HOKKAIDO UNIVERSITY

Title IKDRERFAAE & SRERAR DERE
Author (s) BUEF, #2—; MAENO, Norikazu
Citation EERIE, IR, 28, 23-31
Issue Date 1971-03-25
Doc URL https://hdl. handle.net/2115/18135

Type departmental bulletin paper

File Information 28 p23-31. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Norikazu MAENQO 1970 Observations of Internal and Surface Melting of Ice. Low
Temperature Science, Ser. A, 28. (With English Summary p. 30)

Ko N B L RAERMMBOEE

H 2 £ —
(B | B2 W R
(FaF1 46 46 8 )

L ¥ 2 M %

K2 H F VK T WFE, FEWOKO—F 2 KB & &, kBMORE & HFH&RF
i, Bz FxAF -2 RINLTHTHRD S, LIES<T5E, BERHOMNTLRLUO/NE /bt
BgRRcLBlbns, CONMEIEL, FCEMEECE- TRY™, Zoix, ~TE0FE
DFEHTATHT, —fITL, 74 2B 50 TADRR] EFER T 5,

KOPRIE RGO TL, 1885 F 0 Tyndall Ik 2 BHOBELURE L OWME T F & D
BRTLBEAYY, ok ) eHEREIKOREROFDOED X S IRBTCRL D&\ 5 F
AT A5 A7\, Késs & Magun® 13, 7« v A A B2%4 T B8, kisuEs
(Superheating) ®RBEEH D &0 H 2 R GWHE Lz, 7, Kaiser J"Y (%, DLk 5 7#h
TEHEEBERORED, KT E0~100 [REEE DN EE NS, BAYETIR LT
FERAINSIBIEHTFLE, LENoT, 74 vEABOREORIER, BEL oK RT S
RifE DR (Nucleation) DR L E 2 5 Z &R TE 3,

ZOPFRE, T4 VvEALBORMBEE L THEAL TG SD0RA2 AL BENTHD LR
foo CORIICIEL, NIERORICBL T/ » EBRERE R RN, #BETIX, Kok
T A AR CEE S h B R L BSSLW THET %, AEOERE, 2T —5°CoERRET
Ficws, 74 vEA B ERMBOBEMEEECIL, sray -3 v 7 e B8EEEL LEEER
B BIUTHMHEEL#ER LA, i, ERCERLKBBORE 31X, 3X3X1emd
TH B

IL. koRSBEEKRCHT IR

SfE RO KRB LW, HORBERICIRIUDT + vEARREL LS, £D
B h OFEREICIIEL T 4 vEABENE bR W I LB D, O &k, BEROBERITL
i d &, FORBMBMICEAEBEY OSBTRIAEEL - L3Rt Zon—&
FARLDTHBMIL, H<HbMHBRINTLBH, ERENDEDWD, Ernds s,
F I TRBENABRINE N TRFTNCRES EF LB R R E 5, Licdio T, kodicd
FRTVWBERLKIENT 4 vEAABOBELTERAT 20 THA S EELLNRTE L, EE,

* e A ERBEEIEITER £ 109 5
EIF B0V, Z0X S PMEESALSTLLERCR, TES LIRS T, BECB-ThED
3B LhBEL TV,

EBRY ¥HEE #2848 B4 g



24

=

5

=
{

KKz & C CHRERAELR L T4 %
X, B0 5 REGEEN ORI E b
LA D = L A HEEI RS, L
L, TOX5ERNEEYN A
T ARRGE, B RSSTE O
Bl LR, &KilEEdoE LTR
BLoobh Rl e, 82, &R
R oIk UlclifG iRy, FHICR
Bha k5, MR EECE - Tito “%IE‘%Kéwmi%iﬁﬁg%i
T 508, WFRRILARIBICEREL Tk U= PR R R
e SOFEAIEE, BENIAE o 2R,
BB OKRE SPRKRENCDREDL IO
BSRER— T { o TRUVBEE 12
EREUZ & &, MBOIEN B KA
—JBRF TR B L THDBHEELD
B, Lichis T, koA TEDR S
AR ASTEDHMAE LT« va L RS
fF A, BFESETLRHTEvE
EPNECLDTHA S LMBENRD, o y. ) (

HT, T4 vE Ao BRE E2E kOB ORREIR D b FE

- ) L = PR A 5

D 5 B KRR M T E BIZFHLD
Btk DYES A B dc, KOREEIL, 314 vadlBiigr BT 2 &1k » TR, KRIT,
VGEOM~ T VIEES VY A LSBT NV Y AR N B ZEROET LI T, T
BHEOTHIEHRE L, KCETRTOBEGERTFIE, $VHr— - 7442~k 5 TH
DER Tz, BER L7 7 4 s—ix, AAZ (FLEE 0802005 p) & & 8 VC B (FL£ 0.100=
0.008 ) TH B, LALEDERIETHEHL KX FEH LY 5 ABBCAN, 01p/s L TOESTT
HHP S DEHBE, ZOX SR L TUESBEW KA EY e RE Iy, #dedh T
TH D&, KMOPHCL, BRELUIMANTIESKOBE LRIU X 5 G b, S
Wi AKOBKEFEDT + vEAERHE LI, SOERABMHED Lk, BUPSIEDT 4 v
IR E AT R DR, KEEOTRMWE LT LLMNEE Loy, /1, K& &M
01 ¢ AT OB F I e DR EEMEN D D L\ H T L TH 5,

7 4 v E LB EBRE B Ty Thomson WLEBIL, #ERDPERZ A ShH ORE T
DEPLTHZENH D, T IAREEROFICL D &% 2 T, Kriiger 13, PIHEIRY
RUTKEEEMN LB L H T, T « v XA EBNRRE LCBIIECEYT « vaL
BrAHbIRD LV SEENDS, RNEOKRRIEAHEMBEOKE L TERTHDTH % & iEH
L7e®, RAOEBRIICI DL, 74 vEARIEERELCHINCEED TR E LARELMN
EEIND, LT, BURBMERET 2RI, £OX 5 REERTNLT 4 v&




KO P EREL A & R ER AR 25

MBORETBEELBRD, Lil, EOHETHERL kML AR L 5 2 ok
Me, AUK%E —2°COERETH L 5 ABEMLUAKRCET ST + v AL BORE B L
E2hH, BHERERRDD R -, BT EEOKE, REMPEMLKCEE R
DT RMEOB DAL, FCERICL - TEASKILEHETHLEELELBND, Lnl, 20
FER D, B REEAPISEB O E LTEHAT 5 LB 2L bR,

L EDEREREE 2 @ THhb e, KONHEMEL L L TRIAENLLOO—DLL
T, KOPOBFFLRENHEOET L LB ICH - BRAACER S TRBEEL, TOR/R,
KCTLEINHmD TUNE R KROREENTTL B, kb, LOBEBRIC R TKD
FICRYBAD SRR LA E e ote, L, BREZR LU ZofoRMEr, #
FEOHNCAKE 30 5B LA L ab 5T, TECBRETLHORRBETH-7cnbTH D,
FLXR LA 5, ERNLEE, S SAH@METRET D2, BIAHNCS, L
L, MBI CHIRE TE 2 E ORI i, MHARTEDT + v A L R IEABE
L CEAT 20 b inisus,

ZOX TN RIS, KRBk ORICHFELEL T B0 E Ik FRIICHD Z &k
L Lavl, FHEFOERY IhE, RFMTTESIEL, Lird, ERNLRELE
CEERCINT v F 4 — b ABOBIERKE 7y ry vOR TR 5 &, KEEOHBE, 1u
BOREIOFHEIREbh b, i, kilrbRELLEWLEERKCDL, i) OEDOR
EREENTOD I EAMEEGH O RO T3S, ZhboEENDL, KOPEITIL,
BHE TIRR LWL S il M KIBOFET AW kL H 5, KL, XF@E Kb
UEWTH > TR TR\ LinL, BB S5 &, KIERM CRENRIN S Wi
BETHEEZ LN A, MHRHISRIEDT + vE A BERIELHORBORE ZCH0TiE, F
CHFLWIHAENDLETH S,

BAENBEZCBERTZ L 5, BEECK - ThEENED 55 &5 FHlL, Frenkel™
2 Turnbull® 12 X » TH I e s, EE, WEEA Na0 - ALO; - 6Si0, % %\ ik NaAlSi;O)
7YV ALANA SIO) Ok 5K IS AT, HEED OMENE DY, Xk
HRFEAE BB L 5 TS Z Lk, Kiss & Magun® iIZ & » TR i, HEOHERYE
HTas, —HO7 4+ vEAAEIEREPHCHE LIS TIE, Xixdind &1 03°C@#sh
T3 bicld, WE, ZOFERELWL O EREL, i, #AEL 7ok OPNEIIER
DPRALEENG D, B ABBRTRET 5L E L b &, BOoREX (), KoRXRTHE
T3,

e 2reT

LiT
ST, ok, KEADOHMOREEB=F ¥ ~, TIX, BHFMMMAEE, Lix, BECHE
B, TLC 4T 3HBDOEETHD, o=28erg/em’, 4T=03K & L CEOXEHET
BHe, r=0166 4 %" 5, Tihbb, FEN, PHLdIOREZIOEHNAkOPCH L
AR D 2 5bITTH D, Lichio T, HBEBBECR-THROILLD I ) Ry —-
AR —BEBELLERTFRAKROBPCEEIN TN ELTH, ZOREITIEKE L TUY



26 WO ok —

s, BEgEBRIRL TRFOE BLER 74 virRoRELRRLORK
s 2300 1B — . 74V E RN,
Y OKBILEG, r=0166 1Ly oo iass | sakows |[ELE (O) AU

fen ot (X)

LW s THd T E L TIE

BL5DTH 5, IRQ-80 0.3~0.8 x
= ] VR-65 0.65~3.0 ¢t O

IhEFTIE, BMEH=FALF— R.DIB 0940 4 5
kL FC— RS h, ZO V-V 40 04p L 25p X
Fer LT IR 3 L F % IR-DIB & V-V 40 25 X

foo LU, fEGAIEOD 25 A THR
Gt = 5oL F — PEFBIPC BRI X B
L H D, ZOAEALMCT
5HMAT, NMERLP4ET IR
B OR R A N D ER A 1T
ot JelFIiE, 375 W oA E
Bafuv, BAF IR 7a08—&
BT 7+ 12— HIEHLED T
ERX T, BEDHROIRE E ; :
O LT, EBoXnfERL, & i f \ X
HTHELIRTRLTH S, 3Rk 0.1 ‘ '”1
74X —0OFEBMRTH B, ZD WAVE LENGTH  p

HEEAPB AL, T4 v AENET FBIRW 74 E - OEBE ORI

L8, HHCHDBTERN I~22 DFESNE IR T B Epbnd, Titbb, V-V40 5
BUWEIRQ-80 D7 4 & ~% Mo 1D X 51T, 1~2p OPRIBE S F e WHx v HRE
HKBRIC RS L T, KMMORHECHSMAIE AL AT 52, ARCIELTCT 4 vaL
EBbhicw, T, FEEA25 pHEDEGR (7 4 4 4 — V-V 40 & IR-D1B % H faf-b¥)
T REFFKHICHS TTh, WEBBIIED . L IAN, ZHDO7 442 ~-0D5HV-V40
IO TIR-DIB 23 5 &, #RMNTCETCRIULOT + v A A BaHbh 50 TH
%, ZOFER)LIEG TR, NHBBEORESEOL TrMmas 2 X TE RV, NI
PR LR ONTHG & O ERBHEOFET 2 2 L THIR D,

lIOO T 17 T 1r1rrr

501

PENETRATING POWER %,

II. KOFXEMRZBE TREINAAHREZRR

RIE DN OKBR T, AMOPNTHCAE T T + vA LB BEBE CBIET 25, B
LooH 2KORECIXENF T AREL ZLARBETH oI, dinh, HARNEREYZIT
TAMICT 4+ vEABRET B, FORETIT, LFEELMMSEBbRicn» b TH 5.
FARNZ, TOL5RMHO—FTH 2, CO—@BOFEHEIL, 7IAIDA v wik— Xkl
DL LICHEMRKY, 37T5W OFRAREIR TR LR, BMEORTLEEbIC, KOEH
ARSI BROREAB LR 588 %R L T3, B, Hicrbxiodiciiric]
WEZSAERCE TR T 0 L S, BOMKEBIE - TET S, 0 X 5 M, B



K PURELR & FHE R 27

Bl koLmEE-TLES>. B Q
i, $5ROBECRT L 5 kbl |
BLEELBES R, Shi, $4X
CaARLID LB UFRORETH 525,
ZDBE, REIFEOFRIOL 5
WIRDOW A LT, Bo#Hs X bBiCht
T50TH %5, FEICRHTRLI/NE
R, LELEEbhb DT,
SEIO i 5 A ORIRRE TEI L 7B
STV B,

FORL, EEEUCLSIE, 2vF
v R — L K O BERE BT U - R
BOBEHTH B, ZOW, HRABERE
KV oz, V-V40 7 415~
NEWTH B DT, BEoFizit,
04 p & 25 pTEDWERDOHKINEE
NTwb, ZOERE, BEHLY 1EEHEE
ERT Thblikocb OTH B0, kO
PRI - T, L L, Rl
IO B Dz, FREICIEM M2 b
N3, alE&, ZoflHEzZRT bR
FRTELIRT EL, KORETIE,
WAEGOMZAET, Fodiizik, H
IR DR 2B - T2, ZO
FroFE® I, bEICR LI - lho 5 Fos
LFEIND L O, HECE G, L [ :
2o T, FRENC TENATOBRGIT A kMBS R L CERT 58, K

Te SREART ) L 1 - WOREH b A EROTIGAR,
I L BEHAY LAC X ST b c OIS A TR, S04 5% 105
I NicbDEEL B LNTED, 12 8T, 375 W o FRAMERE, Bt

BB X 5 REAIEIC S| T, 7o 20 em ORISR

WMy sEBhc X 2RENMAB I B0, —ic, AT + v &AL BORET Bk
CRWTRITTH %, BE ORI T, REICT 4 vAABEOFEE Lo kBIORE X
WOETLBEOE FTRIBEST S, Licois T EEHCHEbIALEEENLDOT 1+ vaLE
LRI, RALHDOREKROH B ENTFHINRD, FE, RECHLALMMD 550
Ok, PAEERELIT « vAALBPEEE L EDCEFCELLRHETH S 2 LWL DD
Nice L Liedh, 0% 0REBREABERTET SO, H50E, MoMs L ixE
5 BYEALFIEE R - T B Db, 40E ZAWLA TR,



28

WO o —

BicRRBRE, Z0=ZKD
D« fREL, W58 ThHD

Iv. & & & &

PSR DL BT 5 EBR T, KEPICHHIATEOTRCEET 57 1« v A A BOFRENR
LI BEORE XY, MBROKEIND D Z ENMHEoic, RERLTEWD BIEET B A
Bgx, NPT ic B, RBEEDO R E &% e kT, 74 v L BIZFREL S 5,
¥, WMBEOFRAEE, WRI~2p OBMAEELEEHY LT 5 2 EB3END LR,

KR BRI U CRAE T 20, REIFESeEEO ¥ RET 50 Tikiew, REIX

NN

X DFE G FHITT AL HIE Ui B AL e, KD 2 IR ORI R 2 &R Ui bRl



KD PN kAR & 2R AR 29

B6El  HUERK®D, 3L A SEEECEVRE
CHEbh AT ORI L EE,
bR, REoMETH B, 210, a
B ESELICE UBITOERE Tihlnwy,
S, FEFRO ik R
HBDTH 5,

ZDWFEDORAE D, EEBEHER T bRy, —8Bik, HF &0 McGill k#F#4pHE
FHETIT b, EROMEMCE L Tk HEE 7t » 72 Maurice Chateaubert FQIZ B L
7,

EREEOEZICE L THEXY L TTE 7, AUEMOREK, b s 74 NRC ©
Lorne W. Gold [t & Rene Ramsaier RICEESEH L E T, T, EREEMLTTI -8

ERBEE, PEBEREAE IHEFYERCEBHOEEERELET,

X [

1) Higuchi, K. 1961 Tyndall figures formed in crystallographic plane prependicular to basal
plane of ice crystals. Nature, 202, 485-437. »

2) Dorsey, N. E. 1940 Properties of Ordinary Water-Substances. Reinhold Publishing Corp.,
New York, 404-407.

3) Kriiger, G. J. und Magun, S. 1955 Negative Schneekristalle. Photographie und Forschung,
8, 3-8.

4) Nakaya, U. 1956 Properties of single crystals of ice, revealed by internal melting. SIPRE
Res. Rept., 13, 1-80.



30 OB ok —

5) Biss, R. und Magun, S. 1956 Eiskristalle. Naturwissenschaften, 43, 213-217.

6) Kiss, M. und Magun, S. 1961 Zur Uberhitzung am Phaseniibergang fest-fiissig. Z. Kristall-
ographie, 116, 354-370.

7) Kaiser, G. und Magun, S. 1964 Schmelzvorginge in Eiskristallen unter erhshtem Druck. Z
Kristallographie, 120, 450-465.

8) Kaiser, G. 1966 Die Schmelzkeimbildung in Eis unter erhShtem Druck. Ber. Bunsengesell.
phys. Chem. 70, 635-639.

9) Maeno, N. 1968 Nuclei of Tyndall figures and surface melting of ice. Canad. J. Phys., 46,
313-315.

10) Miiller-Krumbhaar, H. 1965 Neutron and gamma activated nucleation of Tyndall-flowers in
ice. In Physics of Ice (N. Riehl, and others, ed.), Plenum Press, New York, 132-137.

11) Engelhardt, H., Miiller-Krumbhaar, H., Bullemer, B,, and Riehl, N. 1969 Detection of single
collisions of fast neutrons by nucleation of Tyndall flowers in ice. J. Appl. Phys., 40,
5308-5311.

12) #iEit— - BAKRE 1966 FofhofoRifl. BEHE HER, 24, 81-85.

13) Scholander, P. F., Flagg, W., Hock, R. J. and Irving, L. 1953 Studies on the physiology of
frozen plants and animals in arctic. J. Cell. Comp. Physiol., 42, Suppl. 1, 40 pp.

14) Frenkel, J. 1955 Kinetic Theory of Liquids. Dover Pub. Inc., New York, 426 pp.

15) Turnbull, D. 1956 Phase change. In Solid State Physics (F. Seitz and D. Turnbull, ed.), 3,
Academic Press Inc., New York. 226-306.

16) Ainslie, N. G., Mackenzie, J. D. and Turnbull, D. 1961 Melting kinetics of quartz and cristob-
alite. J. Phys. Chem., 65, 1718-1724.

17) de Reuck, A. V. S. 1957 The surface free energy of ice. Nature, 179, 119-1120.

18) HERRMMEE 1967 7 2 FoORFAR. FHILmSREERFHE (R 41 45), 13-35.

19) B¥EABh 1962 Kko@Eghi ey t OWE. &BBPE, 8, 212-219.

Summary

When a block of transparent ice crystal is exposed to heat rays, internal melting
occurs at discrete points. The resulting liquid cavities usually show regular-shaped pat-
terns of hexagonal symmetry along the basal plane and are called Tyndall figures. The
nature of the nucleus for the formation of Tyndall figures was studied in the present
paper.

The nuclei might be different from the macroscopic inclusions in ice such as soot,
dust and air bubbles entrapped in the ice inasmuch as the internal melting developed
from these inclusions do not show such regular shapes. Figures 1 and 2 show the
internal melting formed on air bubbles and a grain boundary, respectively. The regular-
shaped Tyndall figures were formed even in pure ice grown from extremely purified
water. Water passed through an ion-exchange resin column was distilled triply and
filtered using a Millipore filter of 0.1 ¢ pore size. In order to check whether the lattice
imperfections such "as dislocations act as nuclei to form Tyndall figures, mechanically
deformed ice was exposed to heat rays, but a discernible increase of the number of
Tyndall figures was not observed suggesting that they did not act as the nuclei. Sub-
microscopic inclusions may be considered to be the most probable nuclei for the forma-
tion of the regular-shaped Tyndall figures. The critical radius of the nucleus was esti-
mated to be about 0.166 ¢ assuming a superheating in ice and a homogeneous nuclea-
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tion process.

The relation between the Tyndall figure formation and the wave length of heat
rays was investigated. It was shown that radiation of heat rays with a wave length of
1-2 ¢ was necessary for the occurrence of internal melting in ice.

Alternatively, the mode of surface melting with the heat radiation was observed.
The surface of ice did not melt uniformly, but many ripples in the shape of lines (Fig. 4)
and sheets (Fig. 5) made an appearance. Smooth melting was observed on a surface of
ice in which internal melting did not occur. Prolonged radiation, however, produced
etch patterns on the surface as shown in Fig. 6. The trapezoidal pattern appeared on
a prismatic plane of an ice crystal and a peculiar ice rod formation was observed at
the center of each trapezoid.



