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VERIFICATION OF THE FORM OF HIGH-
-FREQUENCY SUSCEPTIBILITIES AND THE
SPECTRAL LINE OF THE GAUSSIAN TYPE

R. VULGANY, V. PENIAKY), V. HRONSKY"), M. RAKOS?'), Kofdice

in the present paper there are determined the mr.mnn of :wn high-frequency (HF)
mcmnoﬂ:_u:wmmm.wna the form of the spectral gaussian type line. Itis cwmmm_ on the results of
the authors of (2, 3], a vector model of magnetic resonance uﬂn, it is shown 5.2 En
component of the HF susceptibility »” and the shape of the %:1::5: term agree with the
result which we obtain from the quantum mechanical description of the wcm.“.:dso: of the
HF energy and the components %', x" disturb the Kronig-Kramers :.“_»:o.um“ Further
there is derived the shape of the manB_ line in the wcmo_.vmo.., and n.ro differential nwno_d ,
and these shapes are compared with the information on the central moments according to’
[7] and with the experimental spectrum of the active coal spectrum EPR and polyp-

ropylene spectrum NMR.

[IPOBEPKA ®OPMbI BBICOKOYACTOTHON MATHHUTHON
BOCNIPHUMYMBOCTH H CHEKTPAJBHON JHHAU TAYCCOBCKOTO
. ; THIA & - 0

B paGoTe onpepeicHbl dopma wr_oo_noénﬁoio_w MAarHUTHOR BOCTIpMMMYHBOCTH .,

n ¢opma crieKTpanbHOR JMHMM TayCCOBCKOIO THOA. moxﬁummm‘zcno:v MarHMTHOTO
pe3oHanca OCHOBaHA HAa PE3yAbTATaX ABTOPOB, npwyeM TOKa3aHo, uto oon...wwas.wiwm
BBICOKOUACTOTHOM MATHUTHO#H BOCHPHUMYUBOCTH %" v popMa TNEHA HACHIIECHHUA ‘corna-
CYIOTCA C PE3ynbTATOM, KOTOpHIl GbiN MONYHEH, HCXORA %3 XBAHTOBOMEXaHHIECKOTO |
ONMCAHUS TIOTROUICHAS BLICOKOUACTOTHOH IHECPIHH. Cocrapasiiolye x',-X - HAPYMAkoT, -
noo;oEnw:» Wuw!avow-ﬂvomﬁmoﬁvozo TOTO, OMPEREHEHEI %ou:! JIMHUH CHIEKTPA

' pOrROLIeHNs NPK fOMOTI PA3HEIX CriocoBOB, H 3TH opMbi CPaBHUBAIOTCA € E.Em!.,.:_ )
O HEHTPANBHBIX MOMEHTaX WHEpIHH cormacuo [T} u'c wna:onszoz._.mh_.mr_:s n»m:ris,
o DITP:creKTpe aKTHBHOrO yrid w HMP-criexTpe ‘TONUHpPOMHICHA. ’ ok
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Hn. a vector model describing the phenomenon of magnetic Rmonﬁ.aawom
a paramagnetic material NMR, EPR the motion of the magnetic co—m.a.ﬁm.cou
 vector is investigated in a simultaneous action of 2 static and an HE. magnetic fie
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In literature there are known differential equations describing the motion of the
magnetic polarization vector:: with - relaxation phenomena, where a stationary
solution ‘enables us to define the HF susceptibility of the lorentzian {1] and the
gaussian type simultaneously {2]. In paper [2] it is shown that the dispersion ' and
the absorption " component of HF susceptibility of the gaussian type are

®=-3 % T2wo AwP(a) 11 96_“ 5 T Aw w (1)
-slw rNHIn H |-M...~ 2
x'=543 #,Towo o] exp _H 5 NWDS._ 2)

where . is the value of the static susceptibility of the meEom... T, is the constant of
the transversal relaxation, Aw =® — @Wo is the change of the frequency,
2n .

- a
P(a)=3, (2n+1).n!

n=0

1 1
s=3 V2rw0iT T, exp ﬁlm Hwbsnw (3)

s is the saturation term, T; is the constant of the longitudinal relaxation, w:= vBi,
y is the gyromagnetic ratio of resonating elements, Bj is the amplitude of the HF
magnetic field and.n=0, 1,2, ....is a whole positive number.

In current spectrometers the discharge is usually a condition of weak saturation
s <1 and therefore the saturation effect is neglected. In this case HF susceptibilities
of the gaussian type are

e IW. uﬁm,w&ebeﬁﬁhv ONU _HIW. .,H,wbena Ahv
x:“vm , NlNH u«u‘H.NEO exp ﬁlm ‘H.WDENQ AMV

The intensity of the mv.mo,?m_ curve of the gaussian type in the absorption shape is
according to I21 . - 5 s o g L

o

H0)=2 woBix" ®
o B4 qto ‘

1

where o is the permeability of .<mn.==..5.
In the present paper we shall show that the relations (2), (3) are in agreement
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with the results obtained by the n:mEcB.Bao:maom_,anmolﬁmo: of intensity of the
spectral line and saturation and that the relations (4), (5) disturb the Kronig-
Kramers relations. Concluding we present the experimental verification of the
shape of the spectral line of the gaussian type.

f1. CALCULATION OF »" AND THE SATURATED
TERM FROM THE ENERGY ABSORPTION

The description of the absorption HF energy in the material from the point of
quantum mechanics assums that the amplitude of the induction of an HF magnetic
field is contrary 10 the induction of a static field very small (B: < B,) and therefore
we used the method of the uazﬁcwmo_- theory. From such a calculation it follows
that the intensity of spectral line of the gaussian type where the absorbed power per
unit volume is (see equation [4, 51

1) umwt., xwiB? hlwﬂ a(f) S

where f= /2% is the linear frequency, g(f)isa normalized function of the form of
spectral line with the dimension of time, which satisfies the condition

[ ana-t @®)
and sis a saturation term in the form
.1 ,
s=lTote. - ®

The normalized oon&nou (8) is satisfied by a suitable gaussian function
H . § ® = T "ol
 g(=VErTsexp | -3 THOxAN] (10)

If we substitute €q. QS into eq.. (7) ‘and we non.ﬁm._.a with eq. (6), setting
Aw =2nAf, we obtain the formula P

RN 1
N =7 .N Bﬁ~$em.+wv

exp _,.IW. .Hwbeé,
which is in agreement with eq. (2). Similarly, if we substitute eq. (10) into eq-(9),
we obtain for the mw::.um.o.: term the monac_m v B b

; &
MHM/\NREN‘F.F mxﬁﬁlm .Hwbem_,

which is in agreement with eq. (3)-
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.~ fi. KRONIG-KRAMERS RELATIONS

The &Rownﬁnc_m:o.n of the dispersion by means of the perturbation theory is
unrealizable. In practice, we can compute from the absorption energy the high
frequency component of the susceptibility »", then we can compute by means of
Kronig-Kramers relations the dispersion component x'. This procedure is possible
because between the cause (the B\wm:omo induction) and its consequence (the
magnetic mo_mlemouv there exists the time causality, which we can express
mathematically by means of linear formulas. In the frequency spectrum it means
that between the magnetic induction and the magnetic polarization there always
exists the displaced phase, which we can describe by means of the complex
coefficient proportion between them. This complex aumber will be called the
complex susceptibility, the real part of which expresses the dispersion, while its
imaginary part expresses the absorption. The Kronig-Kramers relation for the
dispersion (sec for example [5, 6]) is ‘ '

X:Aasv

o' -

xA&leAsvnWm @,\— do'
where x'(®) is the value of the dispersion if @ — %, which is equal to zero and the
symbol P stands for the principal part of the integral, that is

iev,‘nw.*__ﬁ._ew % mefe.;a‘— ie;e.f

— .e le, e—0 Jate E-|Q.~

Substituting »" from formula (5) and by setting ©' — @ =X, do’' =dx, Aw'=
=x+ Aw, we obtain in integrands the expression exp [-xAwT3], which we
developed in an infinite series. When we multiply an infinite series with the
remaining part of the integrand, we ‘obtain by the arrangement Poisson’s integrals,
of which the non-zero values have .only the expression (see [3])

i # % et dxk %ay o &T_.u.m L @n+l) [ =

2n+1
€ 2" a nt

ems0 LJ-w

where « HW T2 and n=0,1,2,. s a .1:0._0 positive number. By the next

arrangement we obtain the formula

()=~ o suTiP(@) exp | =3 Ti0']
NS m.“.,ﬂ,.,..H"N“.- T ,.

N
P @=2, @a+ D!
and a=—57 T2, v ey _ i : Had, 4 £ o A e
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which is in agreement with the expression of the dispersion part of the susceptibility

x'(w), which has been derived from th .

), , nBo:onnncm:oamomEo ...,

and is expressed in formula (4). no.anm:o: veeter
V. CENTRAL ZO.EMZ.H OF THE ABSORPTION LINE

dérmj we investigate paramagnetic samples by means of resonance methods,
a moero.n ﬂm the HF energy in the samples takes place. The intensity of 5@.
mvnn:mu._:_w is then anﬁm:d_,:oa by relation (6). In practice it is more advantageous

1(e) o

2842

Bo 8

, Fig. 1.~

if the frequency of the HF magnetic field is constant and the magnitude & the mSmo -

magnetic field varies. In that case the relation (6) can be ¢ .
ld varies e expressed i
the magnetic field induction in the form (see [3]) dis s function of

e

1

where I, is the value of I(B) in the case of B =B, andiABi5 is the mw:.‘im&mdm the:

5

line at half-height (see Fig. 1) Simultaneously "

il | ) Hc"y,gm xu‘h..n%nuwwwm

N ' DN_\N"...H‘ - /\Mla ot
2Y
The central nth moment of the m_uvmoamoa;:m.n is .
[T ..A fe i L R e, vy SV
P, [ uBYB-BoraB
=] L= A sy

h.“._,,:&éf .

Van Vleck 3_ proved that the half-width at half-height, the second _‘Eww._.nna M
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zhﬁva,? mx—u_‘,lxﬁmimovu —:NH_ s ..., ,. | 3:@ A:.v ;

and the fourth moment M, of the gaussian absorption line- fulfil the relations

AB.»=1.175 My, M./ M, =132 After substituting (11) into (12) we obtained the
following relations: AB.,=1.177 Ma, M./M,=1.316. These relations are in very
good agreement with the data of Van Vieck.

( (8)
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-V, EXPERIMENTAL VERIFICATION OF THE FORM
OF THE SPECTRAL LINE

At canmnsw the spectrometers do not register the absorption spectrum in the form
(11}, but in the form of its first derivative ['(B)=dI(B)/dB which is plotted in

\\ /./

M

\,
o// o\
./. \-\.\
~"
Fig. 4.
After calculation
, . - B—Be 2(B — Bo)?
I'(B)= Ve g xp T o _ (13)

The explanation of the new line parameters It and of AB is evident from Fig. 2.

We performed the experimental verification of the form of the spectral line (13)
on two types of samples. In the first case it is a singlet EPR spectrum of a free
radical obtained by the pyrolysis of sugar ata temperature of 400 °C (see Fig. 3). In
the second case it is a singlet NMR spectrum of polypropylene ata temperature of
the sample of — 62 °C (see Fig. 4). ‘

In both cases .Eo full line represents the experimental record of the spectrum, the
points represent the calculated values of the spectrum according to (13). .Hrm.na is
a good agreement with the gaussian line in both cases.

VI. CONCLUSION

In the paper presented we have shown that the form of the HF mcmooua,cmmmg
and the form of saturation of the gaussian type derived from the vector model of
magnetic resonance are in agreement with the form of susceptibilities and
saturation obtained from a quantum mechanics description of magnetic resonance
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phenomena. We have shown that the HF susceptibilities of the gaussian type satisfy
the relations. The form of the absorption spectrum together with its derivation
form have been derived. We have shown that the half-width at the half-height of
the absorption spectrum AB,,, and the second central moment M, are in relation
AB,,=1.777 M, and the quotient of the fourth M. and the second M, central
moment is 1.316, which is in very good agreement with Van Vieck’s data [7]. The
experimental verification of the form of the spectral line in the derivation record
for the free radical of active coal (spectrum EPR) and polypropylene (spectrum
NMR) is in conformity with the calculated values.
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