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Fig. 1. An example of diurnal variations of soil temperature measured
by thermister and electric resistance by soil moisture meter of
porous gypsum blocks on Oct. 23-24, 1963.
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Fig. 3. Relation between thermal diffusivity and electric resistance
in the field experiment.
A, B; Regression line of ap
O: ap: Thermal diffusivity from phase lag.
X : ae: Thermal diffusivity from amplitude ratio,
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Table 1. Some constants and thermal diffusivity caluculated under assumption
that diurnal variations of soil temperature were sine curve,

Occurence Time lag ap (c.g.s) Amp
Date Depth Max. Min. Max. Min. Max. Min. Amp. Ratio %a
(cm)) h m h m m m °C (c.g.8)
8m25d 5 1508 | 600 | 101 80 468 | 746 | 493 | 160 | 415
10 | 1649 | 7.20 3.09
om 5d 5 | 1432 | 612 78 62 786 | 1242 | 524 | 156 | 456
10 | 1550 | 7.14 335
om 8 5 | 1435 | 634 | 103 45 450 | 2360 | 540 | 155 | 470
10 | 1618 | 719 3.98
5 | 1431 | 614 | 103 53 450 | 1701 | 571 | 167 | 348
9m9-10d 10 | 1614 | 707 3.43
L 5 | 1500 | 557 84 67 677 | 1064 | 551 | 150 | 541
Imld-15d | 45 | 1624 | 704 367
5 | 1420 | 633 o1 66 577 | 1097 | 521 | 158 | 438
10m 3d 10 | 1551 | 739 3.31
5 6.42 53 1701 | 545 | 156 | 465
10m 4d 10 7.35 351
5 | 1415 | 658 64 71 | 1130 | 947 | 474 | 158 | 438
10m23-24d | 15 | 1509 | 809 3.00

ap: Thermal diffusivity calculated from phase lag.
aa: Thermal diffusivity calculated from anplitude ratio.
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TEHRLTH D, P IKOHEE T DBE, WEAK (LWL TEMBEEL THAET 5K
G, IRMY## 80 cal, HEMN L7, K 05~08 T, EREFHETA~% b z™,) @
CEREBELEIS DT, Op=1gfcc L L1, b RTOEDOHKRE T, DAL 0=25g/cc &
Lice COBRADERERIEEDHBEBLDEBRRIIHNTEF — 2~ 05 55% % {KEL
T £0T, BEHHSRTHY% OFKEE TRLOERIL 4% T—E T, ERIIKEZELTH
ENTVREFEELDT TH B, AKE5% LY KRELHTR, tkickoTAHLT
DEHRINTOVICIEAMN100% 12155 EL1cbd TH D, 55% LIt d HEIEIDREA D
HDHIZDOTH DR, BREA>THEOEREL TS,

BENC DOTE, BREERAZHEMECHR - TH 555, EROBPIEFTR 4w loxs 51k
TIF8o 2y Aw ELTIE 140X107%cgs (20°C) % & D, A=44w ZIE L, THIE 4w O
& KARSTEN™ {2 kX Z/KIC TRIFIL - L OB ERAEDOER &0 5, SRR L> TR D I
BAEZBLUTRELETH B, da=1/20-40=007X10c.gs LIRE L/, BHERO I=

1) A A o-vx (UBRZRER); LHEEK, 195
12) A 11).
13) JASFIE); REWEE, (1961) wEIA.
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Table 2. Some constants and thermal diffusivity caluculated from daily variation
which is obtained by harmonic analysis of soil temperature.

Constants of Occurence Phase lag

Date Depth harmonic analysis g Amlp. e
{from) a ] a, l Ay Max. Min. | Time lag Ratio
cm °C °C hm| hm c.g.s. c.g.s.

8m24-25d 5 437 23.10 | 182°49’| 1549 3.49 21°37 6.39 1.55 471
{(24d11h) | 10 2.82 2281 | 161.12 ) 1715 515 86.47m

8m25-26d 5 4.08 22.76 | 14155 | 1532 3.32 25°237 4.64 1.57 453
(25d19h) | 10 2.61 2263 | 11632 | 1714 514 101.50m

9m4-5d 5 4.99 1927 | 17512 1518 3.19 26°59 411 1.61 401
(4d21h) | 10 3.10 1952 | 14813 ; 17.07 5.07 107.90m

9m8-9d 5 519 1820 | 298.21 | 1507 3.07 25°317 4.59 1.62 3.9
(8d5h) | 10 3.22 1839 | 27250 | 1649 4.49 102.10m

9m9-10d 5 | 527 1871 37.57 | 15.28 3.28 33°06' 273 1.65 3.62

(9d12h) 10 3.20 18.69 4511 1741 541 132.40m

9m14-15d 5 5.26 15.72 2254 | 15628 3.28 24°347 4.95 1.52 519
(14d11h) | 10 3.46 16.13 | 3568.20 | 17.07 5.07 98.30m

10m3-4d 5 4.76 1266 | 28027 | 15.18 3.18 23°59 5.19 1.59 4.26
(3d4h) | 10 3.00 13.12 | 256.28 | 16.54 4.54 95.90m
10m3-4d 5 4.75 12.45 5132 | 15.34 3.34 21°56 6.21 1.50 552

(3d13h) | 10 3.17 12.96 29.36 | 17.02 5.02 87.70m

10m23-24d 5 4.03 8.29 2017 | 1549 3.49 24,34 4.46 1.54 485
(23d11h) | 10 2.62 854 | 35425 | 17.22 522 98.30m

T = aota-sin (wt+A )+ az-sin Cwt+ Ag) + -

0.0574 (20°C), - 7% D 4=0.0704 (KK T1%, 80°CY) ZEE LT, atSiAMiiicy 3
FoWIE 1/20 A BARE L e b TH B, =70 K243, Kl ERL 70T, ROHNMSHECE
BETHsEELLEAT, NBELKILHOXNOHLDLEDHALFAL THE, ThdH
BEIZD> TWLBEY,

1 668+gw+a} (K2)
—E+ ’IU+ (13
13 J’N) Jll
DBEAEDARESHICAZML, CLREZZEFVORTRENMEEZL> TS, YLD
2D0DEFNTH, BEHERIEKE, FERBOBGEIIZIZHS Mickhsfcbd Thsb, Kl

@%émowfu@mm@%?»%@ﬁbmmv,i@%ﬁﬁ%@ﬂ@ﬁ&bfﬂﬁbfﬁ%
N2, #<1d SMITH & BYERS™ i iE+20F 0 0.,=0 TOHAIZDNT, 2D Kl 0%
EPIER (B2 HEBR) LLTHF TS,

HICFEBDF B> EHERNOIDTCEIUEMRBEDBLEEALONEDT, KADEFNVT
i Ki, K20 FLo/NrhhkoRo &> Bflabe2E e, BRE/NIHROERDS

14) EHEHERXE; HEHEE, (1963)

15) B 1),

16) MHEE—; M X2 BR8E, BRBZE, 6 (1955), 57
17) L.D. BAVER; Soil Physics, (1956), 374 iz 8] fd.
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Fig. 4. Assumed models of soil structures
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Fig. 5. Theoretical changes of heat conductivity and heat capacity with mois-
ture content for assumed models in fig. 4.
(Constants are assumed as following :
As (of pure soil) = 56%x10-3c.g.s.
Aw (of water) = 1.4X10-3c.g.s.
Aq {of wet air) = 0.07Xx10-3c.g.s.. Porosity is 55%.)
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Fig. 6. Theoretical changes of thermal diffusivity with moisture content.

EBHLZOE, APFETHELE NI T ERREBERND 2B LN BILEHLTIE N,

Képxe7nid, KbitBWTOERE T DONENBERINIES T, EBBTFRCE-T
WAIEAETHB, (- THERRI, K5, K icksInT, 6 & d. 2T 5720 T3 K5, Ky
ALK 2 BEEREZDIIKNER S,

MAXWELL BNELIIER OB SR LS EFw, 2% D REBOMIC KR & MBI NS
RBPEBEDNKEBLIDRVBRELSBL T 3BE50OKRKLKOESKIES I DN THE
DR

18) #fH 5).



48 Mo oKk 2

2k1+k2+P (kx_kz)

K= 2k, +k,—2P (k,—k,) ks (Max 1)

L, KR@KREAKD, b BEET 20D, L BREOZNENKIER TH D, P I, hEk
AROKEAKICH T B R TH B, ¢ O MAXWELL D0 KRN & O tb D IC, k=1/4 &
BUH, ARESESRTHY, MEEKTEEPATHENC LK 3, MROMERRS
ds, KEKOE ki, KEREKDE 2 E TR,

323, S(1~§—’S>
317+al s(l—%)
T T 05 BARBREKRDEED O/NRDEKFEEEBN IS DDOLIKIEWT 2L TH b, £ C
T, MAX2RIcBON TR TOEREL, TOEREZE->TIZHNT, £4 KD ML, M2,
UToeFfvOHEXEH AT 5, £3 L ZLD, 4w EKD, b EBEZDTNENRMEHER

E¥3,

A=A

(MAX 2)

e 2w, As—> A, O 12
A=Ay, As—> i DO A4,
Ar—>2s , Ag—>r 2w OB A4,
At A, Ag—>A, DI 4> 4,
Ar—=Aa s As—>rAw OB A4
Ar—= 4w, As—> As DB A4

M1l o Fvid, 4 O/NERD L ORKOPIZHIAET 2 EVWHBET, %, LEHV OEFZ
kBSRchichid, R FHOBARCDEFV—DTELOREEEROERL L H
HELTWVD, TR BEEOMEEELEED 2~3 Sl L OB ESI T OBENEL T B
B, PUTFTOEFVORREEL HDETESHERTHLLETE, BUROMEERLH T O

EWEBLIELSTD, EH, LHOEGRRAEHHETEZES Th 3,

AR

3— 232,(1-§?>

72—-1-6_2_1(1-—&) | M1)

1

A=A

M2 DEFNVIE, 4 OIERD A DREBOPICKEL TS EEELALEAT, Ml TKTE
MEDH/INFEZHRL2TRONPCATNE ISR EF VI LT, M2 Cld, &iEdstofh
&f%t@f»cﬁﬂ\é;vm BRI TND, -7, FERR A E4LDBOALDY,




TOBEFE I DLT 49

3—2m4( —§L>

A= 7 i (M2)
37:+&4(1—j§>

M3 o Fnid, K6DEFrvDLHic, LOhICHBU/NERRDIS BEET, £DEEII/AN
IR EENE BIBEEEND, (o T A DN A ORBOPIHRAEL TOEIESENRS,

_ _lg
32m4@ %

A 4
324+a4(1 A>

A= 4 (M3)

M4 € FNOEEE, M3DEFNVERDIBATH> T, A D/INED A, OKREO H iz %
ETBESBBALES,

3-200(1-4)
I S 2/ o)
Getoa(1-3)

M5 o= Fwik, M3, MA 0 FVvOB&OH/NEEM OB BEG8H D, ZOhicidii
INKTEDSH B ERELUIBAET, M6OEFVEE/NNESEEOhcKEd D, ZohicgEn
bHENSEBATH D,

_ _é>
32mﬁﬁ 7

A=A (M5b)
18 N 1-!
3o (1-77)
3—2a4<1—{%)

A=A 7 ; (M6)
3 os(1-7)

Plro=Frofiic, =Frvidido & henss, £, K, FHKOMCEEORMEEIICH

7B DHEELTHE S Hic Al
A= e Ry Aa (K3)

¥, Kl K2@enehfilse, Mursicdcsc tiiis,

PDEOREEZHESRcHNE, EFVOBEDENICE > T, »IE0OERBPHIZERKIC
HLTL B3 EDBbrd, X, K& RBIBRFRICKE> THRET 25, BFXEMARITE
DTNBEDLT, ZODITN—TEabNTHRE LS THE, KBZOBE, ERELI D%
55% I RE L CFELTH 34, BHREIMNXBZ1H- T, 2560 BEHEZHSKORLE
e, BOLOMEERE B ECHEAMNL B LDk, acEndsc L, SEMEE
HRETHET 5L XTI NEHO—DTH A, .

CNTHREEEICONTRE, BXZORMB OO OTRICRELZEE >V TRESK



50 - V1NN T -

DS, ZOEHZONT, BECHECHRE LD 6 RIcRYT, TOHRBMEF™, HA™
DOHFEEHEITL, 03cal/gC EREL, K&E1ET 3,
HHOUREMET NI IS hOBRAERE LT, XKORERE L HMEE 5 RicRT,
pc = 07505404
BOMicAH B WML, BECEEOEAIMETNEAOMBSEAMELRIBVBEABRTL S, ¢O
HEOEAILRAIAERFROEFVIZONTRABRE/KEORNE &b, BEGERI
ZIEEL BERMAOEETRBAEELDLDLH2,) L, I8NTROGECBBEEED
BE&ERALDLIBEmMERLL, WITNR UARECEEDHAR, EFVOHELD, MADE
HOEDFORNEEIZE> T, ZTOHBDOESDIETFICEY LD CEED & OB ELE
OEBRMEOHRICB N TREFEET I LELNG, HEOREERBEOHE L OHFRCH
TEHAEBORIHERDPIVECOHILH->7Ohd LR, HHROXHMITOZEBY OFNL S
N3, BREERTHE L TEHE™ OEE, BLOLOH & LTRHAKY OREMBAONE,
BARBOMINE &S ICRBEHREMMO P& UTIiE, F. MONGELLI® %525% %, #{ZEE D%
EBpe-® X LT, F0REAED, MREESKEMULEOMDERIE LTHRNED TH B,
—@%%wmgéﬁﬁﬁ&u%@ﬁﬁmsz,%Ebﬁm&%iéotﬁ,mmmbkof
DHBEIFERE, BREATOREERLENARATH 3D THHEL,, BUBEF 5 DS E
BHELFTETNVRDOTOD, ULASAUAETHELDOT, EBROLOMES L HL T
DHhREBOMETH B,

VI. % & B &

TORBEEEICBT 2 BARR, BOICREEE, REAYEICBELTEFVEREL
TOPEHFE LT o, ERTIUYOENEZ BB BRI po 708, BEHFEOHF IO
WRE G, BREE, RECEECELT, AKE, TEE fE KR #ESBOHMC
HEL, COXIUMERRERT PZRRTE I, SRCOBOEROES, XHEIcHY
ZH2OWEOHENL SpEREFICEL LED,

COMEE, BLIXELT, GREEROMEEDOS LitTiibilcb D TH S,

21) A. HicasHl; On the Thermal Conductivity of Soil, J. Fac. Sci. Hokkaido Univ. Ser. 1I,
4 (1951), 21. ,

22) S. Suzuki; A Method of Measuring Actual Amount of Rate of Percolation, Specific Heat and
Heat Conductivity of Soil, Geophys. Mag., 28 (1958), 499.

23) A 21).

24) BYRTARR; BEKZKEE, (1961), 171 iy 2 Tk

25) F. MONGELLI; Il Coefficinte di Diffusivita Termica del Suolo, Bollettino di Geofiisica Téorica
ed Applcata, 3 (Marzo 1961), 49.

26) H.E. PATTEN; (1909) 17) i@ U < B{H.

27) BUH 21).

28) diH 13).



To#EHEFIZOLT 51

HIEHEE N 1 K D GBS, BAMBEEFO KO BEAREE, RBEOHEELEF
ELREHLET, '

3. On the Thermal Conductivity and Diffusivity of Soil

By Daiji KOBAYASHI
(Department of Geophysics, Faculty of Science, Hokkaido University)

The dependence of thermal conductivity and diffusivity of soil on water content and
porosity has been studied by many investigators. And yet, it is not clear on some points.
The relation between thermal diffusivity and water content is particularly not clear. Refer-
ring to conductivity, it is said that MAXWELL’s equation does not give the empirical values
in a water-poor region.

To make those problems clear, the writer assumed some models of soil structure (Fig.
4), and calculated conductivity and diffusivity, using the approximate equations (K1~KB5,
M1~MS6). The result is shown in Figs. 5and 6 Conductivity rises with increase of water
content in an extent of unsaturating pore, and falls gradually in oversaturated region as
indikated by other investigators®. Concerning diffusivity, however, there are two types.
In one type, it behaves the same change as conductivity, and in the other, it decreases
with increase of water content in the whole range. The writer carried out also field
experiments by ANGSTROM’s method, but he could not obtain the satisfactory result (Fig. 3).



