning its cause has been sought in the magnetic inter
actions among the particles. Basically, two different mechanisms can be distin
guished that govern the magnetic interactions, viz. negative interactions, i.e. the 
tendency of the magnetic moments to short circuit the flux in a closed trajectory, 
and positive interactions, i.e. the tendency of the magnetic moments to fonn a long 
chain. The denomination positive and negative is first used by Neel [4). 
Because of the fact that the erased noise reaches a lower level than the random 
noise there have to be correlations due to the negative interactions. To estimate the 
influence of the negative interactions we use formula (2.63). This has been chosen 
instead of (2.58) because transmission electron microscope photographs of 
microtome slices of commercial tapes and of the samples prepared here reveal that 
particles are seldom isolated from each other [SJ. In this model the two particles 
within each doublet are thus assumed to have the same orientation, but the orienta
tion of the doublets is again arbitrary. Moreover, in (2.63) each magnetic moment is 
assumed to have a negative interaction with another magnetic moment. For very 
long wavelengths(>.> L) however it holds that 

lim E { cos 2 kL} = 1 
k-+O 

(4.5) 

and this implies that the noise power expressed by (2.63) at infinite long wave
length is zero. Since this is not found in reality, it seems reasonable to assume that 
not all the particles but only a certain percentage q1 (of the N particles per unit 
volume) has a negative interaction. Then, (2.63) changes and with the definition 

where ft is defined by (2.59) and N by (2.14), the power spectral density now 
becomes: 

(4.6) 

(4.7) 

The tenns with the factors A and B have been derived before, see (4.2). All that 
remains to discuss is the distribution function of the longitudinal size of the 
doublet. Following the same reasoning as given for the distribution function of the 
clusters in section 2.b, we again take a Gaussian function, so that the power spectral 
density now becomes 

(4.8) 
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By means of an appropriate fitting procedure the percentage q1 and the average size 
w0 = 2/v{j of the doublet is determined: the factor q1 is determined by fitting the 
theoretical curve to the experimental one at the frequency where the greatest 
difference is found between the measured noise spectrum and the random noise. 
The variable {j determines the slope of the spectrum at short wavelengths and should 
be chosen in such a way that the theoretical curve resembles the experimental one 
as closely as possible. Unfortunately, this proved to be rather difficult owing to the 
limited frequency band in which the noise could be measured. 
The results are presented in Fig. 4.7 a/m, for various layers as mentioned in the 
caption. The experimental curves are the virgin noise (a), the AC noise {b) and the 
DC noise ( c ), the theoretical curves are the random noise ( d), the DC noise based on 
only one type of cluster ( e) and the DC noise computed for two different types of 
clusters (f). Curve (g) results from negative interactions (eq. 4.8). Curve (h) will be 
discussed below (eq. 4.15). 

We will first consider the spectra for the virgin noise. The curves (g) in Fig. 4.7 are 
fitted to the virgin noise, except in Fig. 4.7.i, where no data concerning the virgin 
noise are available. Fitting the theoretical spectrum (4.8) to the virgin noise raises 
the problem that both the coupling factor, q1 , and the doublet size w0 have to be 
determined, though they are not independent. However, the optimum combination 
is found by computing the coupling factor q1 for different doublet sizes w0 and 
finding the best fit at short wavelengths. This is shown in Table 4.1 for the sample 
(5000/5000) of the lacquer with 1 hour dispersion time. The factor ni will be 
explained below (eq. 4.9). It then appears that an acceptable fitting can only be 
found for interaction distances w 

0 
< 0.1 µm. For larger distances the fit was bad, 

and this holds for all the other samples as well. This means that the average longitu
dinal distance between two negatively interacting particles is much smaller than the 
average particle length (0.3 µm). The exact value of the interaction distance should 
be determined from the short-wavelength part of the erased noise spectrum. 

Fig. 4. 7 The theoretical and experimental noise power spectral densities for two 
different dispersion times and for a series of coating rotation speeds. 
Ciuve (a): virgin-noise•. curve (b): AC-noise•. curve (c): DC-noise A, 

curve (d): random noise, curve ( e): structure noise for one type of cluster, 
curve (f): structure noise for two types of clusters, curve (g): noise arising 
from negative interactions, curve (h): noise arising from negative- and 
positive interactions. 
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Fig. 4. 7a Dispersion time: 1 hour; casting speed : 1000 rpm; 
drying speed : 1000 rpm. 
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Fig. 4. 7b Dispersion time : 1 hour; casting speed : 3000 rpm; 
drying speed : 3000 rpm 
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Fig. 4. 7c Dispersion time : 1 hour; casting speed : 5000 rpm; 
drying speed : 5000 rpm. 
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Fig. 4. 7d Dispersion time : 1 hour; casting speed : 7000 rpm; 
drying speed : 7000 rpm 
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Fig. 4.7e Dispersion time: 24 hour; casting speed: 1000 rpm,· 
drying speed : 1000 rpm . 
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Fig. 4. 7! Dispersion time : 24 hour; casting speed : 3000 rpm;· 
drying speed : 3000 rpm 
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Fig. 4. 7g Dispersion time : 24 hour; casting speed : 5000 rpm; 

drying speed : 5000 rpm. 
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Fig. 4. 7h Dispersion time : 24 hour; casting speed : 7000 rpm; 
drying speed : 7000 rpm 
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Fig. 4. 7i Dispersion time : 24 hour; casting speed : 1000 rpmi 
drying speed : 7000 rpm. 
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Fig. 4. 7j Dispersion time : 24 hour; casting speed : 3000 rpm; 
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Fig. 4. 7k Dispersion time : 24 hours; casting speed : 5000 rpm; 
drying speed : 7000 rpm. 

nV/.JH-i dB 

-150 

10 -160 

-180 

-190 

0.1 -200 
0.1 

400 
.2 .5 1 2 5 10 20 

40 4 

Fig. 4. 71 Dispersion time: 24 hours; casting speed: 5000 rpm; 
drying speed : 1000 rpm 

~0 t (kHz) 
- >dJJm) 



64 

nV/,JHZ dB 

-150 

10 -160 

-190 

0.1 -200 

• 

electr. noise 

0.1 2 .5 1 2 5 10 20 ~0 t (kHz) 
400 40 4 

Fig. 4. 7m Dispersion time : 24 hours; casting speed : 5000 rpm; 
drying speed : 3000 rpm. 

wo (µm) ql fitting quality 

0.30 0.96 bad 
0.20 0.89 moderate 
0.10 0.84 good 
0.05 0.83 good 
0.01 0.83 good 

- >dJJm) 

ni 

230 
24 
11 
9 
9 

Table 4.1 Example of the fitting procedure for negative interactions for the 
sample ( 5000/5000) of the lacquer with 1 hour dispersion time. 
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Since not enough data could be measured, we assume for further calculations that 
w0 :::::: 0.0 I µm. In fact q1 is virtually independent of w0 if w0 is small enough, see 
Table 4.1. We therefore fitted all virgin noise spectra with w0 = 0.01 µmin formula 
( 4.8) and thus obtained the coupling factor q1 as presented in the Appendices A 
and B. Now it appears that the coupling factor for the 1 hr-lacquer is about q1 = 
0.87 and for the 24 hrs-lacquer about q1 = 0.93. A clear variation with the rotation 
speeds does not occur, all variations that do occur are smaller than the deviations 
introduced by the uncertainties of the fitting procedure. Anyway, there is an 
essential difference between the coupling factor for the two different lacquers, so 
anincreaseofthe dispersion time strengthens the magnetic flux-closure mechanisms. 
All spectral curves (g) according to (4.8) differ considerably at long wavelengths 
from the virgin noise spectrum. This could have been caused by the choice of the 
probability density function for w0 • If we had chosen a function that did yield a 
good fit at long wavelengths, this function would have been a periodic one, because 
the difference between the random noise and the virgin noise shows a clear maxi
mum (at:::::: IO kHz). However, there is no reasonable physical explanation for a 
periodicity in the probability function of w0 • Hence, there must be, apart from the 
mechanism of negative interactions, another mechanism capable of increasing the 
noise of formula (4.8). The only possibility remaining for this is the mechanism of 
positive interactions, i.e. the tendency of magnetic moments to form long strings of 
equally polarized particles. 

2. Negative and positive magnetic interactions 

If negative and positive magnetic interactions occur together, the following inter
action mechanisms can be thought of 
(1) a collection of doublets, mixed with uniformly magnetized clusters. 
(2) a collection of uniformly magnetized clusters, where each cluster interacts 

negatively with another one. 
(3) a collection of doublets with a non-perfect flux closure, forming positively 

interacting strings. 
Possibility ( 1) is not likely to occur because it would mean that in the demagnetized 
state there are clusters that are completely uniformly magnetized. It is more likely 
that the clusters are also demagnetized in one or other way. 
From the observations Fig. 4.7 it was derived that the negative interactions act over 
very short distances, whereas the positive interactions must act over much longer 
distances. This is not satisfied by model (2), where a negatively polarized particle 
from cluster (-) of a cluster-doublet correlates with a positively polarized particle 
from cluster ( +) of the doublet, and this happens over relatively large distances. 
In order to explain AC and virgin noise we have to find a model which allows for 
negative interactions between particles that are at very short distances of each other, 
and positive interactions between particles that are at rather large distances from 
each other. This is contained in model (3). In general, two negatively interacting 
particles will not be identical, so that each doublet has a net remanence. The 
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polarity of this remanence is again defined by the surroundings of the doublet, 
leading to strings of positively interaction doublets. So we are dealing with a collec
tion of clusters consisting of negatively interacting particles (the doublets) of which 
a certain number form strings of positively interacting doublets. The smallest 
particle V 1 in a doublet has a volume V 1 = e. V, where V is the volume of the 
largest particle, thus 0 ""e"" 1. In a doublet string all doublets have the same 
polarity sm,c. but different strings can have a different string polarity. As regards 
the longitudinal position x of the particles, we distinguish between the position of 
the centre of the cluster x = z, the centre of a coublet x = z + u and the position of 
the two particles of a doublet x = z + u ± L. The probability density function for 
these variables is determined by fitting on the experimental noise spectra. 
Starting from the general formulation for the noise power spectral density (2.9) 
we have to compute the following correlations: 
1. interaction between the two particles of the same doublet; 
2. correlation between the particles of different doublets, but within the same 

cluster; 
3. correlation between the particles of different clusters. 
Further we assume: 
a. particles within the same doublet have the same orientation, length and trans

versal position y, but different magnetic moment and different x-coordinate. 
The orientation of the doublets is at random. These assumptions are made for 
ease of computation only. 

b. No isolated particles are taken into accound and each cluster contains ni 
doublets. The num her of particles per cubic metre coating is N. 

The power spectral density in this case is: 

P(k) = 2(Nwvd) E { V2 
} ( (E { A 2 

} + E { B2 
} ) [ 1 - E { e } E {cos 2kL } ] 

+(E{A} 2 +E{B} 2 )2(ncl)E{cosku} 2 (1-E{e}>2 E{coskL} 2
) (4.9) 

where 

A=A/V 
B=B/V 

And A and B are defined by (2.5). 
This formula can be further reduced by taking into account the following: 
1. the length of the particles is rather small, hence 1 -+ 0; 
2. the transversal size of a cluster is much smaller than the coating thickness. 

Therefore, the following substitution holds: 

(4.10) 

(4.11) 
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3. it is assumed that the distribution functions for the interaction distance Land 
the cluster size u are Gaussian functions: 

f(u)= 

4. we define 

This factor q2 plays the same part as the factor q1 in formula (4.8). 

The noise power spectral density now becomes: 

0
v

2 l sink g/2!
2 

P(k) = 2 (Nwvd) V2 (1 + V2 ) nµ.0 as 1'l _k_g_/
2
-

2ka 2 2 k2/{3 1 e· k (-(1-q2 e" )+-(n. 
3 2 --i 

1 _ e·2kd 

2kd 

(4.12) 

(4.13) 

(4.14) 

(4.15) 

The factor {3 describes the negative interactions and their influence on the noise 
power becomes noticeable only at short wavelengths. It will appear that in the 
wavelength region where 'Y is of importance, the term exp (-k2 /2{3) is approximately 
equal to one. 
The power spectrum according to ( 4.15) is depicted in Fig. 4.7 by the curves (h). 
The optimum combination (w0 , q2 ) is the same as (w0 , q1 ) for formula (4.8); the 
results are given in Appendices A and B. The number of positively interacting 
doublets Di is obtained by fitting (4.15) on the experimental erased noise spectrum 
at a long wavelength, namely where the slope of the noise power spectrum is 
6 dB/ oct. The factor 'Y, and hence the length w 1 = 2/../1 of the string of positively 
interacting doublets, is obtained by fitting at intermediate wavelengths. The results 
for Di and w1 still for the virgin noise - are given in Appendices A and B. 

In general the fit is remarkably good, especially for the lacquer with one hour 
dispersion time, whereas the lacquer with 24 hours dispersion time shows a large 
noise source at very low frequencies which corresponds to the large DC-noise at low 
frequencies. Extension of the model to include this noise source - which is due to 
the influence of the large agglomerates in addition to the sub-agglomerates is left 
aside. 
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From the data collected in the Appendices A and B it is observed that ni, i.e. the 
number of positively interacting doublets, is much smaller than the number of 
particles per cluster. 
Moreover, ni is apparently not a constant fraction of the number of particles per 
cluster, but varies somewhat. This is probably caused by the uncertainty in the 
fitting procedure for determining q2 which influences the determination of nj. 
Nevertheless, the order of magnitude of ni is fairly reliable, implying that a cluster 
consists of many negatively interacting particles, of which a certain number form 
positively interacting strings. 
As shown in Appendices A and B, the average length w1 of these strings appears to 
be larger than the average cluster size w 1 '. An explanation could be that the 
polarity of the doublet strings in two adjacent clusters is the same, so that the string 
continues from one cluster into another. 
Another explanation might be that the value obtained for the coupling factor q2 is 
too low. If a cluster string were not able to surpass a cluster, it would have a 
maximum size equal to that of the cluster. In that case curve (h) in Fig. 4.7 would 
necessarily approach a new curve g at a frequency where curve c and curve d inter
cept. But that implies that the new curve g' would be lower than the curve g 
depicted in Fig. 4.7, and hence the coupling factor q2 would be larger than the 
value derived before. Unfortunately, there is at present no other method available 
for defining the average size of the doublet string. 

Appendices A and B also show the results for the fitting of (4.9) to the AC noise 
spectrum. Here, the coupling factor q2 is higher than for the virgin noise, which 
means that after AC demagnetization there is a better flux closure between the 
particles. On the other hand, the number ni is larger and this implies that more 
doublets participate in the doublet-strings. Here too, the doublet strings are larger 
than the clusters, although the same arguments hold as for the virgin noise. 

3. Cross-correlation methodes 

In this section the behaviour of virgin noise and AC noise at long wavelengths will 
be elucidated. In the preceding section we have seen that the noise spectra in most 
cases attain the same level at long wavelengths. A difference was found only at 
short wavelengths which is due to a different negative interaction mechanism. 
The obvious question now is whether the two noise powers are correlated with each 
other in one way or another. To answer this question we use the method in which 
the time-dependent noise - i.e. a noise sample - is digitized and stored in a 
memory as described in Chapter III. This method offers a number of interesting 
possibilities that are not offered by spectral analysis. 

The noise sample is determined as a function of the time, which is to be related to 
a certain position on the track. If now the magnetic state of the coating is changed 
- for instance by AC demagnetizing - and the read process starts for every rotation 
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at the same position, then we obtain in principle a different noise sample, but 
which is nevertheless still related to exactly the same collection of particles. In this 
way we are able to investigate correlations between different magnetic states of the 
same part of the coating. Moreover, it is quite easy to increase the S/N ratio by 
simply repeating and adding up the read signals. 
Due to the fact that the noise signal is the sum of the induction voltages of the 
individual particles, it is possible to investigate the changes that occur when the 
magnetic state of the particle collective is altered. This can be explained as follows. 
The particles in the coating can be regarded as single domain particles whose 
magnetic properties are controlled by the shape anisotropy. Because of the 
elongated shape, the magnetic moment tends to align with the major axis of the 
particles [6]. Hence, in a collection of interacting particles the magnetic moments 
are in a first order approximation aligned with the particle axis. This is exactly true 
in the Neel-model [7] and is a reasonable approximation for interacting Stoner
Wohlferth particles [8]. 

Consider the noise sample e1 which is obtained after AC demagnetizing the layer, 
and a second noise sample e2 which is obtained after once more demagnetizing the 
coating. Going from one magnetic state to the other some particles will reverse their 
polarity ('soft' magnetic particles), some others will not ('hard' magnetic particles). 
The noise samples e1 and e2 can now be written as 

(4.16a) 

(4.16b) 

where eh is the noise sample relating to the hard particles and es the noise sample 
relating to the soft particles. Alternatively, we can write: 

(4.17) 

or 

(4.18) 

Now, we are able to investigate the statistical properties of the magnetic moments 
which reverse, separately from those that do not reverse. Moreover, if e1 represents 
the noise sample after DC-saturating the magnetic medium, for which it is reasonable 
to assume that all magnetic moments have the same polarity with respect to the 
direction of displacement, then it is possible to examine separately the positively
and the negatively polarized magnetic moments which occur after another magneti
zation process. Since, after AC demagnetizing the layer, again some particles will 
reverse their polarity, while others will not. Thus we have: 



70 

+ -eDc=e +e 

-e+ eAC- - e 

(4.19a) 

(4.19b) 

where e + is the noise sample related to the positively polarized particles, and e- the 
noise sample related to the negatively polarized particles. Evidently, with these 
equations e +and e- can be investigated separately. 

In this section we will not discuss extensively the potentialities of this measuring 
method, but confine ourselves to the question which is recapitulated in the opening 
of this section, namely whether or not virgin noise and AC noise are correlated as 
far as the power at long wavelengths is concerned. In that wavelength region both 
noise powers are of the same strength, which could mean that they have the same 
source. 
A simple explanation could be that the read head has a certain remanence. In that 
case the read head writes a DC field in the coating - during the read process - with 
the result that erased noise is partly DC noise. However, it appears that after the read 
head has been properly demagnetized, a positive DC magnetization and a negative 
DC magnetization, both made by means of the record head, give the same noise 
level. This would not have been so if the read head had recorded a DC field as well 
because it would partially demagnetize one of the two DC magnetizations. Hence, 
the cause of the virgin noise and AC noise must be intrinsic to the particulate 
coating. 
The resemblance between virgin noise and AC-noise is now shown by digitizing the 
time dependent noise voltage and computing the cross-correlation function. 
Because the problem concerns long wavelengths only, a relatively large sample 
distance of 1 micrometre can be used. We measured 4096 samples, so that the 
tracklength is about 4 millimetre. The signal-to-noise ratio - the noise is now the 
equipment noise - shows an 18 dB improvement after repeating the measurement 
and adding up the read signal 64 times. The frequency bandwidth of the measuring 
channel is 100-1000 Hz, i.e. X = 50-500 µm. The experiments were performed on 
the sample (w1 , w2 ) = (3000/7000) of the lacquer with 24 hours dispersion time. 
The heads were the same as before. 
The cross-correlation function for the noise samples A and B is defined by 

I/I AB('r) = J A(~ - T) B(~) ~ 

and the normalized cross-correlation by 

I/I AB(T) 
p(T)=------

V I/I AA(O) 1/199(0) 

(4.20) 

(4.21) 
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Fig. 4.10. The cross-correlation for different AC-noise voltage. 
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where~ is the displacement of the coating,~= v.t. and T the spatial displacement in 
the correlation function. 
The autocorrelation follows easily from these formulas. In fact, of course, the inte
gration does not extend to infinity, but is restricted to 4096 sample points, and the 
maximum displacement is chosen to be T ax = 1000 sample points. 
Fig. 4.8 shows the normalized auto-correFation for virgin noise. Fig. 4.9 shows the 
normalized cross-correlation for virgin noise and AC noise. Clearly, there is no 
correlation at all between the two noise samples. Next, the recording layer was AC 
demagnetized a second time and the correlation was computed between two 
different AC noise samples. The result is shown in Fig. 4.10, where a definite 
correlation can be observed. This experiment was repeated and now the correlation 
between different AC-noise voltages was found to be about p(O) = 0.32. 
Consequently, the AC demagnetization process builds in certain correlations in the 
particle collective which are reproducible, and which do not occur in the virgin 
state. The latter originates from the fact that the magnetic particles, without the 
influence of any applied magnetic field, come together only by means of mechanical 
forces and particle interaction forces during the dispersion and coating process. 
During AC demagnetization, on the contrary, a saturation situation is reached for a 
while which puts all the particles of a relatively large area into a magnetic state with 
the same polarity. It is possible that after each time the layer has been demagne
tized, the fixation of the magnetic state starts from the same fixation points, i.e. 
from the particles with a relatively large switching field. This explains the correla
tion between successive AC noise samples. 

We can study this phenomenon in somewhat more depth further by applying ( 4.16). 
The experiment starts with the coating in the AC demagnetized state, and the noise 
sample is digitized and stored. Next, the coating is again AC demagnetized, the new 
noise sample measured and stored too. Then the noise sample (es) related to the 
particles that have reversed their polarity by going from one state to the other is 
computed as well as the noise sample of the particles that remained unaltered (eh). 
This is repeated for several AC demagnetizations of the coating. 
After demagnetization, a certain number of particles remains unchanged. If now 
this portion is partly always the same, then the noise samples relating to the 
unchanged particles (eh) must correlate for repeated AC noise samples. On the 
other hand, if this portion does change completely after each demagnetization 
process, there will be no correlation. Fig. 4.11 shows the results of the correlation 
measurement and apparently, a large correlation can be observed. The average value 
for the correlation coefficient computed from the data of several demagnetization 
processes is p(O) = 0.74. Thus, a large part of the unaltered particles for each 
demagnetization process remains the same through many demagnetization processes. 
Fig. 4.12 shows an analogous correlation, namely for the ensembles of particles 
whose polarity reverses after each demagnetization process. Again, a relatively large 
correlation is observed, the average correlation here being p(O) = 0.S I. Hence, the 
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group of particles that changes polarity remains largely the same through several 
demagnetization processes. 
Finally, the cross-correlation is computed between the altered and the non-altered 
particles after each demagnetization process. An example is given in Fig. 4.13, 
showing that there is no correlation at all. This means that the two ensembles do 
not only consist of different particles as they should, but also occupy different non
correlated positions. 
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wi/w2 I coating specific Ml/ spacing I p1 (K1 -1) P2(K2-l) W1' W2' maximum VIRGIN AC r 
thickness weight Mr// (µm) (µm) (µm) diameter-I 

(µm) {g/cm) (µm) qi {=q2) ni riq1{=q2) ni W1 

1000/1000 10.2 2.5 1.00 0.57 12.600 - 7.8 - 1.7 0.91 87 9.5 0.95 315 9.9 

3000/3000 4.2 2.2 0tl 0.37 765 3160 3.6 80.5 0.7 0.86 15 4.8 0.9 70 6.6 

5000/5000 2.5 2.3 1.15 0.36 340 2400 3.4 81.1 0.4 0.83 10 6.4 0.91 30 6.5 

7000/7000 1.9 2.4 1.13 0.29 I 170 500* 2.9 43.9 0.3 0.88 20 5.2 0.93 60 6.9 

* fitting not satisfactory at 100 Hz. 

Appendix A: 

The properties of the samples made with 1 hour dispersion time: the coating thickness of the recording track, the packing density 
of the recording sample, the magnetic orientation ratio, the magnetic head-to-medium spacing, the density of the sub-agglomerates, 
the density of the agglomerates, the size w1' of the sub-agglomerates, the size w2' of the agglomerates, the maximum possible diameter 
of the sub-agglomerates; for virgin noise and AC noise are given: the coupling factor q1 , the number Di of doublets in a doublet 
string and the length w1 of a doublet string. 
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Appendix B: The properties of the samples made with 24 hours dispersion time 

24 hours dispersion time 

1000 3000 5000 7000 

11.3 2.2 

2.7 

3.4 2.2 

2.4 

The coating thickness (µ,m) 

1000 3000 5000 7000 

1000 2.6 2.5 

3000 2.3 

5000 2.3 2.3 2.3 2.4 

7000 2.4 

The specific weight (glcm) of the coating 

~ 1000 
I 

3000 5000 

1000 

3000 

5000 

7000 

1.00 

1.00 

1.00 1.00 1.08 

The orientation ratio M1 IM II r r 

7000 

1.12 

1.07 

-

1.09 

7000 

0.23 

0.32 

5000 0.30 0.35 0.30 0.38 

7000 0.27 

The magnetic bead-to-coating spacing (µ,m) 

1000 3000 5000 7000 

1040 160 

400 180 

180 190 250 

The density p 1 (K 1 -1) of the sub-agglomerates 

1000 3000 5000 7000 

1000 96600 22710 

3360 

5000 570 1240 1100 

7000 

The density p 2 (K2 -1) of the agglomerates 

1000 3000 5000 7000 

1000 3.6 2.3 

3000 2.9 

5000 2.4 2.7 2.8 

7000 2.7 

The size w1 '(µ,m) of the sub-agglomerates 

1000 3000 5000 7000 

1000 113.8 61.2 

3000 60.4 

5000 32.4 45.4 

7000 

The size w2 ' (µ,m) of the agglomerates 
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24 hours dispersion time 

1000 3000 • 5000 7000 

1000 0.7 0.6 

3000 0.4 

5000 0.4 0 0.4 0.3 

7000 0.3 

The maximum diameter- I (µm) of the sub-agglomerates corresponding to w 1 '. 

• I~ I 
. 

1000 3000 5000 7000. 

1000 95 -

3000 117 55 

5000 44 29 63 38 

7000 48 

The number n; of doublets in a doublet string 
for virgin noise 

~ I 1000 3000 5000 7000 

1000 0.95 -
3000 0.94 0.94 

5000 0.93 0.92 0.93 0.93 

7000 0.94 

The coupling factor q 1 , for virgin noise 

w, 3000 5000 7000 

3000 5.1 4.6 

5000 4.5 4.9 4.9 4.6 

7000 4.7 

The length w 1 of a doublet string for virgin noise 

~ I 1000 3000 5000 10001 

1000 272 377 

3000 111 158 

5000 128 100 160 140 

7000 119 

The number n; of doublets in a doublet string 
for AC noise 

w2 
1000 3000 5000 7000 

1000 0.97 0.98 

3000 0.95 o.96 I 

5000 0.96 0.96 0.96. 

7000 0.96 

The coupling factor q 1 for AC noise 

I~ . w, 1000 3000 5000 7000 

1000 7.0 3.7 ! 

3000 5.7 4.6 

5000 5.7 5.0 6.2 4.9 

7000 6.3 

The length w 1 of a doublet string for AC noise 
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SUMMARY AND CONCLUSIONS 

A particulate magnetic recording medium is a thin plastic layer having a thickness 
between 2 and 10 µm, filled with a magnetic powder. The pigments commonly used 
are Fe2 0 3 , Cr02 , Co-Fe2 0 3 and Fe. At first glance, each particle can be regarded 
as a bar magnet of submicron size. Its magnetization can be reversed if a field is 
applied which is larger than the coercive force of the particle. 
When such a layer containing microscopically small permanent magnets is moved 
along the read head, each individual particle will induce a voltage pulse, even if the 
average magnetization of the layer is zero. Hence, a particulate layer always induces 
a voltage, which is observed as noise. Since the limits of recording systems are also 
defined by the tape noise, the latter must be as low as possible. Therefore, the 
relation must be known between the noise voltage on the read head and the 
intrinsic properties of the magnetic coating. This is the purpose of the investigations 
described in this thesis. 

The determination of a relation between the noise voltage and the micromagnetic 
state of the particulate layer would not be a big problem if the polarity of each 
magnetic particle were determined by the applied field only. 
However, particle interaction fields play a part as well, which makes the problem 
rather intricate. The literature on this subject shows that little progress has been 
made in solving this problem. 
Since the interaction force between two particles depends on the interparticle 
distance, the structure of the particle collection must be of influence as well. An 
important question now is: in what way does the AC noise depend on the internal 
structure? 
Attempts to answer this question and to develop an adequate theoretical basis have 
not been very successful in the past. Regarding the power spectral density of the 
noise, only the formula for the case of a completely non-correlated particulate layer 
has been derived. In Chapter II a theory is presented which may be regarded as a 
general theory incorporating all correlations of interest. Fir~t the non-correlated 
state is derived. Next the situation is considered where the particles in the coating 
form clusters. Finally the case is studied where two neighbouring particles system
atically constitute a flux closure. To compare these analytical formulas with ex
perimental results, a series of particulate coatings was made in which the structure 
was varied by means of the dispersion process and the spin-coating process. For 
these coatings the power spectral density was measured for several magnetic states 
of the coating. The coating technique and the method used for measuring the noise 
properties are described in Chapter III. 
Chapter IV first presents the results that follow from the power spectrum measure
ments on the different samples. It is shown that both the dispersion process and the 
coating technique, each in its own way, have a pronounced influence on the noise 
spectra. It is further shown that AC noise, i.e. the noise after that the layer has been 
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AC-demagnetized, and virgin noise, i.e. the noise of the layer which has not been 
exposed to any field during and after fabrication, show a strong resemblance to 
DC noise, i.e. the noise after that the layer has been unifonnly saturated. 

At present there are no explicit methods available for uniquely characterizing the 
structure of the particulate coating. Here the DC-noise spectrum offers a way out 
because on the basis of the theory mentioned above, it determines the properties of 
the clusters in the caoting. This is dealt with in section IV 2.b, where it is shown 
that, depending on the lacquer properties, agglomerates can either appear or dis
appear during the spin-coating process. Obviously, large and small agglomerates are 
present at the same time. 
In section IV 2.c the virgin and AC noise spectra are compared with the model in· 
volving a flux-closure mechanism. This shows that the distance between two particles 
which form a flux-closure must be much smaller than the average particle length. 
However, the model had to be extended in order to explain the whole spectrum. 
This is described in section IV 2.c.2 where a model is established which considers a 
collection of flux-closing doublets that are still able in som degree to form long 
chains. The power spectrum of this model agrees quite well with the experimentally 
obtained noise power spectra. 
In the last section it is shown by correlation function analysis that virgin noise and 
AC noise are completely uncorrelated. 
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SAMENV AITING EN CONCLUSIES 

Een deeltjeslaag in magnetische recording is een dunne coating van plastic met een 
dikte tussen 2 en 10 µm, welke gevuld is met een magnetisch poeder. Veel voorko
mende materialen zijn Fe2 0 3 , Cr02 , Co-Fe2 0 3 en Fe. In eerste benadering kan elk 
pigmentkorreltje opgevat worden als een staafmagneetje, met afmetingen op sub
micron schaal. Dit zijn dus permanente magneetjes waarvan de magnetisatie omge
keerd kan word.en door een veld dat sterk genoeg is om de coercitiefkracht van zo'n. 
korreltje te overschrijden. 
Wordt een dergelijke laag van permanente magneetjes langs een leesdetector bewogen, 
dan zal elk individueel deeltje een spanningspuls induceren, zelfs als de gemiddelde 
magnetisatie van de laag nul is. Ben deeltjeslaag induceert dus altijd een spanning 
die we waarnemen a1s een ruisspanning. Daar de begrenzingen van recordingsystemen 
mede bepaald worden door het taperuis niveau is het zaak deze zo laag mogelijk te 
maken. Daarvoor is het nodig de relatie te leren kennen tussen de ruisspanning op 
de leesdetector en de intrinsieke eigenschappen van de magnetische coating. Dit is 
het doel van het onderzoek beschreven in dit proefschrift. 
Een verband leggen tussen deze ruisspanning en de micromagnetische toestand van 
de deeltjeslaag zou in wezen geen probleem opleveren ware het niet dat de polari
teit van ieder deeltje niet alleen bepaald wordt door het magnetiserend veld, maar 
ook door de interactievelden van de deeltjes zelf. Dit maakt het probleem dennate 
complex dat in de literatuur relatief weinig voortgang is geboekt. 
Daar de interactiekracht tussen twee deeltjes afhangt van de onderlinge afstand zal 
de structuur een rot moeten spelen. Met name wordt dan een belangrijke vraag: op 
welke wijze hangt de ruisspanning van een AC-gedemagnetiseerd medium samen 
met de inwendige structuur? 
De literatuur is uiterst summier in de formulering van de spectrale verdeling van het 
ruisvermogen. Slechts de formulering voor een volledig ongecorreleerd medium is 
bekend. 
In Hoofdstuk II van dit proefschrift is dan ook eerst een theorie opgezet die als een 
algemene theorie gezien mag worden welke alle van belang zijnde correlaties omvat. 
Hieruit wordt allereerst de ongecorreleerde toestand berekend, vervolgens het geval 
waarin de korreltjes in de laag samengeklonterd zijn en tenslotte het geval van een 
stelselmatig magnetisch afkoppelen tussen de deeltjes. Deze analytische formulerin
gen zijn getoetst aan experimentele resultaten. Hiertoe is een serie gepigmenteerde 
lagen gemaakt waarin met behulp van dispergeer- en bedekkingstechniek de struc
tuur gevarieerd is. Van deze lagen is de spectrale verdeling van het ruisvermogen 
gemeten voor verschillende magnetische toestanden van de laag. 
De bedekkingstechniek en de meetmethoden voor de bepaling van de ruiseigen
schappen zijn beschreven in Hoofdstuk III. 
In Hoofdstuk IV worden eerst de resultaten gegeven welke volgen uit de ruisspectra 
van de diverse preparaten. Hier wordt duidelijk dat zowel het dispergeerproces als 
de coating-techniek, ieder op hun eigen wijze, grote invloed kunnen hebben op het 
ruisspectrum. Bovendien blijkt dat AC-ruis, i.e. de ruis nadat de laag AC-gedemagne-
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tiseerd is, een maagdelijke ruis, i.e. de ruis van de laag welke nog geen magnetisch 
veld ondervonden heeft, in een bepaald opzicht sterke overeenkomst vertoont met 
DC-ruis, i.e. de ruis nadat de laag uniform verzadigd is. 
Momenteel zijn er nog geen expliciete methoden bekend die de structuur van een 
deeltjeslaag eenduidig kunnen vaststellen. Hier biedt het DC-ruisspectrum uitkomst 
want dit spectrum bepaalt, met behulp van bovengenoemde theorie, de eigenschap· 
pen van de clustervorming in de laag. Dit is gedaan in paragraaf IV 2.b en daar blijkt 
dat afhankelijk van de lakeigenschappen agglomeraten ontstaan, maar ook kunnen 
verdwijnen tijdens het spincoating proces. Het blijkt zelfs dat grote en kleine agglo· 
meraten tegelijkertijd aanwezig zijn. 
In paragraaf IV.2c zijn de maagdelijke· en AC-ruisspectra vergeleken met een model 
waarin de magnetische kortsluiting tussen de deeltjes is verdisconteerd. Dit toont 
aan dat de afstand waarover deze kortsluiting plaats vindt veel kleiner is dan de ge· 
middelde deeltjeslengte, Echter, dit model moet nog verder worden uitgebreid om 
bet gehele spectrum te kunnen verklaren. Dit vinden we in paragraaf IV .2c.2 waarin 
een model is afgeleid dat betrekking heeft op een stelsel van doublets die toch nog 
enigszins lange ketens kunnen vormen. Het spectrum van dit model blijkt zeer goed 
overeen te komen met de gemeten spectra. 
In de laatste paragraaf wordt met behulp van een correlatie-analyse aangetoond dat 
de maagdelijke ruis en AC-ruis volledig ongecorreleerd zijn. 
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De schrijver van dit proefschrift behaalde in 1968 het diploma HBS·B aan de Rijks
scholengemeenschap .. Het Wageningsch Lyceum" te Wageningen. In hetzelfde jaar 
ging hij elektrotechniek studeren aan de Technische Hogeschool te Eindhoven. 
Het kandidaatsexamen werd in 1972 afgelegd, waama op 6 maart 1975 het docto· 
raal examen elektrotechniek met lof werd behaald. In de periode maart-september 
1975 was hij werkzaam in een tijdelijk dienstverband aan de Technische Hogeschool 
te Eindhoven in de vakgroep Theoretische Elektrotechniek, waar hij veldberekenin
gen uitvoerde aan gegroefde hoornantennes ten behoeve van satelliet-communicatie. 
Sinds 15 september 1975 is hij in dienst van de N.V. Philips' Gloeilampenfabrieken 
te Eindhoven waar hij als wetenschappelijk medewerker werkzaam is in de groep 
Magnetische Registratie van het Natuurkundig Laboratorium. In deze groep heeft 
hij onder leiding van Ir. A. Walraven onderzoek verricht naar de ruisbronnen in het 
magnetische recording kanaal die hun oorzaak vinden in het micromagnetisch 
karakter van het recording medium. Deze onderzoekingen hebben geleid tot de 
samenstelling van dit proefschrift. 



Ste!lingen bij het proefschrift 
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I. Bij de bepaling van de laagdikte van Silkium Nitride diftu~iemaskers op een
kristallen van Silicium met behulp van ellipsometric wordt door Ito et_ aL ten 
onrcchte een uniforme laag verondersteld. 
T. Ito, S. Hijiya, T_ Nozaki, IL Arawaka, M_ Shinoda, Y_ Fukukawa, J.Electro
chem. Soc., Vol. 125, no. 3, 1978, p. 448. 

2_ 1-:!et rheologisch karakceriseren van lakken bestaandc uit een rnagnctisch pigment 
gesuspendccrd in cen vl()eibare substantie dient bij voorkeur te geschieden in 
een uniform saturatie veld. 

3. De relatie tussen de verrnogcnsdichtheid van de laserbundel en de temperatuur 
aan het grensvlak van het preparaat met de elcktrolyt-oplossing in hct met be
hulp van een laser gestimuleerde elekcrolytisch metaalafzettingsprocos is in 
essentic niet-1ineair. 
J. Puippe, R_ Acosta, R. von Gutfeld, J,Electn>chem. Soc., Vol, 128, No. 12, 
1981, p. 2539. 

4. De indeling volgens Me LeHan en Kelly van processen tot ontwikkeling van 
Ilieuwe produkten in a, ~ en 1 processen gaat ten onrechte uit van een indeling 
in slechts twee Ilivcaus waarop initiatieven tot nieuwe produ)<;ten genomen kun
ncn worden_ 
R. Me LeHan and G, Kelly, IRE Radio and Electronic Eng., Vol. 5 1, 1981 , 
P- 493_ 

5_ Voor een :w groot mogelijke wisdemping, i.e. een zo groot mogelijke demagne
tisatie van ccn reeds cerder geregistrcerd signaa1, dient de veldrichting van de 
wiskop parallel te zijn aan de anisotropie-richting van het magnetisch medium_ 

6. Tegen de vcwnderstelling van Bertram dat het magnetisch ftxatiepunt in hct 
AC"bias recording process voor de longitudinale component van de magnetisa
tie dezelfde is als voor de verticalc component zijn bedenkingen aan tc voeren_ 
H,N, 8ertr:!m, IEEE Trans. Magnetics, Vol. MAG-10, 1974, p. 1039, 

7. De huiscomputer zal pas op grote schaal tocpassing vinden indien deze appara
ten "~elf-explaining" 7ijn. 
Wireless World, May 1981, p. 71. 

8. De gangbare methode om biasruis te meten bij een voor harmonische signaal 
rcgislratie optimale biasstroom is niet eenduidig_ 
H. U, Ragle and P_ Smaller, IEEE Trans. Magnetics, Vol. MAG· I, 1965, P- !OS_ 

9_ Voor de creatieve tllmamateur is de video camera recorder pas dan een goed 
altematief VO(lt het S8-filmsysteem, als het synchroon monteren van beeld en 
geluid gocd en goedkoop u[tgevoerd kan worden. 
K. Mohr!, Y. Matsumoto, Y. Machida, Y. Kuboto and N. Kihara, IEEE Trans. 
Cons_ Electr., VoL CE-27, 1982, P- 320_ 



10. Een verbetering van de munodispe;siteit van de lengte van de magnetische 
naaldjes in recording media leidt tot een lager wisruis-niveau. 
Dit proefschrift, Ch. IV. 

ll_ Door het herhalen van het nieuws aan het einde van het J ournaal toont de NOS 
weinig uvertuigd te zijn van de kwaliteit van de ovcrdracht van de doo< haar ge
boden infonnatie. 
Brochure "NOS Joumaal", NOS afd. Communicatie, Hilversum, 1981. 


