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From Boyle's Vacuum Experiences to Hauksbee's Public Science Lecture :
Reformation of Education Method in 1700's

L

MATSUNO Osamu

Robert Boyle (1627-1691) was one of the first natural philosophers who commenced to
make the scientific experiments public in the conference of the Royal Society of London. This
meeting was semi-closed, limited about 50 members, the Fellows of the Royal Society though.
Following this virtuoso Boyle, F. Hauksbee (1660-1713), J.T. Desaguliers (1683-1744) and other
opened the door which closed up common people through arranging the public science lectures
in London in 1700's.

Especially, F. Hauksbee contributed greatly to science education reform. First of all, he
succeeded Boyle's study by using the air pump. Second, the original improvements on the air
pump by him made it easy to carry out many experiments in front of people, because his pump
was tough, reliable and easy to use. Not only manufacturing pumps for his own use, he sold
them to other curious persons who want to try the experiments by themselves. Finally, he also
improved social technology which made it easy to access for the laboratory, inviting citizens to
the public science lectures. Any people became to be able to take part in experiments performed
by Mr. Hauksbee, the Fellow of the Royal Society there, if they just pay some fee.

He worked as a lecturer, a promoter and a provider of the equipment of the public science
lectures which started in 1700's. It is sure that T. H. Desaguliers was a crucial successor of F.

Hauksbee as a lecturer and as a promoter as well.
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* Robert Boyle, New experiments physico-mechanical touching the spring of the air, and its effects, 1660.
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" Robert Boyle, 4 Continuation of New Experiments Physico-Mechanical, 1682.

' Steven Shapin, “Pump and Circumstance: Robert Boyle's Literary Technology,” Social Studies of Science, November 1984 ,vol.
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BV RAIIELERED L L OB EN T OREMEMBE LT3 LWV FMFICHENT, ASE ERD X S AN HEE KT
LEBFTETWAWVRICDWTHEZ LT %, ref. Robert Boyle, “A Preominal Essay wherein with some considerations
touching Experimental Essays in General,” 1661, M. Hunter ed., 1999. p. 31.
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' The Diary of John Evelyn Nol. 2, (1647-1676), reprint ed. 1906, p. 216.

'® Steven Shapin, “The House of Experiment in Seventeenth Century England,” S5, 1988.
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%0 J.T. Desaguriers, A Course of Experimental Philosophy; 1st. ed., 1734, Preface.
*! Nicolas Hans, New Trend in Education in the Ejghteenth Century, 1951, p. 140.
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** Alan Mortton & A. Wess, “Science as Polite Culture Early scientific lectures in London 1700-45,” in Public and Private Science
The King George III Collection, 1993, pp.40-54.

* Terje Brundland, “From medicine to natural philosophy, Francis Hauksbee's way to the air pump, * 7he British Journal for the
History of Science, Vol. 41, Issue 02, 2008, p. 239.
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* John Harris, Air Pump, in Lexicon Technicum, 1704.
*® Alan Mortton & A. Wess, op. cit, p .48.
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VIDBELENESTHEY, ThicENE TS TORY Tl 25k iVt ETE
RKEBNDRBEZDDTHENG ] EHAIN TV S, RY TAKZT TR, ZDIEH 20
LEDVAWVAEEBHOIHREDN DV T TIAZIERE T 25 R FiEofe, ¥IaTib - EY /—
(Samuel Molyneux :1689-1728) &E >Z TORY T ZMEA LTz, HEHHEA LTz R Y T3 ZEx
IR TeDDH T AR (18204 VF DR EIND 7)), SAEEPROE TERZT 570D H
T A, A LIS R S0 DT B HBRDTZDDERE, FOULENE L TEKE K L
DIEHDIME, Ly—OLENSRTEDTEENL, Kl LNFODWEAfOT AR ED
DTz, TOTAIBIFNDONTNEDT, TADHDZESIFRkINSITINEE, LI —INiC
LR LU TEUAIIKEZELGD A TOENZEVDT, CABHISHENTAMICEINS, RIC
UADFRZECEEX LY — 1\ b5 2ik< &, TCAEIMIICHD > TENS, TNHEOLHED
FNFIEDVTRFE—I A= 5EY /= \DFEIN TNz DT L THB * K—F R
C— IR F BT 120 Tlha <, fMOEDRIAEEOMEAM & U TIREIT % 7z D525
ZIeDiz> Tz,

RUVAVER—=TV A= 1T0T HENS TV —bF « ARY—RIHo>Teh—7 AL —D)E Ti#
PEZBIK KoK Eolee FDH, RIVVIEVITA AL « RAEZIVOEFAENAE T b NTzD
T (1709 ), NBHFSEOMMZIED 2 Lickoh, "—7AC—HBREZThhobL E,
1713 I EL B2 X THD TRMMEZMEL TV 3, ZTN5 O IEE T YO HFHM 7
A= 7—=F Y] BEIZUS, BRI RYTIDNAITITEND K 517> THiE O L5
g E N, HPIARE Nz, SR —7 A —DJEEiNH -7z 7 U —F « X b U— NFRERIZH
B 2R TN e—ATEH o, BY RYTRZDEHI D AICHBEDN RTINS XSk
TWeDTH B, BIEHICHKR—TAC—DENH T T A « T 4 A - O— MlE, RICHFESE
HOWHETHLRY 2 21)V- Y3 X (Samuel Johnson:1709-1784) MMEL T &ic/x %, K—
7 A — 5 NVNBIRIEAEE R B T E D K D ISk o TR tE e L TURIC B %2 Y v —F Y
ALOKBELFHE L TVWDTH %,

#8 PJ_I-1& Terje Brundtland, “Francis Hauksbee and His Pump,” Notes and Record The Royal Society Journal of the History of
Science, 2012, no. 66, pp.253-272 I & %, (EMIC Terje Brudtland, “After Boyle and the Laviathen: the second generation of
British air pump,” Annals of Science, Vol. 68, No. 1, 2011, pp. 93-124 £,
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(4) F—VAE—DREBEDLST

F— 7 A — DR EOFHIC OV TN OBZICHES L LT, TTTRR—FVALE—
DIEZHNTNDIES 2N L THBL s 7T 7))V MEFED Y v 7 = 73y (Zacharias Conrad
Uffenbach:1683-1734) & 1710 4, T R VICH{ERFR— 7 A —DJEMHiZHNTUTOX 5 7%
FUERZHR LTV, 171046 A 28 Hfl, biLibldmiicI Ay « AT 4 X« a—hMH 5
K= AC—DFZiRlz, RNITIEEZ BN >TD, HOBICHIzBE VW ANDILIEZRAN
L, R 7Z2fio Tk {HMbNFERZE RS T Nz,

TOEZELEMIBTZBEDOBICEAR— 7 A —DRG5eMUc R A AERIA DR — 7 A —Th o7z
EIFEBENNVEY, TOEIICAEENTZHZREID D SN DT, &Kz (M EhoTzk
ITHB. Vv TNy ND—TER—7 AE—(FE)ICE#HEE > TEBZHETE 5V
DT, HERSOTHET LI Lz, TR—7 AC—KMBPTORY SO MATEREHENT
DRY T T 12T D LOWHEBOMAL IOV TR EAEN A [EI8E) (o> Ry
1709 FEHD) IS LLFHHIN TV, DL bidZOARE 6 V) VI THA L, TOARZE
TUoLK OMELTH D, ZOEKZES ~ERETELI T LICLTz, ZH2TNERB L THAD
RKEWVWTZEAR S, ZIVIDFTHORLEBIEVWDERIZESFNEZRED, ZOHEDHIIONTH
SN CBHRHTBW, TNhbbicLicbld, Y THEZRL7DICL—T « T4 —IVRICER
ESRRED, ZTWRIIRENZEYOEMCEME a7z %

M7104 10 H28 H b LEBEIHRTAETHOEBRTELH 5 H— 7 AL —KOZRZH;
Rz WX DELIFEATNEDE, DILEBIRFICTIES LWHREFEBRZRETE5-5T
KTz, FRSOLOMEICET 2 RBIIEHICTIES L, Lhd L TERBHE >z, b
L7z BN R LIcAZE D ZLT, TORDOHICEIN TN E2HFZN DM RETINS K
IHEATZ, RINCDTI LB KR VIID 6) IZHflo TWAERBRZHRETE55 T &Ic Lz, A
FALY—ROHICE SRS THOKRZRD FIF200, 505 THLRY T ZEi>TZEDOHD
TR EHT O, HZES>THETES 57,

B VIIOD 6) 1K 2FEREE, FhOICHARZIANRDAATZRE /T AEEROTICA
N, ZLREZRNTHO AT ARGRZEHD L VI ERRTH S, T59 % LEHEXDIDITHADH T
ZRIBCH o IEEN B, BREROIEERE T T > THEREREIE S L0 ) —#HOERIT K—
JAE—MEICHEFELIZE DT, ThETRENEEATZ LD >Tz, TOERBZHIHTHIC
L7z TN\ oNEH LS ZDE T2 LTS, [TEXUEESDHITEDANSH TS
2o TSI L —NNZHIC, TAEREICERNIIEEESRIEZCDE, 25 LTHENTH
SEADICVBHENDP LY —NICEZHTTTT 5L, HIZHhABREIECHN> TGEDOWz D@
Mo1eD T %, HIRABRHEZ ANGZS T, OhSEZRENF BT TERUCENEZ
olo TRICE S EREBRHTALRICLONZ, TOHTAENLZESZRE, ThZEEETHNX

# Translated an edited by W. H. Quarrell and Margaret Maret, the Travels of London in 1710 the travels of Zacharias Conrad
Uftenbach, p. T7.
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& BTz, NPT DOHT R >TFENMES LB HEANTES &, HIZADOHMMNH%
b, UhULIRZIEADDLUES, EZAX1AYFLOVETEHATAENSKDESIBED
WD > THTL 20005, TOEEWEHDLIEFELAZ ANS L tDEIFA(LL, Ly
EHFE S LHCWE 2 ETD L TER, WIZTO2WVS T eZMEINEEDIRLIZDIED, ZFOUIHE
BEIEN ST EMNBET, WRIHEDINEZD DEDZERZ AN E, HEANDRIEHATAENS
1A VFLULEHNTHzDED, TOEZJITIFTHONBNKSEEL T DK EEMN LT

COEBICDOWTR—T AL —IZHFZ O IEERE) T3 298 KR 5 | THLIBRTWS %, oy
TNy NE O ZH 5N CDHATET, TOHETHELTI NS K SBATZD]Z, —17
T OHREZEYDTHICLTRWICEN 2D D, TOBRRKEHETZICE, HZOHNCw H R
AL IZ 2 T2 T EMNRELZDT, —(TIEBZELKICE> THhHR—7 AL =23 LIzD7E
%5 %,

R—7 AC—DORHRICIE, TOFNHEHSREFHIATE 5720 OREMEmIEE > TWiah o7z, 272
LEZEHICBT 250850, RANVSDWD TEHEAR Y TZEELENSEH L TV 8%
72olce RAIWIITEE T OEHENB E 25 2HE LK S Liddr, FEDOERFITOWTEHENZ
FERED, BRERHOEFICKD> TV ®, K= AC—ZRAINVDT OMFEMKEL, FHE
AEEAREMEEADIFT TN TE D TH %,

T T L YINYNIFOH, TABREBRERETELsEFENTWS, [bizLEBIICOE
LWRESURY T 2> T, MW ERLICAREIBZNAVAHRETE L5/ (FDRYTICDN
TRLENCR LIEARDHTFHLIIBRENT VWS, ZORICIERY T2z 8iikiE & 1D 5T
W3)o THUITZE ZIENIVRIED T 2> 2K TH %o I RZICHIZ/ N A DOT A Z R >
TET, ThAENVTTAID FICOHEWVTE WV, 7IAIDMNIENNTVSD, WiErOk
—EFNCNBBNTNT, ZORIKIEI THD—FDEO DI TH %D, TORT AT DFHIc%E
S T7IAa [EUADOTA] PEHTWZERTESD, 7720 [LMNAOTA] IKIZEN
BOEICIES>TVD, THOLTBVWTNSE T T AILWUHDTVADHNBZELR 2RV, T5L
P DT ARBAL BODT, THETHRICRTE] *,

2 RN T RO TH T A Ee i E ¥ 2 FEE R AV T2250345 O (9285 9) & 7E
KX KBRS 1ER O THEBR9 ) TiroTWwWb, MUERRRIAY ER—7 A= 1706
ETACIRE L NH#ED/I T Ly hTEREZ LIk > TR Y, L LESROIEIRIC

* Francis Hauksbee, Physico-Mechanic Experiments of Various Subjects, 1709, reprint ed. 1970.

ST OFENE 2016 F 12 H 23 H, Riid ERRRPAIZSHEIE D > 7 7 LY Rt Y 2 — TS NI GEIRGIFER T — 2 > 3 v T
BT, HIRFADEFEOEEICE > THEH L,

* Robert Boyle, op. cit, 1660, pp.265-270. Robert Boyle, A Continuation of New Experiments Physico-Mechanical, 1682, M.
Hunter ed., 1999. pp. 152-153.

* Ibid, pp.169-170

* “An Account of Hydrostatical and Pneumatical Experiments To be perform'd in the Course, at the House of Mr. Hauksbees, in
Wine-Office-Court, in Fleet-street,” 1706 (?) .
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KO THHUIZOWH L -7 % L ZRTRBREIZ IR SN TOVERY, TOERBRTIE
UK ICEREENTER S EIDEHETZ0T, TCANHHE Lz CEZERE) O T
Bawniz] Lo DRI LEHIATE S, TRTEWANAUEBNZZBTH S, TOFBRIT—I 7
O I FTNTOHFEER T8 26 %) Cidh bz P k=7 AC—@E7r—VroFEHzrss
T %h, MHICTRZERT ITIOFEETICZDIEBEERLIZDIEA S,

3. THF1)IDONFHBEE

(1) K=Y AE—DffkE

FR—Z A=W KRBERNS, R"—27 AC—08IZY ¢ VAV LA TRBBERIED S X 5
IZixoteo ZTTHR—VAE—RANRESICHPIT R DT Fa )L eflisc ic Lz, 79
Favxlid, F—7AC— (FR) DK F+—F - 7Yy — (Richard Bridger) MWEYEL 7z
R T, F—7 A —RADRET ZIE Tz Wz, 17135 H4H, 79F 2V
T IFAYV—« /=5 Y b USHEEDOLEZ L TWVEA, TORFHIE 71X Y ricdh
B7YF 2V LRDT T VAR EEDIED, 7V—h +« AR —=hDONA Y FOA—MCHEHER—7
AC—=RADIETETREZMT 2, TLTHEZZTHDNG] £HD % 1TI4HFICETY
FaVTREE TR—VAC—RCANDIE Tz T 5] LILEL TV, THFa VTR
1714 7 AICFREZEOR8ICRD, BEITIS FMOBIETV A NIV AZ—DF v 1 )ba—
(Channel Row) IZH 2 HETHEEH XDk o7z, TN TH 1717 I HRR U 72 38 0 B %
(Physico-Mechanical Lectures) (%, [ZORIGTHFF2VITDELARTTEHL, k=7 AL—
DBMETHZ] TV Vr—Znh 5T Y —L (William Vream) D& ZATHIRFEINTNS
LHENTVE Y, FYF2V TR EENELIR—T AL —DH L ZME, TD5 X THEDON
REeRIBEETETOTH S,

(2) THEX2VIDHEENELST

THF 2V TIEZDH%, 1715805 1738 EE TR RYOHET, 1739 E05 1744 4
FTCETY RYOFNEANY AT UCH 27X R T 4+ — R« D—b =T A THETH0H
BB E RV e, TYFE 1) TOFBEONRIC OV TOFMIZHIOESICES L LT, CTTRT
P2 ) TOFEEICSINL 7 NDFLERZ N T %,

174143 H6 H, oY RYIKEFLTW ol oNLEY =)L 7 =)V F BE (Baron
Jacob Friedrich von Bielfelf) (&)L > ORKANINVE NG TTFEEENTN S, RYHcoHt
HIIMDEN T FECELELE, WMETOI2HETI TS, ThlzUIdEE 2 B, B0t

* Otto von Guericke, Experimenta Nova (ut vocantur) Magdeburgica de Vacuo Spatio, 1672, fs#F &R THEZ2ZEHICET % (W
DWD)TTTIVI OFEER 2009 4, HEHIAFIZETT], 60-62 X—,

% Audrey T. Carpenter, John Theophilus Desaguliers, 2011, p. 28.

 Ibid, p. 268.
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HERFH LU TEL ATV 2V TELOBEICHBELTVS, By o—)L ZEKF & DK
Bz DM, 1413 T TEBREFEBEHO TV DR, COMBREE2 ANSHMED, HEH
WET-1% 6 B DN R SN D, KT DWW T DRI DGR EE N/ 11 B B E - 1z,
1 [ DGR IR 2 B, PnEE2 0 dE R A1 X 22 [, KC2E DM I 16 M OEN D > Tz,

COFBETIIVAVARERNIEHS NIz, TOHRITITIMACIE 17 OEER, FikE 221
& 25 OFEBR, KAKSIFICIE 25 OFEER, T 15 DEBNEIT SN TV S, ZikHIPH2E
OFFMN 2 F=—F (W5 M), KCZOHEREZEFAFZ >z [TOMEICIFIFLEALTAN
TONENSRELBENEE STV, TOBBICBINT 370, MEofEF0iE, —8iRE
DIERFE L NI XDIE, BUABEOKRKILHEVSTIEI DN K I BENBITH S, Dbk
ICHPY R S 2 NS O, ZOHRIKRD & LT LidbhbhzE 8 ThIdichb o il
2B LERNTWVS o TYFaVTIELIELIEALDEERE INRT74—F - aJ—t—NnTU R
THES ) EIRELTOEDEN, ZODHIzht T OBZKIEEM D Y- TREGBENFES 1
DX ICHEEENZ T eND B, FEEREEYOH EFEICN R 7 +— R - O—b—\T ADJEEf
NHo, ZOEBCTYF 2V ZOFELIH > T, ZTDORLMICEREED TEREE RE TV
DTHB, BELOEBBELZ IHE SN TVIZDRES S,

MEHixbnbhic HROBRE NIEEN 172 B8 T L N5 WE, a0 )5 7% 3 AUS B,
KT, GIETIZE, Y, RCERENIRNTTOBEICETENTVS, ERABDTIES LWVIK
HAICE C O L 0EE IRBEZOEGGEEE] L0 D XA MVOANDHZ1E5 5, DR
T ORDEBICE>TVD, UNEWIZT I TRZDOFHNET BICHz>T, ZOITXRTEZEE
DEZ > TITH DI, HIEE ST, BRZIXRTbObNbNOHDEICMLZZL, HRICHSD
BEETOLDEZHDES 2], TOFEEIF 1734 FITHIEE 1 FIDFITENLLK, 1763 FF T
Mz ER, OBONRREBEOREL IR TH D %,

MOTREFBRII TR RDRALNRSCEDTER > TRIESTH, TH5LTELDA
CEHZFNUCBIMTES LI ICE>T, ZTOXKFEFBbZE—)LT o)V MG, TIFEEICE 5D, O
FEICBIML TV EEHEICTERWVWEEDEURKL S, bl LIdREICHBED &bk b
FICZDHEN DR T LidRV] EXANCEATVWS, E—)LT7 )V FETHYF 2V TR
BRKERE (A—2V) IR ZZT L 572, TTOBRMEHEZIECODRLICEST, &
EAEMDOEKEOE > TWERWLT I I DA TR EBAS T ENTESEAS, i
WA TAGEEMITHEICTEFICASEDTIEEY, BHREIDRDITT TRY FEDOEMZ -
TVWBDE] LFENTVDS, U=V T 2V MITOBETTYF 1) T ZDERE Tz T\t
Va— « FINLREER L O TEBOMBEIC OV THERMNThbENC L, FINLZ%BEZ
Dz & LICHBEBEAPUR LI LR EATVS Y,

% J. T. Desaguliers, A4 Course of Experimental Philosophy, 1734.
* Audrey T. Carpenter, op. cit, pp. 39-40.
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THF 2V TRELRRY TRRERBICR ST, UK EFIEFHEOVWTIBEERL, TOE
BRZEREIL TV 5. IRV AZESORY TRl RIS > Tid, ¥ TEEEEOMLGEEE] O
i, U4 U7 L ) —LOEFELEMTEZOEEFIHL TS, TOMTFOXREZRTIZLL
TOEED A= A —KOREIC L TREDERICRSEXR Y TOMH Oz fii-
7250DETEBLELAVEROR DN DE ZEAURY T L 285, ZHUC T OMICHTE L T
W5 TR TOERMIBREOHIIR THDN TV 1, T OFZ2Ik7e L TV EHEOHE (&
TVeT 4 TIVIEL, T=)V A=~ OAT )V —=TD 21 &LixD) LVF¥—R-T)Iv—
K (ZU=Fr+ZAMY—=h, NAVR-O=1rDRTN)| £H%B, THICTO2HAMTIE MR
R T (TN VIV RBR—=BZATERTIV e D) I R—=BATHRHEDET) ], [EKETHT
etk a1k DTz b D/INKRY T TR F X (T A DT A=)k E e & LTS 21 7) |
[EFERE LS THoKIED D | T8RN T ARG, SUERE, TR, WrEsUEsr, #a iR
JERt, MHZEHAIER) AR RN THEILE LTV, UF¥—R - T Vv —icDO0T& [E
RERRE, BN AC—ROBTFIEWHEEINTED, F—F AC—DIRFEY F v —F- TV Vv —
THBHTERFEBIVEY, THF 2V TO#MEE, PiEEBZERRYTICEL T, F—7 X
C— DU REE THEA L T izDE 5z,

4. byl

TV —=LIERT—ZA U=k - 757 3I— (Tower Street Academy) THAREEEH AT L L
HB, nY RVIHMHEOIZTNICH > 7o T DRI 1700 FROFEFEICHE LI CDIH LA A
TOERDVEDE LTHAR > Tee ThE DN ELRTREMNGE T T VBT T, FEX,
7o VAR, A2V TR EOHNGE, Hifl, #eg, EAEER, Bl Tz IRXURGE
ZNETIKBVBENMAONS KIS ICEoTz, AR—Y, $90, (KE, BUERBEEE VI RH
ERBLIEFRED o Tc, TORYD, TNHEDOERIGARNEFAROFICED & U TRERGLD
WRBCETEHINTE /e, HEHIREWE, ThESDH LA A TOHRELRTIE, ZDE I TH
BOEOHAE A I—A] WMRISNTWEILTHD, THREY i, SHORYEDOI L
FBATRV, HRTAREE (B2 DEABNZKDICE>708, THLIHLVEA TDY
BNmHIIE>Tze BT—A R —b « 7THTF I HATEOI—ANRITIENTNT, HLEHE
W 3F=— (K6 M) OBMZi#ERELILZEBNTseNTElY T7 V5lk &R
BHHUNETREE I DR ZH > TR LD TH %, T LIeFROWTE, BozZihn
EATHUIEDRBRBUCPARIE S TENTE, EROZORBEZZHTEL X3 k> Tee 7Y
Fa U INRBELHZRTAHEE, 5 LTHEEORIERPIIT VY 7 A7 —)LTE, HH
HIROFFRGEE L LTHRD ANSNZ XS ICE> T o, B. YA E VI 1800 FERICHIELE
NBICV S EREOHE L ZHICH D, ZTOREE L %o RN EEEH & LTN—I

** William Vream, 4 Description of the air-pump, 1717.
* Nicolas Hans, op. cit, p. 83.
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LEVUNT—Vohich >z +V > b« 7H7 I— (Warrington Academy ,1757-1786) 7
LEZKLI LTS Y TORERT—AR)—b « THTFI—DHFRTH o7z Y AED
COBFWIND T RA O UARIE, XTI« YU VR =2 A TDIGR Y T RRKERGE 2> T R
FED X 5 &V Y a2t 754+ (Joseph Wright:1734-1794) DEMTH % ¥ ¥4 13-
TWIDEA S h, TOFRRZMNUIE—7 A8 —ORNBFREIC, RAINVOTERZEINEDL L
Lz,
RANWDERZZORTHBLIEEBRRZORNMIE TSV IR « K= AE—TFHF UL
T4 VT L T —=LENI N BEDFIC K > TRBRAEREOFZICHE I N, HRICIEARORIH
FEDHBANEHEH L T Tz MO TURDOANT ENSIE RN RG T OISEN) & T HpEENiE
RKTDSZHRORAINVDEANNZEBEEE->TLTEH, REREH#EE O3 RO NTZBITNH
% LRIARARERE 5Tz WD IZZDORERY TOWE LWV S S AR, #EORMEE VS
HEWEIN O, - =T ZADOE NP HFFEOTITE WS UENERZHAGDES T L
WX THLBW T W 72D o, TV ADEBIT VT « I 7 I IEMALE) OfT,
BN FORATE hiEZ W2 L IZish& D3y 7 2> TV B EICHRfFE RN ED
AHBETE S T2y, HEMRICBENTEREINERBZ NN E AT, EAGKHETLRES X
INTIE S T RS F VTV S, [AEED T EDRZEBEOMHTEL B > TWzD,
ZOFR - NVRAIF 1700 FEREEICE T B2H LWEBEOMRZ B L, 1900 FRICBIT S
WAWARBERR, 72821 1947 A7 =G CEH), TEENERL, THERERZE)
RE, ETA DG ETENTV 201, EARRARCSCHEERIMFAIG ZoH T, Bk L
CEHRALERV, ZTNEIFTANT 1700 FROMEAROPICHIEZRDOITI BT ENTES] &
FLHTVB Y HARTE NEBREEE] ° [EYEEE B2 TH LV BEEN, Hlzh
ERAZT Y F5 1700 FRZLICB I 2HEROMAITTEDHHNDOXSICHIHENS Z LA D
%o LAOLIETA HLWAEB] EMENTV2E D1, BIRFEOREZEDT, JIcHLLE
BAEBRV, ZNHIETAT 1600 FRICH T 2 RREBIIZEC, 1700 FRICET 5 LR
I RO BT N TE S, BRELEONBWENMERMT 2 L1, REHEERY L &
LIEENTZDIEN B,

*2 Brian Simon, Studies in the History of Education 1780-1870, 1960.
** a Philosopher giving a Lecture on the Orrery, an Experiment on a Bird in the Air Pump.

** Nicolas Hans, op. cit, pp. 209-210.
O HEEE TR L REEE ORI, 2000 4, LT, 2=,



