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Fig. 1. Scheme of experimental apparatus.
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Fig. 4. Temperature dependencies of internal friction and
Young’s modulus of polyerystalline ice.

bhhac s, RURBSIGI T & tand BEMWIE EHART C &R ELMEE LToMEIIN
BRILTH B, HEHERA) R DT 3 H 1k —~UCHBIDERICH &b % tand O
peak EA/NS { LDk C L L, HEREERTO peak Db 5 b 3 MEHSEAER O 2 4
I e —63°C EFWGIREICE D EThH 5, WRICHER Q) R ERIRB D 54 {2l % 2% 2
BETAE L. tand OFEALTH 3, FEEHEETO peak 8D KO b g g4 T Ok
EO X DEBN~OBENL NS, IR 4 FEARIHO 133 FicHY 4 258 4EETO
BIEMTH 2208, HIRQG) OEHRKTH, HEBRELIOTHUTERRREICKE DD TH
YFENGTEZIZYD, 05lemic LD TH b, T DORBOEREIHHIIBWOML



102 AR - LmEK

DHPRNELILY 995N D, ZOMRE L Tl () OW 448 OREHE 1318 v
Ko DTh D, COEALMEEMO tand @ peak Z1Z LA EWEL, DEEEHAR O =
NE X DEBMICHD, »D peak OZ DS D TR (1) KIEADEH/LE 2T
Z, CHETOERT, CORPRBREAE OREDSEEREOROHEICO T ZAEVIEE
WEICH D THR ABOBMEE S 2 &K b, L, KD tand OIS 27
V2 REDOTOEB 5, CObETHURRERRICS S LU THEATTS & tand BHIDH O
{HIZRBOROTHASD, COEEFBTDICHERO) RBUCEABEIMTHE L /2 tand ©
WTH 2, STLONLLICEBOBESIRPTIEREDL D 5§ B DO TREHK
EEE (D OBA LD IS DTV B, EEMO peak 3 £ A LR UME I, HHEBER
KD peak FIFEBHOBE T L THE D LoPs BOEE ~70°Ciciso5hbnTH 5, Hig
OEFEE LTORRU peak [HICBHEF L L A7 VY 2FH NI,

MR 6) 13, BIEEAUAZIO, HHEFTICH UETICWD &2 EREOEICDNT
EABEEHETHEE L tand OETH 5, HRHOEFINEIZFICHENTEHELLE DT 3R
tand ORBEEHRRZIEZELAEE ST,

FEXRo L FiciE, BUREHBETHELIZXDY Yy 7RBRENTVL S, HRICDU
FEO D) REARD QUBE1ES CRPB2ESTOHEMEEEKT 5, ¥ v 7FiE —10
CHHETEH 72X10° C 50 Th 505, BERT MR, —180°C TR FIZ 85 %107 21
DT B, .

LEEEORD tan d DREREAENT 2 EROLE DI b, THHLHERKEKD tand i3
0°C~—180°C 0 B EMBHIC BT 3 DMy R B L% RT, ¥, 113 0°C~-35Cic
MY TO tand OAPRB WP TH 5, E2iciy, —35°C~—-1200C phRBEEEKICH SHNI
3 tand OREUWATH 5, COWMRBIROBALKICKEI L, »D, E~70BLD
NAH2MEERRMNCHE S, (CEBELHUOHRIGETIR, AV F=— peak L LML TH
%) % 31id —145°C HhE OIREHICH 5bh bl F—20 peak TH 3, O peak O
BRI OWAR L HICHEPT 20 peak OHOON 2 BERWEBNC L >THEIT 5 C L85
W, v o
WRIT, KROBRFO tan 0 OREFMESZEERO 2N & MR 20553 % 5,

i) HESOKD tan § O R

BORRERED U THREDOKEKREFEG SR THOLORATOEERKIC20T,
tand ZPELELOTH2, BHBREX=TVOb ECEOE O EETHAEWOHLE
BORBHCH L 7z, HEREAESTOOTESALTem, AZ0bD TS 13cm 0 b 0 57
5Nz, (TN 5 QBRI ST OFRROBES N b D TH B), (D), (2, @), & C
WREEOBORIOFHME—BLTNE60, THLECOREMBIREFHNEFTICELAT
W BEREFEIC DV T O O TIREEE 510 A, 870N, 2350 N it EZ T O tan 6 & JlE L1z



BB N UCEEROKO N IR 103
b a’

[}
a 4
\ O

‘fan&

Poly-crystallin ice

.

2-S:ngle crystal ice

0.0030¢ ——
© with one (Qrain
S
2 boundary
Q
<
U
3
-EO.OOZO' Single crystal ice
® 0ooigt o
< d Al ] c axis

P Y Y

T80 <100 <120 140 160 -T80%

0 -20 40 -60

temperature

Fig. 5. Temperature dependencies of internal friction of single erystal ice.



104 FERE) - iR

b0TH 5, MEDCETIEHT 870 OESRETHAR (2) 28, PLTHIEETHREB) %
BHICHABOBESEH>T3 3 ¢ Ll (1) £ 7, tand OfERTHME, 4 R0BE0
ENOSBICEARLTHEHNTH 5, T OBIEE @W“B@%fz‘»%% Bk D & e s T
SOAERTDIE, BAROZHEHEAOMEMD—2EE X CATALIOHHIRG) TH S
B O) O b I3 €~ 70008 (Mic@EA AN TV ZETHBO OVE—D20H Y I
SHRB, R G) DRIHL 842\ TH 575 ¢ e 1ZIZE LRI O MR TOME, i
(2) LR L TAHNIEBEEREONEEBBEHERO Z N TAfTIchEnrBbn 2 Th
AP TOUTC, FICEER ST, BEEO tand 2RI EHMRE, kKA L DI
HESREICE D SHRICRPICHAT A E N S T &ML, HRBESBESIEDC &3
KR LTOL, $1, SEEkicashi &5 5 —UCHETI B 2 EREHED
peak HFEA LN (L ADHDOTHEMHERICHND L@ BZ0IIE), il hmEE
HTOtand ® peak O AHMWH T, COMEOUMSRBHOEHE L TRRMCTNTYL
DTH 5,

MG OAK TR, BESEAGLET C SHRCAEBBEMRD 200 2 L0 I ERFHELS
I, ZR/EORTORMEL IR % tand QAW E R, ERIN R 5 T
BTHDENDICENTEETHAD, TNERRENTIAVEI—DOEBREESH L, 1
i, WO MR @) TH B, dif (43, B2 ROEHEHE(C) ICRT T &<, orientation D5
B0 2fHOBEES— DO RHA TR R OHBIC DL THEIN-LDOTH 5, HikR

cand c
0.010t
@ .
£ 0008} a™ s
Z AW SN
S ol Ne
' \
VN
§ 0004} A“,‘ \‘\‘
fl @ N
0.002} —_ @ \‘4\4

-0 20 40 60 80 100  ~120 = 40 . 160 180
temperature

Fig. 6. Internal friction of two kinds of single crystal ices.



2 1l G B U B R D K D P 5 105

(4) DY aid, tand OEA31T 0.01 1C#ES B peak (MICR@HANTINIE) AETHE—DD
AR DU a 1D M2 T2, ZLT, COMBRROCEL, BEHM —200C Bl Ltk s &
FiZtand O LREMBHODNLEDTH Z, THHDL, MREABILE—DOHEET 51T T
tand QMBI EEHEROZNICETL 2D0TH 3,

6 BUCER RO IZBI T 2 Mo MEs e 2id, H6 RTHIMG), @), TosemL
< CloFmAsEE OB S OFR &EAHE—3 L T 2 8ERIC DT O tand O EENET
REBUEFR 2 TI5~N, FU1950 N TH 2, TRNFNOMED peak OEIEI S, F5ED
bDELIZEFEMREDOANE T peak OHOHNB|MERE —40°C, —22°CTh 3, Lz ATl
M) FRU (2 tan d OBIEBEERAROENEFMUREZEZDHEEREXOLHITSH 2,
COHEGEERE CHMoFMAEEORESOFME—8 LT 5, #1510 v, iR (2) i3
1380~ TH B, fFHL< D tand QAW EFHS 2 g, —145°C D% 2 @ peak b
B, RBFIC XD THEE S 2 5 ESERMICHET érbf‘sﬂz‘ﬁ&"é Hii% @ peak O1EHSHILE
(3 ) DHFEFITIANTELLREODTH S, COBBERETAMEH TEIATHENT

Fig. 7. Single crystal ice having interior distortion. Photogragh
was taken under the crossed polaroids.

HBE, EHRELTEH—AOHEKETHEH, FETRICRLALIIIWKORPLED L 513
distortion BN A SN DTH B, <Ok S 7L distortion 1, Hi%E(3), (4) oMk, B2
MOBEBHBICRELALNLENDTHE, BELH L, @ distortion BEHEE T ErBED &

% b D F Bl m@ﬁﬁ,?Ubgﬂ¢ﬁﬁﬁ%@%?t%@f%65&@%?ﬂ%oCﬂ@ﬁ
7r % speculation |38 & 1A (1), (2) © peak AMERSE 3), 4 DFNICHNTEL (k&
WD, T @& S distortion IHEET 2D ERBDPNS, LiL, 0K CoFRs
Bl D B K& G RIEDTN O T orientation DERIZX 200 LAY, LicdDT
ﬁgﬁﬁ@f;ﬁf#%ﬁ&ilﬁﬂé@ﬂ%bc FRBTNER LI,



106 BAKE - sz

EEEOKONMPEEEERNT 5 &, BHSEKO tand FREREFICER T 2B EMO L7
oz, —14°C T d Sh b peak B IF LA LR, (B2TH I /MEW), hHEE
FHOODOW B RNV F=— peak i, FHEREAKDOETD—T VL, +HO—RiCIINED &
EREADENLLBERILES 2L DbDEmH 5,

i) BRI LE O TRONIPFIL DL DAEF v VEDPHEEBICK % tand DAL
EREONTERISEEAFE LA DIES O LTHT T3 EICEDTEI T EMBHmD
NTW5B, KDGETEDAICDON X S WNEEERMTICEODTED IS LT 20k
PARTEL LR, KOPHESBLOT Fuy ~ LD TELLEXLBHBILELAITHEAD,
LoL, REZSAVYHTHE2MOEBOIIICHBCMITAZERBOUTHLY, FNTH
NbHNIE, JKICHERZ I UABEIRIC S TF v o migid>< b, BUBSETZEDRHED
tand OEAELNTAH A, KIZBEEES TS &, i@“ﬂn&’a‘ﬁ/ﬁ“éf)icb‘!{a‘b, FRICB DB D
DGR ONIETIE T v S MEFTF v & vIEE JZ N A REEIH B C 27, PSRRI
mwﬂﬁﬁWc%tm%J@@m®;vcxﬁ%®M&%w¢HT@< COEIIMEX, #
MRHAZ RO TOREGHT &, NETEF TORKRERELED B, bEBOICH S TRE
JRICE L CTA U BERORER L THEMT 3, 07D EIEROFEICOTEINE 4 U RS
T HEDTH B, WETHOELORTHRPELTA B E, COXINUT vy VIEPEKTIC
AU VR E ST ER A L THOTAZLS, $8RE, CHnEoRIDOFME—

Fig. 8. Tyndall’s figure produced by heat radiation.
(Single crystal ice)

LT BEEERKICODNWTTF v I a2 Db DTEEMRNICEL 7oF v VIERHMOE]
EMEHOEITHBENRODTHREINS, TOLESICLTKONPICEEEFELH BT EMT
x5,



BRERR O BRI PIIREE 107

tand E
nozz} o 7191
3
EQ°+ e adiari
o | 2] e
"o A —O0— 0
Fay ==
2 .//O
ooigp | > | &b/o before
4545 irradiat;on
70
0.0i8¢ O -20 -40 -60 -80 -100 -120 -140 -160 ~fao°q,
c 1» v
0.014 '
g @ beforeirrad;ation
Sooi2
& @af'fer irradiation
2.0
L 1o @ before irradiation
g . after " v
L 0008
?
3 *
0.006 A
0004 \Xo
0002} Q°°ajf ,///i:) >X%}
zﬁem.a

0 20 -40 -60 -80 -100 120 -40 -160 -180C
temperature

Fig. 9. Variation of internal friction due to irradiation with heat rays.

HEIME, TOLIBEHERRUEERZOKICONT, BEBHE 12 CTiEB%E TH
- tand @%ﬁﬁ%‘lﬁ%%ﬁﬁx HAR (L) R RS oK I D0 TEEARIR Bi%K 460 N THRID 7o B H
WETOHEM M E) 3 BURBCEREBE LT v VEE DL DB TOREMTH
%, 96d, PMBEEBICH SN S tand D peak KEHE L LD, Hicsohdkiikco ~
peak [FESBHICE DT LA EHEINIT D, LT A pMEEE D —140°C HHEIC H &b
% peak FBABEHOSH & TR, BEINICHNTERE DR, $70, FIRMOERRRICEE
& tand i3, BERBHBEBAICKTELI N LZDTH 2,

AR (3), 4 REBEEEKC>WTHERELS I %Eﬁ AT OIERTH B, iR Q) I AGRIR



108 BARE - WA KX

BERT, HER () EAVRBRBROZENTH S, MERELALHEEIC—H L TE D EELRKRDORK
BB I PIIBICATIICAN L BRF v S VBRI E D TR BEEZT TV,

ZOL2ODEBRPOLRDEEBNZ B, THLEL, BEIEITIC L > THERFITER S
DNEEEERE LMY 5, R BREEIC X AR 7o DR R SE LCBEShE
HENCRFERSHEM LI D TH 5, LbrL, REEERBICS SO 2WBBCKRFT 2
tand @ peak (3, ZifEE, HEERZLCEMES TR, LN D2TONMEEORREE 2
DTV AHER, FyyvBEPAROOTEINO & ) SEENES S BB/, kAo
iR b0 L B2 oM 5, SREFKOMEMICH 5 b 5 peak MEERRMICE DT
WPHRP U0 RERBEBE TR OVD, FyFrEROUENOREIC I DT ONERE
BOHAT ARBEZA 0, DUABRBECE O THBE 1A OCCILEDENIDT
BeghZy R & 57T Hp5 L D probable TH 2 & S5 IcBbnz, Lo LEEHEITROMIICH
RIFT S8,

IV. EHTRLF— v

KORNHEREZ 0°C~—180°C DEFEIC B LTI D0RIE2HERIC LD TE N & Nk

LEAERT T LMD, TRDDL, ZREEKTE, HEHFIOERT 5 b0, REKD
HEE LT peak OB SONHREFEEMICBRET2HEEED (bW B RNV =—F)
PEEE, —140°C~145°C filsh o BiRIcH S b N 3R ERIC £ DT peak OBEINE < S5
WEEEE O 3 D8k 3, BEEROKONTEBIE AV F=—MD b0y THESKFAICERT 2
b0, ROEEMOD peak Hizdh Shiiv, AMTR NS OWPERORTRERFE,S
KOOSNBFEBHMT ANVF — DT DN,

FIOIE, FAHDOEEHENITHOVT0°C~—35°C O EHEIC BT % tand Off%,
HEED I E B TH S LMEICHEEEONHEZ LS TT oy P LD TH B, Hifgic>
FRFBIRAFLAMOWBOZNICHIE T 5, BEROMO SR (D iciEET 5L —~0C~
—25°C o FHHTHRHAHR I —ERECEANLTHT

. _El
tand = tan d, exp BT (3)
&w5%%%ﬁab1w5 LW E REEAA AL ¥ —~, RIGFEEE, TIi3HERE,
tan g, I B TH 5, L»rL, mE A —25°C DIT Cf&%)&(ﬁﬂd?@ ;%75>b5’M”L'ClEE'D’CL,‘£ Do

Cﬂﬁ,ﬁﬁﬁﬁ<ﬁé&ﬁwf;~@®W%@%ﬁ§ﬁbf<5ﬂb?%5 CDEHIBE
BORRICS &I B S @ deviation BIRFIFME 755 S HICHiFH 2> KR T LD
CHOREILS >b T 5, 2N, MR CRET 2 NEBERO 2452 554
CHHFZORBETCHESZETF TRE S, H1I0KoOWBHBROBEHEETOER > O
REFICHREE & DNBEBROEEL= AV X — E, 2R T & % & Ktk 17~20 Kcal/mol OFE
BETH BT EDDND '



DRBRVBREROKO RERER 109

tand
0.020r
. 0.010p
0.008t
4 \A
g 0.006f
Y
3 X
Ny
w
0.004}
S
Q
<
A b
[}
£
£
0.002}
\@_}G)
«l
’1"x|03
0.001 - a . . e . —
37 38 39 40 4.1 42
0 -10° ~20° -30° ¢
reciprocal absolute temperatrure
Fig. 10. Relation between log (tan é) and reciprocal

absolute temperature.

YO ESEIBICH S bh 5 AIEEO peak iIcDNTHEZ L5, H4TE, BHEE
RIA—F =2 Licl&Dtand OMEFEEZR L SDTH S, COLDICNTERBLH S -
BEZHLELTENID S HEAMTHIEENTLIRCEI LT—20T 3 EVHBEERT
VAT LR, T OIS TIRO BRI I G S B A R T @A T o SRy
BB L TBANEZ LTV L, BICTHEROEE CRAEINIZEIMICBIET 275 ¢
Bh, TEtand OBROIS5HLN L METHEOMMEESRKICL L LI BEETH S, C
OXSUBEHEE, Hh bR —~EHERORHES & Pl &, KONETRETVE



110 BENRE « 1R

tan$ 1

%0
0. oroL@L\ %8

| N
0.080} » V
§ X
- } A \
(%]
& /
0.060¢
3 ¥
N 5
Q //
; 0.040¢

.7
]

0.020

300 1000 3000 =000
w

Fig. 11. Frequency dependence of internal friction of ice.
o in angular frequency.
BOFENCEM T 20 B NEEUFBRRELETI0EBRMCP TN S,
FILHE, FAWMARBEE AT A -5~ LT tand SLIEFHHREOBRICh kDS
OTHEE AIREH=2nf CHHMEBRTRLTH S, tand & logo I LIS LRBO

<
0:;;8 O 500~
J a_ 2 A 3000
< 0.0 ‘——é'\ A 2600
3 tan§=4,—2E, P BN 05500
2 1rwTs X X 8500
& 0.006} ovd .
dm = 0.009 \.""0 A~
~ 3 Ve X AO
gaoo+ o A .
s o & 4 0.
§ 0002} R P So%en
13 _e- T X e
— & 4 PP { A " bk 4 o A el o
0.05 01 05 10 5 10 40
wt

Fig. 12. Relation between tans and oz



ZRB R BEEROKORIER 111

BB TH DD XD, CO tand ORiFkEE 7 2 FIRTIME ons &35 &

e Dmax ( 4)
PHEFIR TS 3,
BI2 PG or ZHHERTHINICE DT tan 6 ZFR L7 b O TRRBAMEL S
. ot
tano = 4, Troit
- 4, = 0.009

EVD XL BMONIEMBROT HLOIKFHAL TV,

HI13ME, EHS NI X F =~ HOAEEED peak %4 % 5 AREIKOW S S i
B X NIRRT « A E B TR, peak O d bl B ELEE KARELE ORI TED L
THMICEDTT By | L bOTH 5, Bk @ AT, (b) RO ARk, (© R (@
EERRKTE S, LING T E T LEEGBERERLTOT

2

RT

T = 7,€Xp

VS EMEEBELTV S, ZTICE 3 RN F =~ BORNPEEE 4T 5 IREBOEMLT A
WE~, L, ZERETHLE, E,BCNoEHROEFMP LR ONZBEEMITNENTETL
TBDT E, 3 AFE L #6Kcal/mol &5 3,

L AT DA MOMIEEZDOMENTAZERDES I L, THbE, (&)1,
Kneser® 3£70Kk O B RO ABR RV IEH IS THA L 20BMEMEBELOBRERT L
DT DBLRERT AL F—iF 845Kcal/mol 52T 3, {HLHEREREIZ 0°C~
—25°CTth B, Ti, (0)id, Humbel et al®, J ¥ Auty, Cole® Hir L 2k O FE BB LD
peak X D RDABMBHOBEEZ T ICHL7uy b LD TH 2, COEROHEFD
LHERXNIFBENBMELZOFEMA - A v ¥~ 13 13.25 Kcal/mol T&H 2T, HILHhNDHEE
LB BMREROERML AV E~DIIZ 2R >T V5, BEBAREE, kT
BB FOEERIC L D>TOEBTEINE DT NS, bivhbhsER L —30°C~—-90°C
DEPITORMAEFR LRI ZBEIC X BHE D T &G IEMALT A v ¥ — O g7 17
DO RMIENE C EF0AR0Y, 6Kcal/mol S o, 12 FERBICE T AERML I
F—DEHFTHY, XBTObond 2 LEXZCETAZANVFEF~CHELNEVS SiIFEHEHX
NTEHTHAI,

Wwic, WHEOEMERICOABER S 5 —140°C~ —145°C [ 1C & & b1l 5 NEBEER®
BT AN F — D0 THENEF TR S0, C ONEERED peak ZIEBIK OB &
BT 348, peak OFH SO N HREREERZOMBTEMAILL, BRYICHLZIFE
P ANF —FRRTH B CLERKT 5, COLS57 peak 3, BBRETW DD I



112 FREARL « LK

'—2
0 @
N
T (}0 o
e £
&
® @ e
L < o(_,‘
A Hombel | o, NN O
A x 4 X
Jona ’ S @
Il (A)
Scherrer , 4 /
‘ .
X Auty ’ : N4 /
3 Ccole A R A
R
S >
: NG
Q Q
S| 7325 o ,
“ Keal, @O/ Fresent authors
Q ol
I3 / mechanical relaxation
o £
3 S o 6 Kca/mo/
~ \QA y
v ®
.51164 ‘/ // / '
- / @I
5 o/
S x //n
N /A
/A O/ Kneser et af
45 K S
-5 : T x103
o e .
36 4.0 44 48 52 56 6.0
e I

reciprocal absolvre temperatvre

Fig. 13. Relation between relaxation time of ice and
reciprocal absolute temperature.



2865 BT O B R DK O P IR 3 113

B8Rz m3bninnd, 230300, XikoX sk, BEAOBIChHEDT
ERBEATTY YA ) v TREDTTERARCEELBRHINETHLOTSH 3,

V. #

Z A R OB G 0K DR (°C~ —180°C R BEHPHIc b - D CHlE L8R, %
FERTE, RTESRAICERT 3 tand 78 0°C~ —30°C OBWE TARERIERT, i
=30°CLFICHEEATH 2 &2 EAERMEL, KT —30°C~—90°C @ FPE CTIREVE I KA
THRNF=—BNFEERS S DN S, FICREETW 3 & oNMERIHEL, —140°C
~—145°C ;R TR U HEEE I peak 235 b1 %, @ peak O H 5 h i 2 BERIREFEIC
LIS, £ LT, B, SKIDKIC @B S N, b b i IR o il 2475 72k
DHEBEEPLTKIZL, ERTZOBEBREIERE L TAHR, FEMADLEE 1.3x10°
2eem LT EEFROKRTHEEREOKRTH LD AADKERRBEIEZFMUMT, BEBAD
ZRNO8~I0fE LV HEER LA, BETNE, EESKTLEHBKTOEARMORE
BEAEZEDLELBREMAKOBEIEZS~HBOELSEA TR EICK B, KB, XEXOD tan
O OWMERFMHETIROLHEKOENE LT DRLODTNT, I ZRKONKEREREGEE
HLEEIHERBNODTH I BTN DO TRMANMBOBBIERINETH A,

on
|

COMIFEATTHIICEDTEL OFBHIE O 20 RERER, AR hEES
MBEBICBHOELSHSDT, A COERICHA UKD HEERE, SO ELRR
POFEINALEDOTH A, HROFRIZLDEESHEROBON L LA UESOLEL
20, ok, EBFLHE, COMFCELTARTHEGE L T ERIIFE I EMZ S
=T L IR R BURF2OF 2 B HHELHODTRETH 5,

% ik
st 7k, BAAE) 1956 0°C~—100°C OfiEHIc 4617 5k DREMsE I (EEBISE, MBS, 15, 171,

—

2) HUEKED, e 1956 RBhkc & EEZoOMBEoPE I EERE BEE, 15, 43.

3) BEKE), WX 1958 ZERRUHESROKONIERE. SEWE, 4, 254

4) Bk, HFREDL 1955 RIEEERERRE. £EYWEH, 2, 116

5) Keiji Higuchi 1957 A new method for recording the grain-structure of ice. J. Glaciology,

3, 131.

6) WEERFLER 1958 kodiuyHEr. (LEBLE, WIE, 17, 87.

7 HRAFEHR 1956 KEBEEOWE. B, 26, 272

8) H. O. Kneser et al 1955 Mechanische Relaxation von Einkristallinem Eis. Naturwiss. /5,
437. ‘

9) F. Humbel et al 1953 Dielektrizititskonstante des Eises. Helv. Phys. Acta, 26, 17.

10) R. P. Auty and H. Cole 1952 Dielectric properties of ice and solid D;O. J. Chem. phys., 20,
1309.



114 BERY « bR

Résumé

The internal friction of poly-and single-crystal ice was measured by flexure vibra-
tion method in the temperature range 0°C~—180°C. For cooling the specimen, use was
made of a cold box which could be refrigerated by means of liquid nitrogen or
oxygen. Experimental apparatus is shown in Fig. 1.

In the case of polycrystalline ice, the internal friction, here designated by tang,
revealed three characteristic variations within the above-mentioned temperature range
(see Fig. 4). Within the range 0°~—30°C tan ¢ was found to decrease exponentially,
and, as the temperature was further lowered, there appeared two peaks of tand. The
position of maximum of tand which appeared in the intermediate temperature range
proved to depend on the vibration frequency in such a way that it shifted towards
higher temperature side as the frequency was increased, while the position of the other
peak Jocated in the vicinity of —145°C was independent of the frequency. In contrast
to polycrystalline ice, single-crystal ice did not show anything like exponential decrease
in tand in the range 0°~—30° C, but a peak of tan¢ which shifted with increasing
frequency towards higher temperature side (see Figs. 5, 6).

We also made some experiments to investigate whether tan ¢ of ice is affected
or not by internal strain produced after irradiation with heat rays. It was found that
the peak of tand which appeared in the intermediate temperature range, in either case
of poly-and single-crystal ice, was not influenced by the internal strain due to Tyndall’s
figures, minute cracks, or the liké resulting from irradiation. (see Figs. 7, 8). tand of
polycrystalline ice within 0°C~ —30°C, on the contrary, was considarably affected by heat
radiation (see Fig9). Tow kinds of activation energies were calculated, one from the
curve of log tan ¢ versus reciprocal absolute temperature and the other from the shift of
tan § observed in the intermediate temperature range (see from Fig. 10 to Fig. 13).
The former value came out to be about 16~20 Kcal/mol, and the latter 6 Kcal/mol.



