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[1]n% 3 LKL T3, 1260 ETOREN L OFOBEINE n O D — FHE
WKA2TW3, B 1MDI— FEROHTRITE4ENTS. 2L, ROHTTI
H— REBART. B E=2 3, 41THLT, k@ﬁb:ﬁibﬂjbtﬁ—ﬁ@%ﬁl?#‘%h
DENCERO LD —FOBFID b RESRIZERE AT v BL. 2%, kEA
WEHDHLZED - FOEFE X, 2BLE, 1SUSE-1%2ERTEDES72 01U
TAX, > X, LB Re AL 35, ZorE, ULToMWIZEZ L.

(1) B8, j22<i<j<nililTrs BRX, =i hOHRX, = j »o
AN AR R 2B EOHE ¢, jEAVTRE.
(2) WESR P(AZNA}) 2R X.

(3) HEIR lim P(A7 N A}) BRDE.



FERSSET D5 (0,0) A (0,0) A5 (a+1)b=2, 1 Sa< 2% LuALH Ly,
#(a,0) & 55 (0,b) BIEIRD OEET 2EE S R, EBELHIRFE k.



[3] 3 RTOERz BT, 200 u(z), fz) ZWHTEETH YD, 2 OBEM Y/ (2),
fllx) DWSFTRETH D, 300HMA(z), v'(z), f(z) 3EHETHZLTE. b,
IS DBIMIE T 2T 5.
w(z)+h(z)u(z) =0 (0<z=1)
0< flz) <u(z) (O<z<l1)
u(0) =u(l) =0 |
fO)=f(1)=0
h(z) >0 (0=z=1)
~1 <t < 1ZMEETERLIIHLT, 30DEEBN(®E), D), Rt) 2 FhEFIRTE
3.
1
N(t) = / (W(z) + tf'(2))2dz
0

D(t) = / h(z)(u(z) + t())d
0
N

(t) = “5(—5
ZOrE DIToOMWIEZ L.
(1) R(0) %KD k.
(2) R(0) DIEERD k.
(3) f(z)=au(z) DEE, R'(0)>0THaI Y RIHHE L.



FRX 2?2+ 92+ 22 — 3zyz = 0 22T IEQOBKOM (z,y,2) ZERED 2 2 %3
BHE X.
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BRI L T, BREU TROEZFHEOBEDR T L.

Mll H10X3ACehbeF2%EROLAMICAE R DikVW=E (BE M)
BKERRDO LIcBE, BEERE > TABSKRO LTHIRVWES KEELE. BRED
E%Kpﬁ%éﬁ%ﬁ@%%ﬁ%nzmﬁsM)@¢ﬁ%§mfﬁ#ﬁﬂ?t,¢ﬁdﬁ@
2500, BAEOEMETIE L 2. /NR EAEOMOBBIIEHAE T E, /NNRe BI3KE
WIETRENTOREEITES2dDL 5. ENMEEOKREXR g2 LT, UTOMW
WEZ K.

D) H1DE3K, BNEHOERTRAP»OAEIONBRZPZEAE QLTS HQT
D/NROEE vq &, m, g, R, 6 DF»HHBERSDEHANTERE.

(2) RQUEBOVWTNRDBEL ORI IEEFNIOKEE N %, m, g, § ZAHVTERE.
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K2DE5Z, B oEEEENL, —HOWBECEESNZRDD > —FHDW%E, R
B0 BAREBTEOERICEE L 72, RIIHUHEARES, ROEXDERTES. X,
B ROMOBEBIBETE, BEE» LFEL 23RV, BAEOERI/NRZEE, #
PIT L PRIGEEN R TR, B TR P WKEE L.

3) MRPBTEPIGELEL &, RO BAFEEORETH D, MRIZFKIZH LT
KEAEEHECEE vy, RISKFAFHEEMEICEE V, TEHL TR W &,
m, M, v1 %ﬁﬁb\"ci‘ﬁ‘

(4) /NROHEE v1 &, m, M, g, R ERAVTRLE.
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Rz, MREELRICEDNEZRAH Lz 25, BAEDLERD &/NRZE»ITHL
7eR, I3 DESE, MNRVBRTRPIREELZL BILE &3 LRIk, T5E, R
DRD Z Lk o TARDBERNHFEL 2L, BN U TENKELMICb o 7. B
T35 o ZBERE N, PMROFEX IR (4) TRD v, DX FEE(LET, RhReHhkox
FAF—HRROLNDE bV T 5. BHMBMD o %, NMNRZEHACAD > TEA
HIZHoTED, M4 DESICAMBBRICE RTINS, TR P POEE hnax LRIR
BRIGELY. ZOL EORDEEZE V, T 5.

(5) BB BAKZHBOKEX T %, M, Vi RFAVTHRE.
(6) PIRPBERICGELZL EORDEX V, &, m, M, vi ZHVTERE.

(7) NRPBERICELZL EDOBEE hypax &, m, M, g, ROFDLBELRDDEH
WTRE.




f12 50k, AFicHLTAE § 2RTHOCEVHEDND 3. BELOA
O ZFEAYLT, RERKR-TLEAE o &, REICHLTEEIC y#iE2L3. KX
PEECEIEE m OB, BRIt =012, & O »OHEE 05 = (vor, voy) THRE
L. ABRIZE 5 10RT & 5 REEFEHECT, HEL OBER DELANSEN LR,
NER ¥ RHE BRI KRR e OIFREBETH LTS, BEAMEAEOREX R g &
LT, BITOMWIZEZ .

(1) MERPFEH XN THS 1 BEICHEICERT 2 E TOEIHTOVWTER 5.
(a) MROIEE @ = (ag,0ay) &, M, g, 0 DFHLBBERS DEHAVTEE.
(b) Bl ¢ 1281 3/ NROEE T (t) = (vs(2),v,(t)) LB 7 () = (x(t),y(t))
z, THLEILm, g, 0, voz, Voy, T DFD S REL D DEHANTRE.
(c) /NERDS 1 HEREICERT IR 61 BXUZOLED 2z B 2 %2, Th
Fh m, g, 9, Voz, Vgy DD HARERDDEHNTRE.
(2) NERDS n HE (n = 1,2,3,---) KREIERELTRRE- HEROEE %,
T (Unzs Vny) EF 3.
(@) T = (viz, V1y) %, M, g, 0, Voo, Voy, € DD SRER D DEFNTHRE,
() Tnit & Uy DHVEERD TOBFRR (HLR) 2ZE23ZLicdoT,
T = (Ung, Ung) %, M, g, 0, vog, Voy, €, 1 OFRHBER S DEANTRE,
(3) 0=30° 2, 7§ BPFLRTAED 30° THokrT2. W50L5iT, PR
PRELBFHRITZ2HAITRTOFT, 2HEERERLIZRPEIEWVIEBELRZ D
12, REBRE e B TRELEE2RD X.
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(1) BESAIBET2UATOXEOEM (7 ) ~ (4 ) CEABBAPHREANT

NEZTRI® L.

HEISDICETS 70y OERMEEBRT S5 AT, EXHTROBSIZX
FRATHS. BRARE (7 ) OBREP»SHT, (1) OBHIZAD, &
HTaOPNZIRDLoZDTEI 2RV, (7T ) OBEROABERET S
BEE, E]ABMIERZZA»S. BERAOBREIEBL (V) @EE L.
BREOKREIER, BRI () *HOBRNERZERT 5BRINBOARETE
ENB. (7)) OBFOEIVASHLIBEBRIIROARBN X, EMOKERZ g &
THLE, N=(#4)THs. BRAKLBREOBSIX, REMOBEREI TR
, KAV DB BBHHAHIZDONTH—MRIITED 3.

K1Dk>iz, BKE q(q>0) OBEMRZBHOERE o OBFKVHS. B (1) D
RIBEXX RO TREDOEZFZAWVWT, BEROPLI2SHERE r (r > o) BENWAE
WBIEBEDODAREXE%, q,a,7, k DFPSBERLDEZHAVTRE.

K2ok>5iz, M (2) OBAREZBAERRTED. BAERKRO FUL & BRI O s

FE—BU T3, BERRKBRONERITL AERITc L, BEARREHROELRE

X0 &35,

(a) BARERIZ & > TEERBONROREICEE I NLBHOKREE, ¢, a,b,cD
hh o BERDDEBAVTERE. '

(b) WD FDLA S r NN BI B IBEDOKREE E%, ¢, 4, b, ¢,
r, k DR SRBREBEREDOEZRAVTRE. KL, BEIX r<a a<r<hb,
b<r<ec,c<rD4DDFHEITH/TTEHETI L.
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(4) Riz, B2 OBER e BEFBIMAT, BAEESE AQ (AQ > 0) DEH LI

B,

Wi

(a)

RESLERBOEH CEIMBRTIVEET 2BEICOVWTERS. UTOM
BEx k. ' ‘
X2 0BEAROBELEIZqDTT 2L, BAKRZIIBELZEQ (Q >0) DE
x5z, 1 EOWMENTF2ERROFLL S r (r > c) BENAEIC
BE, AhEmMATCERROTLIZEY? > THEE Ar Z70 - Y BESE
7=, ZOLEOHIBTEHEEAW %, Ar, AQ, ¢, Q, a, b, ¢, 7, kD
RASKRERIOZHAVWTERYE., 2720, Arl3BUNETH D, KFOBREIC
EEROSANOEMLIFERLTEY. T, r—Ar>ckd5.

WAL WHRBICBEAONIHEIXINF—% U 235, HiERH»SER
RHENZ L ZADSEBOFBRTFE, 1 ETOo0-LK b BB ETHE
HERBIZMZ, BRERBOEBELKEZ Q »52Q L. ZDLEDHEIX
NEX—DENABAU %, q, Q, a, b, ¢, k DFRSBELEDEHNTERYE,
L, WERFVERIGELEN - IAIIHB L EOHBERNFIROBRE
IANVF—, BLU, EBERBIIMZ ZHERFIZ &5 EERROE X DL
TEELTE.



B2 M3wRshTw2 XFHOWE X &, B2 V20, HEHE 2R O THVE
ke 2 A% ZNENOFEC BV TEAIES L THELATVS. M40X51Z, 240
BB DR L — BRI ¢ TRATICEE X h, $AE LA % CHEREE B 0—Rz
BAME SR TVS., LA OARICZEEN V OB fEENEREIN TS,
L—AD IR X 2, WA D, E, G, HBPL—L2ETE L5 ICEIPNTVS. ¥
72, WA X OFD T RIZAHPERZNTED, JORIEL—L e BfFCMUOTRERED,
HDH S —HOBWIIXERm OBH VAWM AFI SR TN, Wk X ZE D 4+ LATEER
AP R—IZXoT, BBV ALREEIATWVWS. URTE, X Er—1mrsit
WFICERT 2002 L, AOEX, L—LOBESEFIIEHTE250L 3. BN
BEOAEXE gL LT, UTOMWIZER &.

(1) IEEFIOEVEN Ror %, BoMfBEN (BT stEotER) %,
LRV OFRLLMERDIDERAVWTRYE. 72721, DF, EF, FG, FH B3Zh£h
D ODEH L ARED L IEEY L.

(2) IEEHOBIMEE R D%, WEX DA by =25 LI 5, BbDHIIHE
IEL7EETHoT. BHOEENV %, B,g,4,m R ZHVTRE.

(3) iz, MJEEGIOEYER 2RICLz2 5, Bd HEFREERHYD, TORMEI
DY —EDHEZ v TIETE LIk o7
(a) EistED—I8 DF SEMFFICERT 2BBOHEE S £, g,f,m,v DFH5

PRERZRDDOEZHWTRE.
(b) D2 HOHDWEIZAELIZREREIOKEX %, B,g,l,m,v DF»SHER
HDEHANWTERE.

(¢) X v %, B,g,¢,m, R ZHWVWTRYE.

2, WEX »oRENL, BHEZEENV OB ER, 7L EIOEN
EHEReLZ MDE5RV—ARE TRz H#iZL D, z <0 OFEBCDOAMREE
B 0o—#Lk#ESE, MEICH L TRECE» GRMELCHIIIL. ZLT, WHEX A
EMAT—EDORE o Tz MIEDQHANCED L.

Q) PEXDOPLEFNz=0CH5E, ANBTEAEEOLER W, AIEE
NBIUYE X OEBEHIOR W, BIXUBMOHBKEN W3 2, ZhETh
B,g,0,m,R,v', V' OFHSBRER S DEENTERY,
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R 3

RECEELTIE, BRI TRIEZAPHEDEE R Tz .

M1l mioxsic, BRFSFEESHEA, BAYY Y F—RicARSh, BEESH
REYRDLEPICHLICA P oTERINATWS., BoEfloRKE A OYERR
"~ nlmol), HRHIDEZHAB OWEEIX 1 mol TH3. B, YA+ YRBEEXINTED, K
th A XS Py, RV, BETs, SHBIEN P, GV, BE Ts 0REIZHS.
COREEREL LR, Z2TTy >Ts ThHA. '

ﬂﬁ&mzazu,ﬁ@i&%R,ﬁﬁ%ﬁ%ﬂﬁﬁw@zﬁ%»mm%gRZfa.

SYUH—L VR VEMBHTEDATED, YUY X -HOKALARORDRD &
DIBETEZDDOL TS, ¥, BHIBFMEIHBEMTEONTEY, BZELTORD
HehdRVHDETE. BBMOBRE, BXU, B SV rX—, ¥, RN
OBREBIIERATE2D0LT5. UTOMWIEZ X.

(1) Tg % P, Vi, R B FWTHE,

(2) Ta % n, Tp ZAWTER.

Kz, AL VOMNBZEEL-EERE A L BOMOBOMBMER DAL Z
A, ZEAPLEEBICEASBEL, H20L5CRRNCEL0XKLACEE T,
Whot., ZOREEIRE 2 2IES.

(3) RE2ICBIIZEE T, BXU, KE1H1LLIKE2 /\G)AE{E&:ﬁL\‘CﬁWFA y 21
St BB L7-2E Q 2, R,Vi,n,Ts ODFH6BERSDRHVTRE.

(RR—TI2DFK)



Rz, [ A LEEBOBRTERR-FEEVR I VRO oL WBEIXE, S4B
FEF% Py R B ETREB 200 DRI ET:. KB OEAY P Ko 7iRiEE
IRAE 3 LIESS. '

(4) REE 2 25K 3 NDELDBFZH 554 B DEN, iR, BEZZhEL
PV,TYL, Z22hbbIPiCVRA M 2BEEE &, BH, #F, BES
EFNENBUNE AP, AV, AT BIE Lz $5. ¥k, ZOWMDRELDOMIC
[EADPLKEBIBHLE-REL AQ LT5. ZOLE, MIRELIHL

T, KA, B ERBRCOLTRA OB AL BT 5 S Zkib,ig%

n, V,T ZRAVWTRE. t?f.b, WHAEYS LOBIXBHETEZ2bDL T 5.

(5) 4088 2 75 5 IRME 3 AOZILOBEI B CTEE B OBE T LMV OMIC, o ¥

D EEME LTT = DVe OMEHSRO Lo, ot s, S5 = o) s

BDILDOZ L ERL, M) OBRLEDLET o D% n EHVTRYE. =2EL,
ﬁﬁt@ﬁ@ﬁ¢t?k!ATAV@k%éd%t@ﬁL&«f+ﬁ¢ém 2
bbb,

.
1, |=
) cr, (2

TH5. ¥f, 2, b BEBTHO 2| <1 DL E (1+2)0=1+bz LIEYTEZZ
rZAWTEW. ' -

(6) EMEALM C OBESEONMEL TR

PVY = —%, ‘7=9—g£

t&é:tﬁmahfwé.ﬁﬁ%ﬁ?ﬂﬁﬁ%@ﬁﬁ%&fu,c=gRtt

3. Kk B AUREE 2 2 HIREE 3 NOZILOBRIH ZHAITHBVTH, EXC D
EEHETNBRE, ZOBBRBIRDIDOILERL, 202 E20D C D%, n,R
RAWTRE. ¥, ROk C OESHETHTRESEOTHELLAYL K
LTASWOIES VR, WENZERE & DB,



B2 medcmscRTasnTstssd, 22 0lE \ OBEXSAST 3.
Hl, H2 iZt0—8 2B L —E% K3 3 ¥BHESET, M1, M2 XFHEHETH 5. H1 28
BU=0DH M1 CRE XN, H2 TREXNB3HORER LR 1, Hl TREXH, M2 TK
HEhe0b H2 256 T2 XORBERE 2 L5, S5 1, 85K 2 2o TR
BONBETTHBEZEZT. HL ¥ M1 0off, BXU M2 ¥ H2 OMDXORERIE, H1 1A
515 5 HOER L FITTH 5. %72, HL ¥ M2 O, X0 M1 & H2 ORIOHDEMIZ
AN U TEET, 20D l’o bLTHS. LIZAETHS. LLTOFHHIZE
z k.

FFER 1S, BFEn(n > 1), BX d,@’lﬂﬁ@%ﬁ%, HDEATHE L BEIHAL
K. WEERAT 203, BE 1, 25 2 2> TRINBICA BB D o 1.

HEH /
GEER A Hi

R (E?ﬁ$ n)

X3

(1) #EB& 1, 2BE 2 2l o IR BOMBIC BV THEDEIZREE, d, n, A, BXU
EOEH m(m=1,2,3, ) 2BAVTRE.

iz, IWROMEZRMOBRNT, K4 D X5 ek ANnMAEROBEZ, £ DD
DR 1 LB 2ICEBRIRDS LS REWE. BLOKREIIH—TEEZ Pos TR
no Thot. BEOERZE s THD, REOBOEX IEHTE 3.

Ms5DE512, BBEDOLTORZBEWFEDL L, BER THI2EEEANT I LEE

CEBPEC Y. ARROARBOFLEICE T O LAMEIC o BWR L 5. TH, EIRLA

HITBEFHICEK S, IBOBED py 2 5OEMEIX BXl ¢, fIEB z 2BWT, 2hEh

2z 2wt 2rx 2wt s s
Acos <T——F),ACOS (T'i——cz:‘) ki’&% 35, A, T, Dbi%ﬂ%haﬁ@

RIE, A, BRRTH%. ABAETH 2. HRIFEFOXER D IcERTHIMVWL
5. 4

(ER—J1zo35<)
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(2) BLERIC L B SEDBED pp 55 OE(CE Ap(z, ) RETFD X 5 1283 5.

Ap(a.t) = g(a) os (77

B g(z) Z z, A, D PHAWVWTRL, BrHiofB2 2 Zh D BLUEDOERE
k(k=1,2,3,---) ZHVWTRE. PELRLE=ABOMEEE cos (X YY) =
cos XcosY FsinXsinY (BBEREIE) 2ZHWVWTIWV.

BEENMCEIZTZBOEHFTED ng 25 DENK An(z,t) 1X, B ZERLLT
An(z,t) = BAp(z,t) t MII 3T 3. Tord, B 1, 8% 2 OXERIE, K
SEEELIMNRz RAt ITHRETS. BB 113z=01Cdh, B2 =L DR

B3, $H LUFCI cos (%) 1 R TR ORE ST T B EREE X 5,

(3) 2B 1 DHB RS SIEH 2 ONBERSVAENBEL 2, A, B, D, £, s BAVT
R | -

D

2

026D LFOER L THIEREDELEL 25, A DB L 72 - THROBENLE

L. BOHZ okt RHORE, BHRE Rok 2 2HOREL TS,

(=2 v, S TEROBIBAS 0 L LTRESNBROBMERAE LY. Kz A%

(4) 2 EE ORQIRIE L 72 - =B OWRIE A %, B, D, s, \ O 5BER S DEA
. TERE. ' :

(RR—=J1zo3K)



iz, AR (4) DECERL, = 0 & LTRIS A3 KOREERME L. L% 5

POHPLFOMPLTL=2D IR 2 ETHEREDELEL 22, L DB b o
THOBEDPEH L. BBDALZ R ERHORKE, BHEL Ro EZRFOR
REY ¥ 5.

(5) HBEL D¢ THT B ELORT %, £ SRS, L zfthic e b, BERRORIHE
. R, 1R 2 BEEROERIES X 57k L OMBEERURICRE.

(6) mff;— <I<IDDLE, BLED L OEEN oD 5, I (5) ORERVTE
DORHLL L dIEZ K.



TR 6 FE RIERFHEFELAO ARIH (LFR)

AR A

wfb5FE11H4H (1)

9:15~10:30

R K

FEHEH

1. RRBBOARNHZET, ZOMBEMRT. MEREEANENT &,

2. RERPEE. £ TOMENTSMERBEINRIS TVENEIDEMRT 5T L.
2B, AMFIET. BT, BRIFEEAOEIZENHHHEIH LIS &,

3. [1Jp5[3]|omBEDOMmE L. TN ENOMERBOEE SN BTICRATSZ &,

 Rr. RERAT NTICBRES ERAERATEC L.

4. FEMMIL. BEEOHEOLDICHA LTIV BT3ENMzNI L,
$7-. HBRERT 50T, ZRESERAEZRATLIE,

5. ZOMEMTFHENTZOT, RRIIZBRBESERAZLATDII L.






(SR | 1 | icfgse k)

1 | koXXE[I], [(H1%25EA, UTOR 126871082 &,

[1] &%, ZOBBKT CHIRT  HF A AVICET, E5IELICTEDOIUERTX
NE—F TRAF—EWS, BRI, BT U T AOL T RESD TR
¥—0 (mol) IZKRDILEFBRTREIND,

NaCl (B) = Na* (&) + CI” (&) —@ k) |
—%, DIERNC L, RSINIRISREIC L 5T, RSOMHORIEL Kb ORIk
TRE 2, DWERI% AV, THRAE—E, UTFORIRT L 85I
B S DY THEAICRD S = LN TE B,

BN BOSBAE T i3 = R F — DA F

Na (F) +%CI2 (5) = NaCl (B) + 411kJ | NaCl (&) o #h

Clz (K) = 2CI (K) — 240kJ Cl (R) DIERTR/LF—
Na (B) = Na (&) — 92k Na (E) o 2t

Na (R) = Na* (R) + e — 4961 NaJFiF TR R
Cl(K) +e =CF () + 349K Cl BT D

fil 7 | 2b | A | CRbVETAENR LIRS AOLTEET,

2 REPICHEZDNET—F£E0Q k) AROZOMELET, 2B LERR,



(O] RIZFRTEIIC, BOPIHZESOERTELIER hudonk
BREEZLD, REIELBBADENIRA LIE-NTND, HIDIZ, BEBH

1Z1%1.00mol M A X 2 CHs £2.50mol DEEE O, DRE

T3, TORAKEEZRBESELL A, ZEBLRECO, &KAHO0B L UE
D0, DOFHBEBII-, BE 290K = T (K) =340K O#HEIcBW\T
BAFIKERKIEL, R Pyseg (T) =6.00x (T -273) (Pa) TEEITE B LRET

K[IEB A>T &

5. WEDKDOEHE, BLUCOLODMEDKICH T AT ERET L,
¥, KEEIX 1.01X10°Pa, [EEHIL R =831X10°Pa- L/ (K * mol)Z AWV &,

I3 JABERT, 300 K iICRBITDRBANOKEOEH, TobbRERORESKEDOEMEH T

IHTTET. BALET,

4 A &> CHs ODRIEOBLZFBEREEX S,

= COz (]) + 2H0 (&) + Quwm (kI)

KOBFEOBALFEFER H0 (1K) = HO (R) — 44kJ, BLUOLUTORE=RLE—D
—ZEEND Ome (K)) ZRDODEORELEFT, BAEEILBEITR,

CHs (R) + 20 (K)

#e (5F) fEET=RNF— (kI/mol)
C—H (CHa) A
0=-0 494

C=0 (CO2) 799

O—H (H0) 459

RIS BABETZ, 300K (2RI 2 BBANOMAFIAKERELEDEFE I TE T, B LET

f6 BABER, 300K IZRITHIAHBNOKELENEF I TET, B LET, EHERE2ET

7 RBETR, BEBEOBEEZ 313 KIR-T-L &, BHEN

CHEETLIREOEMERLERIT, £

hEin (moll BLUY, (L) Thote, —F, ik, BEZIBKICER-EHEE, &
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ROXEFEEFEAH. UToMw (M1~M5) &z L.

The simple apparatus for quantifying the soda geyser in a laboratory setting is shown schematically in Figure
A. In this study, we used carbonated soft drinks with artificial sweetener (leftmost side of Figure A), which
we refer to throughout as “soda”. The lid of a 64 oz wide-mouth plastic jar (middle of Figure A) was drilled

and fitted with plastic hose connectors on the inside and outside surfaces. a) O-rings were used to create an

airtight seal for the fittings to the lid surface. Figure B shows an expanded view of the caps and fittings on
the soda bottle and water reservoir. The output tube was directed into a 1 L beaker (rightmbst side of Figure
A) for measuring the volume change of the soda geyser. A length of tubing long enough to reach the bottom
of the jar was attached to the remaining barb on the interior side of the lid (the jar output). The 64 oz jar was
filled with water and the lid assembly was tightened to achieve an airtight seal. The hose barb was removed
on the inside of the cap with a razor blade, and this cap served as the connection to each soda bottle. A 3 1/2
in. galvanized nail was used to hold all v) initiator objects out of the soda until we were ready to begin the
experiment. Candies were threaded onto the nail and held by the nail head, whereas a small wire cage was
hung from the nail head for more complicated objects, such as the sugar cubes. Once loaded with the initiator,
the nail was slid into the soda cap connector from the inside and a Hoffman clamp was tightened onto it to
hold it while the cap was tightened onto each soda bottle. A soda bottle was opened gently, its cap was
completely removed, and the bottle cap containing the nail and initiator was tightened onto it. When
everything was secured, the hose clamp holding the nail was loosened, dropping the nail and initiator(é) into
the soda. CO, and soda were forced through the tubing into the water-filled plastic jar. The CO> pressurized
the headspace of the jar and forced the water (mixed with some soda) through the output tube into the

measurement beaker. ¢) Once most of the CO, was released, the pressure in the headspace equaled

atmospheric pressure, the volume of liquid pushed out into the measurement beaker was equal to the quantity

of headspace gained in both the soda bottle and the plastic jar, in other words, equal to the amount of CO,

that was released. ¢) From this volume, the number of moles and molecules of CO, were calculated using the

ideal gas law.

(%) quantify: EELT 2 geyser : HIRGR schematically : HBEREHYIC
carbonated : [JKEEZ &L  oz: A v R in.: 4 vF
galvanized : HEER A v ¥ initiator: RICZFIKIES D D
threaded : A UIAEN S loaded: A s
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+«—Hoffman clamp

nail to hold @
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initiator [ —J

[
8 soda cap @

(Adapted from “Quantifying the Soda Geyser” by Christopher J. Huber and Aaron M. Massari, Journal of

Chemical Education, 2014. —&RekZ)

(Adapted with permission from ’Quantifying the Soda Geyser’ by Christopher J. Huber, Aaron M.
Massari. Copyright © 2014 American Chemical Society.)
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1 ROXFEZFHR. LTOMWIZEX L.
Rethink of Bird Evolution
A newly described fossil is as old as the “first bird,” Archaeopteryx, and represents a birdlike

dinosaur that might have specialized in running or wading instead of flying

@One hundred and fifty million years ago, a young, bantam-sized, bird-like dinosaur became

mired in a swamp in what is now southeastern China, and succumbed. Its fossilized remains,
unearthed in 2022 and named Fujianvenator prodigiosus, show it to be one of the earliest bird-
like dinosaurs to date from the Jurassic period. The researchers describe their discovery in a paper

published today in Nature.

“This is really a weird (& ##%) animal within the group of birds,” says Mark Loewen, a

palaeontologist (1 &£¥1% %) at the University of Utah.

The creature had oddly lanky (D &AELY) legs and might have lacked the ability to fly. )]t also

doesn’t seem to conform GE& 3 %) to the accepted bird-evolution story. Although dinosaurs were

largely extinct by 66 million years ago, therapods (ERi1$8), the three-clawed, hollow-boned group
that included Velociraptor and Tyrannosaurus rex, had started to evolve into today’s birds. Many
palaeontologists consider the first bird to be a 150-million-year-old feathered dinosaur
called Archaeopteryx, fossils of which were found in Germany. But this study adds to mounting
evidence that by the time of Archaeopteryx, dinosaurs had already diversified into different kinds

of birds, Loewen says.

Hailu You, a palacontologist at the Chinese Academy of Sciences, says that in the Jurassic, bird-
like dinosaurs might have been occupying different ecological niches. “Early bird evolution is

complicated,” he says.

Fujianvenator’s fossil lacks a head and a complete tail, but its body and limbs show a medley of

Fujianvenator prodigiosus, a bird-like dinosaur discovered
near Nanping in China, had unusually long legs and did not
seem equipped for flight (artist’s impression). Credit: Mr.
Chuang Zhao




traits similar to those of other bird-like dinosaurs, such as the relative lengths of the fingers, and

details of the pelvis (B#) and vertebrae.

But it didn’t have many modifications that would contribute to flight. For example, it had a

shortened shoulder blade and fingers more specialized for grabbing (2/\&>). () Strangest of all are

the bird’s hyper-elongated hind legs (#%#). in which the lower leg bone — the tibia (BB&)— is

twice as long as the thigh bone (XB&%). Such long legs indicate a highly skilled runner, perhaps

similar to a roadrunner (Geococcyx spp.), says Bhart-Anjan Bhullar, a palacontologist at Yale

University.

Alternatively, those stilts (&UVB) could have been used for wading (;£##%#<). In the area
where Fujianvenator was found, the researchers also uncovered a variety of swamp creatures,
which they call the Zhenghe fauna. These fossils included fish, turtles and other aquatic reptiles.
Swamps were a previously unknown habitat for early birds. To know whether the bird’s legginess
was an adaptation to swamp life or high-speed running, researchers would need to examine the
ends of its toes for signs of webbing — but those digits (FE &) are poorly preserved. Either

scenario is equally possible, the authors write.

The fact that the dinosaur was found at all was a stroke of luck. Researchers uncovered the fossil
at a site near Nanping in Fujian province. where no dinosaurs have been found before. And
examples of late-Jurassic bird-like dinosaurs are rare because their hollow bones are fragile and
preserve less well. Fossilization requires ideal conditions such an absence of oxygen to prevent

decay — conditions that lakes or swamps can provide.

LB L Z 3 ENTH Y. Fujianvenator DFERIFHIERO BEHOELOMEBRICERTH

% . says Bhullar. “Even at their earliest stages, the closest fossil relatives of birds were

diversifying in interesting ways. There are many, many such things left to be discovered.” he says.

“We've only scratched the surface of the anatomical and lifestyle diversity of these animals.”

Nature DINOSAURS ‘Weird’ dinosaur prompts rethink of bird evolution.
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