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Development of a Teaching Tool for the Turbidity Current:
An Easy Flume Experiment Using Bath Agents

% H & — Bp*
Kenichiro SHIBATA

Abstract: An experimental teaching tool for the turbidity current was developed. This
teaching tool involves a simple experiment wherein a milky-white liquid is poured into
a transparent green liquid in a plastic tank. Two types of powdered bath agent were
used to dye the liquid. Some of the anatomical features of turbidity currents were
observed in the experiment, such as a head and vortices. Furthermore, the experiment
also demonstrates some fluid mechanical features, such as current reflection. This
teaching tool was used for children at an education activity at the Yokosuka City
Museum. All children were interested in the experiment, and were able to generate the
turbidity current. This teaching tool can be used in Earth Science classes for elementa-
ry, secondary, and high school students.

Key words: flume experiment, teaching tool, turbidity current, museum, sediment
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Measurements of Viscosities of Slimes and a Model Experiment on the
Relation between the Viscosity of Lava and the Shape of Volcano

[ B & —* i L 5§ sh**
Kouichi OKADA and Yasuhiro SHIBUE

Abstract:
lava, and also a method of measuring the viscosity of the slime. The prepared slimes

This paper presents a method of preparing slime as a modeling material of
show viscosities ranging from 4.4X10* poise to 0.6 poise. The viscosities of the
prepared slimes fall in the range of basaltic lavas and are lower than those of dacitic
lavas, which often form lava domes. Using the slimes, this study shows a model
experiment on the relation between the viscosity of a lava and the shape of the
resultant volcano. After flowing out of the modeled crater, the slime of 4.4 X 10* poise
viscosity shows a form similar to the lava dome. In contrast, the slime of 1.4 X 10® poise
viscosity shows a form similar to the shield volcano. The “lava dome” of the slime
flattens in a few hours, owing to its lower viscosity than the dome-forming natural lava.

This paper emphasizes that the instruction method for the study on the stickiness

should be developed in the context of the Earth Science education.
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POk wlifs+ )9 aKERICE) E=LTLa— L
(LIF, PVA (894 %) 258 PVALEMAS X
THEEGTRE TR S A AL, fFRLx51
LEFIEIGRT C & TEEICESORNE A A — V&
Wi, COHFEERTIE, ST EICR 5 A aho PVA
SEHEBMVE - TOWABIS Ikt = 5 14 4
EEEIG B ENTELEHELTVA, 2L, R
54 LD PVA GEHEVPHEORE S IV TEHE
LTuEn,

HETRTEEE (PriEh, 2006b) T/RENTWS

TSN D ERIC W T

* BRE IR SEHE R

2008 £ 9 H 8 U=+ 20094 11 H 13 HZHE
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e i — « 7L 5L

£ FNEEE T, PVA BEEM 20 cm® 12K 5em® %
MNA 7oKiB#IC 03% &5 W03 1.0% D& 7 ks
i 10em® ZMA TR IA LAMERILTVWE, U
EEHREOEVWRASALORIBKEEHMART &
ERBLT, O RB 3254 L2EEIL TV S,
HEE (TTNE 2, 2006a) 1213, fEEo/hEs LiEEH
LTEKLE LTEHIL, MtokEwaEhoT
SrokiliE LTEEBEEPBTFLNTVE, 254
LOEBARIHTINSDHIFLFE Lictkomh
I, MEONSWR I A S ILDOES, Hiko
REVZ T A LPEIEEEOBSICOHTE S EH
FEMVB L LN, SO IR LT
HEMICEBEIh TV 2 (BIZ1F, 20, 2001), #
Rl 5 W (3HETHTEEE (T3, 20062, 2006b)
WA 54 LOMMERIREATORY, T, 25
1 L ORI 2 HEE2EE S TRV IEE LM -
fo. MHRIPERTOEEFNEICA > TLIE LA,
25 A LICBET B RANIIS 7 — & 2RSS TE L HLEN
»5.

ST, KILDOF EIEEOMERE OBIRER S €5
WEBRDIGE, 254 LOMERENIKZGE->TVS
12 EEBRERICHT 2 EEORR M A D, TN
3h (20064, 2006b) 1Zh T BEAZEZ 5 ETR
54 LDRHERAEL Z 1258, o IKERICET B
PVA MBI OEN G EEZ TWIEWL. PVA BRE# O
BEEIANETR M LOMERLEDL L EFHELT,
25 4 b ORHREREET TR 5.

BT, A5 A L OIERIFIE AR OBIE S
kAR, PVABLEBMOEIGAEA TIFRL IR S
A LADORMRARE ST . RIC, fhERAKE CEL
5 R 54 LB THEEORMES KILOEICRET 5 €
FNEREITY. REIC, ERERCETIEEL
Mo < OEPFEHICOVTOERELE T,

2. ERF &

(1) RS54 LDFES

B —# =ik Ui (NagB,O7- 10H,0) 1 g £ ANT,
50 cc DIKTHEMN L TH OWKBHEES. OKE
WA KB A 033,
BlDE—H—T720g 75 90g © PVA #EEH Gk
Al DKA s =) & 0gind 50g DKER
HEhETH S NIKAR A KB B &S, PVA
MO PVA EEHE IR 9% (HIFESH1 —Xh
INFRAE) TH B, PVA shiH & KOFERICIZETRFE

gz ARV

HIROBORIEICIIA A VY v —%{HiRld 5 &
MEWVD, PVA RN A X v ) v ¥ —NItE-T
ILHESREN TE L85, 22T, SHOERTIE
AR v —RFHLTOEL,

PlEo x5 U TR 2 7KiAIKR B ICKIBIR A %
MATEDETILS DERE TR S A £ 52FRIL /2.
KRG BRDOIKSHDIEWE [HF | BTERTLD
T, OB [72F] 2UAESICLTRERL (K
1A). THIEH (2006b) (&4 5 R¥EEZ A VTV 374,
iR E OV EHN S IS TL £ 5 AJREEL S
3. HRWMAEEELT, JITREHLEAFALTL
L., FEMENES SICRECHBZEHVETH [1F] %
MHEREFIC D, OBEIE, BHERICHERT
R BEARCT [72%F] 200 o zEE (X
1B). 72720, [ 1 DPRELRVTELELHHELX
5S4 LABBICERT 5 C EBRETH - 7o,

TERIL 72254 2ORODH LIZIRD LI L TiT-
7z, E—# —A2R EHxSERmLAIcE LIRS
4 LEGEREETVL ER A LFERIRICE > TWVL
(K1C)., E=H—-HDORASA LDEFELEE—DD
BRICL7RT, E—=h -3 652R0HL 1.
COEIICLTERILIZZR A4 L 3REBEENTL
LiobicHBEEL TV

(2) MHEEOHEAEIAERX

1) #MEROHER

ZITH, BEOMURALTET EZHETRIA 4
DOFEEEAERD 5. BENFEERNE EXE2EZ
T, BEDHERER2DLSICEFMLLTERD S
NTVAE I EMBWL (FIAE, B0, 200D). K2thT
BEOES (BB % h(cm), BEDEEE o (g/
cm®), FEIMEE % g (980 cm/s?), BEEVRN S5
HOER A a, BEEDWHESE Volem/s) 8L, ZL
T, BEORNHERTH A ERELT, EER (),
BT 13 poise) &R TR 5.

n=h%og sina/3V, (1)
ERROBESE ZMONCERE L, RNk - TS N
AN OERAPERZE > TOAIGEENEZ L,
F 1, BMAOIATHERYREEEL., o008
RictE- T, HRCEHE LLEERSEEUEON
ST Minb s &N S WSS S 0, S

F— %KY %< 7 <3 RERIENB b S0 E
mNHEO (B0, 200D, Lcdi-7TC, 55 N— 4
2R 3= < iRfgEm bicEBH L CbmhE s gL
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(A) EloEEHRVT [72%] 2V58F

(B) WMEENSKRE VR 54 A Z(FRT 5BRICBL
TRHEHGEEHACT 2% ] 20 58T

(C) E—H—RROBIPORIA LEZBOHEES ELTVBEET
1 =354 L0E80EF

B2 @EORIEATT 5 hoe sy (B,
2001).

CEEZHD. PboLdic, BEFOLONNEY
ThBHH A EToOmNALHEMTERZL, a0
(2001) {3, TEEDEFEEROMMER L BEICERT 5
DIHE LV ELBAMS b, KgXhoK 2 Rl
EFMICESOLTA (D) ZHOVTCEHET % 2 &%
BIUZITONTWA I EERLTVA,

s, B 2001) 13X (1) TRk o B iEE TR
FOREMER | EERIL L TWAD, GEIEN (1984) 3=
ERERNIEEOMERE L THREL TS, T
TR Lok onsfErxfitRELLL T, R
54 L ORHERERD 5,
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(A) BEEZHIATVSEEITRS A LDEELRIE
THERET

(B) 254 LD@ESEH—IIE > TOSHET

©€) HRGLET I 2T VEREDESS.

D) Zbw 7Y r oy FEERTRSA LOWHEEL
IS B RET

(E) 274 LADRBEEZRET 5T
X 8 RO

2) RS A LDOMHRORAES X

HUIRER O {13 7287 5 2 F o 7 e 4K
EHREOLITEVT, 2514 452BHaNOHEIZAN
%, 254 LAORBESEIBHNCET—IZH % £ TR
LA T4 LOBERIEETTY (K3A). RS54 LDk
JEmtg—i2ts - 72 5 (X 3B), HflE (X 3C) 73
ATy VAEERE THEUIREA L, X541 455
ANTHT. ShloEETIE, BEE 1.lcm BETH
DRI (@) 1F sina OfEICL T 0.3954 TH 3, il
A(1998) b[EI U £ 5 WEBREIT-> TV B, KR

DRIENHII TR > - O THHIZ R 5 1 2 &5
Kimlic, CORIRPDHIEETMNDBECILD T
BESREG—Icin9d», 22T, KFETRT
2 F v VBEGBNTHL T3,

HUIREA L 22T, 75 2F v VEENERNS
254 LOFEENERREE FEERE 2 E L (4 3D), %
DRTRA T A L DFEAFHANCTFEE I L T2 ERTHI
ET B (X3E). 2T A LOBEREE $thikifs Tl
Lii<igTi b LEL LS. Z2ITE, —HHEOIEES
THENIFMAZRE L TWa. BRIV LigiioE
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BRI NS<H-TLE - ENHE TR T X/
LEiClE, HAEEAERTEEEL. U, R4
LCEFN TV AXKDEFREICEEETICBEH LTV
o, TOTENDS, ZRFA LDOBRNRBEEOEE L
MIBRThDIEELONS.
EEOHERICR 51 LOFEEARD LS L TR
Wi, 9, RIALETITRAF v IREHSEDH
LTHEBELZAET S, RIS, KEANRIZAZVY v
F—NITRI T, KEUDEEN SR 51 LOEFEE
KHB, RTA LHDUKICELS &, 0TS 2EE
HOTRF 4 LaKBZ T CREEEIEST 5. o
EHICLTROONILEREBEN SRS 1 LDEE
HEtE L7
PUboLHicLTEONIZRSA aDBE LT L
FRORIERRES X OEIINEE & RE ok ALY
& (sina) 22 (1) ITHA U TREER 23R L 72, ki
DI (on) 13, BIEONIERZE 6h) &FEEDORIE
B (Gp) LHEDBITERS OV,) BB 5. EEE
FRE) (A3, FE#E, 2003) & kbR OB AT
REERA TGRS oS
on/n={46h/h)*+ 8o/ +©Ve/ V)72 (2)
Sh/h=+0.05 6p/0=+0.01, §Vy/Ve=1001 £ 8
FEd 2 &, FMROEEIFIEBED 10% BETH
L, e, R@)TROONDLEERR T 1 LD
BIEMEMROBIEN Y Ln &t ZDETH B, R
7 A LEROBIETIT O H#HIE - REOBRFENR 5T
ot EPHREAERND X514 LDOBENAL)—T
Hofod BICEFEBROEBMES SO E L -2
NoOEEITE, EREROES>EHX @) » ok
WONBIEED REL L -7 Fi, FoWKEKSE
PVA LM EZRET 2BETREN R T4 LITAD
ALOT, TUADEIGICE > TRATA L DMMELE
b9 5. KUBOEIGERD 58 TFILTHIE - 7
DOTAEIGHANE L TOEGL, Lichi-T, Kiands
MR85 KD SERIISBIEL T TWh gL,

3. ATALDKUERDIEREREETIVEER

(1) XSA LDOHERKE SR

A5 A L ORI &R &R ORISR L -
APEMAER LICKEDTRY. 254 40K EHE
G55 T, KOEKEE A 1 g/cm?®, PVA #EiEH
D PVA GHEA 9.0% EHEBILTVSE., X514 4D
BIEAEHF 2 TROALEDVBZLDT, T2
TR OME S HHET 2 TRL TV 3.

E1L0SOERL IR 5 A LOREHERIE 44X
10" poise 725 0.6 poise TH 5. & 1 DIHAEITR
LT3 XS5, 4.4X10* poise DR ERT 2 5
1 ARFELBRET [7F ) BTE TV, Ihin b
FEHEDOREVR 54 L A2{EL DI, 254 LD
TERIS RO R O PIER S ERIc K S, 2T
BT OEBZEASTEICB VLTV AOT, Eif
RESBOFHEEZ TOhiL, 227, FRICEYT
EL254 LOKMERO FIRIE 10° poise FRETH 5
EFAL. B, RLIWRLACRSA &k D bR
DINSWEDEIEEIG 5 2 L I3E[RETH B4, SElE
FERIL T L,

X1 3PVASHENSLED I EHENLBEBL
RRELBAMENERL TV A, PVA PEEM%E 90 g
FEHLZLD (D) £ PVA A% 80 g {#H L~
b0 (@) DIEFHIVWREGHERERLTVLEY, ©
LQOBEVITEZOTHENTH 5.

ST, HENAfRESE (FrMiEe, 2006b) T,
PVA ZE#E®H 20 em® 127K 5 cm® Z2INZ 7o KiBigIC
0.3% &5\ (F 1.0% D+ & EbKER 10 cm® 2 INA
TRATA LMBEEIENTVS. PVA SEE#MD O PVA
SHEBM 9%, 0.3% & 1.0% O+ v KA D EE
Z0dhb 1.0g/cm® TH B EIRT B, JD &%,
PVAESHRIZVWFNDR 54 4Th 5.1% i,
POt o b Yo LAEGFERED 0.14% & 0.04% 1<
L. PVAEHREIN+ Y8BT ) v A5G 8 A
KTEHLIRTA 2000 5@KD{EV., PVA S
HEPEO SRS - a3 (D, £
to, PR OEF b U v AEFGRERMED SRR NS
{15 (FTNED, 2006b). L7ichi- T, #HEMAIEE
FTRINTOBELHETIERL 22 5 1 £ ORI
FIFRTHERL2@QD X 54 6 LD /N&EL 155,

(2) KILOFICEEAT ZEFIVEER

SEESIL 72 R 5 4 s AFOTRSORME KD
BB d 5 FVERET- /0. TR, HEEERN
4.4x10%poise DA 54 & (F1HD®@) & 1.4%X10°
poise D254 & (FE1F®) ZHV-EREREE
Y

it =—no v — 7 K&l 2D, 20&E
AT HEROT (KOS R Thr) 2155, C
DRDIFITE Y 2 —ROBEXLAZEHTVE, X541
LAEBATOEERDORICANT, O®ELEE
PO TFICT ER T4 a0 KO oL T
5. WL TO AT AEK 4 X5 1R REEER
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R EH i — » 7T EE 54

=1 254 LOHEKE kTSR
B | R U KIEIR PVA KIER Wk o8 | PVASHE | (A):(B)
w5 (A) (B) FU LT | (e
RUR | k¥ | PVA BB | Kk BE(%)**
) lg| 50g 90g 0g 0.37 5.74 51:90
() lg| 50g 80g Og 0.40 5.50 51:80
® lg| 50g 70g 0g 0.44 5.21 51:70
@ lg| 50g 60g 10g 0.44 4.46 51:70
® lg| 50g 40g | 30g 0.44 2.98 51:70
© lg| So0g 30g | 30g 0.48 2.43 51:60
@ lg| So0g 30g | 40g 0.44 2.23 51:70
® lg| 50g 20g | 50g 0.44 1.49 51:70
BEE | KRR B | EBE T MRE | e
5B | (poise) (cm) | (g/em®) | (cm/s) (C)
@ | 4.1x10* 1.0 0.959 | 3.00x10°| 274 0
@ | 4.4x10* 1.1 0.971 | 3.44x107°| 247 M
@ | 3.9x10* 1.0 0.972 | 3.22x107°| 240 M
@ | 2.2x10° 1.0 0.981 | 5.78x107°| 25.0 1)
® | 1.4x10° 1.0 0.960 | 9.09x1072| 24.0 @)
© | 9.2x10 0.9 1.000 1.14 | 254 3)
@ | 2.5x10 1.0 1.000 508 | 254 )
® | 6.0x107' 0.2 1.000 857 | 243 “)
*: KOEEA 1 g/cm® & L TEEA,

R W{bEREI S OfEF U 9 A (NaeByOr) 1T 10 ST OFERKAFES LT

bDELTHKDIZR A4 6thOEHR
ok PV A SRR D PVA 858 % 9.0% S LTHELLRS 1 ahOoEHR
IR (1) 254 AfERIEIRT (%) HWTER. 2) X591 B3FTHTRAERLT
Hote. 8) FTHEIETIERTIA LFFENTLEVESHELTH - 7.
(4) FTHRES EFB3E R4 T FENH L 72,

MREVZS A LEFHERIZE > THTELZ (K.
2%, KHEELSREIVFEEN F— 2RO KINLETES
TEFETMMELTOV S, ROV T4 LG
CROl» o s &9 Ciegtmicm-» Tt L7rc (X4
5). DF, fERWh S LEEMNERAALO XSS
EEMoKLEIEL LR ETAMELLTVWS, LLED
Lo, EFAVFEREKRINILTOVEESA LD,

4. & %=

F1TTRLALEBYD, AFEERTIE 10° poise & O K
XVRHERAIRGT R 54 A R{EEITE R . X5
4 LTEFAELE D & LTV BB DR ERE S
B ofatd 5. ZFHiLo k> BZREEBS DM
13 102 poise 7 5 10° poise (BsH:, 1976) TH b,
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B4 FEROKEVLR I A amEntdiET
254 LOFEVERIT 4.4 X104 poise TH 5.

B35 MEONIVZR T A aFENET T
25 A LOREHERIT 1.4 X103 poise TH 3.

BREEPTEIh TV A EZFHLUDEEo R
10° poise 7» 5 107 poise TH 5 (HIZL KX H,
2006). X5 T/RLAEIRKILD &S 2 hExF -7
4 L ORI ETREBASOMEEFEINTES 5.

F—LRKID & 5 ILUEIE- 72 R 5 14 A DEsER
13 44X 10" poise TH 5 DT, LREHEEEORM:
FOFHFENICA->TVE, EEBEETHEEN-4%
KT 256082 37141 b Th-»T (BREE
», 20056), C DFEDEE O T—H#IC 10° poise
%2 % (Yokoyama, 2005). 7[0(2001) 3 & o
foRERIC L, ENREEEICB T 5 IEE ORI
9x10'% poise & 3.8X 10! poise TH 5. £1 TRl
2RS4 LOERID B I B NICKED. Lichi-
T, HREDOERO L 5 ITKLDEE R T 4 £ H30E
MLl EoEEsdthcz s, LaLliass, o
EDOIEE P — 2RI E1ES 2 5 4 A OEHERR
BEOMHEREIELVWEETA LML,

K4 Ok 5 5RO ISR - L Bh T, X

5 LT AL -TLED. DD, IBEFN—4
AT BTN TR A MTNS VRERD =2 5
A LW F—LIROUNTE - TV B D IZERRICc S X7
W, el L, hMEROBRETELNG, X514 L0
F—aMTETONE [EFLVEBRIIRD Lz &
BT TH B,

ZIT, HMERTHLWoATLS TRE R UT
AN, 2006, p.56) LWVWHFENHEHEBTHS I &I
EHT 5. COFEIHARERFEOSVEIL TK
W, DR 22 OHRE AR EER & £ O
X CCEBRIEE, 2008) odih ST &, [KILiESh &
KiEl DECTAT THitE] &L THTL 320 TH
5. Licdi-T, [0 & cBid 2 A8 a0
BT THO/D T EPROERTHLEEAB L,
M0 <) ORI EICB T 25k HE o b
THALREBSE H0END 5.

ST, MR EEEEH (PR 104E 12 /) #
s ERE—] OGRS, 2004) o 2 5Eo
HiEAZ LERICBLT [HE 2 9T clnik>HSE
3, BEAPREETH - 720, KROBAELSTIciT
AV bDNDIE v EEEEanTuwiess, L 20
ERTO MpERcEE BB RS AR U
BEE, 2008) ICEUBEFITI O LI RXEMHEN
W, 20T, BEERARECEY AND X 5E
EEOBIFA BT BHLE R, A D,

iz | EAEETRIC L IZEET->TLHLDT,
AR ICEHES o EEHEAE C CTHET S
JEETERV., 2T, BHENMREHRELEOL O
254 b0 ETFVERTHERTEZDMIZHL
THIAZE T fo .

HEECHMAEEE (TNE, 2006a, 2006b)
WA S ORMIRLHFEICET 0B IRsV. £
T, BE1m OFA 44 NEBREDREETEST S
lEEEZS, FREOEENSEOEREELT, F
194 FEESORERS 9X10'° poise (B0,
2001) TEEMN 2.3 g/cm® (HH, 2003) DEEICE,
H (1) IZ=9X10'° poise, h=100 cm, p=2.3 g/
cm?® ¢g=980 cm/s? sina=0.3954 Z#fXA LT Vo=
3.3X10%°cm/s ERkdDoNB, E1TRLIZATA
LADFGRICHNTEBRD TEVW Ebh b, T0LS
ICIBBEDHENPERD THEWS LA HEBEEREHVL TG
¥(TRTIEEEADL, () IS =ABKAER
NTVWBEDT, COREEREITRTIEETEL,
L LEH S, IRD(A) & (B) DRHREEREICH 52



192—(16)
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#5, #1HPOODRIA LEFAH A NEBSOWH
ED AR B 72 D1TGIR D L& ST Lo,
(2514 £ OFE) - (7S D)
={1.12X0.971+ (4.4 X 10%}
{1002X2.3+(9X10'9)=100:1
254 LDFHEEEEOFEDLE, 313 100:1 &
skdon s,

HOHBICBENVLETH 505, HEFELHEYIC
TRETNIRFEETOREOLERD L &N TE L
5. K1TOQD AT 4 LADFEN 3.44X1073 cm/s
THBDT, 1cm FFBET S 7201 4.845 5T 5.
BEORBEIER T A LDOFIED 10055D 1 THED
T, 1cm BENT 37000 3H 8.1 R o iR %= B g
3. FAHA NEBEEORNDBO TEVL I 2 HE
LU THET 2 ENTES L, HROERMBREAL
AR Lo S ENDBEIBREEN L T ENTELD.

BB, BEORNOMTIEASA LEEE->THD
T ENLA OV E (RE, 1990) AR 5 LS 2
K3, o TREEOHICOAICEHERALTVLAED
T, RMOBETICEVRH LI EEERO[RICLT
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ST, PVAREBHOEGEERESTRER T A 4
DENMEENREL BB ETFHATE I hb LN, K
FERIC OTFHE (R ARAEL 7T &ickics, M
FHARBRZOLOEZMWH > T EDIFTREY
M, E2HTOEHIEHORTS MREROWRIE] %
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5. BhHh VIS
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O AUTEENESEEEHERESICE > T
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BIAMAEAERETRY AN HERIEREDS
Investigation of Topographic Maps, Including Experimental Simulation
of Alluvial Fan Formation

OE R
Hideyuki NAKANO and Yoichi MURAMATSU

Abstract:

devices that simulate alluvial fan formation were developed. The devices consist of

Teaching materials for the study of topographic maps using experimental

plain and canyon models, which were made of print coating board and polystyrene
foam, as well as a height-measuring instrument. The procedures for using the devices
are as follows: 1) formation of the alluvial fan using sand and water current; 2)
measurement of the height of the alluvial fan; and 3) drawing the contours of the
alluvial fan. It was found that the teaching materials were effective in helping students
understand the formation of alluvial fan and how they are represented on topographic

maps.

Key words:

science
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