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1. Introduction

Graph theory is a field in mathematics commonly used for computer science, physics,
chemistry, biology, and even sociology and linguistics. Over the years many mathematicians
have tried to study graphs in different ways. In this paper we will focus on using linear algebra
as a way to get a new lower bound for minimal vertex covering and a classical result for vertex

covering on regular graphs, a bound for vertex coloring and decomposition of graphs.
2. Background

A graph G is a set of points V (i.e. the vertices) and a set of pairs E (i.e. the edges) which may
or may not be ordered - depends on whether or not the graph is directed. In this paper we will
discuss only undirected graphs, as the ones shown in Figure 1 - the graph to the left is the
Petersen graph, and K, is the complete graph on n vertices, i.e. the graph on n vertices with an

edge between every two vertices.

There are few commonly used matrices associated with graphs, [Brouwer & Haemers (2011)].

We will present only the ones we have used here:
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1. The adjacency matrix, usually notated by A, is a 0 — 1 matrix with rows and columns
indexed by the vertex set VV of the graph, with 4; ; = 1 if there is an edge between i and j, and

A; j = 0 otherwise.

2. The Laplace matrix, or Laplacian, usually notated by L, is a matrix with zero row sums
defined as L; ; = —A; j for i # j and L;; is the valency (i.e. the numbers of edges connected to
the vertex x) of the vertex associated with i. If D is the diagonal matrix, indexed by the vertex

set of the graph, such that D, ,, is the valency of x, then L = D — A.

Petersen graph K4

Figure 1: Four undirected graphs

The spectrum of a graph is by definition the spectrum of its adjacency matrix (i.e. its
eigenvalues together with their multiplicities). The Laplace spectrum is the spectrum of the
graph’s Laplacian.

For example, the adjacency matrix of K, is

and the Laplacian is

A direct computation gives —1, —1, —1,3 as the spectrum of K, and 0,4,4,4 as the Laplacian
spectrum. More generally, one can show the eigenvalues of K, are —1,-1,...,—1,n—1and
n-—1

the Laplacian eigenvalues are 0,n,n, ..., n.
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3. Minimal Vertex Covering

A vertex cover of a graph is a subset of the graph’s vertices such that every edge in the graph
is connected to at least one vertex in the cover. The size of the minimum vertex cover in a
graph G is denoted by 7(G). In this section we will suggest a new lower bound for 7(¢) and

compare it with a known bound for regular graphs.
3.1 The New Bound

Definition 3.1.1 Let G be a simple connected graph on n vertices with at least one edge. Let

A1, 4, be the largest and smallest eigenvalues of G, respectively, and 6,,_; be the algebraic

2
connectivity of G (the second smallest Laplace eigenvalue), then we define é(G) = 92'19#11.
n—-1—*t1'n

Theorem 3.1.1 Let G be a simple connected graph on n vertices with at least one edge, And

7(G) be the size of G’s minimal vertex cover size. Then

7(G) = &(G) 1)

Proof. Let S be a minimal vertex cover of G of size r, 4,,1, be the largest and smallest
eigenvalues of G, respectively, and 8,,_, be the algebraic connectivity of G (the second smallest
Laplace eigenvalue). The vertices of A can be partitioned into V =S U (V\S). If m denotes
the number of edges in G and a denotes the average degree in the induced graph on S, then the

quotient matrix corresponding to this partition is

a 1n;ar
B - (mrar 0 ) (2)

If u; = u, are the eigenvalues of B, then by interlacing

1 1
(m—ar)? _ (5 ie10i—5 %=1 Ui)

~Mdn Z —paply = —detB = T—- = o @

(n=-1)8n-1)? _ (n-1)07_4

4r(n-r) 4r

Where 0 = 6,, < 0,,_1 < 0,,_,...< 0, are the Laplace eigenvalues of G and 0,, < 0,,_; <

...< o, are the Laplace eigenvalues of the induced sub-graph on S. Thus

1(6) 2 "M = £(6) (4)

2 —4d12y
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Thus we proved that for every graph G at least £(G) vertices are required to create a cover of
G. |

Theorem 3.1.2 Let {G,},—, be a sequence of regular graphs each upholds all the assumptions

from theorem 3.1.1 such that G; is an induced sub-graph of G;,; and is not equal to G;,4.

Suppose 7(G;) = 0(&(Gy)), then (L(G;)) = 0 (f(L(Gl-))).
For the proof we’ll need the following lemmas:
Lemma 3.1.1 Let G be a k-regular graph. Then ‘L'(L(G)) < kt(G).
proof. The following statements are true for all regular graphs:
1 7(6) = V(®)] - a(6)
2. a(L(®)) =v(G)
3. v(6) £ 7(6) £ 2v(6) = —1(6) < —v(6) < —1(6)

4. k1(G) = |E(G)|
Thus:

10
2

(L(©) 2 1E@)] - a(L(®) 2 E@] - v(6) < [E@G)] -

% < kr(6)

4
< k1(G) —
Lemma 3.1.2 Let G be a k-regular graph. Then k&(G) < 8¢(L(G)).

Proof. Let A, be the second largest eigenvalue of G and A,, be the smallest eigenvalue of G.
Then

n(k—ﬂ.z)z
(k=23)2-4kAy,

$(6) =
and

(1) = SO’
(2k—2-(Ap+k-2))°+8(2k-2)  (k=2z)2+16k—16

k. n(k—21;)? _ k. n(k—2,)? >E. n(k—21;)?

2 (k-1,)%+16k 8 T(k-2)2+4k — 8 (k=2;)+4k

k

=




* The largest smallest eigenvalue possible for simple graph with at least one edge is -1.
Thus k&(G) < 8¢(L(G)), as required.
Using these lemmas, the proof of Theorem 3.1.2 is almost immediate:

Proof of Theorem 3.1.2. By the assumption, for some constant « > 0 and for large enough i
we have 7(G;) < aé(G;). By Lemma 3.1.1 we have T(L(Gi)) < k;7(G;) where k; is the
valency of the vertices in G;. By Lemma 3.1.2 we have k;(G;) < 8€(L(Gl-)) for all i. Thus
7(L(GY)) < kit(Gy) < ak;&(G;) < 8a&(L(G;)). Since a >0 , we have 8a >0, so by

definition 7(L(G)) = 0 (§(L(G)))- .
3.2 A Known Bound For Regular Graphs

In 1969, Alan J. Hoffman found the following result, that was reproduced in a collection of his

work.

Theorem 3.2.1 [Hoffman (2003)] Let G be a d-regular graph on n vertices with minimal

eigenvalue A,,;,. Then

NAmin

a(G) < ; (%)

Proof. Let VV be the set of vertices and I a maximal independent set of G. Suppose V =

_Amin

1,2,...,n. Let (-,-) be the inner product on R" defined by (x,y) = % where - denotes the

usual dot product. Let || x [l= /{x, x) be the corresponding norm on R".

The adjacency matrix A is a real symmetric matrix, So we may suppose that the eigenvectors
V1, Vy,..., U, (corresponding to the eigenvalues d = A, > 1, >...2 1, = A,;n) form an
orthonormal basis of R™ with respect to the inner product (-,-). Note that since G is d-regular,

v, is a vector with all entries equal to 1. Let u be the characteristic vector of the independent

set I and define g = %

Observe that uTAu counts the number of edges among the vertices of I. Since I is an
independent set, we have uTAu = 0. We write u as a linear combination of the eigenvectors,
.e. U = a1V + ayvy+... +a,v,. Since the v;-s form an orthonormal set and v, is a vector

with all entries equal to 1 we have 8 = (u, v;) = a;. By the Parseval’s Identity we also have
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a? + as+...+a? =l u lI>= (u,u) = . We therefore have

0= uTAu = l 1 azﬂl =« ﬂ-1 +Zl 2 azlmm ﬁzd + (,3 _ﬁz)/lmin

Thus Bd + (1 = ) Ain < 0 = <22+ (1= =2) 2., > 0, from which we obtain

a(G) < Amin ]

lmm

Corollary 3.2.1.1 It is known that for a graph G on n vertices a(G) + t(G) = n. Thus

7(6) = 5 ©)

Note 3.2.1 " Unfortunately " Hoffman's bound is better for regular graphs. Suppose there is a
graph G with all valencies k and n vertices for which our bound is tighter. Denote its smallest

eigenvalue by A,, and second largest eigenvalue by A,, then

k (k—23)?
o S G = k(k = 22)F = Ank? 2, < nk(k — 25)° — nay(k = A7)

= 4k? < (k— 1,)% = (1,)% — 2kA, —3k2 > 0

which means 4, is outside of the interval (—k, 3k), as opposed to fact all the eigenvalues of
G are in [—k, k] (note that only the greatest eigenvalue can be equal to k). Thus the Hoffman’s

bound is always tighter.
4. Vertex Coloring

A coloring of graph’s vertices is a mapping of every vertex to a color. Our discussion will be
only about "legal” colorings, which means no two adjacent vertices of the graph are colored
with the same color. The minimum number of colors required to color all the vertices of a graph

G is notated by y(G). In this section we will present a well known upper bound for y(G).

Proposition 4.0.1 Let G be a graph. For k € N if every induced sub-graph of G has a vertex

whose valency is at most k-1 then G is k-colorable.

Theorem 4.0.1 Let G be a connected graph with an adjacency matrix A and largest eigenvalue
A.Then y(G) <1+ 1.

Proof. By the Perron-Frobenius Theorem we know that every principle minor of A has spectral

radius at most A, and because the spectral radius of a matrix is bounded between the minimal
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and maximal row sum, there has to be a row with sum smaller or equal to A, which means the
corresponding induced sub-graph has a vertex with valency at most A. This is true for all the
induced sub-graphs of G. By proposition 4.0.1 we get that G is 1 + 1 = A + 1-colorable, so

x(G) <A+ 1 .

5. Decompositions

Proposition 5.0.1 [Schwenk & Lossers (1987)] The complete graph K;, can not be

decomposed into 3 Petersen graphs.

Proof. Assume such a partition does exists. Let P;, P,, P; be the 3 adjacency matrices of the
parts of the partition, so P; + P, + P; = J10x10 — l1o- If P; and P, are Petersen graphs, a direct
computation shows they both have a 5-dimensional eigenspace for eigenvalue 1, which is a
sub-space of the 9-dimensional 1+ space, and so both graphs has a common 1-eigenvector v,
which means P;v = (J — I)v — P;v — P,v = —3v. But —3 is not a Petersen eigenvalue, so Ps
is not a Petersen graph. -

Theorem 5.0.1 [Graham & Pollak (1971)] Suppose a graph G with an adjacency matrix A
has a partition to r complete bipartite graphs. Then r > max{n, (4),n_(A)}, where n,(A4)

and n_(A) are the number of positive and negative eigenvalues, respectively.

Proof. For every part i in the partition of G into complete bipartite graphs we’ll match 2
characteristic vectors v;,u; of both sides of the bipartition. Because the matrix D; = u;v; +
v;u] has 1in the j,k entry if and only if there is an edge between j and k, by definition it is the
adjacency matrix of the i-th part, S0 A = };_; D;. Let W = span{w € R"|{w,u;) = 0,1 <i <
r} and let P be the eigenspace of the eigenvecors corresponding to the positive eigenvalues. W
contains vectors which are orthogonal to r vectors, so dim(W) >n —r. Forevery 0 #p € P
we get ApTp > 0 = pTAp = pTAp > 0 (where A is a positive eigenvalue of A), and for every
weW we get widw =Y1_; (wTuvfw+wTvufw) =0, so WnP={0} We get
dimW <n —dimP =n —n,(A), which implies n—r<n-n,(4) =2r =n,(A). The

same proof works for n_(A), so we get r = max{n, (4),n_(A)}.
|
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Introduction

Fluorescence is the emission of X-ray photons by neutral atoms that have absorbed higher
energy X-ray photons. Upon interaction between a photon and an atom, the atom absorbs the
photon; this excites the atom to a higher energy state. The energy of the photon gets transferred
as kinetic energy to one of the atom’s inner shell electrons, causing the electron’s ejection,
leaving a gap in the inner shell (fig. 1). After excitation, one of the higher shell electrons decays
to the inner shell and fills that gap. This process either emits an X-ray photon [1] or one or
more electrons (emitting an electron is also called the Auger process) [2]. This occurs because

natural systems tend to decay to a lower energy state over time.

The process of a neutral material absorbing a photon then emitting another is called

fluorescence.
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Figure 1. Different shells correspond to different energy levels — the higher the shell, the higher the energy level.

In space, we can expect fluorescence to happen in places where there is a strong X-ray source

and neutral matter surrounding it.

One place which satisfies this is an active galactic nucleus (AGN). An AGN is a highly
luminous center of a galaxy with a supermassive black hole in its center that forms an accretion
disk around it. [3]

An accretion disk is a cloud of matter orbiting a black hole [4]; An AGN emits massive amounts
of X-Ray radiation because of the high-speed collisions in the accretion disk, which makes this

an excellent candidate to look for fluorescence.

We looked at 3 AGNSs: Circinus, Markarian 3, NGC 1068, and we can clearly see fluorescence

lines emerging there (fig. 2).

We want to study the fluorescence lines in these galaxies to see if they can teach us anything

and we measure these fluorescence lines using flux. [5]
Flux is the number of photons that reach the detector per em? per s.

We can calculate flux by fitting a gaussian curve under these fluorescence lines and computing
its area. We do this with xspec, which is a tool to analyse X-Ray spectrums like the one shown
in fig. 2. [6]
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A comparison of relative fluxes in each galaxy is shown in fig. 3.

Our hypothesis: "All AGNs have more or less the same relative flux between elements."

uovo

1077

-2

Iron

2x107%

Sulfur

I\ | Chromium

Calcium Argon

- / silicon
lié

i i }

i
il AU TR R Ul L
N ] D e
2 3 4 5

Wavelength (&)

. -1 g1
narmalized counts s~ &7 cm

I
it i .....’l'i!!uiailh!iiiui’,; aizz i Ll
7 a8

Figure 2. Fluorescence lines of different elements from galaxy NGC 1068

Example fitted gaussian curve under iron fluorescence line in
Circinus.

By looking at the comparison (fig. 3), it is clear that Markarian 3 and
NGC 1068 behave in a very similar way, while Circinus is different.
The relative intensity of elements is lower in Circinus than the other
two galaxies.

Because of these results, it is tempting to assume that Circinus

contains significantly more iron (relatively) than other elements in
other galaxies.

Ll L
Vv N
Since different AGNs have different luminosities, their lines have different luminosities.
Comparing the same fluorescence line between two sources requires eliminating the difference

caused by the source’s luminosity.

To do that, we look at the relative flux between elements, specifically relative to iron. We chose

iron because iron lines are the brightest (fig. 2), thus the most accurate (smallest uncertainty).
ml
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Based on other observations, we expect

approximately the same distribution of 10°4 & Circinus .
) . 1 & Markarian 3
elements in all AGNs (which these are) | § NGC1068

and that constitutes a discrepancy. { e

10_1_5 8

1072 ;

Zb 2|2
Atomic number (Z)

Figure 3. Fluxes relative to iron in galaxies Circinus, Markarian 3, NGC 1068. in log scale.

To try to explain this discrepancy, we need a better,

more rigorous understanding of fluorescence.

Therefore, we present a simplified explanation of

Incident beam

the math behind X-Ray fluorescence. [7] >

Consider the following geometry (fig. 4):

o— h —

Figure 4. An incident beam enters a medium of material of length A.

Here a beam of light with energy £ and intensity (power per unit area) [is incident on a sample
of thickness h(fig. 3).

We will focus on the ka(where an electron jumps down from the second shell to a vacancy in

the innermost shell of an atom) X-ray emission of element ; with abundance A,
The intensity of the light beam gets attenuated and is described by:
I =1(0,E) - exp( —7) where is called the total optical depth a distance x into the medium

and is given by:

r=/ O'(E)anx=cr(E)NH

0 eq.1
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where o( £) is the total absorption cross-section at energy FE'\," i is the hydrogen number

density, and V' is the hydrogen column density.
Optical depth is the natural logarithm of the ratio of incident to transmitted flux into a medium.

Not every interaction will cause fluorescence. Rather, A fraction of them do, the probability
that ka radiation will be emitted instead of that of another K-line and the probability that
radiation will be emitted instead of an Auger electron. We denote this probability by (Wi «a),

these factors are constant for each element and can be measured in a lab.

The expected fluorescence intensity is:

ooAi](O,E)O‘ZK(E)
r= / ! (1-ew(-7(E) —7(Eg, )))dE
=, i raipgy T E ()

We can see that the intensity of fluorescence emitted by an element Z depends on: “Wkn, the

total optical depth and 7Z.K (E)

To simplify this, we can assume an optically thick source i.e. T(E) = o0 ang

7(Ek a,i] — BC we can make this assumption because the accretion discs surrounding these

SOurces are very Iarge:

E \-r
w 1o E_o o7k E)

o(E) + 0'( E
K.Z

dE
Ka, Z)

We assumed I(E) to be a powerlaw, as in I = L;.[E,’on‘r’ it is a common assumption to

take [' = 2.

This integral cannot be solved analytically, and so we solved it numerically. We also took
relative calculations because there were several unknowns, specifically the source luminosity

and making relative calculations allowed us to ignore them.
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RESULTS

The model is plotted against the measurements in fig. 3. We can see that the measurements
(mainly in Circinus) do not match within the margin of error of the theoretical line that we

calculated.
10° - —— Theoretical
¢ Circinus
¢ Markarian 3

¢ NGC 1068

Relative flux

4 16 18 20 22 24 26 28
Atomic number (Z)

Figure 5

We expect, based on our hypothesis, measurements to match (within the margin of error) the

theoretical calculations.

In NGC 1068 we can see that only Silicon flux is higher than expected. Other elements are as
expected. In MRK 3, measurements are as expected (within the margin of error), and in
Circinus, the relative flux of the lower Z elements (Silicon, Sulfur, and Argon) are significantly
lower than expected according to our simplistic model for fluorescence. We tested 3 possible

explanations for this discrepancy.
FIRST — Resonant Auger destruction (RAD):

RAD [8] is the process by which a fluorescence photon is absorbed by an atom, exciting it.
This atom can decay using the Auger process mentioned above instead of re-emitting the
photon. This effectively destroys the photon, hence, resonant Auger destruction (RAD).
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It is basically stopping the fluorescence photon from being detected, causing the measurements

to represent only a part of the initial fluorescence photons emitted.

The results are shown in fig. 6

10° 4 —— Theoretical I
] —_— $ Circinus ./.\
& Markarian 3
° ® NGC 1068
- I
= 10779 & [
g 1 * E 4
s ?
©
4
l *
102+ i
1|4 1|E| 1|B 2|0 2|2 2;4 2IE| ZIB

Atomic number (Z)

Figure 6

These results are in a significantly worse state than without accounting for RAD. Thus, we can

reasonably conclude that RAD is not a significant factor in fluorescence

SECOND - The power law of the photon index .
A power law [9] is a function of the form:

flz) = ka"

if plotted in log-log scale it would be linear.

This is flux as a function of energy in log scale which means
that the fitted line in the graph is a power law the slope of the
line is I the steeper the slope is - the bigger the ratio of other
elements to iron should be.

We assumed 7 to be 2, and it can be measured via other

observations where its value would vary between (1.5-2.5).
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We implemented a gradient

0| . .
descent algorithm to minimize the 10 ] TheorP't!cal Circinus

] —— Theoretical NGC 1068
error produced for every (possible) ] $ Circinus
r which is between 1.5-2.5. We $ NGC1068

found that for Circinus a lower 1
produces less error, we took 1.6
[10]. In NGC 1068 it was the
opposite: A higher r produces less

Relative flux

error. We took r= 2.2.

MRK 3 was a good fit already. . . . . . . .
14 16 18 20 22 24 26
Atomic element (Z)
Figure 8
THIRD

We went over and checked our assumptions. One of them was Column density [11]: A measure
of the amount of intervening matter between an observer and the object being observed. It is
typically measured as the number of hydrogen atoms (HI) per square cm (cm”2) projected

along a particular line of sight.

Normally, one would assume the Galactic column density to be the total column density
between us and the source. The Galactic column density represents the matter in our galaxy in

the line of sight towards the observed galaxy.

This assumption could be wrong if there is an intervening cloud of matter in the way which

would increase the column density, rendering our measurements inaccurate.

So we estimated the optimal column density for Silicon to iron line ratio because it is the one

with the smallest uncertainty. This estimation is made with:

1 I,
Ny = In ( )
ore(E) — os5i( E) Isi / which follows from eq. 1

Where e is Iron line intensity, Isiis Silicon line intensity.
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When we assume a different

—— Theoretical

10° —
. {1 & Circinus
column density, the measurements | & wmarkarian 3

® NGC 1068

are not as expected because this
assumption, essentially, makes
xspec think that fluorescence is not
affected by any extra material in

the way, deeming measurements

Relative flux

inconsistent  with  theoretical

calculations. Lo-2 |

Results are shown in fig. 9. We can

see that this makes a better fit for

L i i Sli S Ar Ca Cr Fe
Circinus, which is exactly what we (14) (16) (18) o) (24) (26)

were looking for. Figure 9

CONCLUSION

A simplistic model is good to explain fluorescence in AGNs. The only deviation was Circinus,
in which the model predicted inconsistent results. The best way we found to explain this is the
presence of extra matter in the Circinus galaxy. This obscures the line of sight and changes our

measurements.

This finding has great implications that affect our understanding of the structure of Seyfert 2
galaxies and AGNs. We think the current perception of these astrophysical objects is lacking

and extra matter is probably present there.
This also raises further questions such as:

e Markarian 3, NGC 1068 and Circinus are all very similar astronomical objects, why is
Circinus different?

e What makes an accurate representation of such objects?

We still see a small unexplained difference in our model, but this is probably explained with
minor abundance deviation, maybe a little more Iron, or less Silicon, or slight RAD occurrence.
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Introduction

Multiple sclerosis (MS) is a chronic, inflammatory-demyelinating disease of the central
nervous system (CNS). MS is generated by myelin-specific auto-reactive T-cells that infiltrate
the CNS and mediate an inflammatory response against the myelin sheath. That results in
demyelination and axon degradation. Myelin is an extension of oligodendrocytes, which wrap
tightly around the axon of a neuron, and provide insulation for fast electrical conduction.
Neurons with impaired myelin, signal slowly or erroneously, resulting in a wide range of
disabilities. There are four defined clinical courses of MS, the most common is relapsing—
remitting, which is characterized by relapses at irregular intervals with complete or incomplete

neurological recovery.
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Upon encountering myelin antigen, antigen presenting cells (APCs) mature and travel to lymph
nodes where they present antigen to naive T cells in a pro-inflammatory context. During
activation, T cell differentiation into mature effector CD4+ T cell subsets depends on the
cytokines and co-stimulatory/inhibitory signals produced by APCs. Once activated,
autoreactive CD4+ T cells traffic to the brain and cross the blood brain barrier (BBB), where
they are re-stimulated by APCs. This leads to disease induction and progression. As disease
progresses, new myelin antigens are presented by APCs (a well characterized phenomena,
known as epitope spreading), leading to subsequent activation of newly infiltrated T cells,
targeting different myelin peptides in the context of MHC class Il molecules, such as, myelin
oligodendrocyte glycoprotein (MOG) and Myelin basic protein (MBP). Autoreactive CD4+ T
cells activation is characterized by upregulation of cell-surface activation markers, such as

CD69 and secretion of pro-inflammatory cytokines, such as IL-2.

There are two well characterized MS mouse models: Theiler's Murine Encephalomyelitis
Virus-Induced Demyelinating Disease (TMEV-IDD) and Experimental Autoimmune
Encephalomyelitis (EAE). EAE is an inducible CD4+ T-cell mediated murine MS model. It
exhibits relapsing-remitting phases in SJL/J mice and chronic progression in C57BI/6 mice.
The disease is induced by immunization with myelin peptide and an adjuvant or by adoptive
transfer of CD4+ T cells derived from immunized mice into naive recipient animals. In our
experiments, the mice were transgenic with T cell receptors against MBP/DR2 and only DR2
major histocompatibility complex (MHC) class II.

MS susceptibility is genetically associated with human leucocyte antigen (HLA) class |1 alleles,
specifically DRB1*1501 (DR2) allele. It is possible that this allele contributes to MS through
an enhanced ability to present myelin associated peptides to pathogenic T cells. MBP (89-99)
peptide was found to bind with high affinity to DRB1*1501 molecules. It has been found that
Transgenic DRB1*1502 mice had moderate to strong T-cell response notably to (MOG)-35-
55 peptide with favorable DRB1*1501 binding motifs. This suggests that the complex of MBP
(89-99), MOG (35-55) and DRB1 molecules is more immunogenic for MBP reactive T cells.

Chimeric antigen receptor T cells (CAR-T) are T cells that were genetically engineered to
produce an artificial ScFv chain, connected to the intracellular signaling domains of a T-cell
receptor and the CD28 co-stimulatory activation domain. CARs are receptor proteins that were
engineered to give T cells the ability to target a specific protein, which is targeted by the
extracellular ScFV arm. CARs combine antigen-binding and T-cell activating functions.
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The following study aims is to demonstrate that autoreactive T cells activation in MS can be
reduced using MOG specific CAR T cells. As stated, in MS, APCs present different myelin
peptides such as MOG and MBP in the context of DR2 MHC class Il. Using MOG-specific
CART cells, which specifically target MOG presenting APCs, we can eliminate APCs that co-
express several myelin related peptides. Accordingly, we believe that MOG directed CAR-T
cells would inhibit the activation of myelin-specific autoreactive CD4+ T. We will show that
MBP/DR2 T cells activation by MOG and MBP presenting APCs can be reduced using MOG
specific CAR T cells. This will show there is a possibility of treating MS by peptide specific
CART cell.

Experiments

Measuring immune response of autoreactive T cells to MBP and MOG peptides by

measuring IL-2 concentrations

Aim: to measure the minimal MBP peptide concentration, required for MBP\DR2 autoreactive

T cell activation.

The experiment: Harvesting a mouse’s MBP/DR2 spleen and obtaining APCs and
autoreactive T cells from it. After obtaining the desired cell concentration by dilution, 200,000
cells were added to each well. After a series of dilutions, the desired concentration of MOG (0-
100 ug\ml) and MBP (1-10 ug\ml) were obtained. The MOG and MBP were added to the wells.
Anti-CD3\28 abs were used as a positive control. The cells were incubated for 48 hours,

followed by supernatant ELISA assay.
The ELISA
Aim: to measure IL2 levels, secreted by activated autoreactive T cells.

The experiment: An Antibody against IL-2 was obtained. The antibody was fixated to the
bottom of the well. Following a night incubation to allow IL-2 to bind to the antibody. We then
washed away the wells from unwanted material and blocked each well using PBS- 2% milk. T
cell supernatant was added to each well and incubated for 2 hours, allowing IL-2 to anti-1L2
binding. A second antibody was obtained. A second layer of the second antibody was bound.
We then washed away the wells and blocked unwanted attachments. The second antibody

connects to another part of the IL-2. The second antibody has biotin in the constant part. The
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biotin allows to connect to strep-HRP. Strep-HRP was obtained and bound. We then washed
away the wells and blocked unwanted attachments. Strep-HRP can react with TMB and cause
blue color to appear. TMB was obtained and added to the wells. The blue color from the
reaction can be ‘measured’ by measuring the absorption values in each well. In the ELISA
there are three Columns with known IL-2 concentration (were obtained from a stock of 1L-2).

These columns can be analyzed and used to match concentration values to absorption values.

Results and explanation

IL-2 concentrations

12000 —8— MOG-10ug/ml
E 10000 T
é T MOG-50ug/ml
2 8000 T
2 1 5 T T MOG-
S 6000 1 : 100ug/ml
g 4000 1 +
=1
g
S 2000
&)
~ I
o 0
= 6 2 4 6 8 10 12
-2000

MBP concentrations (ug/ml)

Figure 1: MBP/DR2 autoreactive T cells secrete IL-2 in response to MBP peptide stimulation

Absorption values were measured in each well. From the predetermined IL-2 concentrations in
the ELISA, we inferred the IL-2 concentrations in each well. Each point represents three wells
in the plate (which have the same concentrations). The purpose was to find specific and
minimal concentrations of MOG and MBP which will activate the T cells. The black lines are
the standard division. Though there was an activation (IL-2 was released) all the concentrations
were overlapping. They were overlapping because the T cells reached their maximum of
reactivity. The cells could not release more IL-2, they reached a plateau. We can understand

that in order to create a concentration specific reaction, lower concentrations are needed.

Because of the deadline we did not have time to repeat this experiment with smaller

concentrations. This is why in the next experiment we used 0, 0.1,10 ug\ml of MBP.
Confirming the 14Z ability to reduce activation of autoreactive T cells

Aim: to test and measure 14Z CAR’s ability to inhibit the activation of autoreactive T
(MBP/DR2), via specific lysis of MBP and MOG co-expressing APCs, examining IL-2
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concentration, released by activated MBP specific autoreactive T cells. MUC1 was used as a
control CAR. MUC1 is a CAR unrelated to Multiple Sclerosis.

The experiment: Harvesting a mouse’s MBP/DR2 spleen and obtaining APCs and
autoreactive T cells from it. After obtaining the desired cell concentration by dilution, the cells
were added to the wells of a plate. After a series of dilutions, desired concentrations of MOG
and MBP were obtained. 14Z and MUC1 were obtained from the stock. The MOG, MBP and
the CARs were added to the wells. After an incubation of the cells and peptides, we did the
ELISA.

The ELISA was repeated as described in the previous experiment.

Results and explanation

IL-2 secretion

MOG con.
25000
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20000 = 50
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=
5000
0_
O > YIS > '\,‘@r, Q}&@
SN
14Z-CAR-T Control CAR-T (\0
\QJ
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Figure 2: MOG/DR2 directed CAR-T cells inhibit MBP/DT2 T cell activation

Absorption values were measured in each well. From the predetermined IL-2 concentrations in
the ELISA, we inferred the IL-2 concentrations in each well. We can see a difference between
the 14Z and the MUC1. The 14Z CAR-T cells reduced autoreactive T cells activation. There is
a significant different between each column with the 14Z. There is a negative correlation
between MOG concentration and activation of T cells. The more 14Z is activated, there is less
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MBP presentation to the autoreactive T cells. Increased MBP concentration induces activation
of autoreactive T cells. In the no CAR and MUCI there isn’t a difference in the variations of
MOG concentrations. There is a difference between the activation in the MUC1 wells and the
no CAR wells. This means even if the CAR is not specific or related to the peptides it reduces
activation. The presence of a CAR may reduce activation because the autoreactive T cell has

less interaction with the APCs.

Discussion

Currently, Most MS treatments generally suppress the immunity system, exposing patients to
variety of risks. Although there are several medications for specific MS symptoms, these
treatments only address MS symptoms and do not prevent disease progression, as they help
with the results of the damage caused to the nervous system. For example, because of the
demyelination in the nervous system, some patients experience pain. They are treated with pain
medications. This kind of treatment does not stop the progression of MS but only treats a
specific symptom. Steroids can reduce the duration and severity of individual demyelination
episodes in relapsing—remitting MS. There are also treatments that reduce the activity of the
immune system. For example, immunomodulatory drugs can be administered to reduce the
incidence of relapses. Interferon-p can be administered as a treatment. It reduces T cell
activations and inhibits their migration to the CNS. This suppresses the entire immune system,
lowering inflammation and reducing demyelination. These kind of treatments can only delay
progression of the disability and limit damage to brain tissue, as the disease keeps progressing
at a slower pace. There is another specific treatment like Natalizumab. In this treatment, an
engineered antibody connects to cells from the immune system. This prevents the cells’ entry
to the CNS through the BBB and prevents damage to the CNS. The disadvantage of this
treatment is it prevents the low yet essential entry of T cells to the CNS. This exposes the

patient to other diseases like JC virus.

In our study, we suggest to specifically inhibit the activation of myelin targeted autoreactive T
cells, by reducing the presentation of myelin peptides on APCs. By using CAR T cells we can
target specific myelin peptides shown by APCs. As showed in results of our experiment, the
MOG specific CARs were able to reduce the activation of DR2/MBP T cells. Although the
CAR T cells were MOG specific, it reduced activation by MBP peptide. Instead of reducing or

preventing activity of already activated immune cells, the treatment we suggest could prevent
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the cells from being activated. As shown in our study, the 14Z (anti-MOG/DR2) CAR T cells
significantly reduced MBP/DR2 autoreactive T cells activation. The aim is to continue
experimenting with the 14Z CAR T cell, hoping to move eventually to clinical testing. Future
treatments for MS may be more efficient if they are peptide specific. Future medication that
prevents activation of cells should be studied. Additionally, the usage of CARs to target
specific myelin peptides should be further explored. Treatment of other autoimmune diseases
which are caused or affected by the spreading of self-antigens with peptide-specific CAR T

cells should be further explored and studied.
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Introduction

The debate around the question of free will started centuries ago, resulting in many definitions
and approaches to this term (for review, see Mele, forthcoming; Question 3). One important
definition rests on the involvement of consciousness in the process. According to Baumeister
(2018), an action is free if our conscious will initiates it. As Baumeister (2018) states, not all
human actions are free, but what makes an action free is the involvement of conscious will in

the flow of actions.

In neuroscience, this question was famously studied by Benjamin Libet, who defined free will
as the conscious intention to act (Libet, Wright, & Gleason, 1983). Libet’s experiment was the
start of the empirical study of free will (Brass, Furstenberg & Mele, 2019). In his classical
experiment, the participants were connected to an EEG (electroencephalogram) device and
were asked to look at an analog clock and move their finger whenever they decide to, and report
the time of the conscious decision to act (W time). In the EEG recordings, negative activity
over central electrodes (Readiness Potential, or RP) was found to precede W time. Libet argued
that RP represents an unconscious decision to act that preceded the conscious decision (Libet
et al., 1983). Libet suggested that we have the ability to veto the decision in the 200ms time
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gap between W and the action. Based on all of these findings, Libet argued that we only have
the free will to veto an action that was unconsciously initiated (Filevich, Kiuhn, & Haggard,
2012; Marcel Brass, Ariel Furstenberg & Alfred R. Mele, 2019).

Since its publication, Libet’s experiment and conclusions have faced criticism, both on
philosophical grounds and on empirical ones. For example, in a follow-up study (Banks &
Isham, 2011), the analog clock had been replaced with a digital one, and this led to a change in
the reported W time, which means that the method of measuring W time affects the results.
Moreover, Libet’s opponents argue that the awareness of W is unnatural and might affect the
RP itself (Brass et al., 2019; Rigoni, Brass, & Sartori, 2010; Banks & Isham, 2011). Besides
the criticism on the W measuring method, there is also criticism about the meaning of the RP,
and the validity of the experiment itself and the conclusions which Libet published (Brass et
al., 2019).

One of these criticisms focused on the validity of Libet-like experiments with respect to real-
life choices (Brass et al., 2019): Typically, in these experiments, subjects make completely
arbitrary decisions, which have no consequences and are not based on reasons. Such decisions
are termed ‘Picking” (Ullman-Margalit & Morgenbesser, 1977), and are categorically different
from ‘Choosing’ decisions, that are reasoned, between unequal alternatives, and assumed to be
more realistic, and important. Thus, some have argued that choosing - rather than picking
decisions - is more relevant and important to the free-will debate (Mudrik, Levy, Gavenas, &
Maoz, 2019).

There are only a few experiments at this point that examined choosing decisions from the free
will perspective, and their results are somewhat conflicting. In Maoz et al. (2019) EEG
experiment, prior to the main procedure, the participants in this experiment were asked to rate
a list of Non-Profit Organizations (NPOs) on the basis of how much they would like to donate
to each of them. Based on these ratings, pairs of NPOs were created, to be used in the main
experiment. Then, participants were asked to choose between two NPOs in each trial. Each
choice was made under one of two conditions: an arbitrary choice or a deliberate one. Under
the arbitrary condition, both NPOs have the same chance of receiving money, regardless of
participant choice, while under the deliberate condition, the participant’s decision affects that
chance. The authors discovered that the RP was found only for the arbitrary condition but not
for the deliberate one. This challenges previous interpretations of the RP as evidence against
free will, by showing that the RP does not generalize to more meaningful decisions (Maoz et
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al., 2019). In another EEG experiment (Khalighinejad, Schurger, Desantis, Zmigrod, &
Haggard, 2018), choosing decisions were operationalized by allowing participants to either
skip a task and get a smaller reward or choose to remain on task and potentially get a bigger
one. In the non-choice condition, the participants were instructed when to skip the task. The
results of this study focused on the variability of the EEG signal and showed that it is reduced
before the ‘skip’ action in the choosing condition in comparison with the non-choice condition.
Thus, while the former study suggests that the RP simply does not occur in meaningful
decisions, the latter still found some neural markers that precede a choosing decision. Notably
however, in that study, the decisions were still bereft of strong consequences, as opposed to the
first one. And so, it might be that consciousness plays a different role in choosing vs. picking

decisions.

If this is indeed the case, a possible prediction is that consciously-processed and unconsciously-
processed stimuli have different effects on choosing vs. picking decisions. Based on previous
studies (Furstenberg, Breska, Sompolinsky & Deouell, 2015; Schlaghecken & Eimer, 2004),
we predict that unconscious priming will affect picking decisions. If consciousness does play
an important role in choosing decisions (Maoz et al., 2019rz1); Khalighinejad et al., 2018), we
predict no effect of the unconscious priming on those decisions. This prediction will be tested
in this experiment. To do so, we will present subjects with voluntary picking/choosing
decisions that will be preceded by related and unrelated unconscious stimuli. We will test if

subjects’ decisions are affected by the primes, despite being unconsciously processed.

To date, there are only a handful of experiments that have focused on unconscious priming in
choosing decisions, yet they suffer from several methodological limitations. For example,
(Andersson & Miettinen, 2017) found a 10-17% increase in donations after unconscious pro-
social priming, only among people with a high agreeableness personality score. However,
subjects’ awareness of the primes was not properly measured, making it harder to claim that
this indeed constitutes a case of unconscious priming on choosing decisions. In another
experiment (Pichon, Boccato, & Saroglou, 2007), positive religious unconscious priming was
reported to increase pro-social behaviors. Yet here too, no proper assessment of awareness was
done. Moreover, no study — to our knowledge — has directly examined the role of conscious

perception in biasing picking vs. choosing decisions under the same conditions.

Accordingly, in the current study, we used the masked priming procedure to examine this
question. In masked priming, the prime is visually masked (Forster & Davis, 1984) and its
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effect on the processing of a second stimulus - the target - is measured. The experimental
procedure will follow that of Maoz et al. (2019), yet here, the masked prime will be
unconsciously presented prior to the decision in each trial. We will use two types of masked
primes: An arrow directed up/down (non-semantic prime) or one/two words that semantically
match the cause of one of the two NPOs (semantic prime). We will test whether picking and
choosing decisions can be unconsciously biased, and if so, will the effect differ between
semantic and non-semantic primes. We hypothesize that both types of primes will affect
picking decisions, while only semantic primes — if it all — will affect choosing decisions.

Methods

Procedure

Rating session. In the first part of the experiment, subjects will be presented with 50 NPOs.
They will be instructed to rate how much they would like to support each NPO with a m1000
donation on a scale of 1 ("I would not like to support this NPO at all") to 7 ('l would very much
like to support this NPO"). No time pressure will be put on the subjects, and they will be given
access to the website of each NPO to give them the opportunity to learn more about the NPO

and the cause it supports.

Calibration session. Prior to the experimental session, a near-threshold contrast level
(determined as transparency on a scale of 0 (completely transparent) to 1 (not transparent at
all) will be determined using a double staircase calibration procedure. It will begin with a binary
search in order to find an approximate threshold (12 trials)- starting with a large step size of
0.3, then cutting it in half on each iteration until reaching a minimum step size, and then, in
order to determine the exact near-threshold level (>90% unaware), it will continue with a
standard staircase algorithm (reducing the contrast upon stimulus detection and increasing it
upon missing the stimulus) with a small step size (88 trials). The aim is to get to approximately

10 reversals on each staircase.

The first stage will determine the approximate threshold in a relatively few trials while the

second stage will determine the exact threshold using the minimum step size needed.

Experimental session. The experiment block will be composed of twenty blocks of nine trials

each, so that half the blocks will be deliberate and half arbitrary. Two succinct cause
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descriptions, representing two actual NPOs that differ in ratings by one point only, will be
presented in each trial. In deliberate blocks, subjects will be instructed to choose the NPO to
which they would like to donate 1000 by pressing the up or down arrow key on the keyboard,
using their right hand, for the NPO on the up or down, respectively, as soon as they decided.
Subjects will be informed that at the end of each block, one of the NPOs they chose would be
randomly selected to advance to a lottery. Then, at the end of the experiment, the lottery will
take place and the winning NPO will receive a m20 donation. In addition, that NPO will advance
to the final, inter-subject lottery, where one subject’s NPO will be picked randomly for a m1000
donation. It will be stressed that the donations are real and that no deception is used in the
experiment. Thus, subjects will know that in deliberate trials, every choice they make is not

hypothetical, and could potentially lead to an actual m1020 donation to their chosen NPO.

Avrbitrary trials will be identical to deliberate trials except for the following crucial differences.
Subjects will be told that, at the end of each block, the pair of NPOs in one randomly selected
trial would advance to the lottery together. And, if that pair wins the lottery, both NPOs would
receive w10 (each). Further, the NPO pair that would win the inter-subject lottery would
receive a w500 donation each. It will be stressed to the subjects that there is no reason for them
to prefer one NPO over the other in arbitrary blocks, as both NPOs would receive the same
donation regardless of their button press. Subjects will be told to therefore simply press either

up or down as soon as they decide to do so.

Each block will start with an instruction written either in dark orange (Deliberate: “In this block
choose the cause to which you want to donate m1000”) or in blue (Arbitrary: “In this block
both causes may each get a m500 donation regardless of the choice”) on a gray background.
Color assignment will be counterbalanced between subjects. Short-hand instructions will
appear at the top of the screen throughout the block in the same colors as that block’s initial

instructions; Deliberate: “Choose for m1000” or Arbitrary: “Press for m500 each”.

Each trial will start with a 1s gray screen that will be blank except for a centered, black fixation
cross. Then, a 50 ms mask will appear, followed by a 30 ms prime and another 50ms mask. In
Experiment 1, the prime will be the name of one of the two to-be-presented causes, and the
mask will be a string of Xs. In Experiment 2, the prime will be an arrow pointing either up or
down, and the mask will be a meta-contrast mask (e.g., Furstenberg et al., 2015). Then, the two
cause-descriptions will appear on the up and down side of the fixation cross (up /down

assignments were randomly counterbalanced) and remain on the screen until the subjects report
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their decisions with a key press up or down arrows on the keyboard for the cause on the up or
down, respectively. If subjects will not respond within 20 s, they will receive an error message
and will be informed that, if this trial would be selected for the lottery, no NPO would receive

a donation.

To make sure subjects are carefully reading and remembering the causes also during the
arbitrary trials, 18 randomly interspersed memory catch-trials will be presented throughout the
experiment (thus more than one catch trial could occur per block). On such trials, four succinct
descriptions of causes will be presented, and subjects will be asked to select the one that
appeared in the previous trial. A correct or incorrect response will add or subtract 50 cents from

subjects’ total, respectively.

After each trial, a question (‘how well did you see the word\arrow) will appear. The subjects
will rate the visibility of the prime using the Perceptual Awareness Scale (Ramsgy &
Overgaard, 2004), where 1 is “I didn’t see anything,” 2 signifies “I had a vague perception of
something,” 3 represents “I saw a clear part of the image,” and 4 stands for “I saw the entire

image clearly.”

Objective session. To make sure subjects did not see the primes as they reported, a post-test
objective session will be given at the end of the experiment (N=100), in which subjects will be
presented with the same sequence of stimuli, but at the end of each trial, instead of making a
choice, they will be presented with two causes, and will be asked to determine which of the
two was presented during the trial. Then, they will be asked to rate the visibility of the prime
using the same PAS.

Measures

1. Tendency to choose the primed NPO — calculated as number of chosen Primed NPOs,
divided by the total number of trials. This will be done separately for arbitrary and
deliberate trials.

2. Difference in Reaction Times (RTs) — calculated as mean RT in trials in which subjects
chose the primed NPO vs. mean RT in trials in which subjects did not choose the primed
NPO.
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Due to the unexpected COVID-19 pandemic, we did not have the opportunity to run the
experiment. As | will continue to be part of the project beyond the one-year timeframe of the

National Mentoring Program, we hope to be able to run the experimentin the coming months.
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nnNnNIpn

2101 Y5 oy (Internet World Stats, 2020) 7980991 4.57 5y Ry 0PI LITVINNI DIWHPNYNT NMIND
MIINNM VITVINRL YNMY VINOY — NYTN TIND NNDIND NNINKRD NNPNL ,D9IYD VITVINRN NIXANY
NYAN PIAY IWPN IR PITAY YT NNV NAPYIN NPINININI AN MIPNN YINOY NYY) NIV 1PNNI . POR
NIMONT 955 19N VITVINRN NYIL VIDIWD) DYDY MTINNND ITNNN ,VITVINI dNMYIAN VIO
NN (Big Five/Five Factor Model) m»951 wnn 59N 11 1PTIW NPINOND NN NPYIN
Adult) ©29many mawupnnn n»Non [ (Fisher Temperament Inventory) AW Yv HPYINN
%95y, TNYA NYTY 9O IpNHN MYSNNA L(Dark Triad) Yann wivrwn n9nem (Attachment Theory
,UITVPNI HNMYI YVINOWD DIIDNY MIDNNNDY PNIPD NXIAPA MIN XYM D ,DIPTIIN DY NPYWNRD

DMUMD YD IN YIN OYNNNI VIPID)

MH90 NP YPH

0VIYF0N2 *'NMYa YISy

791NV 995 .VIVLINI DIWHNVYH DYIYN 22N DTN 2 TN NP 1D 7% MNINND DNIYN MIWYI
MI9NNN D) DNWA DIPNN NNONN PIOYL YIDY S0 MYYN DINYNN 1D ,WImwn 12m
0PN HNORIVION NN OYHYN TN J9IND WITH DIIYN 2ANI12 MNPHRR 171 ¥R .(Young, 1998) 0II0PNY
MAY DNYD PIOIND VITOPNI SNNYL YIDY NI TPNNDY NIY NAND LITOPNI VIDWI
NI NOAWY VITVIRI XNMYAN YIDWN P NNV NN ,NIYP DIPNHN NN, 1N NNIYANI
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NN DTINDY PRITY ,1PAMP VT IYINY ,AVP NYIDNY ,DIINY MIDNNNY DM NN D032
.(Spada, 2013)

DY DXWAWNI DMV DINN) DY MYANNN NPITY TN TN ¥ NYNIND NMNNINNY DIINN NPNIN
Y210 WP INND TWNR DMIPNNN D) D27 ,09IN .(Lee et al., 2008) VITVINI XNMYIN VINPWN MNNIND
Ha et al., ) 7193 »8y 11191 NYN9N ¥INNY 1MV ND DPNPYINR DD P2V VITVIRD MIINNN P2
VIOV NYN PIAY IWPN NN P1TAY YT MNY NPYIR NPNININL 2N MIPNN vy nvy) (2007

DPYOIND VITVINL YNMYIAN

DYYINRD NNPIIND
(Five Factor Model FFM) m>7)n mnNonn vnn n»9Nn

DOVIN 12 DDTANN T TNINON 29D SVOMNIDN IPNNN — MAYN PN TINND INNK M 1HAN YNRn’
NPYOIR MNON WNNNI 25N DT DTN 1PNV N1NIN MWD DY TR DIWPNN DN NIV TIT71 DI
: DMIDIDNND DTN M2 YYD 2179P2 NINNIIN

NPDVION ,DMAVPN MWNT,NNIN DY N> DM NNXMN Y2 OTN — (Extraversion) magnin <

.(Barger, Campbell & Simmons, 2016) nynaam

Barger ) 0»>5v mwy1 vind 1»v) Hya 1> 1M1 NPV H¥2 0T — (Neuroticism) 50195 <

MDD NI DI NONMNHD NPVIPN PNV IDIN PNRIT ,NNIANY ,MXRT MO (et al., 2016
.DYNT DY NPAY NS TOVIIN

NN QNI YIWIND NPND 10V TPNN NN NPNIXN H¥a OTNY — (Conscientiousness) HM9Nagn %

(Barger et al., 2016) D>anT NO NSIFN MNINY NYNWN DY JNINY |17

DT DTN .NIN) OMIN NNV DINT NPND NV NM) NI DY DTN — (Agreeableness) mmndyy <

.(Barger et al., 2016) 00N DINN DIDN D?NIIN DIONS PTY

,INIMINY WY J0)T ONSY DNIPYT , MNPNOIN PPY 1M MNPN Hya DTN — (Openness) mmdna <

.(Barger et al., 2016) £»nM129M) DPONILPHVIN DINNPNRN NANYNI PNY YY)

Zhou et al., ) DNN TNX .72¥2 D2 DIPNHNA JNAI VITVINL INMOYI YINIYW PAY ION NINON P2 WPN
INRY 72Y 22PN WP DN ,0ITVINI SNMOYI YIDIWD MNOYN NPNANND P OOW wp NIXIN (2017
Kayis et) N1YOW MR OXPYD) NPIAPY PR NINNIND YIN OXIPNNT NIRKIN 2D PIND ¥ .MNONN

.(al., 2016

1 | | |
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(Fisher Temperament Inventory) 9¥ S¥ n»YIND N9IND

NN DTHIL,0ININNVYY YNND NPYWINRN NN NPONND — NPYIN NIPINT TPNTINININ — (2010) 1¥9 oN
TAT NPWIRD DU NN NNTIAYA .AYNNL DTRD IANNY MMIAPN NPNYPIAN NPVID VININVN
PNIVDIVOL ,PINVIND,PHYT — NPT MIIYN MO NYIAIN 9D XNPYIN NPDL NPOWI ,1NIOPIN

s NPYIND NNV VININV YSN TANX DI . INIVON)

DN YN DIVIN .PHTA NINN YW NMAY MY 7PAN POXNNR/IPOY — (Explorer) »03938/)770
NINDEY RPN, NNPNATN ,NPLIDN,NPIONO 11D MNON *Hya

M9 7NN NPNIAN NN 2 DY HM9/71T DTND — (Builder) HP5H930 /115993 29 9y Ya/901
MANNN ,NNNINI YT NPT 10D MNON OYA OPN YN DIWIN .PHIVIIDN NN DY DM
DA NIV

PONMN DY MY MDY AN NAVNN THOAVDIN DTNY — (Director) Nawnm 4N/ V9N
LDYTPINM) DMIIPNT 5901 IPOY P2 DIDYTAN ,0PMIND ,OPVIDIN DIWIN DM, )NIVDIVDLN

YN INTOVOND PN YW NMAY MDY NN dNHIANSNMN OTNRY — (Negotiator) *5n9an/sn9nN
D020 ,NMINT D1 NPND DY DONONY DXTY ,MVIT NN D1IV) DY, DPNINNK DIWIN ON
.02

)
L X4

*0

LDITOPNY NIINNNM PAY T 191 VINIANY P2 TWPA DPDIN DMIPNN 12 DIV TN 919

(Adult Attachment Styles) 993319 MIYPND D NINN

NP NPR MIYPNNN NN .NY0NT MNTH D, TOPVNINR MNTD WP TOM TN XN NNYPNN
PAIND ITNOPNR PON AN NN NXINY PNOM 1N TONNI DTRD NN INDN NON 7292 Mpr3a

N0 MYNYN DN NNN NDVNN MINTN OY ,PIPN ITIVA ,OTRN DY MIVPNNN N0 .(Bowlby, 1977)

: IMIYPNN NNMID NYAIN TN . TNYL NPLINT DXON> MIIWNI VY MIVPNNIN

209 INDYON N0 TPMYHYN TIY NYIND YYD 1Y MIVPNN PN Yya DTN — (Secure) moa
12D 7N08Y PNV NMIND) MIAVN N, TPAPY NN INNY

TNNY TIY 10N NYIND LI DY MIVPNN PINO Dya OTX — (Anxious-Preoccupied) 90 =190
oV NYTN INN NYNY 25 NMVYND PIPT N3 DTN N0 DY NPAPN NOIYNA THY Oy Dva
NY MOV YWHIND NN DY INN DX210N

YT HY NATIN MI9N MINY DY 1 NT MIYPNN PN Hya OTX — (Dismissive-Avoidant) 99nYn-yin)
.29 VXY NN ROV NIDIPNT NDWN HYA XINY,DMNIIN OIYPN MM

DOWIN 2792 T IDIN NVIND ¥ N3 MIVPNN PND Yy 01X — (Fearful-Avoidant) 490 -y
DINN DY MIYPNNN YIN NIN,NNAN 7NT 290 1KY DY PND 1IN HY .12 1N DIINN YD NIXN
INNY DY P TNON
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DN DMIPNNA JN) DIIDND) LITVIND MIINNNN PIAD ONYN MIYPNNN MNND P2 WPH
NAVINNDY NIINNN PAD DIVININ MIYPNNN INDI TIVIN-TIN MIYPNN 1D P2 22PN WP KNI
.(Blackwell, Leaman, Tramposch, Osborne & Liss, 2017)

(The Dark Triad Personality Theory) Yaxn wivrwn 0980

MIOIN NI ,MDVTN WHN NNOND NMTA ,MAVN IPNN TINN NNY DANA YWIZIVYN MNN 9PNN
1 MNoNN vivw (Furnham, Richard & Paulus, 2013) M2y 1N wnn SY NPNANHDY MNdYI NONY
)2 NN MNIY 1N’ 2110 TN NITIN MNON

R/

VOXOYPI AN NNNNNID DMV DY M M OVODPN HY2 DTN — (Narcissism) oPPoIpay %
TFI9ND MDN RD NIN .OMINN 2955 7PNNN TDINT MNNIT,DVNRNN NN TNINY NIIYNA PIOINND
JPDOVPMIIND NHOND PAD DMDVLPMION PMYII P

712V NN XY IDIINN DT P> M) DVHNNOPN Y3 DTN — (Machiavellianism) onxspn <
IDINA IMN? DY DOYINRTD DXOIVINRN NN PYND NN DY INDIAD NN I¥I 2DVNDIN J9INI HNY
NPOY NYINM Sy 7P DMINK 2955 PNAYN 10N NPIDN

,JPNIIN OVIN NRHNND PPIART DM PNNDDD Yya DTN — (Psychopathy) nngyares <
PUYN Sy NVIN TDINDY MY IDINA ,NPINNKI ,NNDONNDINI

(940=N DYTH DY) TIVIV IPNNI .72¥2 NN VITVIRD MIINNND DANN VIOWN MNDN P2 WPN
Sindermann, Sariyska, ) V3IVNX5 NIDNPNN A2 MNP DVONNIPI NMDNM 2 22PN WP NN¥N)
.(Lachmann, Brand & Montag, 2018

N0 IPNND MIYYN

9PNNN NIVN

MIINNNN NN PAD DXANNWNN Y NPYIND MNMAND PIAY DIYPN NN PITID NNMN IPNHNN NIVH
YN0 GNNYN JY MIINNNN NI NN NI 7PN NN DX MINID NI .02I00Y IN VIIVINDY DNOY
DY NPYIRN MINON 29 DY

mHyvn

Y DMIYVWN NN .VITVINI NMYI VINOY PAD (Neuroticism) $1%019%310 NNON P2 23NN 9vp o»p .1
MYIAN 0¥ PIPY MIPIN 1991 ,1PVA) DIXDXX> MND NI NPVIPN MDY DIVIRY N1 TID NON
120 NPVYVPNN NI P2 WP DNTIP OMIPNNA RXNI,GDONI 1NN 1N222Y,INN M NPWI)

.(Kayis et al., 2016) LVYIVINI NMYI VIOV

YN NIYYNN .OITVINI SNMYL WINIY P (Extraversion) mIsnMN NNON P2 1YY 9vp o»p .2

.(Kayis et al., 2016) DT DMIPNNA 123 NN WPV TIN

4
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YTMYR WY a5 (Analytical/Tough Minded) Nawnn=-4n/5059IN VININNL P2 IPHY WP OMP .3
NN D DY MIYWN NOYN W 1PN HY DXVININIVN RYN DINND YW DITYN DY .0ITVINI
AVINY TPVIDIN NN 3NN ,NIVDIVOVN 29 DY SN ,NAVNND TH-XVITIN .DNVIND NIDM
NN 7PN DY DXNTH MDD TINH DY XD DD DTRY 7PNN NN NIWYN ,)10Y .NPoIdNIa
D017 VITVIND NMIINNNY MNS

Cautious/Social Norm ) :H93n Mm99 %9 HY H91-901N VINIVNV P POV VWP O»P .4
NNONA OXPOIVN DYNTPN DINNND DY DITYN NXRN .LITVINA NMYL WY Pad (Compliant

N T NIYYND NDON L,)ID .NPIIMIN MIYYN MOYND) DNWINN NIIN DY THNDND DY W9 \oN
.MYPA VITVIRI DYIDND YIINMY NDN NX PVLPNN 2T ,D02I¥N DY DIVIND ONITHIN

Anxious-) 199m=-49M (Fearful-Avoidant) 49n=¥31m3 MIVPNNN MO PA PN WP O»p .5

P2 WP 2D TIIY IPNNN NYIN 1T NIYYND NON .0ITVINI SNV WY »aY (Preoccupied

Blackwell et al., ) © PN MW 22PN WP IR ,VITOVINRD MIINNN PAD NON MIYPNN MO
(2017

NIYYNN LDIVLINI SNMYI YW PaY (Psychopathy) H5H919%090 NON Pa sa»N WP OO .6
ATY YIDW PAY 7PN NN P DOPIN DIWP IND) DNV 12y2 DT DIPNNK Ny

.(Sindermann et al., 2018) VIHIVLYNA
PHIINSIN APNNN TPoNN

NITO YY NY OM (D22 TINN) HMIANDN KD NNNT NVIVYAINITI TYN DXANNYN 112 21992 TIV) 1NN
Internet Addiction Score [IAS]-n T %9 5y MNP XNWY IPOIN DXDWNN .(1oND ) ©IIMPN DINONRY
Nnwnnwn (Young, 1998) o Mon NXon NP (29-n Max 1AS 1>Hya) oyonn niap — ondvy

JAS-1 125 NPYIRD P2 DMIVP RINAD YT PADI NOD DV NPNONIPI

DINYNY — 99NN *Y

o,

.DYNY DMIPNIN D) MITIN DY MORY DY 5915 — BYIN DIV IONY <

o,

TYTRD TN DY (1998) 0 > Y N — (Internet Addiction Test [IAT]) ©390RY MI9PNN PORY %
— 49-30 ,1M1ONNN PRY DMMNN 29-0 TWNRI 80-Y 0 P ¥) JXN LLIIVPRD MIIMNNNN NNI NN
YR MNONNN DN 80-50-1 NYP MIDNNN

wNN NX JM) (2007) Rammstedt & John »71> Sy an5) — (Big5-10) m511an mnonn wnn poNy <
,INNX NNOND ONPNN VI 5 TYND ,5-7 1 P2 190N PONYA TN 9D 902 PTIIN DY .,MNONN
.91 Y2 HY DXTIHNN DI NIV TIPNIN DY YXINN DOV NI

91



I | e e e e e e O |

Fisher, Rich, Island & ) ©1912090 109 1¥9 190 YT HY NMID — JYID 191 HNIND PINY %
NN N2 T52) DMNDIA OIFINII NYY N DMNMNMY ,MINKN Y910 NorWN .(Marchalik, 2006
DTN YV NPYWRND ND

: (Relationship Questionnaire; Bartholomew & Horowitz, 1991) ©¥pYn »w Y910 — MUpnn pINY %
NN 7 1Y 1-0 5770 P10 IV PONY NP D DIRNND NN NN PON PTN ,PYRIN PIN2
DMNDNN TNR DD DY NNIDN NN

NONWY TIND NI ,(Jonason & Webster, 2010) 900N YOIV YT HY NN — YANN YIPYWN PINY
D2VNN DAY 5-1-1 DD THN 5D DY INNIDN NN NN YIDN PTIN — MNTHN NMONN WNIN
DMV Y$HINN NN

NN

77-1 (31.25%) D191 35 DINND ,IPNNA GNNYND 1IATINNY DONNWNA 112 NN IPNNT NN
09 .(27.7%) ©>12) 31-) (72.3%) DXV 81 1YYON IPNNN NDIVIIN TINN .(68.75%) D100 DINRY
12,6 1PN MO 30.9 DNV YINN DY 72-5 19 P2 ¥) DINNYNN KD HY

Dy 60-9 19 P2 ¥ DNONN DY DI .(28.6%) D12 10-) (71.4%) DOWI 25 — DININN NODIIIN TINN
(27.2%) ©12) 217 (72.7%) DYV 56,0710 KON NMDIVNIN TIND .7.7 1PN NMVD) 26.5 DNY YHINN
13,9391 OO 32.8 DMWY YNINND DY 72-7 19 A ¥ DXNON NIN DY D7)

9132 MI919NN :1 9N

i Addicted Male

i Addicted Female

u Not Addicted Male

u Not Addicted Female
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A
q

DONSNDN

(199°90) NPYYNP NYIIOM :2 TN

Variables
1. Gender 1.72 —
2. Age 30.86 — —
3. Neuroticism 2.66 0.28** -0.12 —
4. Extraversion 3.75 0.29** -0.16 -0.11 —
5. Director Rank 11.78 -0.16 -0.13 -0.20* 0.02 —
6. Builder Rank 12.27 0.23* -0.17 -0.14 0.04 0.09 —
7. Preoccupied 3.53 0.02 -0.28** 0.24* -0.36*** 0.04 -0.03 —
8. Fearful 2.71 -0.04 -0.13 0.31** -0.35%** 0.04 -0.08 0.5%** —
9. Psychopathy 2.18 -0.06 -0.04 0.04 -0.08 0.13 -0.02 0.2* 0.12 —
10. IAS 26.78 0.11 -0.34*** 0.16 -0.13 0.19 -0.09 0.26** 0.25** 0.39***

P<0.001 : *** p<0.01 : **, p<0.05 :*.2=n2P) ,1=12% : 9TIN

TN XD NNDIND HYA YIPID NOXINP 1D NYNRNYN ,MIYYNN NPYTAIY PIXD 2IWN .JHPD DRNHD MYNNINI NIIWIY MIXDNP NXIVN XN 2 PN
9NN NNZANND DY MM INY PAITH AVNIN N DORNNI NYNNYN ,TIDNTI NNMN DMNMN NNDINNY NN ,NPVIPNN NPITIA .0NMN DY
,NPVYIPNN NOWY 93 75 .[1p=0.2, p<0.05] 221N YON TP R¥NI IO DRNND NYINNRA NIIPIY VITVINI YNMYI VINY PIAD NPVIPNN P2 IWPH NPPTIa

.21V D) LITVINI INMYIN VIDVN

02PN DIVYP OXNOYY NNNIN IYNR MITDN NPPOY NIRNND NN 2 NIYYN .NIODN NPPOY NIDIRNM IWYIN 6-1 (PPN NWI) 5,1 NMIYYNY NINID 1NN
.DTPYY THNDNY DMITIP OXIPNN 1PN XY D) DIIN INT 4-1 3 .9WP DIV DMP ROW NNNIN XY DY GX TN, NPYIND P20 NNXNIND P2 DMDOHY DIWP DINDYID)
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THYI MAYNN MIPON

MW MIDON

DNV YT VIYIN N 10 DNN — NPYYHN MDY NPOVINININ NNPON) MOV ¥ 9pnnd
P2 DRNN DMPY MINIRND GON DDA OINNN DININNN .NIODN NPPO NN DN MIYYNN NN
NYTY AWAN NYIY XN IPNNNIRNNNI DY NOPUYNT DNIOWN .VITVIND MIINNN P20 NPYIND
NPVIPNL M) PN YL DOVIN — INPYIN 9D DI0ND MIDNNNY INY JIVN DTNN DN
PNMNOM (Anxious-Preoccupied) Tvv-1In [ (Fearful-Avoidant) T9n-n) (Neuroticism)
91 NXT YNNY 2IWN 199 ,VITOVIRD MIDNNNY INY DM MDD DINNN) (Psychopathy)
TNY 1O .NDPNNITHN MIINNNN NN YN DN TP NPYIN NN T DY DTPI NPT DY
NITY VITVINI PNMY YINOY DY 28N YNND NN DY THPN D19V OTRD NND 1YY DN

PYIND PMNON

YPNIRH MY

2 TV DXTNRN DTN NN NN NNYNRIN — JPONR DNMNNY DIWNY MDA 1901 PN IPNND
4.57 Dy 1NN DI VIIVPNI DOWYNPNYNN NMNIY 12IND NMT XINY 19010 ,09NNwN 112
T NOIWIIN HD5Y NYYPN NHHON YNIY I KO ,NNNNNA L(IWS, 2020) Downnwn 1IN0
TNPOND YIND TN DY TN AN IPNN YXID TIOVN TNYL .Y IPNN MR NIYININD NIND
DXYTIN — NXTN TONNNI NY2NN NPONY NIV I RO NMIVN .IMDIVIIND HDID 1N MOPN
MIYD DN MININD INA TAN DY WION DI2IPN DIVIN MINNDD XN NOXYT ,NINN 2NYVH 9N
NONY DYNN0N DIWIND NNINN TPNDVINN XD NIPWNN T PONL PNTD DIWN INRD DN NONYD
DYN NIRYN DY DINYNY 12N — NYNINN NMVN NN NIDN NYIN XD DIINNRD NIRVN NN
NPIININ NINWI I A0 PN DT 2T .IPNNN NIRNIN VN D97 NVININ NN DXYN

.M12) VITVIND NMIDNNN PN XY DANNWN NAINTY NINID 1N G0N .DXdYNN

JUNRN MIPNNY MYLN

YNNYNY 0N IPNNT NN M2 NNPON PPONY  NNYTY 100 PYIY D50 MYayn mnd
LOYTVPND MIINNNN PAT NPYIND PIAY IWPY YN TYNN MIPNNY NN IPNNN NNPONI

oY AN NN NANT INNN DAPY NIVNA TIYD I NIV TYNN MIPNN DY 27 190N v
N NONRI TUNRN IPNN LDITVPNI YNMYL YINOY PIAD MNYN NPYIND MNON PAY PN
N DXTH TYNN IPNN TIYD VN ; 1N PIDYD ROV NIN YN MNDNA HWND TPHNND NP
212 Q0N TYNN IPNN .DMPN dXNPX NPRIPRD DI NN VYN ONNND NIVNA INY NN
NIV 5 NTINYI 1IN D VITVINI INMYIN YINIWN PIAD DXANNWNIN YD) PIAV IWPN DY NPND
TVIIND NNLY NPNNDDN MYOVNN DY DIPNN YSID D) YN )20 .DMIWN P2 PN WP

O N2IVN PNDA DAVT JN) DRI VITVIN SNMYI VINOY DV
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DINNNIN DIWINY MINITY 1T DNOYN TINNI .PINNY THHN D2V ¥IND INIYN 280 — 2020 NIV
MNAWNI YTONY DOVIND 217 . PNINNY TN 205551 DIANMDI ,NNN NRKD DWPNN YN DHivNa
NON ,ANT DWW .MNT AXIN 2T ,7O9950 MINASYD Y)OND INYNN XD Y925 mwbnn
D720 HNK 2017 MY D7H51 MINI 297 AN TN DIWYNN — DX DINPWYL DINNIIN
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PROYN LJIDN VLININN NPNRN MYXNND AN IN DT TYN NYIND NPIIND NN 190N NI VDY
AW TN DI120N PIVNN NIN N> N2 NI INVIY DNY PIND

I2YY DN NNDNN 1T MYNPYN P NI NI P VHWN DPP YN 9910 —91399° N3 19393
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N2>02 DOV NXIN NIV NPIINN NIDN NV Y NN TH1 DY NPOTINN MYNWN 1999° N3 12933
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NN YTHN DY DD NPDIYN MDD TINKD dNXDIN YONNNN PONA .JNY M NY 1YY NTIAYN
-YPINNRN PONA .HNAYNN NYIAP WINT XIN DINNIN I NVIWI NODINININ VTN NDNN WITH NONYY
2Y TPNLDINN MITDN NNDY ,DMNPYTY 29 DY DITAN DOYTN DY NN Y9NN NN ONIPN YNV
VIDNN TYNN P2 DYONON 12T MIDINN NIRYN 22D MTAN NNPDN 1T NPPNN SNPOM ,DIMTIN

RAP2STRIRAS RA e (2Va)aTn)

INONAYNN NNAP NNINI TN

DMPANND DN NPIXNN — NN DY TOND SYTHN TONN NN NNXYD OMNITH NNIN DY N
292 — MY HYOI NPIYY MNY N NIT ,DOINY LIDNIRND N ONMIN DN DIYTHN YT DY DHIMN
NP YYD TNV YA 1T .ONN NYAN NN DINMN I NHNN MNINNN OMIPNN DY ¥I150N
.(David Hume 1776-1711) oy 717 XN 0772 U912 ,05317 DINDIDID YTHY NPHYY ,NI8PITIIND
.DPN DYN ,TPYDD MYV NN MPONM DMV DMIPN JN MNINN DNIAY ,DPDOUPYITIN DPOIN
LJINY DNWO NNPON AURND AN MO MNIND M0 ,MNN 195 MPONRN PNPPN N0 poIna
DN )N NYAN NN 1O MMNN I AN 159D 7ION YHIND DI MIPONN YDOVPITIRD NYLVI
2y OONN TPIINRN IN DI PIN NN MPONM IND DIFDNY DMPINN DN DN MMNN ,YTNI YT
)12 9 91 )T DY DYINNN NN DXAYMONN INPN D5 KON NININN 1D DY) DN DN .D¥IPN 1A PN
-NNY T NI MYIAPIN-NN XIPIY 280 INT .Y NPNIRND DY THRN 2WHONND DONN DRHD IMN
Y12 HYA .0MHYIN DI NAY IMN NNT YT MINXNWN Y TH NN NY W 12V I8N — NPPOVNNNI NYIAPIN

JPNIYNN NP TIND MINRNN N ,MPNINNN DY MYAPINN-NN NV NIPITIND

1Y 591

SV MMM MONN DX OMINA PVNRNN PONA JOR SNYINY NNDIND NND
{PNOY DP9 DNININN DITAN DNIYTN

PIN NVSY N N (Johannes Kepler, 1630-1571) 99977 03N — 1 799
TPNINOIN THN VAP .WNRYN NIIYNI NION 121D NYNN NN DINNNN ,109P
NN 299 MY 30- NnvrannY ,(Copernicus) 1PN Y NMIvINONIN
INY 991N ,N2°20 22INDN YIRD TI,WNHWN NIIYN 15910 NI WHWN D
TIOWNN NYNND 7PN NPOIPN NINIVONI .OM2HYN DMYDNI ,NOON 251D
DIPINP DY NN ¥9) KD NY THYNI WY SNDA TRy NP MI1NNa
MN VLI T2T HY IV MOYPN NNHNNN NN NNVYRID YNNNX 199 YN
NTIAY HYY MO ONYO PP V9P ,NVIVIN NI NN N NINNNY INNA

JPYVIN RONY NIONY NI TNN YT YOIV TY MOV

(1630-1571) 799 ©INY

0272111 DINIVOX DY NPINN DY HUNPNN NN DY TIAYY IXIAD DAY YHN NI OMDN 1DWI

MTTHN YY DOIANNY TWNN 997 1910 INNKD DY NN VMY ,(Brahe Tycho) nn1a19°0 — ingpna
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250NN NN AYND NNPDN DY DNV WY M INN .OYTRN DY 5I1D0N2 IPOYY ORI TRNRNM ,PINN VMDY
D1P29917 YOW 112 Y25V NIYOVDON D100 ¥ DY TRV MPDND 199D WO iV THN

TYNN .29 WP 0P TYNY NPV MNDWID DY NITO INKRD NN NIRDN
DN WHYN NN NION 12010 NDDN INY DY NIDINY NIDNN NN
LIYUN PINA .NDIY DPIND NWIDY TINN PYRIN PINA INT — DOVION
DNYY DMV YN OYVPI NNY NTNNA DY) NODN PANDV TI DY THNON
1219002 ONYOD NTIPIA WHWNND NDY 201D PNIN PAY DNYY YN ,WNYN 120
9902 1IDIANN DXPIND MY 23197 DY NYNNN MMVNN PAD ,vNwn 110
DY GWYI 109 NN YIHYN PINA NN .NIDINN INND DNV NND 2NOY
YNRYNN N95 2510 DY MYON HY pNINn PaY WP poy XN 9N ININD
ITINVIVIV VAP DINY 1PN VAP SPIN NVIDY .Wnwn DR PPN 12 NPIDY YO DY MPNND P

VRN YRYIITITN . n3pan NANSY MDY MDSY DIWNN 1NN NPMONY MNVYNN NN
.Y NN NNMN IDIPD LWNAN 19N D952 NPYTIN

;T2 DN ,0NAY MOYNNN OYIN N3N ¥ DY 1152 DX 99D HW NONONIN 1DTT MINK APW PN
YPYPY NI KINWI 19929 "IN INPYONNN NIN DN D) ,NNPNT 12 192 AN OVIPN NX PIANY NN
YIVIND DYN NYIN MTD> NN

N7 X N ,(Charles Darwin, 1882-1809) 129197 009Ny — 2 999

DYIYN 2220 YONY PNIT RN 1831 NIV .MHYAVN 199937 TITI NIINIARND
10 INNVY DIMNDN DIRNNN DD YONN TONNDY ,7ONA7 PN NMIN DY
YA DN DMV DOPHYY ,NPINITNI DINYH OMNYPIN DIPHNY NWND

AY89NN DNHY DAMYN DIMTP MIAN

DNNYN DPNOPIAN DIPNNVY PN NNT 2 Y0 MIPINN X271, PNIT

NP DT T PANT 1PN MDD THRYY DNND .12Y2 1IVWNY N9 TN TN OY

NAYNN DY DNV NN IVITI D D) .INWN RIN JOIN NN, NNNYND DMON PNRD DINY NINNN NN —
SPRYNY NPYITY TAD DY, 001N .5HP¥A0N 19920 — 1NN DY I1DIDN PYIN O YN ITI NXNIND
,YONIN AINYI .INIRNN MDD 2OV DX IMNXINTPY DPNN DN D) INND 1N ,I09PY T
NPADIDY, NMPYTH ,NPNIINON — MNND) M NPIIND THY NIP
1NN NNX .TIT ONND INPYI ONNL PN PNV — NPHION

(1882-1809) N7 DY NN

nmapy” ooa (Charles Lyell) 9»5 o5y »1 Yy nnoo
29712 NN NAPN DMP NIND NTIV YNPNWN MINK) "TINIININ
DYVN DYV NAY NPN — 19-N NINNA YTHI WOIW NHn
NNIDY 295 ,0DIN) .OMIWAN DN DYNYPI DOPNI OPNIIT
INND N9N INIAYNNA NYIDND NP L,PNITY WIPINN PIaN

5y nonnr (Malthus Thomas) ©1non omn Sv 1901 NP
DI OYNIND PR DY AN DI P DYY  IMDIVIND NIPY

292191 TTIN NON DOVY : PNDIAND NNNT
NDA0N NPYAA ANYIND DN Dyaya  DPINN MIPN N0V ,DIPYY MINNTI YAV YINYNI NONNY
MINNI TPIVINN N29N0N NDNVY Sy DINYN INONY DINTN INIYD ARY PIT .NTNY) MNNIN
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MINYNN N300 DIPRNNN DN — Ya0N DY DO OPPNN XINY MPONY YIM PMTIVN PIRND
TN MINKI NAN VT INDD NIV NINMIDN MNON T, 0> TNYY IONX DN MIAINNY DININNM)
IN DN YYD DOWIY DTN NIAY THMININN NN NNIYNA — HWAL N9%93 NP NI 1T PN

.DMIISD IIRMY YT DINNNIA

YN TN M2 HY P92 TWNN ININD XYN IDNN PONNI 7NN DY NPPONa 0) )T 9790
1A AYN NYONN ,0MMIND P2 JPNT DY WP NP NDIND DY NTPON NN AYNTHN NYIPNN
972NN NOYN NN TYWNNA MINJIND Y NNMIN APV TR, RN NTIPI OINN XIN )PNITHY NN NTIAYN

VTN MDD DAY NPNAYNND N297NN NN VDY NIN DT D720 .WIND 1w 0INNN P2

PUPIND 1PN DI DIV L(1928) POV UMY — 3 P9

,(Rosalind Franklin 1958-1920, James Watson, Francis Crick 2004-1916)
ATIIPMP NVIDINND T ITAY PIPY POLVN .DNA-N Man nx )
YOI ,20-N NN YNNI DY DNVIDY . PNTNDIY AP DIPPA NTIY POPIIN
720 5y DNA-N N2 SV 35010 Mnn IR MZXD — 7PN NN NN NND
D»N DN HY OPMNON NN YAIPY SNYNNN IINN N¥NI NIV 7IYWNN
MAYNN MNPIINNY 1II0Y NONRD PN IV ,NIYYNN 22D DINXNP 1PN DIV)
0PN DN HY INTIAY DY NDOANN POPINY .(DMNIAVN ) NYNNN TONN2
WYIN AR NYYN ARWD Pav [ ndv Apnnn oy [ (Maurice Wilkins)
NO) N L,DTPNN POPINS DY IpNNN .00 NN NN NIDPIINNY
VIDYW MYNNNDY N0 WY — DA Y v DNA-N nopondy
MY DY DM MNI NNNN PXAND NNONN NN POV NP NPNINOVI
ONMN TR0 Yy DNA-N SV 219 ST NNAY 10% PrIP) OV .DXANNN
(2004-1916) 1P DDIO .7925W0) N, 0T IV DXOYNN

DNNN PHPIND,PYNN MIMIN POYY IPND HDIP DIPPA DPPNN 1951 mva
GNNYN POLN .INDNY DHDN OMNMNN DNA-N 12810 MY 12D TPRSNDND NN
YOV NIVNN XTII2DMP TN NXIN INNIN NN PIAN XD IRDN DI TR, INYINI
POPING 292 INONNYI TR ,PXIP DY TN 123N DTN NN NN XTI YT 990N D
NI MIWAN YNYA KINY DNY NINN NI ,IRYINND MIAPYA 1IN OMNWN DX TN NN
,N12PUNN POPIND DN, NIYPNI PXIP) POV DY NTIAVN .IIRINNN PON INOY
Y DWNNT NYN TAX DY TNPN 19IND NI INNN PXANY NNYONN 1952-2)
DMIN 95N NXIN — TIND XNMIYHYN 7PN XINY 172NN Tay>7a .DNA-N n5p5m

POMA DTPHRNM I NPRYNN XD NN DIAX ,NNPOINN MHAN MIAND DOOVIP

(1920-1958) 197379 7YY
I .DNA-N Sv 7Mwn N8N DX Pand

DIWYA 127 29 NMIYN NOYHRY THPTIDY THPNN NINY 12 NANYN DYSNY NPNINND YD D30 PN IND
OLNY 5NN PLINN DIV NN PAYN ITPR NTIY PIPINDY PN TPNY ,DIPF DINN .0ININKD
N9YY WINN YTHRN MDY NN PO PN NOLN ,NNTIPN DYIY TINIA ,0¥9N .PIPIIND YW YT NOY



1200 DTN NN MY DNA YW w1n 0)T 239 DY T )2 1YY DDANNY,INNNNN
NN IPN D) TN )90 OTIP 1909 NN ,TID NNDT ND PYH?I19 52N 0992 197 Yo
9512 NNOT XY NYIONN NNMIN PV ,DMONRY NMN D98N 1PN DN POD ,0”N3a
INYAN NPVDIPNIN NYTINM Y NVDNIN IPNNT PP POLN DY DINRNI NPIDN

Y2399 HY NNMANDY 199D DTN MWYD NN NNXINN DY) PINYD

TN IXNIININ DY DDIAN NIN .22 TN TIND TN APNINND VI DT NIPRI
PINAD NNAND NN PAD DI KOO NPAYDY ,NMIVIL PAPAY IVWARY TI1T2 NYINY
DY VIONN VI DY MHHYN MIDWN NDNN YW DMYN DMADVA YT P390 .i7dYan

JPNNONN TPINNNNIND

WYIN .0W0ND ST N N (Niels Bohr 1962-1885)

TV TON — DMLN — NPYND NN PNRY NPDIDA NITNMI N2 ININD VYV
NN MAPYA 19-N INNN NDPNNA P Y1ON T DY HAPNN X ,NPPNYN P2
DNMINNI DINRII T PADNY YTYNY DD DIDTIN WXIN IND .72 MVTN
92pNN L WTND M2 YW INTIAY NMPNIA L,20-N NNNA ION DODIDL DPIPYN
199 7993990 YN Nnov (Ernest Rutherford) 79199109 LN YW 1IN
,UNYN 220 NOON 2010 10D DIVRN PYI) A0 DXANNDN DINIVPIND
PYI YWY DYDY DNYY WOLNRNIY PNI) PTNVYNN NIDN YT HY DPIIYDNI DXPINI
TAYY M2 .NTPIAON MO NYOVNI DY) NION HADDY MO (0PN DIVND
:NPYI ONY I DT TNOINT DY DTINN NN NNAY ND?N ,I0D/NIN NVIDINNA
NYNN 1N NN NYNNA IV )D¥OY DIYONY DINITOVPINRD 1D ,TIONYN YO 9NV NNMN MIWRIN
PYND NV P YND DNNINX PN ONIOVPIND .ININ TIND NN, DIVXD PYI) 22D DOLIWVNN
7201 XY TNOINT OV HTINNY NNMN NPIYN MIYIN .59 NNPY NN KD N — 12 IWNNOY TY ,DIVOND
NVIDON DITVPID M NN MINT HNDN N RD 199) DMWY DMDN DIMVN HY NVIYN DIVPID NN
DXOMPN NPMINN YIVINY 159710 DTN M IVON NPYIAN dNYWY M2 YNNIV PNINN .IIN 9 v

(1962-1885) 92 ©H”

YO0 NYOVWN DY Wawn D) TN, ()2 DTIP MM DNV (Einstein) prow»n (Planck) paxos nniaw)
DYNDN DIVDNA P RINX DIVND PYI) 220 DIPN 931 YNY D01 DPNX OINIVPOND 1M1 29D
NN DXTAND OPNX DN OXWIN DINIVPORM DX DN NIN DXTNPN DINVDN MYV .01 TN
NPA0N NN TN, NPOIPN MOLNMIVPIRD NNNN NN PVIVND NIMD T NIYYN . PYINL DOUIINND DIN)
— DMV DMLNN HAPNNIY NVIVAN DITVPID NN DN 1M1 DY HTINN G0N .OIMNVNN MDY NN
97N NINY AT DIVRNND NVYAY NPIPN MNDY , NNV INNX YW DY DINYDNI DINIVPIND
VY TIDY DOV NN .0XNN DINDDNN P OINIVPIN DY DMITHINN DIIIYNN NIRXIN N NPVIIN

DTINM 19N TION DX PIANN NVIVAN DITVPID ,DINIVPINRN MIDDN DY MNMNIN MIAN

NNOPN DIINY NN YIT NN 12 MITHX XD TPON PN 7PN VY STINN DY 1M1 S¥ NTayn POIN
271N D022V MNDIND TR DINIT NN ,TPYRI .PYD 1173 1DY DIVRN DTN TIDN MIYNN HNIYNNH
OOPN NNNN P2 OITIONN D TAND NWITND )PMITN NVITIN NN NI — WHYN NIIWND MINIIND —
DYTNY DM ON N3 7222 1M1 DY INDYN DX TIMINRNY NNOND 2D YNNY , NNV .DPVIMP NNIND
2127 ,NPND G0 HY ,NIYN NN DIWND 19INY M3 P .NIMD GRI DY VY MTIPI DPIND INMD) —
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JPTIOY N9N DNIN 9 1112 12) D1OHP DIPIND NONND PNIVPIND 12V IO DID0NN HVIN NN NNND
DYOMPN NNND TPORITN NAVNNT MIVAN NN NINY MPI0NIMPH NIPY NN 1M ND» ,TYNNI
NAVNNT NNXD DMIYIN MINPNR DY TINYD NDINY PMIOYM 9Ma DY Y 1NN IR INNN P90 D50
2OV OOPYITION

N0 nx Na (Albert Einstein 1955-1879) 1220w N 092UN — 5 999
DMIPN MW MNAY WINMN DY TITH MXMID . 5¥Y99M HVI9N MONN
SIPINN OV TP MINDNIT INNN 1 ,NINNIN IN NNOT T DY D12IWN
IMPYXI PIOWPNR SV PPY THY NYAIN NN 1IP Y 1917 DTN YW 1NN
TIANN 221770 YT Y NTTHIN MR MPNN NN NN NINYA DX 1 DI

APV9D MONPD NN NPT SY N N NIRYY NNWNN IND IPY

e

- TN NYANN XD 0N .NHOYIN MONN NN NN XPNT INTIINM N NTIAYA
(1955-1879) 1>OWIN VIION

NAYNNM I NNNN INN NN, DD .TPVIIN 157932 D9 DTN DV NNNN POY

Rl EIn 0 — NORY NN2YN NNNDNND 1PN DY NIVINDD NAYNND NPMIAPYI NINIY
T | ‘ (i | H PIOWN 1YY HING 513°25W NTXAD7 NDA WN XIN ORN 199070 OTRD ¥WIIN
1" | i N2VNNT VIN DX NNV PYHRM INTXAIN N2 YN PN DTRN —NPHWI YN
: i ‘ 1M NIPN DEPA NT290 ,TON INM,NTRNNY NHINTIN NT9291 — NIVINDD
|
i |

PYOYINN NN NPIOYNY MIYIAN NN N L1907 MV YN HINN DTN M T
NIN9 IWN N TYN NNNNN NI YT OINXTH NYIND NNTPY NPNI
NN NNPY N 1905 MY NPV MONT NN NN DD PIOVIMN 17PYIN
TP NN NN TYSN .NTAIN MDA NPOY KD TR T HINN NN NNYIIN
NOOW D N2 N DTN MO DY D) DINNY TO VI NNNN NANIN
. Q;ﬁi;”;?;’;‘ga;’; NN PYNNY PMODNYN NONNN IR DHWNY NYID APK NN NN NN

997 K92 INYTINA NN N7 YY NAYNNNY D BN, . 1NVIN NPIDN
DTN NYOND NTPY DPNIVI NIND

-

NON — NON DY DHYIN NV NUYND PN PO DY ININL T 7MY PIOYD INY Py ypI D) N
MO NY MVNNN NPNINY ,PTII IV TR 17122 NWINN HTAN PNIAN NV .NT2250 NHOM NMINHN
NN IDAN N, TIPN DT 12 IR XN DY IPNYD 12010 71PN XD POIPID DTN IMN Y1 0N NONN
Y DX DIAPS 71PN 9122 KD PIOWINN .YTHN DINND XINND TIPAD RNNN YTONM INN NYI NN GpunNy
VP DN NPNY 2N PVHPNNN DITI NN DI TIONN NDNN OND MNY DX INYTY .TPIPNN DTN
OV NMINY D9 )N N2 NTHNNY MYOLN MYNNIN NN IYPN DI 71PN DY RAN TYNN 1IN IOMNN

AT ANNY NYTNN NPIVNIND NN DT NTHNN P2 PN, TV Y2010 ININ

D) TN 1N VYA IRIY NNNNN YA PPOWINN SYW NN SN PINPYIY 1PWONWN T¥HD NI PI9N
VI SV NP)2NRI NN SN NPIBY NN TPNNY YIND NIYNN PHNN MIAPYL YN TV

D) DN TNX DI TR ,IDN DY YNNG TONN T2y 1VON DIPIAL NININ DNTIAYY DIYTNHN D TNX 9
TINYY Y1) DMIPNRN PO THR DI .1ITNON D390 PPIN NIPNAL YN PNINSNWI MND7NDN NN NN NN
NN NI TPOIND N NNAPN TAR TRV 1D 772NN 00N TONN DY D¥2327070 NIV P 1ayNn DY
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DONNN — APIIRN PPN — TPDINND NIND OYIT ,IY T8N ,VIDN DY TUHNNN TYNNN RO NYNIND
NN DPYNY NN N DMWY NDNN IIONNY STIRIN IDNND DY TYINNN PHNNY DIV DPD
DT ,NPNIDIN — NDND DMV DI DY OPPAN DY ONTHY .NIPIND NPYIRD DY NPTINMD
NN 25U MM MITHY 525N NN ,0MIDN YII NOINNY IMNNON MINNINAPN V9, DMINI

JIYI0N MYN YO 3TN NYDIN DY NIIYOW STIRIN DY .NNNX NNNND

NYY MAYNN MIPON

: TMYIYN NNPON NND NTAYD

DOYTNN NN NT TIND DOITI) APAINRND YT NDNN MIONNY NN NNYRIN NPNANN NMIPONN
NN ,OTINMD DNPYIN NN DN DN — DN NN TYRND TN NN 7MIYIAN DX DINIAN DNV
NNIND DY N NIV N MPON .OTRY OTRND NNIYY INPION YPHTN NN, 0NOV YPIN NN

SYTN NDN0 NTNNR NNDN PR YITH PIADNN PONRNN PONN DY

NON ,2IWND DMIYAD DXONY 19D PN Y DOWNN DPN APINIRKN ST NN DMIVN NMIPONN
WHINY NP GN DNYD VTN XY 19IN2 WNIND IPINIY NDINDY TN 70NN YW NDYvan DN8»N
ND INODY ¥XI2, 19T INND INY,YINDY D100 TINKD 7dYaN DY NTAYN NN DXL NIYTHN IN

AN PINAN ,MYIAN DY DNYT NI

VI NON NDN DY TRN YIIA 21T KD NNTIPN MPONRN 290 INRND SIPN 1IN NINN DY NN
TENNON TPNNNOPNRY NN NTIAYN INIYD MDWN W TN NI ,00V PONN DY INNVIN XINY
NN PADY — NN Y)12)1,0°101 ¥)I12 PVIVND TIY NION NP NDID (NPVINDID NDIY NIIANNY)
TPNNNAPND ,DOWAN RO VIDdND POIN 7Y YOY NN D NN . PINK DIOWINNDY NNIN
D) DAY NMVYNY NN NN 11D OIPIND YT DY NNIYINN NN ,MMIINY DI UMD, TINNND

9251 1Y DONYY PRIN NTYIA NN ON

*

LDNOYTN DY NPNPION NDNN 27T HY DX DMMIND INNIY 1NN PN NRND NN NIND NHYN
,DINK 1Y DY NTIAY TIN,NOWI) NYTIN-RON NAVNND DY IR NPNY 7PHN TN NDNNND NNOWNI
SPNYA DMK VIO INPN MR TR YIID YT PRY MNN PN DINNN D9 1210 WAT MY (1T

[=) =24

.DMIYAY DINN DIYTNRY — NPNIRN — NPT NINNN DY NV — NN ONY NYP DTN PIDYY YNINA
.N902 YN VYN PNITIN PN ,ITD NIND NNY N S DMHVYTPIN DIMPT TI0N

MWYPR T ANV IV PIAND XTVP TR ,NTNN DX NNAY MNIDNIAY MOUN TIND TITY ONINY KD
SV AN DOVIND DIONN TIN2 DMIPN NN ,DXMYN DXIMAND DNY W DNN ,DXWNIND NPNINRN
NNY NP NNON R OITINPAY MTYN 2099 YN0 INIRWY ) )IDON NYINY NIPONN .TOYTH DAY
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9> PPD — MPONR NI 9198 NRIYNA N0 NPV 953 5 157 NN T1YY SNINA NIV NPMIOVN
SN

OMININD NAVN by ypY

197 5998 HY 0PN NMIAIND MYNPYNN

DY PN MY APY PN PPN NNNIND PP ,TPNVHN MININ T2ID) MYNYN PON PIN 1PN
Oy INNAND YN DY NMNNDY POINKD XIN .1PIN NHNNIND DY TIAD YW DIPN YP) NNNP 1T
APSN XYIN HY DOHI9N DONN IPNHN NN MVWHI PAYNY NN INP2 NIWIN NN TN )93

DWNI (907-618) NNV NMPN2 PO NNMI ,SUIDOK 12201 NXIPIVY ,D1H21 T2 NAIVIN IPIN NPRIOV
,POOPN NNDNN NN MRNY ,DIVIN 9D NN
,DIRVINND D1 19D ,9N 2PN POy NYNNA PN
PO NP DY DINN VYN P .0 YY) DIPIN
1OVN DITYN DIPNTHN DN TN ,NNPN NNINA
MIPND IAOON DINTYN OIVNN TN O Py OMN
,DYNN ;0N YA DMINNNN DIV D) 19D DX

W DN

1368-) 20 N9IPN NY>NNY (1279-960) IND NAPNI
PN — 0IIMMNNT IV NIMD PO INNONN (1644
19NN 1577 INKD .DNWA PIN DY, TN YN 25700
- ' 12OUNN IR ,D79> DX D) PONY DMIPN DN
92710 OPON VSN HY MDD NP0V NNY MUY

212 D'XN LI'T 2017 2UT .(Kano) nxp 915081 0529 DININ DY 1T I1P¥ 99N

DN, MM T1A9D /NNWIN IPSN NNPONX NN Tokugawa-n o9t ot 1868-1603 DMIvwa
DPIVY DTN YIVN .DINIDN DININY MNNIRI NN MNOT OXTNI PVIVWPI D) IPDY
21N 927D, 0P YTYN DY INND DINIINDT MNI2 NPHNMIPA DXITION) INY O1DVNPT
ANV DXVMIN OIVNN 9T ,NPYIT AMIPTI PIDOY IWNND ININNDD XYND NVIA2 INY NI MM

DN N0 NNPN HY DXINN MIPIN

157 999982 9N MYNYN

DIVN ,DXIMNNN DXNLYN N NMIND KD YN PPN DIRINND DMPON DMPNI DPXIN OHONN
NN DX NNNNI,DIVIDY APND DIIWAND DN .OMPN 1PONNY NN DX NPHNTI OOWND WIT 1ANHNY
PN 9ONN NN ROND PYN NIZN T DY 1MaNHNN NWN

1919 INND .19 MYNND MAINND NN, DPAIN NI ,I12INA XY ,29900 T1I) PO RDINY 190N
Y1N92 71 10-7 NN, 07991 19D 7-N NINNA DWN ,NPODD 6-1N NRN YN NIRINIPY — DONRD N 1T
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[21A2 N'XnN ,0'n 'VaX ,T'l 9i;7

, PN ION DI DXOYN DINPNION DIPNI NYPN DNRND DN MYNNN NP ,DIYSNND DINNY
ANIDM O2Y DY DI )20 YPI DY DXOYN 1T OINP .NIVIND MPHRYNI NN DY NRNIN ON NYYNID TN

’aVA DNN YHYA DY VAN INYAN DANN — YPI

NTNONN DY DIXYIAND YAV NINIDIN 92N NPN 299D PINN IDIN XN DN YTYUPNNIY MWD ThN
DD NOM OYTNIY NRY NYPN

INTY TNIND .OMNOYON IN NIND NTI M990 DXNNY IN OPN HOOYI NTHVYN NWII DN DY NTNON
YPIIVN NHRN OIPNN PN DY THPYNHN MDD INNN I2TN ,0Y DT DY OMNNINN MYV TONN
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Alive, Written and preformed by Hiromi Uehara
Avatar Studios, 2013. Music Album

EMI / Blue Note, 2011. Music Album

Heart, Directed by Erick Oh

Nausicaa of the Valley of the Wind, Directed by Hayao Miyazaki
No studio, 1999. Film

No studio, 2010. Film

Plus Loin Music, 2009. Music Album

Princess Mononoke, Directed by Hayao Miyazaki

Red Hail, Written and preformed by Tigran Hamasyan
Seven Seas, Written and preformed by Avishai Cohen
Spirited Away, Directed by Hayao Miyazaki

Studio Ghibli, 2001. Film

Studio Ghibli, 1984. Film

Studio Ghibli, 1997. Film

The Old Man and the Sea, Directed by Aleksandr Petrov
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