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The pulsed poloidal current drivePPCD [J. S. Sarffet al, Phys. Rev. Lett72, 3670 (1994]
experiment is conducted in a reversed-field pinch device, the toroidal pinch experiment RX
(TPE-RX) after providing an auxiliary power supply system with increased energy in the main
power supply system for the PPCD. The PPCD system thus provides double-pulsed operation with
higher current in the toroidal coil than that in single-pulsed PPCD operation in TPE¥R¥agi

et al, Plasma Phys. Controlled Fusiahl, 335 (2002]. The central electron temperature, ion
temperature, and electron density increase during PPCD, and there is, on average, a fivefold
improvement in energy confinementz, relative to standard discharges. Double-pulsed PPCD
yields better performance than that of single-pulsed PPCD operation where twofold improvement in
¢ was obtained. It is shown that the enhancement factotgofn the double-pulsed PPCD
experiment in TPE-RX is consistent with the trends, observed previously, versus magnetic
fluctuation amplitude and versusy, whereAv is the difference iny[=(1—F)/®] between the start

and the end of the PPCD period. @003 American Institute of Physics.

[DOI: 10.1063/1.1581883

I. INTRODUCTION MST?2 PPCD performance has been improved step-by-step
in MST*® and the most recent experiménssing the five-
The reversed-field pinctRFP* is one of the systems for pulsed PPCD with a reversed toroidal electric field, has
magnetically confining a thermonuclear fusion plasma. Thexchieved a tenfold improvement of the energy confinement
RFP configuration is characterized by comparaBleand  time, r¢, of 10 ms. PPCD was also applied in the reversed-
B¢, where B, and B; are poloidal and toroidal magnetic field experiment, RF¥. This allowed a twofold improve-
fields, respectively, and by the reversal 8 beyond ment inrg, with the observation of a reduction of electron
r/a~0.8, wherea is the minor radius of the plasma. This energy transport in the core p|asma_
magnetic configuration provides a relatively strong magnetic  |n the toroidal pinch experiment, RX TPE-RXR/a
shear, which can sustain high plasma pressure. The RFP con-.72/0.45 m, we also conducted the PPCD experiment,
figuration can be sustained as long as the toroidal plasmgnd obtained twofold improvement of.® This PPCD ex-
current,l,, is driven. The poloidal component of the plasmaperiment in TPE-RX was conducted using a toroidal reversal
current is driven by the dynamo electric figichused mainly  hank system. Recently, we increased the energy of the power
by the fluctuating components in th&b term in Ohm's law  sypply for the toroidal reversal bank from its original 20 kJ
stemming from tearing instability. The tearing instability thustg 170 kJ. We also installed additional toroidal coils with a
contributes to the sustainment of the RFP Conﬁguration, burmew power Supp'y System_ ThUS, a doub'e_pu'sed PPCD op-
on the other hand, causes rapid global transport. This is thgration has now become possible. The double-pulsed PPCD
conventional picture of the RFP plasma. has a longer pulse duration with more primary current in the
Recently, experiments on current profile modificationtoroidal coil to drive the poloidal current in the plasma. We
have been conducted in RFP plasmas, in order to stabilize th‘éport here the results of the double-pulsed PPCD experi-
tearing instabilities and improve confinement. Pulsed poloiyhent in TPE-RX.
dal current drive(PPCD is one of the methods of current It is observed in PPCD experiments in various RFP de-
profile modification, which was originally conducted in the \jices that magnetic and electron density fluctuations de-
Madison Symmetric Torus, MSTPPCD is a technique for crease at the edge as well as in the core regji6fi-°It has
driving poloidal current inductively by ramping the current peen showhthat the enhancement factor of in the previ-
in the toroidal magnetic field coils. The idea underlying 5,5 ppcD experimeri®8is inversely proportional t@b,?
PPCD is to replace the dynamo electric field by applying ayhere sb is the PPCD magnetic fluctuation amplitude nor-
poloidal electric field,E,. Since the first experiment in ajized to that without PPCD. The reversal parameter,
F (=Bw/(By), B is the toroidal magnetic field at the
dElectronic mail: y.yagi@aist.go.jp plasma surface, an(B,) is the volume averaged toroidal
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field) is lowered, and the pinch parameter,(=B,./(B,),

Bpa is the poloidal magnetic field on the plasma surjace 00 _<—PPCD —>
increases. The RFP configuration is greatly but transiently i —
changed during PPCD. It is shown that the enhancement fac- = /&
tor of ¢ increases linearly witidy,' whereAy is the dif- = 300 | —s
ference iny [=(1—F)/@] at the start and the end of PPCD. s -

We show that the present work is consistent with the trend of
the enhancement factor ef versussb? andAvy.

The scope of the paper is as follows. The operating con-
ditions and waveforms of the fundamental parameters in the
PPCD and two kinds of standard discharge are described in
Sec. Il. Comparisons of the global confinement properties
and magnetic fluctuation amplitudes between PPCD and
standard discharges are shown in Secs. Il and IV, respec-
tively. The discussion and conclusion are given in Secs. V

Ey(Vin)

=
and VI. =
=
II. PPCD AND STANDARD DISCHARGES -
2

PPCD is conducted by driving current in the toroidal
field windings to increase transiently the toroidal magnetic =
field reversal. Repetitions of transiently increasBig can be = o
applied to achieve a long PPCD period. The double-pulsed ;§
PPCD experiment in TPE-RX, hereafter called PPCD, is
conducted using the auxiliary toroidal field system and the 3
main toroidal reversal bank system in TPE-RX. The auxiliary
toroidal field system consists of 16 evenly spaced coils of 4
turns each. Each coil has an independent power supply
which has a 15.8 kJ capacitor bank of 100 V maximum
working voltage. All 16 of the power supplies are simulta-
neously triggered in the PPCD experiment. Then the main
toroidal reversal bank is triggered to superimpose the current ‘ ‘ ‘ ()
in the 32 main toroidal coil§one turn each, connected in 2 1
serie$. The trigger timing for the two power supplies is ad- o
justed so that the soft-x-ray signal,, statistically becomes
as large as possible. Before triggering the first PPCD pulse,
toroidal reversal is mgintained py the image curren.t in the 115 >0 =3 30 35 20
vacuum vessel, reacting to the increase of the toroidal flux time (ms)
during the current-rising phase of 20 ms. Therefore, the first
PPCD pulse must be triggered before the image current dé<G. 1. Shot-averaged waveforms of the toroidal plasma curigntz),
cays, i.e., befor& becomes zero, at aroure20 ms. From t_oroidal electric fieldE 4 (b), poloidal electric fieldE, (c), parallel electric

. . L . field, E,; (d), reversal parameteF, (e) and pinch paramete€) (f) for PPCD

the previous work in MS¥,it is known that a key factor in (i line), Std.(long-dashed liand Staz(dashed ling plasmas.
operating PPCD is keeping the polarity®j in the direction
that drives the plasma current to sustain the RFP configura-
tion, whereE,, is the parallel electric field on the plasma maintained by the conductive shell system, and the error
surface. We have also confirmed the importance of maintairfield at the thick shell gap is feedback controlled.
ing positiveE;, in PPCD in TPE-RX. Namely, maintaining We compare three types of plasma. The first utilizes
positive E;, in PPCD is necessary in order to avoid severePPCD, and the other two are standard discharges without
relaxation events which deteriorate confinement. Thus, w&PCD. In PPCD, we switch off the poloidal flat-tol, (Sus-
have optimized the trigger timing & 17 and 21 ms for first tainmen} bank in order to help sustaii, at the right
and second PPCD pulse. It is shown below that the improvepolarity® One of the standard casé3td) utilizes the poloi-
ment due to PPCD lasts unti=27 ms, on average, and the dal flat-top bank while the otheiStd2 does not(like the
smaller improvement follows untit=33 ms in the post PPCD plasmasWe present the two standard cases in order
PPCD phase. We have conducted PPCD experiments & clarify the effect of thel, waveform. We conducted 66
I,=250, 300, 350, and 400 kA, and found that the best perPPCD discharges and 39 Std1 and 38 Std2 discharges.
formance in terms of, was obtained att,=350 KA. In this Figure 1 shows the shot-averaged waveforms of the
paper, we present the result obtained at350 kA with a  three plasma types. Figuréal shows that , has a rounded
deuterium fill pressure of 0.3—0.4 mTorr, which is the lowestwaveform in PPCD and Std2 and tHgtin PPCD is slightly
possible startup pressure in TPE-RX. The equilibrium isless than that in Std2, whilg, is sustained and the discharge
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duration is longest, up to 80 ms, in Std1, which reflects the

difference in the operation of the poloidal flat-top bank. The 5 ‘_PPCD — . .
difference is directly seen in the toroidal electric fiefg, , in 4 |[—ppPcD (a
Fig. 1(b). After t=20 ms,E, in Std1 decays more slowly - 3L —

than beforet=20 ms, whileE,, decreases to 0.6 Vim in <= 5

PPCD and Std2 at=30 ms. The poloidal electric field, —Z i

[Fig. 1(c)] shows double pulses corresponding to the PPCD LE

operation. The largest value of 2 V/m is obtained at the peak 1_8

of the second pulse. {E\

A key controlling parameter of the PPCD operation is 2 08 . —— < 7
E, . Figure 1d) shows a comparison &, whichisnega- <= 0.6| L i L P .
tive and increasing during the current-rising phase in Stdl = 0.4 &3 — S~
and Std2. The double pulses in the positive direction are see|
in Fig. 1(d), which correspond to the PPCD operation. It is 0.2
seen thaE,;>0 is maintained fot=21-27 ms. We note here 1200 L Sta1- ‘ (c)
that the first PPCD pulse is not large enough to mike s 2 Std2 i
positive, but that the second pulse indeed produces positivis 800 | + .
E;;. However, we show in Sec. Il that the effect of the first (.= ,4, [ é @1 i
pulse is still finite as seen in,, which indicates that the less R J
negativeE,, in the first pulse can increasg,. We also note 0
that E;, in Std2 is positive and larger than that in Std1 at d
t>24 ms. This reflects the fact th&, acts to hinder the - 450 - //"’
field-aligned current outside the reversal surface. This is the=> ™~ - T
reason WhyE , should be as low as possible or should even -~ 350 | | S —— — =77
be negative in PPCD to sustain positivg,,. It should be _ Rty S
noted, however, that a quantitative positive correlation is not 250 . :
observed between the value of positlzg and the improve- 0.2 ' ' ' (e
ment factor ofrg . L i

The RFP configuration, in terms & and®, changes in ~ o.10| ’+ 1
time in PPCD. Figures (&) and Xf) show waveforms of o= +
and @, respectively. With each PPCD puldejs made more N @ # a @ EXS 1
negative as a direct consequence of the negatively driver 0.00 . ‘ .

Bia, and® increases accordingly. Note thBtbecomes as ‘ - - @

low as—0.8 and® becomes as high as 2.2 in PPCD. On the 4.0 :

other hand, it should be noted here thaind® do not differ ‘= s i

very much between Std1 and Std2, in spite of the differences:m 2.0} + |

inly, (By), andBy,. i g |
o & & g *s =

.0 . i
15 20 25 30 35 40
time (ms)

Ill. GLOBAL CONFINEMENT PROPERTIES

Shot-averaged, and global confinement properties are FIG. 2. Shot-averaged waveforms and data of the soft-x-ray sityal),
compared among PPCD, Std1 and Std2 from 15 to 40 MS.ine-averaged electron densityy (b), central electron temperaturE, (c),

Figure Z2a) showsl, for the three cases. Note that, , ion temperatureT; (d), poloidal beta3, (e), and energy confinement time,
obtained by a Be-filtered surface barrier diode, is a functiorre (f) for PPCD(solid line, diamong Std1 (long-dashed line, squarand
of electron densityn,, and temperaturel,. In PPCD,l,  Std2(dashed line, triangleplasmas.
starts to increase after the first PPCD pulset=al7 ms,
shows a further increase after the second pulge-ai ms,
and sharply rises after=25 ms. The maximunig, is ob-  perimental conditions to obtain good PPCD discharges are
tained att=27 ms just beforé,; crosses zero and becomes described in the recent PPCD experiment in MSIE.should
negative agaifiFig. 1(d)]. The maximum value of, is one  also be noted that the effect of the decaying current and
order of magnitude larger than that of Std1 and Std2. A slowohmic heating power in Std2 on, appears aftet>25 ms
decay ofl s, is observed after PPCD, arg, approaches the when the decay of, starts[Fig. 1(a)]. The soft-x-ray signal
level in Std2 att~40 ms. In 18% of the PPCD plasmag, s sustained up to~40 ms in Std1 as long ds is sustained.
does not increase above Std cases. We note that the magnetic The line-averaged electron density, , obtained using a
fluctuation amplitude is relatively large in these dischargestwo-color, heterodyne CQinterferometer, is shown in Fig.
and these discharges were not included in Figs. 1 and 2. Notb). The line-averaged electron density, is comparable in
that the rest of the PPCD dischardé2% are reproducible, the three cases before€24 ms. Themg increases in PPCD,
but the standard deviation in the level kf, in PPCD in-  reaching a maximum of X 10'° m~2 att=32 ms after the
creased in comparison with that in Std1l and Std2. The exend of the PPCD period. The PPCD incremenhgfatt=27
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ms from those of Std1 and Std2l is 14%. It i§ also seen in Figvacuum permeabilifyassuming fixed spatial profileF(r)/
_2(b) thatng decayg as, deca_lys in _Std2, whileg, gradually Teo=T, (NTio=n, (NNg=[1— (r/a)%] andn,=n,, where
increases almost in proportion tg. in Std1. The increment  the subscript “0” indicates a central valug;,=T; (NPA) is
Of ne| in PPCD from that n StdZ IS Iarger than the Standardassumed' and]i is the ion density_ The Vo|ume_averaged
deviation. External fuelling was the same in the three casegasma pressurelp), is calculated from(ng(r) [Te(r)+T;
and theD_a line inten_sity dec_reases during the PPEThere- (n]). Note that(p) is only weakly affected by the power of
fore, the INCreasag Is pIaUSIny due to the reduced transport (r/a) in the prof"e function. For examp|dp> is |arger by
of electrons. Note that th®, line intensity of Std1 after 250, when 1-(r/a)® is assumed than when-1(r/a)? is
t>28 ms is larger than that in Std2, and that the apparentiyssumed. Thg, calculated for the three cases is plotted in
larger ng, in Std1 than that in Std2 in Fig.(B) does not  Fig. 2(e), which shows thajg, increases aftet>24 ms in
indicate that the particle confinement in Std1 is higher tharppcD, and has a local peak tat27 ms. B, still increases
that in Std2. _ ~later on and has a higher peak at arotn@3 ms. The large
‘The central electron temperatuiig, , is measured using g value after the PPCD period results from the fact tpat
a single-pulse, single-point Thomson scattering system. Wgarticularlyn, and T;, is sustained during the strong decay
measuredT o at eight time points in PPCD and six time of lp, in the post-PPCD period. The peak value &f at
points in Std1 and Std2. Between six and nine measuremen{s-27 ms is approximately 13%, which is approximately
were made at each time point. Figuree)2shows the shot-  twice as high a@, in Std1 and Std2. Note that the total beta,

averagedTeo for the three cases. It is seen in FigcRthat g - <p>/[(|3§a+ B2)/2uo] = 11% att=27 ms, which is also
Teo In PPCD has a peak &:27 ms wherl g, has a peak, and twice as high ag, in Std1 and Std2.

then drops to a level comparable to that in Std1l and Std2. The estimation ofre [=W./(Por—dWy/dt)] in PPCD
The maximum value of¢,~1 keV is obtained at the peak, requires a proper treatment of the Ohmic input power,
the value of which is a factor of two larger than in Std1 andeh(:Rp 12) and the rate of change of the stored thermal
Std2. The level Oﬂ-eo in Std1 confirms the preViOUSly re- energylws(:3ﬂ-2Ra2< p)), since these values vary in time,
ported result for Std1® Relatively large standard deviation anddW,/dt can be comparable ®g;,. In the present work,
accompanies each average valudgf, in comparison with  p is calculated after subtracting the inductive term in the
those inng and T;, mainly because of the spatially and |oop voltage using the-©0 model*® The time derivative of
temporally pointwise nature of the Thomson scattering sysw is calculated after temporally smoothing the discrete
tem and because of the relatively poor photon statisticsmeasurement 6f o, N, andT;. The 7z obtained in PPCD
Somewhat larger error bars in PPCD than those in Std1 anfas a sharp peak #=25 ms and a broad plateau for

Std2 reflect that the shot-by-shot deviation of the plasma=27-33 ms as shown in Fig(f2. The shot-averaged peak
performance in PPCD is larger than that in Std1 and Std2. {ajue of 7 att=25 ms is 3.5 ms which is a factor of five
should be noted, however, that the hypothesis Hatin  |arger than in Std1 and Std2. The peak has a large standard
PPCD is higher than that in Std1 and Std2 is correct with &jeviation mainly due to the large deviation of the denomina-
level of Signiﬁcance of 84%, because the diﬁel’enceTQj‘ tor, POh — dWS/dt, in the definition OfTE . From the statis-
between PPCD and Std cases is comparable to the standafghl point of view, however, as discussed for the increment
deviation of the distribution 0T, in PPCD. of T, in PPCD, the hypothesis that PPCD yields higher
The ion temperatureT;, is measured using an electro- than the average; in the Std cases is correct with a level of
static neutral particle energy analyze€dPA). Figure 2d)  sjgnificance of approximately 84%. Note thattat25 ms
shows thatT; in PPCD is slightly higher than in Std1 and p_, has a minimum of 3 MW, andW,/dt has a maximum
Std2 aftert=18 ms, and the increment lasts well after theof 1.4 Mw, so thatPo,—dW,/dt is minimum then. The rate
end of PPCD. The difference aT] between PPCD and Std1/ of Change OfPOh_dWs/dt exceeds that OWS which has a
Std2 is approximately 100 eV, which is a difference outsidepeak att=27 ms. Thus the peak ofz appears at a time
the experimental error. This increaseTofwas also observed jfferent from that wher, and, peak. Note that the input
with single-pulse PPCD in TPE-RXalthough the increment power from the capacitor banks of PPCD is mainly con-
was smaller than in the present case. On the other hBnd, symed in order to increase the magnetic energy of the
did not change during the PPCD operation in MSSince  plasma, which increases wit® [Fig. 1(f)]. The transient
the equi-partition time from electrons to ions is on the ordemature of PPCD makes the estimationRyf,—dW,/dt diffi-
of 0.2 s the ion heating mechanism in the standard RFRyjt. However, as in early PPCD experiments in M3Twe
plasma is mainly attributed to magnetohydrodynamichelieve that we have reliably estimat®g,, using the con-
(MHD) activity.** The magnetic field fluctuation amplitude yentional«-®0 model under the assumption of fixed profile

of the core-resonamn=1 modes, wherem is the poloidal  shape, but not magnitude fai, (r), T; (r), andn, ().
mode number, decreases in PPCD, while that of the edge-

resonantm=0 modes in PPCD remains comparable to or
somewhat larger than that pf the Std.cases, as described jp MAGNETIC ELUCTUATION AMPLITUDE
Sec. IV. The reason why; increases in PPCD is unclear.

The increase of; during the PPCD period may be an indi- The toroidal magnetic field on the equatorial plane out-
cation of reduced ion energy transport. side the vacuum vessel but inside the thick shell is measured
We calculate the poloidal betg, [=(p>/(B,2)a/2,u0), using two arrays ofB, sensing coils which consist of 32

where(p) is the volume averaged plasma pressurgjs the  outboard and 32 inboard coit§ so that a maximum toroidal
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«— PPCD — o] ~ ob2
i ' — PPCD ~ P
0.0008 miead (€1 0 E MST *' (m=1)
o=~ ] [
L . A , ............... ‘ PE-RX "% |
— 4 =1 1
é 0.0004 NN ' 4 . MST " (m=0) (I‘n/ rms) |
S MST ¥’ (tms) o
0.0000 MST ~ (rms)
i)
E - 02 =
= 0.0004 1 TEERE, )
= 0.1 1.0
2
0.0000 db
0.0008 FIG. 4. An increment of energy confinement tim#re, is plotted for the
- - present workdiamond with the standard deviation and for previous works
J1) (circles, as a function ofsb?, which is the square of PPCD magnetic field
? 0.0004 fluctuation amplitude normalized by that in the case without PPCD. The
= solid line shows a reference line éfz~ 6b? .
0.0000
0.0008 V. DISCUSSION
<
T.é In this section, we compare the incrementrpfwith that
—7 0.0004 in the previous PPCD experimefit&®in terms of the mag-
= R i netic fluctuation amplitude and a parameter reflecting the
0.0000 . . . . RFP configuratiort!
© Five PPCD experiments®®have been reported, and we
0.0008 & can add the present work to the PPCD database. First, the
I : - factor by which ¢ increasesdre, is plotted versussb?,
9 0.0004 | S o S rn s~ which is the square of the magnetic fluctuation amplitude in
= j S o SOV PPCD normalized by that in the case without PPELy. 4).
0.0000 '\ 7 . : Note thatsb? is calculated from the available magnetic fluc-
15 20 25 30 35 40 tuation signals in Refs. 3—6,8 at the time whemn is maxi-
time (ms) mum during the PPCD period. The information of the mode
. . 2 - . -
FIG. 3. The amplitudes of then=1/n=7 (a), 8 (b), 9 (¢), 10 (d), and number.or the rms value in calculgtllﬁp is sh_own in Fig.
m=0/n=1 (e) for PPCD(solid line) and Std2(dashed ling plasmas. 4. Previous results are plotted with black circles, and the

present work is represented by a diamond. The solid line
corresponds t@re~ sb~ 2, which is predicted based on the
theory of the transport in a stochastic magnetic fiéltve

_ have pointed odtthat the previous PPCD results seem to
mode numbem, of 16 can be resolved for evém=0) and follow this reference line. Figure 4 shows that a fivefold

odd (m:. D mode.s, wheren is the poloidal mode number. improvement ofrg in the present work is located off the
Typical amplitudes of then=1/n=7-10 andn=0/n=1  (eference line if the rms value is used w2 We also note
modes are compared between PPCD and Std2 in Fig. 3 Fig. 4 that the data points afrz using them=1 mode
These modes are all resonant. The 1 mode amplitudes are amplitude tend to rise more steeply than the reference line,
generally smaller in PPCD than those in Std2. The modevhich indicates that the transport in the highly improved
amplitude in PPCD starts to deviate from the levels in StdZPPCD experiment&se>5) may be by a mechanism differ-
immediately after the first PPCD pulse &t17 ms. The ent from the stochasticity of the magnetic field line. Strong
mode amplitude ofn=1/ n=7 in PPCD is 20% of that in Magnetic shear in the PPCD operation can reduce the
Std2 att=25 ms. The mode amplitudes of=1/n=8 and 9,  Pressure-driven instability, for example.
in particular, remain smaller than those in Std2 after the ANOther comparison odre is made in terms of a param-
PPCD period. Note that the mode spectrum can change wit telr r;fllzestlr;g thegI:QFPdcgnﬂggratlfor:l as alfunct:corF(ﬂnd
different F and ® values[Figs. 1e) and 1f)]. The root- N plasmas; and® tend to follow a line of constant

: y [=(1—F)/®] when By, is varied shot by shdf On the
mean-squarérms) value of the mode amplitude oh=1/n  iper hand, in the PPCD experiments, we noted thai-

=7-10 att=25 ms in PPCD is 60% of that of Std2. On the ¢eases in time during the PPCD perfoote, in the range
other hand,m=0 mode amplitudes are comparable t0 Orof F and® explored in the present worl; is approximately
slightly larger in PPCD than those in Stf2ig. 3(€)]. Atthe g linear function of [,/1,), wherel, is the total poloidal
moment, we do not understand the reason why rtive0  plasma current flowing between the magnetic axis and the
mode increases in PPCD. plasma surface. Figure(@ shows shot-averaged temporal
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0.00 @ properties,ng;, Ty, andT;, increased from those in Std1l
and Std2. The global confinement properfigsand 7g were
calculated assuming fixed shape of spatial profiles including
finite dWy/dt and using thew-®0 model. On average, the
results showed a twofold improvement ), and fivefold
improvement inrtg, which is similar to the improvement
reported earlier in MST.Magnetic field fluctuation ampli-
tudes were also compared, usiBg signals. The square of
the rms amplitude om=1 modes became 36% of those in
Std1 and Std2. The increment ef, 7z, was discussed in
terms of 5b? and Ay in comparison with the results of pre-

) time (ms) - / 6.8 ’
12 ® vious PPCD experiments®® It was shown tha®re is ap-
81 =1+(354 + 1.3)Ay proximately consistent with the overall tendency shown in
10 ‘ \ the previous PPCD database. In particular, it was shown here
8 T MST"] that Ay can be a figure of merit for PPCD.
l—‘m 6 //
w 97
rMST
4L 3 |
; =(1-B)/®
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