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EXPERIMENTAL CONCITIONS

Instrument
Column
Column Temp.
Pressure
Eluant
Gradient mode
rate

Chart speed
Detection

Sample

Sample volume

THPE

le
4
1

-1

DuPont 830 Liquid Chromatograph
ODS Permaphase 2.1 mm x 200 cm
40 "C
2000 psi
Water --— Methanol
linear
2% per min
initial composition 20 % methanol
final composition 100 % methanol
5 mm per min
UV 254 nm ©O.16 AUFs(no62) 0.32 AUFS {nos, 58,60 )
Fl, ex 290 nm, em nm; no.58, 62,

408 nm, 497 nm; no. 60,
Waterloo's sample was dissolved into an 0.5 ml
of CHClj

10 pl for nos. 58 and 60,
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A HIGH-SPEED LIQUID CHROMATOGRAFH WITH A FLOW-SPECTRO-
FLUORIMETRIC DETECTOR AND THE ULTRAMICRO-DETERMINATION
OF AROMATIC COMPOUNDS

HIROYUKI HATANO

Department of Chemistry, Faculty of Science, Kyoto University, Kyoto {Japan}

and

YUKIO YAMAMOTO, MUNEO SAITO, ETSUQ MOCHIDA and SHIGEHARU WATANABE
Japan Spectroscopic Company, Lid., Tokyo (Japan)

SUMMARY

A high-speed liquid chromatograph has been used with a new spectrofluori-
metric detector, which is more sensitive than a normal ultraviolet absorption or spec-
trophotometric detector for fluorescent compounds. The spectrofluorimeter is equip-
ped with double-beam optics and with a flow-cell, 3 gl in volume, and is used to record
the emission and excitation spectra of the separated components during the chromato-
graphic separation by stopping the elution at peak maxima. This technique enables
both qualitative identification and guantitative determination of the separated
components. Selective recording -of chromatograms is possible by varying the wave-
lengths for emission and excitation. '

The technique is demonstrated using mixtures of vitamins B,, B, and By, and
of naphthalene, anthracene, pyrene, benz(a)anthracene, benz(a)pyrene and benz(e)
pyrene have been separated and identified.

INTRODUCTION

Since the development of the first automatic liquid chromatograph in 1961%,
which permitted the separation of many compounds on various types of columns and
the detection of the compounds in eluents with a detector selective in the range 220-
700 nm (after colour development if necessary) in a manner similar to the automatic
fractionation method, the progressive development of automatic liquid chromato-
graphs in Japan has been continued, including applications in high-performance and
high-speed liquid chromatography®~®.

In the development of modern analytical liquid chromatography, a detection
system with highly efficient column packing materials, high-pressure delivery pumps
and ultramicro-sensitive detectors is important. Spectrofluorimetry permits both the
gualitative and the quantitative detection of separated components of fluorescent
compounds in ultramicro-amounts.




374 H. HATANO, Y. YAMAMOTO, M. SAITO, E. MOCHIDA, §. WATANABE

This paper deals with recent progress with a high-speed liquid chromatograph
equipped with a new high-pressure delivery pump of a screw-driven syringe type
with a pulse motor, and with a new spectrofluorimetric detector that is more sensitive
than an ordinary ultraviolet absorption detector for fluorescent compounds, with
characteristic excitation and emission spectra in the ultraviolet and visible region
ranging from 220 to 700 nm. The successful application of the new chromatograph
to the analysis of vitamins and aromatic hydrocarbons, and to the ultramicro-
determination of fluorescent compounds in nanogram or picogram amounts, is
described.

INSTRUMENTATION

A high-speed liquid chfomategraph equipped with a new high-pressure deliv-
ery pump' and a flow-spectrofluorimetric detector was designed and constructed®.
The effluent delivery system consists of a high-pressure pump, which can deliver
0-200 ml of the effluent liguid at a flow-rate of 0—3 mil/min or 0-0.3 ml/min under a
pressure of 0-350 kg/cm? from a carrier eluent reservoir of volume 500 mi. The high-
pressure pump is of a motor-driven syringe type with a capacity of 500 mi, which
can be filled rapidly from the reservoir within 5 min. ’ ‘

The column system consists of a stainless-steel colurin tube of LD, 2.3 mm
(alternatively 1.6-6.0 mm) and length 50 cm {alternatively 10-100 cm), and a sample
injector, which can be operated under the hi gh pressure, :

For the detection system, either an ultraviolet absorption photometer, a
‘differential refractometer or a spectrofluorimeter can be used. The spectrofluorimeter
is equipped with double-beam optics and a flow cell of volume 3 #l, as shown by the
schematic diagram of the optical system in Fig. 1,

Fig. 1. Schematic diagram of the optical system of the spectroflucrimetric detector for the high-speed
liquid chromatograph. Xe, light-source {(xenon lamp); PMem, photomultiplier for emission light;
PMex, photomultiplier for excitation light: QP, quartz plate; QC, guantum counter; FC, flow cell,
3 alin volume; CH, chopper; G, and G, grating monochromators; M,—M,, mirrors; L,—Ls, lenses;
F, and F,, filters; §,-5,, slits.

EXPERIMENTAL

Materials
Jascopack CV-02-500 cation-exchange column packing material and Jasco-

* Available commercially as the JASCO FLC-350-FP-4 fast liquid chromatograph from the
Japan Spectroscopy Company Led., Tokyo, Japan,
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pack §V-02 partition (chemical bonded) column packing material were used in the
reversed phase on this high-speed column liquid chromatograph.

A 30:70 mixture of water and methanol was used as the eluent for the reversed-
phase partition chromatography and 2 0.5 M KH,PO, solution, pH 7.0, for the cation-
exchange chromatography. Vitamins By, Byand B, products of Wako Pure Chemicals
Co. Ltd., Osaka, Japan, and pyrene, benz{a)pyrene, benz(e)pyrene, anthracene,
benz(manthracene and naphthalene from Tokyo Kasei Co. Ltd, Japan, were used.

Methods ' :

The operating procedures of the high-speed liquid chromatograph were the
usual ones except for the operation of the flow-spectroflucrimeter. For the ultramicro-
determination of the separated components with the spectrofluorimeter, it is necessary
to select a wavelength at which maximum excitation and emission spectra either over-

TABLE 1

SELECTION OF SUITABLE WAVELENGTHS FOR QUALITATIVE AND QUANTITATIVE
DETECTION OR THE USUAL AND SPECIFIC DETECTION
A, B, and C, represent the jmost sensitive detection of the respective components, and a, b, and ¢
represent these companents detectable at the wavelengths selecled.

Wavelengtk of emission  Wavelength of exitation

Qualitative
Ex, Ex; Ex,
Em, abe b¢ [
Em, bec be [
Em; c [ c
Quantitative .
Ex, Exp Ex,
Em, Ab ab b
Em, ab aB b
Em, - be bC
EmiEn\'
T
FC

Exq Exp Exy
Fig. 2. Schematic diagram of the procedures for spectrofluorimetric detection and measurements of
fluorescence excitation and emission spectra. For selection of wavelengths, see text and Table I
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lap or do not overlap. The schematic spectra for the measurements are shown in Fig.
2, and the selection of suitable wavelengths for the detection is presented in Table I.

The usual detections on a chromatogram were carried out at a wavelength
{e.g., Em, in Fig. 2) in common with the emission spectra of all of the fluorescent
components, when all of the components were excited at a wavelength (e.g., Ex, in
Fig. 2) in common with all of the excitation spectra, as shown in Fig. 2 and Table I.
For the specific detection of a characteristic component on the chromatogram, the
wavelength (e.g.. Em, in Fig. 2) of the maximum emission of the specific component
was used, when the component was excited at the wavelength (e.g., Ex, in Fig. 2) of
its maximum excitation, as shown in Fig. 2 and Table 1. This procedure enables one
to determine the specific component in ultramicro-amounts both qualitatively and
quantitatively. Table T also gives examples of Em,, Em, and Em, suitable for qualita-
tive detection and Em,, Em, and Em, suitable for quantitative detection. Fluorescence
excitation and emission spectra were obtained by scanning the chromatographic
peak of the component when the elution of the component from the chromatographic
column was stopped and the component was in the flow cell.

RESULTS

Spectrofluorimetric detection of vitamins By, By and By on chromatograms
Catjon-exchange chromatograms of a mixture of vitamins B,, By and B, are

shown in Fig. 3, When excitation and emission wavelengths of 330 nm and 505 nm,

respectively, were used, three peaks were detected and peaks 1, 2 and 3 were identified

T
3
(&) {B)
2
k]
1
min 15 1o 5 0 min 15 n H o
(5] 7 m
k)
1
1
w10 5 3 min 1% L] H Q

Fig. 3. Cation-exchange chromatograms of a mixture of vitamins B:, B; and By. Identifications:
peak 1, vilamin B,; peak 2, vitamin B,; peak 3, vitamin By, (A} Detected at Em 505 nm after exci-
tatien at Ex 330 nm. (B) Ex 285 nm and Em 380 nm. (C) Ex 330 nm and Em 425 nm. (D) Ex 345 nm
and Em 525 nm.

Fig. 4. Fluorescence excitation (below, solid linc)} and emission (above) spectra measured on the
chromatogram peaks of the aromatic hydrocarbons; and compared with ordinary absorption spectra
(below, broken line). Mdentifications: peak 1, naphthalenc excited (Ex) at 275 nm and emitted (Em)
at 325 nm; peak 2, anthracene, Ex 320 nm and Em 410 nm; peak 3, pyrene, Ex 320 am and Em 380
nm; peak 4, benz(a)anthracene, Ex 280 nm and Em 395 nm; peak 5, benz{a)pyrene, Ex 280 nm and
Em 430 nm; peak 6, benz(e)pyrene, Ex 285 nm and Em 3%0 nm.
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as vitamins B;, B, and B, respectively, as shown in Fig. 3A. However, when an exci-
tation wavelength of 285 nm and an emission wavelength of 380 nm were used, only
the single peak of vitamin Bg was observed, as shown in Fig. 3B. This effect occurs
because vitamin B, was not excited at 285 nm although the two peaks of vitamins B,
and B, were detectable at 380 am. Similarly, when an excitation wavelength of 330 nm
and an emission wavelength of 425 nm were used, two peaks of vitamins B, and B,
appeared, as shown in Fig. 3D because there was no emission from vitamin B, at
425 nm. When an excitation wavelength of 345 nm and an emission wavelength of
525 nm were used, two peaks of vitamins B; and B, appeared, as shawn in Fig. 3C,
because of the negligible emission from vitamin B at 525 nm.

Spectrofluorimetric detection of naphthalene, anthracene, pyrene, benz(a)anthracepe,
benz(c)pyrene and benz(a)pyrene on chromatograms

The reversed-phase partition chromarogram of a mixture of naphthalene,
anthracene, pyrene, benz(a)anthracene, benz{e)pyrene and benz(a)pyrene, and the
fluorescence excitation and emission spectra of the separated peaks on the chromato-
gram, are given in Fig. 4, The fluorescence spectra of naphthalene excited at 275 nm
and emitted at 325 nm were measured on the chromatographic peak which appeared
first at 2 min retention time on the reversed-phase partition chromatogram, as shown in
Fig. 4, peak 1. The fluorescence excitation spectrum of peak 1 was compared with the
absorpticn spectrum of naphthalene, as shown in Fig. 4, peak 1. Similar results were
obtained on peak 2 of anthracene, which appeared second at 3 min retention time,
excited at 320 nm and emitted at 410 nm; on peak 3 of pyrene, which appeared third
at 5 min retention time, excited at 320 nm and emitted at 380 nm; on peak 4 of benz-
(@)anthracene, which appeared fourth at 8 min retention time, excited at 280 nm and
emitted at 395 nm; on peak 5 of benz(e)pyrene, which appeared fifth at 13 min
retention time, excited at 280 nm and emitted at 430 nm; and on peak 6 of benz(a)-
pyrene; which appeared sixth at 14 min retention time, excited at 285 nm and emitted
a 390 nm, as shown in Fig. 4. Good coincidence of the fluorescence excitation spectra
of the peaks with the absorption spectra of authentic specimens was observed.

Ultramicro-determination of benz{a)pyrene and benz{. e)pyrene by specirafluorimetric
detection

Fluorescence emission spectra of benz{a)pyrene and benz(e)pyrene, and the
fluorescence excitation spectra which were compared with the absorption specira,
are presented in Figs. 5 and 6. While the absorption spectra of benz(a)pyrene and
benz{e)pyrene were recorded on the solutions with a concentration of 10—~ g/ml, a
fluorescence excitation spectrum of benz(a)pyrene could be recorded on a solution
with a concentration as low as 10~® g/ml, and similarly benz(e)pyrene was observed
at a concentration as low as 10~ g/ml.

DISCUSSION

The spectrofluorimetric detector of the high-speed chromatograph has several
advantages for modern analytical liquid chromatography. Sensitive detection can be
achieved and the determination of nanogram and picogram amounts of fluorescent
compounds separated on the chromatograph is carried out by measuring both the
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Fig. 5. Fluorescence excitation (below) and emission (above, solid fine) spectra of the eluents from the
column and compared with ordinary absorption spectra of benz(@)pyrene (below, broken line, 10~*
g/ml) for the ultramicro-determination of the chromatogram peaks. {A) Ex 280 nm, Em 430 nm,
both 10~* g/ml. (B) 10-* g/ml; absorption 10~* g/mi. (C) 10~* g/ml; absorption 10~ g/ml.
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Fig. 6. Fluorescence excitation (below) and emission (above, solid line) spectra of the eluents from
the column and compared with ordinary absorption spectra of benz(e)pyrene (below, broken line,
16-* g/ml) for the ultramicro-determination of the chromatogram peaks. (A) Ex 280 nm, Em 395 om,
both 10~* g/ml, (B) 10-° g/ml; absorption 10=* g/ml. (C) 10~ g/ml; absorption 107 giml,
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fluorescence emission and excitation spectra of the components at the maximum
elution point of the peaks. Selective detection of the peaks of fluorescent compounds
on the chromatograms is possible.

Excellent high sensitivity for measuring the fluorescence excitation or emission
spectra of minute amounts of the samples was obtained at the wavelength-of the
maximum emission. The fluorescence excitation spectra were about 10° times more
. sensitive than ordinary absorption spectra. The fluorescence excitation and emission
spectra were useful for the qualitative identification of the components. While the
gradient elution technique cannot be used for differential refractometric detection on
the chromatograph, it is possible to use a gradient elution system with a spectro-
fluorimetric-detector.
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ANALY3IS QF ORGANIC COMPQUNDS ON AIR-BORNE FPARTICULATE
MATTER BY HIGH SPEED LIQUID CHROMATOGRAPHY AND GAS
CHROMATOGEAPHY/MASS SPECTROMETRY COMPUTER INSTRUMENTATION
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A program to analyze organic compounds adsorbed on air-borne
particulate matier is being carried ocut cooperatively between Waterloo and
Kyoto using multiple instrumental methods. Organic material extracted
with solvents from particulates is first quantitatively analyzed with a
Hewlett-Packard model 5830A digital gas chromatograph, which gives the
value for each component peak directly in micrograms of material. Using
a packed column with ultra-thin layers of physically-bonded carbowax
phases, about 78 compounds are separated in a sample. 4 GC/MS analyses
has identified carbazole, anthraquinone, anthracene, methylchloranthracene,
2, 3-bensanthracene, primarily through a selected ion chromatogram
techniaue.

Using 2 Dupont 830 high speed liguid chromatograph eguipped with a
Hewlett-Packard model 3380A reporting integrator, both of which are
combined with a JASCO model 350 spectrophotometer using a FP-4 spectro-
fluorimetric detector, highly specific gqualitative and guantitative
information is developed. About 20 pesks were detected in the organic
extract sample by LC using a Permaphase 0DS column with UV detection,
while 10 peaks appear for the same sample from the JASCQ FP-4 selective
wavelength flucrimetric detector. The retention times of reference
samples of naphthalene, biphenyl, phenanthrene, pyrene, chrysene, and
benz({a)pyrene were compared with those of the unknown peaks in this system
for identification.
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TWAWHRERF 22T 2VWREOBNICANTSLS 9,

2 E OB ’

HEEO7 077 2L, W(D LN TE D, HEWMR I~ -7, T T
ORBEF VeATH BABELTESTHBEIOD L HTh b, AL
Eok DERLTERELTWAE 7 4 —7 & Bin (Woolfseon, Koyama), bh
bhosZ/r—7Th, W{DOhOTnsrsskfEorch, Enb L TRAH
MULTAN (Woolfson)#, £ ¢ ORI %A TEADT, The#Re L
Ty AT aRERT AL EELE, "

FBRoXREX, ENHEMPORTHRS *EZERL T, LERZ7— £ THEEIL
LT#5¢Figare of merit Bt AKdnt » PO E-map M, 2RFO
MBEFHOLLCTILHLNRE W, ChdtEOTHBRIELE L, BWHILOD
LEMBOBEI, 2R VORETH LA, B—map oY -2 % —FTHHE
CHEEFARMNITE S, LHL, ZAMAOKEAICE, EHICHIL 745
v b RRHEL, PE2NWHELWEEO—~H 1 RELAZOL, HA4BETHER
& LT tangent formula FHAWT, BB FA|t8@Tor—- b EfEL R
Hhidus ok, BREFA M ELTHEZT 2> TV 20H, IHPLERFD
POBRENEDHIC, % PEEFELC ThEWDY, £8, UHFPLOEN, L
5@%&%bhé%ﬂﬁomffzrﬁﬁtof.VX?AO&E&uﬁaﬁ
#FTH b,




33 & b b
HESTHEABHITEBFRLUTOY 7 b v o7 —OXFWER L FOH

W ECON TR, ThORP > L OREDNAITRE +, BICE
KTEDRAH Y 27 4|02 TRBEF BRI £ F A,

LA LA b CICGRNA L 5IC, #Afl OMAIL Y Rk (AR, 1975 )
B, BROEBILE S EREL BT D, FMBELE L THHTA NS
PENE LS, HRO LA TEICORONO Y x5 4 L hB Rk b Dok b
NThBDS AL, BESE VN, BEOER2D L, LbEbd L (M
BICIN BB ORABNITIRE 7 1~ 7 H2NH BT, BHLT—0 b5 <
SEHTENE L% S EE T b, |

BBICEY 27 AHRHRBONBICHB N INALA - T - BET—%KE, ¥
RRRERLHTINABEAKEFER L > 2 — - + > 2 — BBABKE,
ey A BEEAL, X LUHERBETEN Nk A ABERRBEbICH
LRADEFRLTH L,







8. BEAEtEBRIC L 5 ERH W
T v ¥ —ZE BRI SR BE O
BEAT & E DRECERENEDO SR

MAEESE EB A HibKFES[BEWEAR
(fl 44 )

F

FHAOCBHECN: CATHERINTWABLSBRREAROSE—BE®R
EZ{RBRALEOW IS 5, )

BEBBFCELA TAr X — LB A A ¥ — L ORAELTHICHE L HBER
BERARRICARAETNEAERECERA DO EZ - Tvi, t0d bo@ELs %
BAE =34+ X - FRBOBIOBTRELET LAHREHSF T2 E L -
THENT LT LARAPHEIND, TADLLREOEBR I Ao ¥ —TRER S
HEEIK L s TEHBEINTHEEWIRTE AV, TabbESBRODIEE
ChE CRBORETICI o T2 3h (220l Td ), ERERFEIICE
 BARERRE, BHCENBOC ., SEICH 0 AR 2 BIECF b 1oL
LRCEL T, LEORBERIAHFERRBEENATI S P(Ha AT
) —FLIEAANBHAH, BEBEH~OEATKRETY- LS OHE S
BRCANLZEBCELALCTEY, BRIABENEES 4 ORSBERESED
HBAHESThz\n,
TCTHEMRTH, BER, EEHZ0ELEHM L Ay —ZTHRBITLON T,
CREITHASLNZZ DD B IBEANZERIER L VBB T 28T
HHBIC L 2ESEomPA L, t@F%K§9<cn6®%%®mﬁmﬁﬁ%
Aol LLoET A EXBmE LR,

LW ORBE 2 AR HEORBRROADITLE,  PHHIOEF




FIC L2, REFEBORZIIART v v ARBREERL

Curl Curl A = CurlM
ThEi bh, COBALEDD YY) - vEBTERT A LICL Y

A= lldv Card (1), |n-2]
ThE% b3, xC Tt PHEORSEBEEHAZMIC MO % 54 5,
E NG B4 A RIRICRE L AT TH Liny 20 L &1 Cur LM k@
HBOREBCRXIRDND, LROMARFC L pE—HEMOA (A D EHEL,
rnlyp=curl A ZHWTBHEL S, BLMOBRY FOETER
22 )—-EFt, BIVMERE, DnTtFoCurl TROTROAUD
PEED D, UTHEASBET 52 CCOHBLTRELCET IV, COHEOE
ER 3 CRABLD TS, Alidcht TERAOBREL S LREAR
Wtk OR R T B BT B CEORRE RS 707 74 ELTE
RS, ChLENTERATREF 5L, HREBALRBEORE OB A
OHBDERTE LEENET R T LW LHLEL &,
ARRTRABCRO-AEEEEE L, 1 A% FEOB-MBEHKI T
MENCIE L < BOEE CRABEEIE T SIEBRICH b ot 2\ oME, &
2R R APIE L 2 DBEBBICET AN P AET Y ¥ y A pDBRER
MELUOs ) —»EBE 207 ) TS LESRLEV SbRbhIC LB
BOTOBLEAOEHBOETIC L VW LT L ETH D,

1. ESBKONPORHA

HEEBABEP TR, ERFOIERL RO LIRS,

1 aB
0 = - — — (1)
rot ,MC ry
rot | =— ?O’ ' (2)
div p= 0, B= TOtA {3)

(D~3), PIUB=H+ 47M TAVWLLRAAELNL,

rotrotﬂ-—AnrotM::%%¢(fé~%%~¢md?)




T A EEE AT IR

4 A‘_%"‘%’%%xmf M-grad {div /—1+%?-G'jp)=a

Lk b, CCTgangeLTHr FIAF 5 &

4 A-Fol sdx rol M =0 (4)
Exb, {HL, TET
a A
B = rotaAa .IE = __(IJ_W
aivaA= 0 ¢ — DO

Té%o
2. @ﬁﬁﬁﬁmﬁﬁ%ﬁEﬁOMﬁ

| EEBE RS ICEEAIC R TS L LTREOCERTE 5, Bl i
TR OREAEELL 27 ) v <EBWTH B, ©OEETHBRLEE
BRELMERENRET 57D, RRHATRES FRATH DI DT AL,
BRBZRBEWEL (R INTwE WV, b LZORBAATETCINTHREE
BREPFEBERICE, TOHEOBRGREDOINIVEEL L, BETEL
=T HAT AR IERELR B E O BROME L LTESIC e oK%
mﬁbfwﬁ?éc&ﬁﬂ%fééocm%%&%ﬁwﬂnCCT@&fm&
EREORAN CBC EL, MEOWAE (ZEHE ) ICBE—8 L T5,
TARREE, BLOZRAEEZLZ A TIVeLELTE, 320D,
M: =B:=10, ¥:=0%¢35, 957270t M, Bt
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(rot M )y = —AM=_ oMz o

(rot M)zﬁ oMy . aMx
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I — 'aAZ__ (3A _ QAZ
Bx 57 —iaz >
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Y dz dax ax
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S Gresen function Glxy i/ &y DHbhdAz A

Al bi= 454 /-  duclxythpe) B Ry )
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éza?c; +&2 ayz a-c- )&("C#tlE?r)
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25, CT, o=0THNLBIOHb HIC
4z
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Tifeda (zyt |Eg T )pbhRE
Azﬂny,t}::/dqﬂﬁdeG(wyﬂfpr%—}z(f7 13
ELTREB, 10%m L
G (=, y.t| fffr)———L 6(t—r)znr
Erbo AL r=V(z=¢F + (y—17)°
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Az {2y, t)=—faefarfar 50 (e =) Ej (&0, ©) Lnr
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| e7*
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pPotential OFEER%

indk? - dim Jax— 7 =
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b, ThbLL, oo =02 LH)EWOE—F L, oo N0 Th;, MEEMIICHK
#FLZFIER T 5,

4 B=AMH(Mu=const )Rk >HEFHIEBPOTHRA
COHEHEUOR bIT
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LELH, 5,
J.Z(E’ y, T)= { 5(5‘#!3:‘,; yi)Ii(T)
TH

_(I—Iéfi(y*-kzj'
e ALE(E-T)

i -7

. M .
Az(.r,_y,t):-E'?dT IL(T) (19

tx A, chidInduction Motor OEEXNEWVWZ S,
D ECA) LUDE DBAFRERNTH S,
B 5 X)SEEDZ)_&THH(A)@{‘C DT I &:.& b,

AA-——"L-%.-&-;E?A—Jr—A‘CL(Crot M) =0

EXRTERT B L
alh = ATEOLR LA )8R+ BEC ot ) =0 a
th B, CTT
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ocEdorot TEEKROLIOSWR L,
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Z T
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5, BEFoEEXLNBTOHysteresis motor @
BFEEHBIC LB

51 Belf-coneietent field®hi
HEFREE I LDLEROWM RS,

=
N
3B
B AR
E R
B LK

M%ERE

CrotM= jlXb; kKRB, —r
WK I-TA, TRD D,
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M &M% h L CHsE

S 'M; ~ Mg < a

; (alconst.)
My —My|< a
T E 2T ik
e wid

M+ (M —M)
FMETD,
C AL E R )

M #Maxwell sg.%®mTBHIitTH5,

52 2®mOHysteresis mOtor OB

RBEOFZBOHysteresis motorDRBVORMKKRD L5 % 2D
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MCE—T3 5%, 37, BETtHL2 2 2R CEERL, BEFELEE
ZEFTDH, CNEEHELTHBER T I D TR, TOBROBREDHFIC
1B L, BETROOLOESBY HEZTZVWOT, BETOEEORR
DRFHREDLNLOTHEEM L, T THaOBEC O TUFTRER S 2,
B&F CHpmbY , MICEREIN LT B,

H 40 K EET 5 LEETFORLY ¢ £ EKET2 (Fig. (b)), 20
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53 HREOHAEWLCOWT

T FEE, ZHERTICD,

x = 1t (or Ktit)
y = Jt (or ©Lt¢)
EFE(TEBTOILORITH S, I, J, K, Lid1, 2, 3o T

55,
RIC, MAEEMC, BAOLFCES,

. _ aMy aMa:
7z0xm y) = C( el 5y
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1A,
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RHREEEL T
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By (I+1,T+1)= A(I,J)—A(J+l,J)+£«(tI,J+n-A(1+|,Jm

7zCI, J),Az{(I,J), M(I,J), B(I, I)ETHOR

(1,75, A(L,J}
M(1,]), jz (1,3), B(L,J)

W, B—M curve {T2WT, B—-H curve 2#Fig.10L%
ThhiF, B-M curve [ Fig. 2 0L oK%x b, i 0oxHCFig.
2%Fig. 3 TEBPT S, Pig. 3 ZAVWTBIIMERDLCHRDOLS T
+5, M= IMI=m ¥R®ELT, B= IMl=D18RT >k ET D,

m1—|—a2
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1
my —az
IF(b1£a— Y => M=abi+ a;
1

B

x10%¢(gauas)

N(duues}
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-100 -50 0 EY 100 HiGg) 0
Fig. 1 Plg-2
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CRLUAGLE (Thbb E%?i<b1<““a—f"“@am

M = m;
MOABEK2DWTHB —-M curve WXIbM%#kdH, coOMBEEKCREL
ZM IDIREVEIREBEMOFMIEE LU EL, MAM' I b dhIng
S LWL AEAMECFROEE ETE, Tabb
| M>M ©&% M,=B_M/B, My=ByM/B

M<M' ©LE Me=M5HM/M, My=M)M/ M

(M"7 = M+ My )

BRFRBICOWT, M; 2EE LT My %R0
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9. HEEERIESWICEET L EEROD
s R F R

B IG #B AR EE
ML #M— (fb4&)

 FHRROBNEBEEBORRAAC L hHIBEARLA OLESE LAY
WL ICE DA ICD N T b A OER O | ICBIEHIE DR & A
BYWBEORKETOCH 5,

FHRREHMT L B> ARBUFRORBDOBBRR T Do T 4
BASF 4T Y ORMEL LT bR 2K FEO MM TACAY ¢
(Gaillardia pulchella) ORAHKLRFDL, TEOKE 21 7TOHHA
TRAFTFANS T TR TERe, EUBRBETHETLHT LHE
o 1B, /A VFZTATBOEAFT 4~/ 1), Fpulchellin(1a)
E U neopulche11in(1b, 8¢H), 774 7 »#B D gaillardin(2a) BI¥
neogaillardin(2zb, 8aH), B #+4 F R =& O pulchellinB (3a,
R=Ac, R'=H)},C(3b, R=R’'=H), E(3¢c, R=H, R’=Ac) RU
F(3d, R=Angeroyl, R'=H) T& 5, CHLUNCER 2L &% 2 HERICE W
AT DA R =2 R ERFTFARLT A4S F O pulchellidine(4a) EUF
neopalchellidine(4b, 11aH, 8aH)TH b, {LFHICIE 12 RIF 1D D~
) ¥ michael Mk 4+HM T2 02% b3, EWENIIE1a R 1D DB
BMELEM LB L, Thbex¥Ta-UAF R WShIBAKARBHEOKB—
colUCH LMMMHRR 2R L, BIC, FAMMITEERCL > T LRER
BERAET NN OERBEB 2 RICT B8, LEABEH CTIRE N,

AT, The DALE#ED LI 5% R IC a~methylene—r—lactone Xit %
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Omodification E—20#BLANENENOHE TS b, ERORITAE
WEANTEERBRCATROBER LWL L, AL, BEtAXFANYI27 %
BT LAcve Matf @ a-methyl—-r—lactone ik, LTHFHRCHhoOFEHEE
BREOFELZVWIR YV -RCEMEEEE LA W, L, ZXFA¥ A FFx A

CEMAAET B EERRETTACREL, =HEv ¥, o, f—Raf s b %
OHHEEERETRD, T HEEEAERE > Tamethylense—r—lactone & X
HAEERSETAHLEL TEXL AW, BIL, EBEtRFxFA /) v Ve
® ¥ a-methylene—r—lacton A F 4 -+ RU T S YR ERIGECE L
ERMLN TN G, ZOBRARBRICESNHT, cnbibahBRoLs, Mas
kT 2MEESRE, AAdBERCDNASEERRORAMENIEF LD
Tax bR CEETLD, XIZFOBRLELR L,

MU SR OTFRENTOEBIEALBEECL 1D VB NnE DD
LEEASBENIE TR AV, EFHE LR~ 2 P vHFEC L bR I N
WEAXFTFAS/ Y)Y MEARTHOB VE LRSS IEBETH S
CEEHRBTHENRERRTH Y, TOALAOLERLIBHLEBERITETHNW
b Lk Lk,

%fpndmnnﬂm)womf%ﬂénﬁz.5@@%%%%%%@@5
H & D11, 13-dibromopulchellin{s) O B&5 & (R ME p2, ) £AWXBR BT
#fiof. Cuka RICL DB AN BASTOPRE LD THE 7 -
) IR ATV, EEUEBEERFAVTIEMNEFERI VERFOREERY R
DEAPHREFE11,8%Td ok, ENHRUPOMLTH240FL78R
HhesBhiaf—0xrri—vartdb, 1allRINAHBTEREE
boUEHEE LTI A, AR, Frr ) Fr (da)oErt#Eicd
BE AN,
mETN LR LT a0 RESEE Deis—bromodehydroanhyd rodihydro
pulchellinis) OEF S (ZEMBED 21 21 21 ) CDWT b X @AM % 4677
L7 ZRTANE2 -7 YEELLT v aONBE RO, BRYDO7 -V 2EFH
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H= H

2a, 2b(8aH)
Ho = =’

: g: H
— 0
' _ z 1 i 211
3a (R=Ac, R'=H) He CN/
3b(R=R=H - :

2c(R=H R=4a¢c) 4a, 4H(8a, 11aH)
3d (R=Angeroyi,R'=H) '

Ho

COOR
0]
] . 8a( R=H ), 8b( R=CH,C0 ¢ Br)
Ho (7)_ " Ho =  OAc :
| HE 3 2
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ERASHEIN, B VOMEAZESH full-matrix B/ g RIETHE L BT
RiEIZ6 6% L% ok, BhhKahnaE#ERGICRINLE DTS S,

E#iC L CGaillardin(2a) H¥D C, =Tt F 1 EE 777 4%
BBIRTFr Lt L TBRLL 0y BHEENORMKE (ZHFEP2:2.:2,4,
BEBFPRASFEELICOWTIRENET Y, MOk eRICDANTH
LAZ1 035 2 I ORHED CEHESE, BMEREZ % 4% &% VR TOBNBE
o EFHELMCAEANRK,

B, LRTARAECEROEREOTLX & LTRARNERC S
(Ambrosia Arthemissifolia) Q#EH KA Ambrosic acid O#EXNHEE
(8a)bF+D~"5 7o a7t FrriFafhik (8D)CO2NTOXBRER
HEBITICYLoTHLMMANA, ZOBE, EMAERFELKILT T 7 4
DREAREHA T HEETEC L VEMERICET 2SR (2WBp2.4)
KoWnWTMokal (Zr 7404—) WWEAT7A4120EHEENLGT
mArl@EETF1 42 30MMAERD, DWT, CukefBCES1 18 &rr@!i
HREXHBALT7 - ) 28Rt BB 2H e 2R TORBRRTF U bt
b, BHERERBET LERCAN S = wé'%d\a%&*cﬁﬁoﬁf&*{t—?
HBLERRMEX7 3B &% ok, TORICL T LA AEFEER D> LIRFH
i, EFHAENEEIN, 7V VITAT oEBRO 7T ARSI ME
BED, R, Cs —RUCo— AFVERRBICEE (325 4) LTWARMN
L EBAN B, '

BE, TACANX LD LREEREALAxTF A~/ )Y FUA K7 a ) #RE
BoLEEERES &L Cpulchellon (9) T8 LirtkBE e L, £
A RBE Ok BT, HEECL ) XBHCHES Lo bb, BIL, &<
&Eﬁ@ 3 TAWKAE ¢ (Gaillardia grandiflora)(G.pulchella &

G.aristata « @ hybride ) 2= & pulchellin(1a) X bERKERILT 51F
foe REFA/ ) 2K, grandiflorin(0 % BEE (LS89 ITERR O
EHHEE LA chd, BFTXGROHCESEE L TRE T XSEFLE
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BHEICI EAPTH L, X, Zobsoidpulchellin(1a) sHEZEM Lol
BHESBHFINLOTEWARRBRETTE L TW 5,

BE, ZLELTTACAE S DHEE X+ 7 A~/ 1) Y MTDWTL2IE
Bis SR ORECX BEEBEBTOFY 2 LEAFRMALEDT,
HLFs4 LEENIEEN OFBLEFIEBROTHAROWTHAZN,

XMEME (B phillips @ 4 ~ circled BETE ) ICHEATICHE L 2
BEGOAB T E 000, —BIK2000~3000207 7 v FREOHEY A
BN IKHANE CAZET 5, WERREF 74 YFEBTOEIN, FiCrA
T4 F—THIFIh, MFCKF -7CEILINTH TS 5, FOHRESE
EHEOWTHE#HE (hkl), B+ ORERME, 772z s0HE, £EE
B, EEB, <So227 50 VEEER, AEKR, EAEARUEAERAT
D3y 2770 FORTEIE, RHOKAETHETS 5,

WL, FRLE&Nrte7 -7 REFHEHR (HITACBB00~8700 XIZIBM
360~375) K0 THEREFLDOWTLEILHEREH2 L b, Ex OWBE %1
LEHORIETRELL Ay 2250 PEEKER51 2, FHhROBEIHHE
CHh, EEXRELRELEE, NI EEORAER 2L LR, +h b
FEREICLALEORMBECRE T2, RECOHAFTHBACH Le — v
yYEFLEABEFOBELBL, PHRERD HEREERT (1Fo1) K&
RTBRE, 3ROV 5, /KK OTWHEH (hk1), HEMEHEF (1Fo1)
CHNME ) RO 1FOl OBMBREEERD T, H— FCRILLTHLADF 1 =
27 7ANCRD LY TE, TOBE, MERK® 5 AZREOCREICON T,
EFNLOFPHET L VT EZAREOT — 2 KT KEE TS,

WICEFHERP TPERTFNEHNOCS v F 2l AHBLTABEEE LA SR
WFHRANDPHEE (FRECDODNTYE, LEORBICL TERCEREIH
T HBE EORBET Y, BBRHEERF (B0 2EdRHCOWTER L,
BEF—7, F1422 2 ERARLRA D,

1Eol oK & &ﬁzﬁafv%&i-:rmiiﬁi&%v.
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¢hk1=€0h]k111+(ph_hl. k‘kh 1"11
QL 5% 3a0RH (hkl, ki1, h-h:,kk,,1-1.) o#EEAFOMER

FRUDTABEX D0 - TC, Mk A27ETE (ORFOUEA ZRE T 5,
OB, BoE s oRFOAAERE L TF <,

B 1Bol, OEEFEWZ — )2 &M 1T > TCE-Tnap 5 E T 5.
ZHETXTORF2ABETFLEFEHR L CHOROPILTREFESZ CHAIL A
BFHRENSGLEBEE LALZOEFEESARCH AL S,

E-nmap bt CHRTFOFETHED, 82N EZBEER L TWhaHrEhtHEE T
b, BEMCADNEBUNET 1E0l OREWHFLLRFEOHEHEA FRET S
ETAHLLFERTERE T, _

CORICLTE (ORTFOMENGNE, FNOLOEBEETRAE D, TO#H
BETAMECOWTEREOKEE#HERF (Fe)2ftE L 1Fol I pe &K
» 5B,

R, 1Pl I e 5217 T7— )2 E&H&ETT W, EFHESMEEEML
THEOBE THL0ELERE L, SR orRFadbhrd th
LORFORELERDL D,

Lk, 200FE*REL, 2ETOBE*HET L,

RABELELI 00 LTELNAZETORER JURERTFO-Y 2 4 —
A% L DRELT B, COMBEMY 1 2 vBE L, BELOE AL, RE
%:hil | tEo1—1Fei | /hgl 1Pol @fﬁﬁ&@ﬁtﬂ\é < 7_::< ok 9% THE
Tt D,

KEERFOMEX LEORELINANS5 A -2 %\, B Fe itH
LEZ7—-Vx2&M (7 -0 25 KCET S 1F01 O BT 1Fol —1Fcl % -
ZHD ) FEToTRDDL, CHEAEOHEBE LHFEEZL TV LG LOEDH
BERTOT, BEKEREFPEL TWRCAEFOEZ — Y = 55EFITH A
RRFHHAN L,

KERFOSNT A4 —%MEATCEBOBCRNIAEETBEWHELHEL
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TRTONZ A= 2 —DORBEAET 9,

RECBUE? - V1Rl %, 3RPLEIBLARTIRA WS L 2H%R
L, BEDRZTHIIBELERT T 5,

BARAEECRFMAEOE, 7rn o 2~ C L 2BE0MTRA2 4T 9,

B, BNUEEOWRE T T 520, HEREORICHE B %Ohand -
edness ¥¥ T, hk IRHFHIH L7 ) - FrEH0BRICSH5 TnT K4
S LCHE, Tkl CRAMORE OREZEE Lo {, FARELIOF — 2
THREARRS LHH AN AL ERCCCHURME 2T 5, £y BT T
CEREOREREHTIFe (1) | 1 & Fe (Rl ) | # 0% DX 323 OFHTR-TS Ly,

BRTLXBORETER L, BETORESUDEOE LWEFRIALAF
DRUAKMERSS ', of” &ML, Kl 2 XU K4 K T 5
[Fe(hk1) |* % LU [Fo(nkiy | #8t8 52, Flid, Cuke@ict+ /@
RRFOof =0047, ay”=0032 pifEbh s,

[Fequay [*. 1Fe@y|* & 1Fommen) 1, IFome1y | &2k
N hkleinp]ETRAEBRERT L 9201 BEE %O handedness » &
W, TORTERER D b T2 L W EHEE RO LGNS,

MEQLSICL T, TARAES ECFOHEBEOLHEBE L R +F 0~/
VY FPOREEIEHETTNTHOL L ARA, R, chbEREF Aty
| .*G’Cﬁib% a-methylene—r—lactone MO FEIMBEBERE OAHTRITR
DEETHH, —4, T O K& O a-methylene—é—lactone O H L IE K
CEEFELE T ED ok, BIC, BRICREMD r-1actons € 52
r-methylene—a® f—r—lacton ¥k, #% , patulin, protoanemonin
DL O CHEEDRENE THAKIND, $a-methylene—cyclo—
pentanone % a-methylene—r—lactone DR ERMRABEBEBE L EMT & &,
MEESHETHE L L TR L a-methylene—carbonyl #£% & T30,
BROL 5 2 EMHBBRACH TL2T 22 (B E L T—20EE %2158 %1
FTHLIOEELZ NS, TOHEMS e—methylens—cyclopentanons @ &
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ABHEE T —RICHBEEERE TR TCENWEWEE ok, IH, HEEYHOR
£ME sarkomycine A, Bl G, (—)-F-hydroxycarbonyl—e—methylene
cyclopentanone X EFQHHTHS 5, AL, ThLOLBNERTF O
a—me thylene—cyclopentanone ik AW R IC i Sl G H L2 & KRS
TWbHDT, LEOKBOEMOLRK, XEr0#imOESHERMTT HHIKIC
W, arylidene cyclo—pentanone OB FMECHER L. REOIML
&4 & LT amethylens ¥ & VERBHOG W aarylidene X% 3 b, R
T i cyclo—pentanone eyclo;ﬁentandione L hEFHEAEOS N
cyclopenten—1, 3—dione @b 5% D% RAKL,

BED Vs o2 794 &R O LT, #HEER bbenzaldhyde & cyclo—
penten—1, 3—dione % L (¥ indan—1, 3—dione %X &, BXEHEMED
FETF, BHLAEGS, n#m4dd, FHO 2—arylidene—cyclopenten
-1, 3-dione()i ¥ 2—arylidene—indan—1, 3—dione (12 FEHE K L
o X, HED/ W bis—H L U¥Fmone—arylidene cycloalkanone 1348 %
SR LT, CNLARLEHIC O THABEBG -7 X (8—-180) THWAR
WHRER2Y —= 7 2fTok, TOFEF, 8 Lk T To 2—arylidens
—4—cyclopenten—1, 3—dione FHENL 1 0m. ke /day O dose THEL W
EREEOMGEI R TR Lk, B0, (4'—hydroxy—3’'-methoxybenzyli —
dene)—4—cyclopenten—1, 3—dione i & D5 < img/Ke/day TH
MmTehbH, chiew L, MO 2—arylidens —indan—1, 3—dions (¥ T
4' “nydroxy—3’ ~methoxybenzylidene & OLNEMER LA (100
m/%g/day). i3 5EFE cyclopentendione MUK ICH~ 5 &% 11X
PIRAOICBELZ N, TTTEBTNE CLESMEEERIR O DI
benzylidene #f @ -% F ﬁ I F A A6 0WA A hydroxy # Xt mothoxy
ECER I TWRZThidAx %W, X, cyclopentendions M K Fary—
lidene o it $ carbonylFE TR+ 5 endo XL exo D ZHK & Tk
EFTHLEEETH, B, B#li%x arylidene—cycloalkanonesf, #% (L,
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0

R, “ _ R,
R
R2 ( }:[2 Il
h |
' 19 R

R, H O0CH,

Re: OH, OCHs, OCH,¢
Rst n om ocH,

R Iy, m—CHs»p—CH,
n i,

mono— R bisarylidene cyclopentanone 245, cyclohexanone
analogued~ THIEBM %7 A ki > 720 LIERESRE N,

Bl k, 2—arylidene—4~cyclopenten—1, 3—dione(ll) & mib-S4it, &
FEML B bHk e—methylene — r—lactone & b, I bhREwEOEER
WIS L4 b B LHIC, Zh b 2% RN ORMBIEL 4+ 5o
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LAE LRI SN, £2T, THLERILEHCOWTES KEET HBE
Lo & LTieRR (lipophilicity) % IUPEFEME (eloctro —
philicity ) OERILARBICET Lk,

S AL OEYIEE  1og (1./Cr) TR L, SEAGSICHE T
DREREAOBEL LTEEREDL - 42 £/ — 4 —KFROSEEKEOR
HeE L, mEoHEE%E

log( 1./Csgl=a «logp+Db
WD 7 r— THICRN A REAFC L bR, TOFFERALZETZ N
B, B ESHEERD OB WML A WRILIEE AT A, I, BEOBW
OOBRFREEILTLIRE (N L3H of,

wiC, EHesRESsoREF#ESE L LT, 2-benzgylidene—4—cyclo-
penten—1, 3-dione KON THAFOEFRMA(A) & IV A 4 LB
(1) 2RDE2ED, T=Ar53F AP ILEIFA T IANOETRNAF
- BaA#H XU EsTIFBHEINDO 2.k TCEBELALTS, TN TOIE
MICOWTRER LSRG B bhEd ok, FLTERFFORSE M &Y
 (HOMO ) 3 L OV (572 6T 818 (TLVMO) OBl = A4 ¥ — CROH S %
b OB LA, B, 2-benzylidene—indan—1, 3—dione KD
WIEHE LARREPR®ET DL, MEOFIHEEL b1+ LB KE
R, BEFEHAIE L BN, 20T &idcyclopentendion F#E Htindandione
FEE L VHBYDROBRTWATEXERTHIOTH D, WL VFS » 27
FA YR AEROELEEEMNT A3 0LBONE, BT, tothoHE
BEOWTHRICETEENE 2EH/D T 0, HBESRILAMOTERLE
FEAE & QBB AN —BBELINLTHE I,
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10. Fiowchart Language @4LEE
DR L ETDILHA

FRAXRFEETER
BE FMA& #m*x (f134)

. ARCBDLUHLPER

Tursi v /ERE, TEAHRY, EBELOL00RMCEAREROHE
BrrEbbhd, TArP )Xo %2RERRBEATEL30THL L0883 L,
FLT, TA ) Xald, ThXERINBCHAEC LIC, BEOTE TR
BTBHARIN, TA7 ) XAGERERBORFSTOARETSH Y, £0
B ORBL7 5 —F 5 — F OFEICL 23 OHRBLFNTHS 5,
Flowchart Lan@uage (BT, FLI:BHTA)HCc0Ls2Z80 4 L
CERANA, ThbY, BATIEMEAFOME ability LIFY, ab-
ility RIGASBCECARCER 22500, BFRBR Y 0 —F 4
—MCLBTERLE, | |
HBE, Y7 by 7O/R@RUITH, Y7 v . TORE, BFORL I
BREIATWD, COBBERBTHABICE, ¥ 7 0. 7OBE, RIC
REMCH BB EAAT 5L L0, TRIELAT /5 ¥ 7ERLH%
THLEBLBBHI LI FETDE, PLIEAOL 52 BHALERIN
AEBTHD, Y7 b .7 ORE, RFORKELL, K (AEILED
DTHLHEEZL D,
BBLBERFOHA~OBELBEC L » T2 T2 TEECHERLIAL
ELTHABERRICHNT, FRABRKE OB ORMEIC I SoMEkt 5
A, YT MY TR, BFOEBMEERECE LALLM, Hobah
ANBEEHAC A LT LR D ERD,
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2. BAROAFTEHER

FLe7 /53 v /BRETHRYD, DKOL R FERE nK,

() TLOBRE:FELDHBEHNRT S,

) (N CEBLFECERAINATLvs54(pFL) %, 2hicHE
TAEBH (gPL)KERI2HE2EL 5, |
i gTLAeW4ASERCLBRTLL 52 v - 2% ERT 5,

coryr, —EBHEKR L LEbheodilTcd b, bhbhdizchiT
Kk oRECING, -7 - 2R« HRUHETFTHZ LTI,
PFLEREABRLGFLEv7 T 52 EXTHETH 5,

FLo7 w47+ L Tability % FORTRANIKR B2 FFL
( FORTRAN—Oriented Flowchart Language ) #®5t L, + 008 F
ERRL Tn{ oD GATRI A,

FLOBRNZBLCOWTRBRRAX 1) , 2) teM3hin,

21 FFLILZEA , _ '

FPLR LA ~F 4 »70EFBNEMNTH L, AL FLES LBEESLD
b, FLESRGoBEETRDLL, BRI DOMELHMCRELL Tn b,
N, OBDORIC LTI 2DOXNBEINE, XK1 DOBEHRTFEE1
DU EORBFARATNE ARV, FFL7 7541 DB EOIAG
Zd, FFL7uzsan2obtoxebrst i, 1 DBREXEFIER,
BOBBXEFEIN L, PLESO—RREE 1 CFRT,

FPLTE2¥01 4BEOARFIND, TCCRALHK, FFLit
ability # FORTRAN Itk FPL b, ability ¥ owRICE
BT HRETTH B,

) RAH

EAOROEEELOERCHRAT %,
2 Al
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ANEE DT — 2 %2 Ate,
H 714
HAOEBICT ~2%F 5 td,

o — A4

(8)

(4)
Bl MU M3,

2
o, sEoRBRECHcMEIT2ES
#17% 9,
6 =224

VyyTaRL EHEST R 2
2MBH Y, WMFEETer 7 2 HHE
THFINCHED S ~rva 22 201C
B LS L, BEEZEOST O
EbT,
(1) ¥Wig
MEAOE(ALL(RAB)IK L -
T27FEMOREAE LIRS,
8 X4 2574w

SO HMEOBEBER - LE D, 1D
LOFA~NOBEEELZIH B, B,
7 axr ralBATHNS,
(9) Y ¥— ) (Repeat )@
REBEROEETHLZ L, RED
FEERbLT, s-AhLAcLTH
B,
{10)
HERROR b ERDT, )~}

(6)

# — - (Taseper ) 4]
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| R i
wFL or] *Y " '
S E N R SR A IR 5
i , =
Gite - | XBHADERT.
C:f:) oo ey | Xenaeay,
—--[ ?\ & M IEFTALIIELT.
¥ ; LR A LT F R AL D
OS] Rl TS
)
¢ iy gy | HERREFosTNAMT
S MR
[N RGNS T TS 2
it T
? ] i -
R BT SR RS T
i
? PR LA ra e T SR T
- Tlasor st '
. ] Eg L L, b
M T PR
i
- o HTr—F L P el T
ook RF,
K]
13 - L F ] ARy g,
B PR L R LT LA
ST AT,
= o, =
£1 PFPLES—ER




MERCLTHNWS,
1y w9

XokBEERDLT,

13 BT

FOXOACT v 77 s BIBENEINLZ LEERDT,
13 ERA

Za s s CEREEAT HEDICHNS,

14 = ¥4

Xo (WEAZ)#IERDLT,

pFLEBLAB N LR A2AE 70 -54 Y TRATO( A7 —-F ¥+ —
bEROT e rs5a)kpFPFL7ars5abng, tolS5AFLa T4/
BBRICANZEEFIELTOFL, Tabb s PLERAT ARHDEPFL=
—F A rER Sy, a—F sy -2 pFPLOABRETREEINTEFD,
sFPLo#bOa—-F 47y - E{lE N,

PFLI—-F o 70O ER 1V KRT, I —T4¥ ¥ —rR1X—v4v
—TH b, EXLECHE IV, EF2Vv—r, B3 v—r, Bav-—x&
BEh, 25— O0B 4V —»OECEROR—-POHE 1 v —rRELLE
2B, I—T A HEBIR—POEIv—rOLHBOT~BEZLD, V-
PRECEERADE (R mi LB, T47 2AEANTHA TR ELY — B
By HERACHFATTHCEODUA D7 0 =5 4 Y EEET L Vv —FOT X
ZABTYINnL, Thiflov—rHnais sRTE Ine, BEORE
Hre=—34 OBy 7322 20 eHLRTRER LR V.

22 PLOAER '

PRLI—F 47t BB~ ANOADT, —FORAC LANSTH
ey F el I — PR EANE, CNOLIRLTTERI=F 2t
#aPLéEnS, pPLEgFLE 1R IKABELTH D, WFhoFE~ND
THRAIMBHCELLTRZO>T LHTE S,
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__ 1  PAGE OF

DECK i) CONVAP

TROBLEM Lomversion from Algebraic 40 Polish

DATE _10 728 /12

JOB 1D _SAMFLE CODEDR BY _K. Utsunomiya

Ist Laak

2nd LANE 3rd LAXE

4th LAN

E

INTEGER:
RANK STACK,
POINTR

NOSYM=0,
STACK = 0,
POINTR= 1

©

) 2
ITEMP =
RANK(PORNTR Y

HOSYM=NOSY M
POLTSH(NOSYM)-
SVIOLPOINTR)

©

—0

JTEMP
=5TACK

9

<‘ﬂ}
TTEMP).GE .
1TEN
STACK=JTEMP)
NOSYM ]
NOSYM+1 STACK =
I POINTR

POLESHINOSVH)e
SYMBOLLTTEMF)

{DOES THE
j’ INPUT STRING
END

POINTR=
POINTR +1

©

®

TH1, 10X,
{SYMBoL 11
1=1.N)

12%,100A1)

B1 pFLz-—-Fsrrof
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rordClLTto bhng FLa—-F 47 (H—=VF oz YRMEEK
ANZhB, FLORERHF LI v 45t b5 v— 2B bhoTib,
FLavA45@v>Z vl RTFIAF ES 2R FLRBATRD,

VYR PATFIAYE, sFPLa - F 4OV f ol R%F 207,
BT LT, BB 7T~ A BT —T e D5, SAMOF&HELFIAKET
LFHIICRF -7 AZIH, WEINTCross Reference Tabls &
LT HENRLE, Y2 o2 RTF54¥0b 51 20BBLZEHE LA £
AEBECL L THIET LT ETH 5,

V2dv—2gi, YYEy I RTFIAFDLEINETF -T2t d &K,
 FORTRAN = —F 4 v 7%+ 5 ( FFLC BASHES FORTRAN &
BELZTNnBY, YV E9IARATTF AN, YA v—20--BEXERTHZ &
WEIhBEMERTHELICRBITLNTE 5,

—~FH, A= bFr—Fd, Y292 RTFIAFR LT DT —
Tabb, pFLa—Farz, T2bb, 7o —F ¢ beEfRTS, LE
KT, A=F LT, A= Fa—AHAEPFLI—F 4 v/ DY —R
vz}a%i%&é%@fééox—rfy—;uso@7,4zﬂ6aof
Wb, 74X1TW, BFrBEANLB(TA2b0L, pFLES ) E, £
OREV—rHOrONBREEL DERET H, TOLE, REFa 23T
ELRTA—V—rC#HDb, Y+r7 b TEORTEET LV - %1729
LT B L ARELT WD, 74 X20H, BEL— % K7 m—3
A BB ADIKERT AL —»MF v A ERET 2, ChbOBRLTAN
T, 7:21X3CgFLa-F syt FLa—-Fa1r27, T2bb,
78 —F 4 — b eFL, A—+rFr—FTCERLAZTR—-F vy -+ OFA*H2
TR,

23 PLoKHE

FLOIEAI WL, DOHRBE LA, 37, 7o /53 v 7ERLELTORRD

7, BXHOFECFFLT o 252 %BnTIbWABRTREL Thi,
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LT ETTTTrT

- .
P — A

.
= StiRT .
. .

. - . . .
srevauer . FRTY) - e
. . . . . . -
. N . x
- . N . . [T TS Prp—
+ . N - a . . - .
" CIrEnS1ON 51w . *  JIEPPaSTALK 8 - * STACK-JTEMP @ - InLelbn >
* SEILAISTI, Adn @ . . " . . - - »tirraa
DTV P YT - - . . . e Lidlgm
" LG . - . B - Eowlize
. + . . - . . aLCLey) .w
- - . . X -
Y . . [TYTYTTTYTTIreS -
. . - -
- . - . . o STALX=POINTR @ -
. . O 4 M - . .
. - e JUEMPLEC.O  ®icencan.k. LTI Y TT TN .
. . - . . . N
. - . - . - - a. LHE.IDL .»
o ATACE FTECK - . n - - Ty
. . - - . . [T L) PR
M . - - . LJIEL
. . - - 4. eL1Z)
. n . .
- . + .
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. . n RANRLIJTES o & . - DNFL THE .
* ASIEGIR 8 . N * PL.RELSVENF #ansananala - Iueyr 5 .
& Slaca,P0InTe - . - + « TRING EN .
- . . -0 .
. . . N
. . x -
. - - - .
- . - e .
% . . a .
- taaiieasines . a [ ] .
- * ITEMPSEQer] ®upsesscsls -
. . . - hiivn . . .
. . . . . z
= ORI e . Nesiesbicentnnres . .
- . . - .
L3 - . . . L1 -
M [ . - »
N wesectrrrvarsuas x Pesrrrinian
- . ) - [LITT T FITTTT e
. ® PILISKIRCEYP) @ - +
N . LRI LTV LY V)
. .y .
. .
. .
- x
. sane
erennrurrenen .
Tireraermaitaiss. .
. . .
. YRAD, ETHCK » .
. TEal e :
. - .
+ .
Ll .
. -
trves N
. -
. .
. -
. .
. N
. . .
arestdrrmnsannann .
* .
P -
. . .
. .« F - .
+ ITEMFLES.E e '
. .
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. sYmil om
¥ sklLlSrIRCAYE o
= YEpwrgULiPTIn v
- TR -
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1
sesen
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EARBTE B EABRINAY, MEb{ DB 0T —F 4 7Y =}
TBHBEFTHLERERHINAE, —HTH, #—FFr—2LLD57a~F
b EBRLERLSFLURATF XY FTRBEE, V¥ aAvTF —v
2%, Thbb, BREE 70 —F y— M HEBERINBC E R ERE

%tbr%ﬁéhﬁo
h FLEYAF 47 075 aBHLLTH- THEERG L, RELH, B
RD2 2y E vy ook &, PLAAS » VEREAETE 50, HOE
BICHNTI—F 1 Y /BRAL, EREN IV EbBADONE,

d7, FAEY IRETLABADT o ~F ¢ — b, HWEECETICL o
TEEAINAET oS 5aD7n—F 4 — " BRABERINLZ 1T, BTEH
BV RXFAT o /5 AL T, L KREAREANLLDENLT &
BRI LN, |

FLAMBERA Y 075 o 0B MR LERIFHOF = v 7R EOBRERRI ML R
BLTHNk, AR THERCF = » 2084 2 5 R E0AE DPAENnT E1H
wk, LOMARSEKRBRINATAREDI1DOTH 5,

a7 e rs 3 v IrERTTE M AT —-F v—-b oA —FF
v FCERIEBEREL Lk, AENKE, (EE0) 7 ers v /855
O7u 252 MPL( Modified PL )&\ 6 S E#RL, +07 o —F
b EA P F - FCEAEBEOC LA, ThDL, MELEA 2 27
2 4ARL, MELANOERT v 75 6% D B L0 Lk, &4,
COBOLY 0 #5 4l COBOLALMP LAQEMR T n 754 TMF LItk
Liedb, #—bF v—2%M02, 7, HEBBTONA~2 o 5

{ A Macro—programming Languageé ) Cld, FMF¥ . A vF—¥ g€
CNEY BT, s RMATF =AY, BRRF—bAY b, ER 14—
AVEMFLIC Y 2RBRTEHL5IC LA, LAD-T, AMLY 2754
®7D—f7-—hfcﬁ'-—'l-ﬂ‘av—ﬁ“CEEZTéC&?ﬁT%%o ECICAML
BZFARTRN T2 u@LTHEHILTNLHELEE, TOBRIEETD A,
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3. BROMmAM

2HLHEOHEL SICERREIMUTOL 5 2MAKEE L Th 2,

(I} FLTPECRTFA4RTv—Rr 574 92T 427 v—"%bT,
pPPLa—F 4%k s PLa—FavrsRERBLTH—-VTCANTHOT,
ABROBBREREMCANT A EHT% 5,

(2} FLTH?»ﬂuXA%§§¢ﬁ%@Eﬁéwaﬂﬁ@&%2,%Om
FoUORBI 70 —F v } OFEEBNT A ERT TH 5D 6, ERCR
BrERCLICRD AT ERTELLVIBEEEHL T b,

(8) A=t Fr—FCLDY—RY AL e ELLNEp P La—F 43 75
MESE b, TREBBLAMNLF ¥ /T B ENTE B, 2k, FA%
B ERERTLT, BEMNA N . ArF —var bl T79—-F5—1+ %
BOLEE, FioArF —v v e FERETACLRL-TREIA
RRIBNT B —F e~ b HBONE, Thrbb, AMOx-vRBNCHE
BRAD2RTRAM CH L7~ Fo—b ko —F 1w /REBEL TS,
CEERIC, FELAYTF—varyBO7o —F 4 — kIO EB T —F 1 >~
7T HEBENREN,

L ERESROHE

FLONEREREREL, PLEILZI—F4 ¥ 7%MBLTHT, ¥OHEN
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