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The present paper deals with the calculations of a relative magnetic-well depth in a torsatron using the formulas of
averaging over magnetic surfaces. The calculations were made for different functions of vacuum angles of rotational
transform in the radius and different plasma pressure profiles with due regard for an external uniform transverse
magnetic field. The distribution of the vacuum angle of field lines rotation was calculated by the expression t(r) =
t(ro)[o+(1-00)-r/r4°], where a=t(0)/t(r,) is the ratio of the angle of rotational transform on the magnetic axis to its value
at the plasma boundary of radius ro. The authors have considered three laws of plasma pressure distribution over
magnetic surfaces: P;=Po; P,=Po(1-y(r)Ay(to)); Ps= Po(1-y(r)/y(x,))’; where Py is the plasma pressure on the axis of the
system, y(r) is the averaged function of vacuum magnetic surfaces. Analytical expressions have been derived in the
paper to calculate the relative magnetic well depth determined by different plasma pressure profiles and by the external
transverse magnetic field. The relative depth of the magnetic well was calculated by the formula SU/U = By /(B(ry))- 1,
where (B(r;)) is the longitudinal magnetic field on the radius r; averaged over the magnetic surfaces.
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The magnetic field minimum is an important factor
exerting an effect on plasma stability [1]. It has been
demonstrated elsewhere that a rise in the plasma pressure
gives rise to a magnetic well, that removes the restriction
on the plasma-stability limiting pressure for a number of
most dangerous MHD instabilities [2, 3]. The present
paper describes analytical calculations of an average
magnetic well in a torsatron for different functions of
vacuum angles of rotational transform in the radius and
for different plasma pressure profiles with due regard for
an external transverse magnetic field. The calculations
were performed using the formulas of averaging over
magnetic surfaces [4]. The distribution of the vacuum
angle of field lines rotation was calculated by the
expression t(r) = t(ro)[a+(1-a)-r/ry°], where a=t(0)/t(r,) is
the ratio of the angle of rotational transform on the
magnetic axis to its value at the plasma boundary of
radius ry. The authors have considered three laws of
plasma pressure distribution over vacuum magnetic
surfaces: P;=P, (uniform distribution); P,=Py(1-
y(0)y(ro)); Ps= Po(1-y(r)y(ry))*, where Py is the plasma
pressure on the axis of the system, \V(r):ft(r)rdr is the
averaged function of vacuum surfaces [4]. The equations
of averaged magnetic surfaces in the cylindrical
coordinate system with due regard for the external
transverse magnetic field have the following forms [5]:
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ratio, R is the major radius of torus, H,/H, is the ratio of
the external uniform transverse magnetic field H; to the
longitudinal field Hy,. The average magnetic well
determined by the pressure profiles P; = Py and P, = Py(1-
y(1)/y(10)) was calculated by the following formula [6]
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where d, = . The coefficients a, b, ¢ for the
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and for the plasma pressure distribution P, = Py(1-
w(r)/y(ry)) the coefficients a, b, ¢ have the form:
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where 1. is the initial displacement due to the external
transverse magnetic field.

For the plasma pressure distribution P; = Py(l-
y(r)y(ro))’, the SU/U ratio was calculated as [6]:
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the A,, By, Ci, Dy, E; values are calculated from the
following equations
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Fig. 1. The dU/U ratio versus average radius ry/ry at a
uniform plasma pressure distribution P, = Py. A = 3.5;
re/ro = 0.5; a— a=0; b— a=0.3; ¢c— a=1.0 (1- r./ry=0.5;
2—1/ry=0.4; 3— r./ry=0.3; 4—r/ry=0.2; 5- r./ry=-0.2; 6—
rdro=-0.3; 7-r/ry=-0.4; 8- r./ro=-0.5). The sign
“minus™ at the magnetic axis displacement r./romeans
that the magnetic axis displacement is found on the ray
9=0 directed to the outside of the torus
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The SU/U ratio was determined in terms of the
longitudinal magnetic field <B(r;)> averaged over the
magnetic surfaces [4]:

oU/U = B01/<B(r1)> — 1,
where By, = By/(1+r,/1y) is the longitudinal magnetic field
value on the magnetic axis. Using the expressions
derived, we have calculated the 3U/U ratio caused by the
pressure profile P; = Py (uniform distribution) for
different o values that describe the distribution of vacuum
angles of field lines rotation in the radius. Figure 1 shows
the behavior of 6U/U as a function of the displacement
r/ry specified by the plasma pressure and the initial
magnetic axis displacement r.,/ro = 0.5 due to the external
transverse magnetic field. It is evident from the figure that
for the magnetic axis displacements r./ry being on the S9=n
ray directed inwards the torus, we have dU/U>0, i.e.,
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there is a magnetic hill (antiwell). With a magnetic axis
displacement to the outside of the torus due to a plasma
pressure rise (Fig. 1a), the 3U/U ratio becomes negative,
i.e., the magnetic well (8U/U<0) appears. At a ~ 1
(Fig. 1d), with an increasing plasma pressure the magnetic
well value tends to 8U/U = — 0.005. As it was indicated in
ref. [7], at r/ry = 0 in the central region of the magnetic
configuration the rise in the plasma pressure due to the
pressure profiles P, = Po(1-y(r)/w(ry)) or P; = Py(1-
y(1)/y(re))* and the opposing external transverse field,
leads to magnetic axis splitting and gives rise to two
families of independent magnetic surfaces. Figure 2
shows these two families of magnetic surfaces.
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Fig. 2. a) shapes of magnetic surfaces arising in the
central region of the magnetic configuration, due to the
plasma pressure profile P, = Py(1-yAr)/ y(ro)) and the
opposing transverse magnetic field at the magnetic axis
displacement r¢/ro =0; a=0; R/rg=8.9; r.,/ry=0.5;
b) distribution of SU/U versus the average radius ry/rq of

the magnetic surfaces formed

The first family will have the magnetic hill (5U/U>0,
Fig. 2b, 1), and the second family will have the magnetic
well (dU/U<O, Fig. 2b, 2).

So, we have derived analytical expressions to
calculate the average magnetic well determined by
different plasma pressure profiles and the external
transverse magnetic field. It has been shown that with a

magnetic axis displacement to the inside of the torus due
to the external transverse magnetic field and o = 0, the
resulting magnetic configuration will have a magnetic hill
(8U/U>0). If the magnetic axis is displaced to the outside
of the torus, due to the plasma pressure, the magnetic
configuration will have the magnetic well (8U/U<0), and
may attain dU/U = 11 % at the displacement r./ry = 0.3
and the pressure distribution P3 = Po(1-y(r)/y(ro))*.
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PACYETBI MATHUTHOM SIMbI, OBYCJIOBJEHHOM PA3JIMUHBIMHA MPODUISIMHU JABJIEHUSA
IIVTIA3MBI 1 BHEITHUM ITONNEPEYHBIM MATHUTHBIM ITOJIEM B TOPCATPOHE
B.U. Tiona, U.b. Ilunoc

ABTOpaMH BBINIOJHEHBl AHAJIWTHYECKWE PACUYEThl MAarHUTHOM SIMBbI, OOYCIIOBJIEHHOH pa3IM4YHBIMH HPOQMIIMU
JaBJICHUS TUIa3Mbl B 3aBHCUMOCTH OT IIapaMeTpa o, XapaKTepu3yIollero npoQuid BaKyyMHBIX YIJIOB IOBOpPOTa
CHJIOBBIX JIMHHUH, a TaKkKe OT CMEUICHWS MarHUTHOW OCH, BBI3BAHHOTO BHEIIHHMM IIOTNIEPEYHBIM MAarHUTHBIM MOJIEM.
PaccMoTpeHBl TpW 3aKOHa paclpeAesieHHs NaBleHMs IUIa3Mbl 110 BaKyyMHBIM MarHUTHBIM TOBepxHocTsM: P1=P
(monoroe  pacnpexeneuue); P,=Po(1-y(r)y(ro)); Ps=Po(1-y(r)Ap(ry))’. PacuerTsl mokasags, 4TO HPH CMEIICHHH
MarHMTHOM OCH BHYTpPb TOpa MarHuTHas KoHpurypaunus Oyner obnamare MarHuTHeIM Oyrpom (SU/U>0). Ilpm
CMEIIEHNH MarHUTHOM OCH Hapy»XKy TOpa, BEI3BAHHOTO JIaBJICHUEM ILIa3Mbl, MarHUTHAs! KOHQUTYpanus OyneT o0nanarh
MarHuTHO# smoit (SU/U<0).

PO3PAXYHKHW MATHITHOI SIMH, 3YMOBJIEHOI PI3BHUMHU PO3IOAIIAMHA TUCKY IIJIA3SMH TA
3O0BHIIIHIM NOMMEPEYHUM MATHITHHUM IMOJEM Y TOPCATPOHI
B.I. Twna, Lb. Iinoc

ABTopamMu po0OOTH BHKOHAHI aHAJNITHYHI PO3PaxyHKH MArHiTHOI SMH, 3yMOBJICHOI Pi3HHMH DPO3MOIiIaMU THCKY
IUTa3MH B 3aJISKHOCTI BiJ apameTpa o, SKHA XapaKTepH3y€e PO3MOAITH BAKYyMHUX KyTiB MMOBOPOTY CHJIOBHX JiHIH, a
TAKOXX BiJl 3MIIICHHS MAarHiTHOI OCi, BUKJIMKAHOI'O 30BHIIIHIM MOMEPEYHHM MATHITHHUM IOJeM. ABTOopamu poOOTH
PO3MIISHYTO TPH 3aKOHH PO3IOJALTY THCKY IUIa3MH 110 BaKyyMHUM MarHiTHUM moBepxHsM: P =P, (monoruii po3nozin);
Py=Py(1-w(r)y(ro)); P3=P0(1-\|1(r)/\|1(r0))2. Po3paxyHkn mokasany, IO HpH 3MIIIEHHI MarHiTHOI OCi ycepeauHy Topa
MarHiTHa KoHirypauisi Oyne BosogiTh MarHitHUM rop6om (SU/U>0). Ilpu 3MilieHHI MarHiTHOI oci Ha 30BHIIIHIO
CTOPOHY TOPa, BUKJIMKAHOTO THCKOM IIa3MH, MarHiTHa KoHdirypaiis Oyne Matu MartitHy smy (dU/U<O0).
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