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Abstract

Nondestructive analysis of two ink strokes in order to determine their sequence still poses a difficult problem for Forensic
Document Examiners and at times may lead to inconclusive if not erroneous results. A number of attempts have been made in
the past using scanning electron microscopy and optical microscopy to address the problem. In some cases destructive analysis
is also suggested, but since the evidentiary value of the exhibit under examination shall cease to exist, such a technique is not
advised in actual casework. In this work, the sequence of two intersecting strokes has been determined by studying the reflect-
ance spectra of ink strokes at three different points, viz. one each on two intersecting strokes and the third at the point of their
intersection using a video spectral comparator 2000HR (VSC-2000HR). Since reflection is a surface phenomenon, the spectra at
the point of intersection will correspond to the subsequently executed stroke provided that the initial stroke had completely dried
before the execution of the subsequent stroke. This technique is nondestructive in nature and has been demonstrated to add more
objectivity to the determination of the order of two intersecting strokes, which at times poses a problem due to the occurrence
of an optical illusion. The authors have experimented with determining the sequence of two heterogeneous strokes (i.e. samples

comprised of two different inks) with a number of permutations and combinations.
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1. Introduction

Determination of the order of two heterogeneous
intersecting strokes of handwritings on a document
plays an important role in the criminal justice system.
Though this is not a new problem faced by forensic
scientists, it remains one of the few challenging docu-
ment examination problems that often leads to an in-
conclusive subjective finding in many cases. In the
past, the seepage of subsequent ink into the strokes of
existing ink was studied to determine their order [5].
Furthermore, according to Conway [1], determination
of sequence of intersecting lines is not always possi-
ble in the case of ball point pen writings. Mathyer and
Pfister [8] used Kromekote paper to lift the writings

portion using the techniques of Igoes and Reynolds
[6] and studied the sequence of strokes with the help
of a Scanning Electron Microscope (SEM). Gupta
et al. [4] suggested the use of photography with glossy
paper treated with Pyridine to lift and determine the
order of intersecting strokes. However, the aforesaid
techniques, as suggested by [4, 6, 8], involve the de-
structive analysis of the documents and the possibil-
ity of damaging the documents cannot be ruled out.
Furthermore, in some cases an optical illusion may
lead to erroneous results as the darker stroke generally
dominates and appears to be above the lighter stroke
irrespective of their order [2]. To minimize the optical
illusion, Jasuja et al. [7] have suggested examining the
embossed strokes of an intersection from the reverse



194

B. A. Vaid, R. S. Rana, C. Dhawan

side of the paper using oblique light. However, these
techniques are often either destructive or subjective in
nature. In order to introduce objectivity — a valid aim
rightly suggested by Huber and Headrick [9] — Vaid
et al. [10] made a theoretical attempt to solve the prob-
lem through refractive indices, but nothing has been
done in this direction experimentally to reach an af-
firmative conclusion. Fabianska and Kunicki [3] have
also suggested a non destructive technique using Ra-
man spectroscopy, but this leads to positive results in
only 44.2% of the samples.

Determination of the sequence of two crossing
strokes using reflectance spectra is one such technique.
The reflectance spectrum is generated using a versatile
video spectral comparator, viz. VSC-2000-HR. In this
work we have attempted to develop another nonde-
structive technique, which along with other available
techniques should add more objectivity to this ever-
challenging problem of forensic document examina-
tion. We have carefully prepared heterogeneous sam-
ples consisting of dry toner laser jet printer inks, liquid
DeskJet printer inks, aqueous based inks, glycol based
inks and gel based inks.

2. Theory

A thin layer of ink is deposited when a stroke of
ink is executed on a surface and if another stroke of
ink, preferably using a different ink, is drawn crossing
the previous stroke, then at the point of their intersec-
tion the upper layer should correspond to the subse-
quently executed stroke, provided the first stroke has
completely dried. Figure 1 shows the intersection of
two lines of different inks, and the blue ink which is
executed subsequently is above the existing red ink.

Fig. 1. Intersection of two lines of different inks. The blue
ink which is executed subsequently is above the existing red
ink.

Furthermore, it is also well known fact that when
a beam of light falls on a surface, a part of it is reflected,
a part of it is transmitted and the rest of it is absorbed.
In this work an attempt has been made to study the re-
flected part of the aforesaid light by obtaining reflect-
ance spectra using VSC-2000 HR, manufactured by

Foster and Freeman, UK. This equipment can generate
spectra in the wavelength range from 400 to 1000 nm,
which corresponds primarily to the visible region of
the spectrum. For this study, we have opted for reflect-
ance spectra, as they should lead to more accurate re-
sults compared to other types of spectra above. Since
the equipment has provision for blocking any external
light falling on the sample under study the spectra so
generated correspond intrinsically to that sample with
no or zero external noise. The system has the facility
to calculate the average of a number of spectra, the dif-
ference between two spectra and normalization. Figure
2 shows the phenomena of reflection and transmission
when an incident ray falls on a surface.
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Fig. 2. The phenomena of reflection and transmission when
an incident ray falls on a surface.

According to the first law of reflection: the inci-
dent ray, the normal to the surface and the reflected
ray lie in the same plane. This implies that reflection
is a surface phenomenon, or more precisely: the re-
flected ray should essentially characterize the surface
from which it is reflected. If two strokes intersect each
other, then at the point of their intersection, the sur-
face corresponding to the subsequent stroke will over-
lap the previous one, provided the initial stroke had
dried before the execution of the subsequent stroke.
As such, reflectance spectra at the point of their in-
tersection should have characteristics of the stroke
executed subsequently. Thus, if we generate reflect-
ance spectra for two intersecting strokes; one each for
the individual ink strokes and one at the point of their
intersection, the latter should correspond to the stroke
executed subsequently.
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3. Experiment and results

Intersections of heterogeneous strokes (i.e. strokes
using different inks) were prepared, which included
aqueous inks, glycol based inks (ball point), gel based
inks, dry toner (laser printer) and inkjet printer inks.
A reasonable time for drying of the initial ink stroke
was allowed and afterwards the subsequent intersect-
ing stroke was executed. The control samples so gen-
erated were kept under similar climatic conditions. Re-
flectance spectra were generated using VSC-2000-HR
corresponding to three different points, viz. one each
for the two individual strokes and one at the point of
their intersection. Spectra for each stroke were taken
at three different points on it and its average spectrum
was obtained using the software tool available in the
equipment, thus minimizing the chances of any pos-
sible experimental error. The spectra generated at the
point of intersection should correspond to the stroke
executed subsequently, provided that there is no inter-

mixing of the inks at the point of their intersection.
The results so obtained are shown in Figures 3—11.
It is quite evident from the results that the spectra at
the point of intersection correspond to the subsequent
stroke except in the case of gel ink where results are
inconclusive. This technique was also applied in an
actual case referred to this laboratory and the result so
obtained is shown in Figure 12 (the result generated
using this technique was also corroborated by other
evidences available in this particular case). Since this
is a nondestructive method, the experiment can be
repeated by another laboratory, which will add more
objectivity to the findings and eliminate any possible
error due to subjectivity, including optical illusion. In
order to make this work easily understandable, a spec-
trum numbering scheme is maintained, wherein the
no. 1 line corresponds to the spectrum for the stroke
executed first, no. 2 to the (spectrum for the) subse-
quent stroke and 3 to the intersection point.
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Fig. 3. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersecting
strokes. The line marked 1 corresponds to the average of the spectra for the aqueous based nib pen ink stroke; the line marked 2
corresponds to the average of the spectra for the glycol based ink ball point pen ink stroke; the line marked 3 corresponds to the
average of the spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 corresponding to the
point of intersection is similar to that of the spectra depicted by the line marked 2 corresponding to the glycol based ball point
pen ink stroke indicating that the ball point pen ink stroke was executed subsequently to the aqueous based nib pen ink stroke.
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Fig. 4. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersect-
ing strokes. The line marked 1 corresponds to the average of the spectra for the glycol based ball point pen ink stroke; the line
marked 2 corresponds to the average of the spectra for the aqueous based nib pen ink stroke; the line marked 3 corresponds to
the average of the spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 corresponding to
the point of intersection is similar to that of the spectra depicted by the line marked 2 corresponding to the aqueous based nib
pen ink stroke indicating that the aqueous based nib pen ink stroke was executed subsequently to the glycol based ball point pen
ink stroke.
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Fig. 5. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersecting
strokes. The line marked 1 corresponds to the average of the spectra for the aqueous ball point pen ink stroke; the line marked
2 corresponds to the average of the spectra for the graphite lead pencil stroke; the line marked 3 corresponds to the average of the
spectra at the point of intersection. The nature of the spectra depicted by the Line marked 3 corresponding to the point of inter-
section is similar to that of the spectra depicted by the line marked 2 corresponding to the graphite lead pencil stroke, indicating
that the graphite lead pencil stroke was executed subsequently to the glycol based ball point pen ink stroke.
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Fig. 6. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersecting
strokes. The line marked 1 corresponds to the average of the spectra of the graphite lead pencil stroke; the line marked 2 corre-
sponds to the average of the spectra for the glycol based ball point pen ink stroke; the line marked 3 corresponds to the average
of the spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 corresponding to the point of
intersection is similar to that of the spectra depicted by the line marked 2 corresponding to the glycol based ball point pen ink
stroke, indicating that the glycol based ball point pen ink stroke was executed subsequently to the graphite lead pencil stroke.
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Fig. 7. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersecting
strokes. The line marked 1 corresponds to the average of the spectra for the aqueous based nib pen ink stroke; the line marked
2 corresponds to the average of the spectra for the graphite lead pencil stroke; the line marked 3 corresponds to the average of the
spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 corresponding to the point of intersec-
tion is similar to that of the spectra depicted by the line marked 2 corresponding to the graphite lead pencil stroke, indicating that
the graphite lead pencil stroke was executed subsequently to the aqueous based nib pen ink stroke.

Problems of Forensic Sciences 2011, vol. LXXXVII, 193-203



198 B. A. Vaid, R. S. Rana, C. Dhawan

T 1 [Ref awg intersection point 1 ==
—z 2| M-
3 [Refav | awy pencip 13|
A [Refiw | awyink pen 14|
= El -
5 i
—7 7] -
—B 13| -
—s iE| -
—in 20| -
ot « Feizctonse, b=« Flsorpion, FIu = Fiomressenie, Tra= Tranamitonse, = Mormaioed. i = EWfereniil A« Fverage
120 12
[~
1o // e
100 / 10
El El
= /
‘B
[ by L
o -./'f
&
E m / = 7
£ / /
=
E® 1 ®
=
8@ v )
T @ - / / 0
= _~ v
N o / 2
0 v 0
\ /
il ""-'-—-“ :_:i - il
10 S - 10
i i
400 500 600 aln an 7d00

700
Wavelength in nm

Fig. 8. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersect-
ing strokes. The line marked 1 corresponds to the average of the spectra for the graphite lead pencil stroke; the line marked 2
corresponds to the average of the spectra for the aqueous nib pen ink stroke; the line marked 3 corresponds to the average of
the spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 corresponding to the point of
intersection is similar to that of the spectra depicted by the line marked 2 corresponding to the aqueous based stroke indicating
that the aqueous based nib pen ink stroke was executed subsequently to the graphite lead pencil stroke.
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Fig. 9. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersect-
ing strokes. The line marked 1 corresponds to the average of the spectra for the glycol based ball point pen ink stroke of brand
A; the line marked 2 corresponds to the average of the spectra for the glycol based ball point pen ink stroke of brand B; the line
marked 3 corresponds to the average of the spectra at the point of intersection. The nature of the spectra depicted by the line
marked 3 corresponding to the point of intersection is similar to that of the spectra depicted by the line marked 2 corresponding
to the glycol based ball point pen ink stroke of brand B, indicating that the ball point pen ink stroke of brand B was executed
subsequently to the ball point pen ink stroke of brand A.
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Fig. 10. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersect-
ing strokes. The line marked 1 corresponds to the average of the spectra for the aqueous based felt tip pen ink stroke; the line
marked 2 corresponds to the average of the spectra for the glycol based ink ball point pen ink stroke; the line marked 3 cor-
responds to the average of the spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 cor-
responding to the point of intersection is similar to that of the spectra depicted by the line marked 2 corresponding to the glycol
based ink stroke, indicating that the ball point pen ink stroke was executed subsequently to the aqueous based felt tip pen ink
stroke.
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Fig. 11. Reflectance spectra generated using the VSC-2000-HR for a control sample comprised of two heterogeneous intersect-
ing strokes. The line marked 1 corresponds to spectra for the stroke executed with an ink of green tint; the line marked 2 corre-
sponds to the average of the spectra for the glycol based ball point pen ink stroke; the line marked 3 corresponds to the average
of the spectra at the point of intersection. The nature of the spectra depicted by the line marked 3 corresponding to the point of
intersection is similar to that of the spectra depicted by the line marked 2 corresponding to the ink stroke executed with an ink
of blue tint indicating that the blue tint ink stroke was executed subsequently to the green tint ink stroke.
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Fig. 12. Photograph of the actual document received in the
author’s laboratory and reported by using the methodology
under discussion. The exhibit was comprised of heterogene-
ous ink strokes, viz. one of blue color and another of green.

4. Drawbacks

1. The results in the case of the gel inks are not en-
couraging, the reasons for which are still not known
to the Authors.

2. This technique is not applicable to cases where the
intersecting strokes are homogeneous in nature.

3. The technique gives inconclusive results in cases
where intermixing of ink samples takes place at the
point of intersection, i.e. the second stroke is ex-
ecuted before the first one has dried.

5. Discussion

The experimental results obtained are encourag-
ing for heterogeneous samples in most of the cases.
However, in the case of gel based inks, the results are
inconclusive and the reasons for this still need to be
researched further. Furthermore, in some cases for het-
erogeneous samples where the intermixing of two inks
making up the strokes takes place at the point of their
intersection, the results obtained were found to be in-
conclusive and could lead to erroneous interpretation;
extreme caution is therefore required in such samples.
Also, if dissolution of inks takes place at the point
of intersection, the results are inconclusive. Further-
more, if two strokes are intersecting at more than one
point the experiment can be repeated for each of the
intersections, which will add objectivity to the results.
Moreover, since this technique is non-destructive in
nature, the results can be verified by any other labora-
tory, thus adding a repeatability factor. Furthermore,

the technique is simple and easily understandable even
by a person without a scientific background. It can
easily be demonstrated in a court of law to help the ju-
diciary in the justice system, leading to improving the
conviction rate. This technique can be used together
with other reported techniques to add more objectivity
to this ever challenging problem of forensic document
examination.
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OKRESLANIE KOLEJNOSCI KRESLENIA KRZYZUJACYCH SIE LINII
PISMA NA PODSTAWIE ANALIZY ICH WIDM ODBICIOWYCH

1. Wprowadzenie

Wyznaczanie kolejnosci, z jaka nakreslono na do-
kumencie dwie heterogeniczne (utworzone za pomoca
réznych materialow pisarskich, na przyktad tonera i atra-
mentu) przecinajace si¢ linie pisma, odgrywa istotng role
w dziedzinie nauk sagdowych. Cho¢ nie jest to nowe za-
gadnienie, z ktérym przychodzi zmierzy¢ si¢ ekspertom
z zakresu badania dokumentow, to wcigz nastrgcza ono
wielu trudnosci, ktore prowadza czegsto do uzyskiwania
przez biegtych niejednoznacznych, subiektywnych wy-
nikéw. W literaturze przedmiotu mozna znalez¢é wigc
liczne sposoby badania krzyzujacych si¢ linii. W prze-
szto$ci do ustalania kolejnosci, z jaka zostaty naniesione
przecinajace si¢ linie, wykorzystywano informacj¢ doty-
czaca wickszej ilosci tuszu wyciekajacego z urzadzenia
pisarskiego na podtoze, ktora charakteryzowata lini¢ na-
niesiong na istniejace juz pociagnigcie [5]. Wedtug Con-
waya [1] ustalenie kolejnosci, w jakiej nakreslono linie,
nie zawsze byto mozliwe w przypadku stosowania dtu-
gopisdw. Mathyer i Pfister [8] wykorzystali papier Kro-
mekote, aby przenies¢ fragment zapisow, stosujac w tym
celu metode zaproponowana przez Igoesa i Reynoldsa
[6] i analizowali kolejno$¢, z jaka zostaly natozone na
siebie linie, za pomoca skaningowego mikroskopu elek-
tronowego (SEM). Gupta i inni [4] zasugerowali nato-
miast zastosowanie fotografii, wykorzystujac w tym celu
btyszczacy papier zaimpregnowany pirydyna. Wspo-
mniane wyzej metody zaproponowane w literaturze [4,
6, 8] wymagaja jednak przeprowadzenia niszczacych
analiz, ktorych stosowanie nie jest pozadane w przypad-
ku badan prowadzonych na potrzeby wymiaru sprawied-
liwo$ci. Ponadto w niektorych przypadkach ztudzenie
optyczne moze prowadzi¢ do blednych wynikow, kiedy
to ciemniejsze pociggniecie linii zwykle dominuje nad
jasniejszym i pojawia si¢ jako najbardziej zewngtrzne
bez wzglgdu na kolejno$¢ nanoszenia linii [2]. W celu
zminimalizowania wptywu efektu ztudzenia optycznego,
Jasuja i inni [7] zasugerowali, aby analizowaé¢ miejsce
wytloczenia krzyzujacych si¢ linii widoczne na odwrot-
nej czesci papieru, wykorzystujac w tym celu $wiatto
ukosne. Jednakze metody te sa czgsto zard6wno niszcza-
ce, jak i subiektywne w swej naturze. Aby wprowadzi¢
do badan obiektywizm, ktory jest istotnym wymogiem
i stusznie zostat zasugerowany przez Hubera i Headricka
[9], Vaida i in. [10], kt6rzy przeprowadzili teoretyczne
analizy rozwigzania tego problemu przez wykorzystanie
wspolczynnikdéw zatamania $wiatla, lecz zadne ekspery-
menty nie zostalty wykonane w celu potwierdzenia tych
teorii. Natomiast Fabianska i Kunicki [3] zasugerowali

mozliwo§¢ wykorzystania nieniszczacej techniki, jaka
jest spektroskopia Ramana, lecz metoda ta pozwolita na
uzyskanie pozytywnych wynikow jedynie w 44,2% pro-
bek.

Ustalenie kolejnosci, w jakiej nakre§lone zostaty
dwie krzyzujace si¢ linie przy uzyciu widm odbicio-
wych, nalezy do metod nieniszczacych. Widma odbicio-
we generowane sg przy uzyciu komparatora spektralne-
go, np. typu VSC-2000-HR. W niniejszej pracy autorzy
prezentuja nieniszczaca metode, ktora — w polaczeniu
z innymi dostgpnymi metodami — powinna zwigkszy¢
obiektywizm w rozwigzywaniu trudnego problemu
zwigzanego z analiza dokumentéw do celow sadowych.
W swoich badaniach autorzy starannie przygotowali
probki krzyzujacych si¢ linii uzyskane za pomoca m.in.
toneréw do drukarek laserowych, tuszow do drukarek
atramentowych, tuszéw wodnych, tuszéw opartych na
glikolu etylenowym oraz tuszow zelowych.

2. Podstawy teoretyczne

W przypadku krzyzujacych sig¢ linii, linia naniesiona
na dowolng powierzchni¢ zostaje przecieta przez druga
lini¢ naniesiong za pomocg innego tuszu. Zewngtrzna po-
wierzchnia miejsca tego przecigcia powinna odpowiadac
linii naniesionej w drugiej kolejno$ci, pod warunkiem,
ze tusz tworzacy pierwsza lini¢ ulegt catkowitemu wy-
schnigciu. Na rycinie | przedstawiono dwie krzyzujace
si¢ linie nakreslone za pomoca réznych tuszéw w ten
sposob, ze linia oznaczona kolorem niebieskim zosta-
fa nakres$lona na istniejaca juz lini¢ oznaczona kolorem
czerwonym.

Zgodnie z teoria, kiedy wigzka §wiatta pada na po-
wierzchnig¢ probki, to cze¢§¢ tego promieniowania ulega
odbiciu, a cz¢$¢ promieniowania zostaje zaabsorbowane.
W prezentowanej pracy podjeto probe analizy promie-
niowania odbitego poprzez wyznaczenie widm odbicio-
wych przy uzyciu urzadzenia VSC-2000 HR firmy Foster
i Freeman (Wielka Brytania). Urzadzenie to umozliwia
rejestracje widma w zakresie miedzy 400 a 1000 nm, co
odpowiada zasadniczo widzialnej cz¢$ci spektrum. Przed
przystapieniem do badan autorzy zalozyli, ze widma od-
biciowe pozwola uzyskac¢ doktadniejsze wyniki niz inne
typy widm wspomniane powyzej. Stosowany spektro-
metr wyposazony jest w urzadzenie blokujace zewnetrz-
ne $wiatlo padajace na probke podczas jej badania. Tym
samym wyeliminowany zostaje wplyw zewngtrznych
szumoéw, a zmierzone widma odpowiadaja bezposred-
nio analizowanej probce. Ponadto sprzet wyposazony
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jest w oprogramowanie, ktére pozwala na wyznaczenie
widm $rednich, réznicowanie pomi¢dzy dwoma wid-
mami oraz wykonania normalizacji widm. Na rycinie 2
przedstawiono zjawisko odbicia i transmisji promienio-
wania padajacego na powierzchnig.

Zgodnie z pierwszym prawem odbicia promien pa-
dajacy, prosta prostopadia do powierzchni padania pro-
mieniowania oraz promien odbity leza na jednej ptasz-
czyznie. Wynika stad, iz odbicie jest zjawiskiem po-
wierzchniowym, a doktadniej mowiace, promien odbity
powinien zasadniczo opisywaé powierzchnig, z ktorej
ulegt odbiciu. Jezeli dwie linie krzyzuja si¢ ze sobg, wte-
dy w miejscu ich przecigcia powierzchnia odpowiada
powierzchni linii nakre$lonej w drugiej kolejnosci, ktora
pokrywa lini¢ wcze$niejsza, pod warunkiem, ze linia po-
czatkowa wyschta przed nakresleniem linii p6zniejsze;.
W proponowanej procedurze mierzone sg zatem widma
odbiciowe dla dwoch krzyzujacych si¢ linii w ten spo-
sob, ze generuje si¢ jedno widmo odbiciowe dla kazde;j
linii z osobna, a nastepnie rejestruje widmo z miejsca ich
przecigcia. Nastgpnie nalezy porowna¢ widmo zebrane
z punktu krzyzowania si¢ linii z widmami uzyskanymi
dla poszczeg6lnych linii z osobna. W efekcie tego po-
rébwnania powinno si¢ uzyska¢ zgodno$¢ miedzy wid-
mem zebranym z miejsca przeciecia a widmem odpowia-
dajacym linii nakreslonej w drugiej kolejnosci.

3. Pomiary i wyniki

Przedmiotem badan byly probki krzyzujacych si¢
heterogenicznych linii utworzonych za pomoca réznych
tuszoéw. Do przygotowania probek postuzono si¢ tuszami
wodnymi, tuszami opartymi na glikolu etylenowym (dtu-
gopisy), dlugopisami zelowymi, tonerami do drukarek
laserowych oraz tuszami do drukarek atramentowych.
Probki przecinajacych si¢ linii przygotowywano w ten
sposob, ze po nakresleniu pierwszej linii pozostawiano ja
do wyschnigcia, a nastgpnie kreslono lini¢ drugg. W ten
sam sposdb przygotowano prdbki kontrolne, ktore prze-
chowywano w podobnych warunkach atmosferycznych.
Widma odbiciowe wykonywano za pomoca kompara-
tora spektralnego VSC-2000-HR. Widma rejestrowano
z miejsc odpowiadajacych kazdej linii z osobna oraz
z miejsca ich przecigcia. Widma dla kazdego pociag-
nigcia zbierano w trzech réznych punktach, a nastepnie,
korzystajac z narzgdzi oprogramowania wykorzystywa-
nego do obstugi spektrometru, wyznaczano widmo $red-
nie, minimalizujac w ten sposéb mozliwo$¢ wprowadze-
nia btedu eksperymentalnego. Zgodnie z zatozeniami,
widma generowane z miejsca przecigcia linii powinny
odpowiada¢ widmu tuszu linii naniesionej w drugiej ko-
lejnosci, pod warunkiem, ze nie doszto do wzajemnego
mieszania si¢ tusz6w w miejscu ich przecigcia. Uzyskane
wyniki przedstawiono na rycinach 3—11.

Aby utatwié¢ zrozumienie przedstawionych badan, za-
chowano schemat umieszczania widm — na kazdym pre-
zentowanym widmie nr 1 odpowiada widmu linii nakre-
$lonej jako pierwszej, nr 2 odpowiada linii naniesionej
w drugiej kolejnosci, a nr 3 miejscu przecigcia si¢ linii.
Przeprowadzone badania wyraznie wskazuja, ze widma
uzyskiwane z miejsca przecigcia si¢ linii odpowiadaja
widmu linii nakreslonej w drugiej kolejnosci. Wyjatek
stanowig probki linii naniesionych za pomoca dtugopi-
sow zelowych, dla ktorych otrzymane wyniki sg nieroz-
strzygajace. Opisana powyzej procedura zostata rowniez
zastosowana w sprawie aktualnie skierowanej do tutej-
szego laboratorium, a uzyskane wyniki przedstawiono na
rycinie 12 (rezultaty uzyskane ta metoda zostaly rowniez
potwierdzone przez inne dowody dostepne w tej kon-
kretnej ekspertyzie). Zaproponowana metoda nalezy do
metod nieniszczacych, dlatego tez pomiary moga zostac
powtdrzone przez inne laboratorium, co przyczynia si¢
do zwickszenia obiektywnosci uzyskiwanych wynikow
badan, poniewaz w ten sposob eliminuje mozliwe bledy
zwigzane z subiektywizmem, na przyktad problem ztu-
dzenia optycznego.

4. Wady metody

1. W przypadku dtugopiséw zelowych uzyskane wyniki
nie sg satysfakcjonujace, a powody, dla ktorych tak sie
dzieje, wciaz nie sa znane autorom.

2. Zaproponowana procedura nie znajduje réwniez za-
stosowania w przypadkach, gdy obie przecinajace si¢
linie s3 jednorodne w swej naturze.

3. Procedura nie pozwala takze na uzyskanie rozstrzy-
gajacych wynikow w przypadkach, gdy probki ma-
teriatdéw kryjacych tworzace linie ulegaja zmieszaniu
w obrebie ich przecigcia. Na przyktad sytuacja taka
ma miejsce, gdy druga w kolejnosci linia zostanie na-
kreslona przed catkowitym wyschnigciem pierwszej.

5. Dyskusja wynikow

Rezultaty eksperymentéw uzyskane dla probek he-
terogenicznych w wigkszosci przypadkow byly satys-
fakcjonujace. Jednakze dla dlugopisow zelowych nie
uzyskano rozstrzygajacych wynikow ani nie okres§lono
tez powodow, dla ktorych tak si¢ dzieje. Stad nalezato-
by dokona¢ dalszych analiz. Nierozstrzygajace wyniki
uzyskano rowniez dla probek heterogenicznych, kiedy
dwa tusze tworzace oddzielne linie ulegaly zmieszaniu
w obrebie krzyzowania si¢ linii. Co wigcej, w tych przy-
padkach uzyskane wyniki mogly prowadzi¢ nawet do
btednych wnioskow. Analiza tego typu probek powinna
by¢ zatem prowadzona ze szczegdlng ostroznoscig. Nie-
rozstrzygajace wyniki otrzymywano takze w przypadku
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tuszu ulegajacego degradacji w obrgbie krzyzowania sig¢
linii.

Metoda ta posiada jednak szereg zalet. W przypad-
kach, gdy dwie linie krzyzuja si¢ ze soba wigcej niz
w jednym punkcie, badania mozna przeprowadzi¢ dla
kazdego miejsca ich przecigcia, co zwigksza obiektyw-
no$¢ wynikow. Poza tym metoda jest nieniszczaca, wigc
tym samym uzyskiwane wyniki moga zosta¢ zweryfi-
kowane przez inne laboratorium, przez co otrzymuje si¢
dodatkowo informacje dotyczace powtarzalnosci uzyski-
wanych wynikow. Ponadto zaproponowana procedura
jest niezwykle prosta, a zrozumienie jej nie nastrecza
trudnosci nawet osobom bez naukowego przygotowania.
Stad wyniki badan wykonane ta metoda mozna bez trudu
przedstawi¢ w sadzie, przyczyniajac si¢ tym samym do
poprawy jakosci wydawanych wyrokéw. Metoda ta moze
by¢ stosowana w polaczeniu z innymi metodami w celu
zwigkszenia obiektywnos$ci w rozwigzywaniu tego trud-
nego i wymagajacego problemu, jakim jest wnioskowa-
nie dotyczace kolejnosci nakreslenia krzyzujacych sig¢
linii, z ktorym na co dzien spotykaja si¢ biegli z zakresu
badania dokumentow.
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