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Abstract: In this work the mechanism of resonance is proposed as the way for
determining of paint age, by application of this method. This method consists in accelerated
paint ageing on the basis of resonance. Measuring is concerned with humidity of paint and
it is a general method since water molecules are present in every material. The molecules of
water have random distribution. They oscillate in shallow potential wells so that they can be
ejected from paint with low energy quanta, thus decreasing the paint humidity by
evaporation process. The high energy quanta accelerate this process of the paint ageing.
Since water molecule is mechanical oscillator it can be turned into resonance by application
of mechanical periodical field, but since it is electric dipole it can be even more

conveniently turned into resonance with periodic electric field.
Keywords: resonance method, accelerated paint ageing.

1. INTRODUCTION

The age of paint is one of important forensic
problems since a number of forgeries of artistic
paints permanently increases. There are many
attempts in solving this problem. One of ideas is
accelerated drying of paint. This work is devoted to
that problem.

We start from the fact that all paints contain
some percent of molecules H,O and that their
humidity decreases in time [1]. The humidity level is
one of the criterions for determining of paint age.
Accelerated decrease of humidity can be realized by
resonance effect, since resonant energy is
proportional to the square of time [2]. The molecules
H,O are strong dipoles and therefore they can turn
into resonance state, both by mechanical and
electrical resonators.

In the first part of this work we shall shortly
expose elements of mechanical and electrical
resonance. In the second part these results will be
used for determining of paint age by mechanism of
accelerated drying.

* Corresponding author: vojzoric@yahoo.com

2. MECHANICAL AND ELECTRICAL
RESONANCE

The mechanical resonance will be studied by
guantum approach. We shall consider one
dimensional quantum oscillator with Hamiltonian
[3]

2

1
H, =P et (1)
2m 2
in periodical field defined by the Hamiltonian:
H,, =—-VvpcosQt (2)

In these formulas m is mass of oscillator, x is
coordinate, p is the momentum, ® is internal
frequency of oscillator, Q is the frequency of
external field and v is proportionality factor having
velocity dimension. Using commutation rule
[x, p]: i [4-6], we obtain the following equation
of motion for coordinate x

X = P vcosQt (3)

m
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Differentiating (3) with respect to time, we
obtain

X=£p+stith 4
m

. .1
Since p= o [p.(H,+H,,)] we have
I
p=—-mwXx. Putting this into (4) we obtain non
homogenous differential equation for coordinate x:
X+ @’x =vQsinQt (5)

The solution of (5) we are looking for in the
form [7,8]:

X =X, + AsinQt (6)

where X, =C, cosat +C, sinat is the solution of
homogenous differential equation:

X +a’X, =0 ()
Inserting initial conditions

x(0)=0; x(0)= L 8)

into general solution of (5), which is of the form:

X =C, coswt+C,sinot + AsinQt 9)

we obtain the following values for constants C, and

C,:

Ld 1 vQ?
c,=0;:C,=—-————— 10
! o 0 =P (10)
Consequently, the solution (9) becomes
x(t):L—q)sina)t+E osIinQt —Qsinwt (11)

w 0] w? -0

If external frequency Q tends to internal one
®, we obtain the resonant value for coordinate x.

Xg = limx (t) (12)
Q-
By means of L'Hospital's rule [9,10] we find
Xq (t)= L Ginot—sinwt - Lcosot (13)
@ 20 2

For t >>1 the second term in (13) becomes
dominant, so we can write

vt
Xg (t)z —ECOSa)t (14)
From (14) we have

Vot . Vot .
% (t) = —~ coswt+ 2 sinwt ~ Y% sinwt (15)
" 2 2 2

Putting (14) and (15) into (1) we find that
resonant energy of mechanical oscillator is given by:
1
E.(t)= 3 mv’e’t? (16)

The problem with mechanical resonant lies in
the fact that elongation x is proportional to t (see
formula (14)) so that after too long t we can go out
from elasticity domain [2].

This problem does not appear in the case of
electrical resonance which could be realized in LC

circuit  connected to  periodical  voltage
u(t)=U, cost.
The voltage equation [11,12]
di 1.
L—+—=|idt=U,cosQt 17
" C! 0 17

where i is current, after differentiating with respect
to t becomes

d—2i+a)2i _ U
dt?

sinQt (18)

We are looking for general solution of (18) in
the form
i(t)=i, (t)+ AsinQt
where ih(t) is solution of homogenous part of (18).

For initial conditions i(0)=0; %(0): 1,@,

(19)

we obtain
@ UQ? 1
C,=0:C,=2+=0 20
1 2 Co LC() QZ_QZ ( )
Consequently, the solution (19) is
i(t): I, @ sinot + u,Q QS|na)2t—a)25|th (21)
o Lo o —Q

The resonance current iR(t) is given by:

i = timi(t)=[ 0P = Yo |gingrs Lot OOt (22)
250 o 2lo L 2

After sufficiently long time we can write

Iq zU—Otcosa)t. (23)
2L
The resonant voltage becomes:

Ug (t)=U, cosmt (24)

and, consequently, the resonant power is given by
2

P, ~—2tcos’ wt 25
RS (25)
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For resonant energy we have:

E, = jdtPR(t)zU—gt2 (26)
] 8L

It is seen that the electrical resonance, as well as the
mechanical one, gives energies proportional to
square of t.

3. WATER MOLECULES IN PAINT.
DIPOLE PHONONS

The molecules of water have random
distribution. They oscillate in shallow potential wells
so that they can be ejected from paint with low
energy quanta. It is the reason for decrease of paint
humidity by evaporation process. The high energy
quanta accelerate the process of ejecting water
molecules from the paint. On this basis, it becomes
obvious that the increase of energy of water
molecules accelerates the paint ageing. As water
molecules have random distribution, the dipoles of
water are not bounded by dipole-dipole interactions
[13,14]:

d.d. _3[5ﬁ(ﬁ—m)J lﬁrr;(ﬁ‘m)J @7)

where d is dipole while fi and m are crystal lattice
vectors.

On the other hand, every isolated dipole can
rotate about some axis producing oscillation quanta.
Due to the random distribution of H,O dipoles it is
more realistic to consider the system of water
molecules in paint as the system of independent
physical pendulums. The quanta of these dipole
oscillation we shall call dipole phonons, in contrast
to usual "optical phonons" since the last can be
confused with optical branches of phonons in the
crystal with complex lattice.

Force momentum M is given by the following
equation:

M =F,L=mgLsin@ (28)
Since the oscillations are small we shall take

sind~ @ and due to opposite sign of vectors d@

and M we write

M=-16 (29)

where | is inertial momentum of dipole HO.
Consequently, (28) reduces to:

0+w0=0

where

(30)

(31)

For H20 molecule we assume cylindrical form
with length D and homogenous density p. For
rotation axis we shall take z axis.

So we have [20]

D Yy R 1
| = p|dz |de|drr® ==mR?
plee]delir =
After substitution of (32) into (31) we obtain

(due to the homogenous density p it follows that
D=2L):

o==gb

Taking D=10"m and R=10"m we
find that energy of dipole phonons is

E :%,/gD =3133-10%J

(32)

(33)

(34)

Since H,O molecule is mechanical oscillator it
can be turned into resonant state by application of
mechanical periodical field but also, since it is
dipole, it can be turned into resonant state with

periodical electric field & [18]. Since & s
hc

electromagnetic wave its energy is E_ = 7ick :7,

wherefrom A :m. The resonance between dipole

phonons and these electromagnetic waves requires

A :@ ~600m . It means that H.O dipoles can

Jgb
be turned into resonant state by radio waves with
wavelength higher than 600m .
The solution of rotation angle equation (30) is

given by:
0(t) =C,cosmt+C,sinmt. (35)

initial  conditions #(0)=0 and

0(0) = 6,D , we obtain the expression for rotation
angle of nonresonant dipole phonons:

Taking

o) =0, Lsinot (36)
]

Now we shall look for rotation angle energies
of dipole phonons which are in resonance with
external periodical field. The angle acceleration of
this field we shall take in the form FW¥sinQt,
where F has dimension square of frequency.
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Consequently, the equation (30) transforms into
nonhomogeneous equation [19]:

0+ w’0=F W¥sinQt . (37)
Taking the same initial conditions as earlier,

ie. 0)=0 and O(0)=6,D we obtain the

solution of (37) in the form:

FY¥Y wsinQt—Qsinot

Z_QZ

9:9093ina>t+ (38)

0 (4] (4]

The oscillator comes into resonant state when
Q — . It means that

O =lim@ (39)
Q-w
Putting in (38) Q—>w, and using

L'Hospital's rule, we find

FW) . FY¥
O :(909+ 2Jsma}t—l—tcosm. (40)
o 20 2 w

After a long time, the second term in (40)
becomes dominant. Therefore, in further, it will be
used the approximate formula

Oy = _LEY tcosmwt.

41
)l 2 w (41)

In order to find resonant energy of dipole
phonons we shall determine angle velocity @.
Differentiating (41) with respect to time and leaving
only the term proportional to time we have

0 =F Ytsinwt. (42)
Resonant energy is given by the formula
1., 1
E.==10?+>10°6; 43
R 2 R 2 R ( )

Substituting (41) and (42) into (43) we obtain

ER:EIFZ‘PZtZ.
8

(44)

The nonresonant energy can be determined by
using formula (36), with 6(t) =6, %Sin wt
wherefrom it follows 6 = 6,P coswt . Putting 0

and @ into the formula similar to (43) we obtain
nonresonant energy of dipole phonons:

E=2 16" (45)

Comparing (44) to (45) we can conclude that
after long time the resonant energy E;, which is

proportional to t? s noticeably higher than
nonresonant energy E.

Now we can explain how accelerated ageing
can be used for determining the age of the paint
sample.

As it was said earlier the molecules of water
have random distribution in paint and oscillate in
shallow potential wells. Relatively small energies
can cause their evaporation leading to the paint
ageing. The higher energies accelerate evaporation
and, consequently, accelerate growing the paint
ageing. As the measure of velocity of the paint
ageing, one can take the value of the change of
number of molecules H;O in time. This change can
be determined by very popular semi empirical law:
the change of number of particles N in time is
proportional to number of particles with negative

dN
sign. Proportionality factor, between E and N, is

proportional to the energy of particles (this approach
is mostly used in the theory of radioactive decay)
[20-23].
If dipoles H,O are in nonresonant state, then

accordingly we can write
dN

— =—K N(t

o (t) (46)

where K ~E = % 167 D% . From (46) it follows
N(t) =N e 0"

where Np is number of molecules of H,O in the
moment t = 0.

If dipoles H;O are in resonant state, we can
write

dN,
dt

(47)

— K () Ng ©) (48)

1
where Kg(t) ~ Ex(t) = 8 IF2¥?t? and shortly

KR (t) =3 KORt2 (49)

Putting (49) into (48) and solving differential
equation, we obtain number of molecules of H,O
which remain in paint after time t:

Ne(t)=N,e (50)
Constants Ko and Kor must be determined
empirically. Measuring N(t1) and N(t2) where t, >t

and N(t2)< N(tl), we obtain in accordance with
(47):
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KO:mNag-mNag
tz _tl

In the same manner, we obtain in accordance
with (49):
— In NR(tl) —In NR(tZ)
) -t
Determining of more realistic values Ko and
Kor requires set of n measurements which give
values (K3, Kz, K?) and (Klg, KZs, -, K).

The values of Ky and Ko would be taken as
arithmetical mean values of the quoted numbers, i.e.:

(51)

Kor (52)

Ko= =K+ KO +KP 44 KP] (s
n

and
1

Kon =K+ K@ + K2+ + KR, 60

Finally, we can describe the procedure of
determining of the age of some paint sample. We
must make the identical sample with fresh paint (the
examined sample was fresh painted in the moment
when it was made). This fresh painted sample has to
be put in resonant state by mechanical or electrical
resonance, and humidities of both samples have to
be measured [24,25]. After a time 1 the humidities of
both samples become equal, which means that after
time interval t the following equality is valid:

Ny (z)=N(z+T) (55)
where T is the age of examined sample.

From the formula (55) it follows:

K
T=—"UR7_¢ (56)

0
Now we shall give some illustrative examples:
1. If Ky =K, and humidities become

equal after z = 1800 s, the age of sample is T = 185
years, while for z = 600 s the age of sample is T =
6.5 years.

2. If Kor :%, then for z = 1800 s the age

0
of sample is T = 18.5 years, while for z = 600 s the
age of sample is 250 days.

3. For Ko =i,
K, 100

age of sample is T = 1,85 years, while for z = 600 s
the age of sample is 25 days.

then for = 1800 s the

4. CONCLUSION

The advantages of proposed method for
determining the age of paint are:

1. All paints possess some percent of
molecules H,O.

2. Molecules H,O are dipoles and due to this
they can be put to resonant state by mechanical and
electrical resonances.

Disadvantage of this method is the fact that
here was considered the case of dipole phonons
corresponding to rotation of dipole about axis. The
more general approach would be taking into account
rotation of dipoles about point, where two Euler’s
angles change in time.
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FOXR

PE3OHAHIIMJA KAO HOBU METO/] 3A OIPEBMBAILE CTAPOCTHU BOJE

Caxerak: Y OBOM pajy NPEUIOKEH je MEXaHW3aM PE30HAHIMje Kao HAuWH 3a
onpehuBame cTapocTH 00je, mpuMeHoOM oBe MeToae. OBaj METOM Ce CacToju y yOp3aHOM
cTapemy 00je Ha OCHOBY pe3oHaHIMje. Mepeme ce OJHOCH Ha BJIAXKHOCT 00je M TO je
OIIIITa METO/IA, jep Cy MOJIEKYJIM BOZAE NPUCYTHU Y CBAKOM Martepujaiy. Moekyiau Boje
UMajy cirydajHy auctpudynujy. OHM OCLUITYjy Y TUIMTKHAM ITOTEHIMjJIHUM jaMaMa Tako Ja
ce MOry m3banuTu U3 00je ca KBaHTHMMAa HHCKE €Hepruje, YynMe CMamyjy BIOKHOCT 00je
IpOIIECOM HCIapaBama. KBaHT BHCOKE €Hepruje yOp3aBa OBaj HpOIEC CTapema 0oje.
Bynyhu na je morekyn BOJe MEXaHHYKH OCIHIIATOP, MOXE CE€ JIOBECTH Y PE30HAHIIH]Y
MPUMEHOM MEXaHHUYKOT MEPUOAUYHOL T0Jba, AllM MOIITO j& ENEKTPUYHH JIUIOI, MOKE Ce
JOIII TOBOJbHU]jE JIOBECTH Y PE30OHAHIIN]Y C MIEPUOIMIHUM EIEKTPUUHUM MOJHEM.

Kipyune pujeun: Meto pe3oHaHImje, yOp3aHO cTapeme 0oje.
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