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Conceptual Understandings of Rock and Mineral by Junior High School Students:

From a Viewpoint of the Understandings of Their Terminological
Structure and Material Structure

3 PUREE:E T
Yoshihisa HIROKI and Toyosei HIRATA

Abstract:
first-year junior high school students by analyzing concept maps, a test on rock names

The conceptual understandings of rock and mineral were examined for

and a questionnaire on rock and mineral. Their understandings of rock and mineral
were categorized into four groups defined by correct and incorrect understandings of
the material and terminological structures of rock and mineral. The students of the
group defined by correct understanding of the material structure and incorrect under-
standing of the terminological structure think the terminological structure of rock and
mineral as same as the material structure. Because minerals are materially included in
rocks, they regard minerals as a sort of rocks. This misconception was possibly
acquired through the lesson on the material structure of rock and mineral. For correct
understanding of rock and mineral, students have to learn both the material and

terminological structures of rock and mineral.

Key words:
junior high school
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Teaching Material for High School Students to
Calculate the Age of the Universe

EARE - EF SR F T E 0 E RS

Shingo NISHIURA, Yoshikazu NAKADA,
Hiroyuki MITO and Takashi MIYATA

Abstract: A method for creating teaching material for high school students to meas-
ure the age of the universe using a simple assumption is introduced. Any high school
teacher with a personal computer connected to the Internet can create this teaching
material. Utilizing photographs of external galaxies with known red shift, we can
estimate the age of the universe assuming that all of the galaxies are of the same size as
the Milky Way (our galaxy), ie, 30.0 kpc in diameter. The fact that the simple
assumption and simple material can provide an estimate of the age of the universe
should impress many high school students. This teaching material has already been
applied with positive benefit to about 1,000 high school students studying astronomy
in the Kiso Observatory, Institute of Astronomy, University of Tokyo.

Key words: age of universe, Hubble constant, Hubble's law, astronomical education,

teaching materials of astronomy, Internet, high school
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LERBICEMAIERTE B2 L, ¥ LN, 5
12, EEAET-EREICE - Tld, BEELEETTE
HEREEETES, LLWOHEZOLONAXNE
LB L, FLEHEZELT, SRECHERDE
o7 — s OEE EEE O S HIFROB DRV A D
HERAMCKRADLZIENTELIEL NS LN EE
A5,
AMEZETEAHMAEFEH T2 ICH 1 > TRIE
RLEEEbh 2 KCENE ZORBEIA A i1k
N5, HIETRHEMOENAEEBNL, H4ET
FEM O BARRIERAEEEN BT 3. 2L T
XIZICHE b BETRARBENWAATIThbNI SPPTEDOH
F| THONAEE L &I, KEMIck 23EFECE

SNAHENRELENT 5.
2. BB EIR

HRFEHR T, FHEE Y 7 vpolbz 0418
BERLTLZESONT VS, ZOEEFHEVD
BESUE, 1922417 ) — K=, 1927 T £ — b
WBERIE L 72 T & ICH5 £ % (Friedman, 1922, 1924;
Lemaitre, 1927). o OWEEREI T/ v o2 s 4
Y O—AHERICE SV TR o N bDTH B
M, TArvasAyBEIFHMBEL O L
7DFBHEIEEFTVELTHESOFRICHE S R L
7oL TA VY a A UHAFHEOKNE I 2RI AZE
I B cnic, Ho— B RIc EHIETRE R S
WSt BEALLIERIE<HMSATVWE, Ll
19294F, /vy TMITE - T, m< ORAIZF @ 2
E—=FTEED->TW5S, EWIEARER (v 70
DR Hubble'slaw) »#% & (Hubble 1929 73
), ik ->THERFELIFEFHE S voEREN
3. 820 HitaIFHoFETRROFEZ I VWTIE
faTiA (1998) ©{LHE (1999) 75 &3, 20 oKD R
BRI D VT IRHFE (2003) 75 & A B B 75 g %
T-TWw53,

Ny 7 VOERNE, T8REE TOMEEE] d Mpe) &
SR OBIBEE | v (km s™) &V D "> L7
BESLFRERICHZ I EhoBLAELLOTH
o, —ic,

v=Hod (1)
ERB NS, I THHIEE Ho(km s~ Mpe™) (3

Ny ZOVER (Hubble constant) &MEIZH, < odifg
1/Ho 3 PWNICFEER (—RICIOFHERHZ
/Ny 7 VBT [Hubble time] &MESY) 2FK4 T &l
%. 1/Ho DBAXEBIEZRL TV B LiciFEsn
o,

HFTORIBEE I, BRI £ - TE S o HE
2Ry PVOEAED» SHEINS. BEAICE, &
% SR O HaIBERE v 1,

v=cz, (2)
z2=(Aobs —A0)/ 20, (3)
THRIND, TIT, cLHEE, A 3BILRIcBT
HHERER 7 M VDR, o BBl SE S %
DREFRR <7 P IV DR R ERT.

BIBEHE OEHIC L ~T, R E TOEYSARIET
Al EEmDTRETH S, Ny TIVEFIFEAROD
b7 74 FREIZOSLEZERIT A itk - T,
18 B & TOHBEZFTE L 2. bbb O#E
FHNICHDZE7 74 FRIZHBICH L TIE, 405
Z DR & SR & ORI B W AHBIRE R A
HLIEDBHONT O, ZORDEEITD2Y » 4
FRIZSEROENREAYAMS Z EATENIE, o
BEBAR A BT 3 L TEDE 7 » 41 FEIEHEOFL
EHetEHR b0, TRERDMY EOSEH L DE)
S5ZEDET 74 FRIZSERE TOWRE, > nidED
7 7 A FRIZSEEATFAEL TV 38BE s TofEgA
B4 TE3 GRETOFES 1 XL T, b
Nbonh SHEEE TORBNIERIcAZWI &5,
COEIITEZLTELLZ V)., ERIC Freedman
et al. (2000) {3, /v 7 VFEEHERSE (Hubble Space
Telescope; HST) O g W AR RIE A& D L -8R D +
774 FRERBROE = 5 —8HIZITV, Hy=7T1%7
(km s™! Mpc™Y), FHEST 140EEL VS EEE
TV, EFICHEET A TOREBRES LIS
WTR, Zot7 74 FRIEZREABROVZFENEDS
BEXSV., L LABSEREDET T OHES
Wy bz LdmbTc#l <, -fgEE~o/l
bREV., ZTITEREMTE [T XTORADOEY 1
X (HE) @bhbhoFCROIBERIEFEILTH S
EVWHREZEHYT, EhFEova1 Xho7oRmE
TOFFBEATHEESE22& LT3, THhbb, Kol
RFDEHS 4 X Dyw (Mpc), & BEEO B Lo+
4 X0 (BA) 2HVEE, 20 cofE#%d
(Mpc) 4,
d=Duw(180/7) (1/6) (4)
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LERINE, KRBEDREMNS, TI T Duw=30.0
(kpc) £F 5.

F FOHERR R IR D 2 X7 b LD F — 7 SERE]D
BBEEAREST AFED, SRECH L TEBROT
#HLL, FEFCAREYTRD FF20RRETH 5.
ZITAREM TE, REOKEBEREIHMFED T — 4
N— 2P SEIHLEERWE I L LT
5.

FHEH (bLEy 7UVER 2K 3R~
LETIIHEZLLOHEZEICL - TITHRTED, BE
THIEFICHENBAL T —<D—>ThHb. £LT
ZOFELBOLIETXETHS. FlZE, FiblLik
7 A4 FRIZCRE AR O TORBEREEL
A b, BEREZCERIKEHOEREERA L
HiER, BEREIOs ) — - 7 0w v —B%R CE
B o [Pl RR), FEHSREO Do Btk (1 X -
HEESEEAR) BV S AR la MEFEASHBL
SRE AR VB s ErEdAsonTE L (IR
Kennicutt et al., 1995; Sandage et al., 1995; it~
1997; [k, 1999). L LEAS IS E2FEHIHE
HIAL 7 ITid, REAOERZEEREEOZICE 22
BYEENNEL 5120, K O HEMEHRESMLE L
1 AD, VR0 EEEICH L THEEENS L -
TLZEI.

1B FEEHEMICET 2RMOMIUER E L TR, Hi
7k L 7z Freedman et al. (2000)1c & % & @ &,
WMAP HE4HV TFHEEMBEOES £0 0 FH
FhA 137 {EF &K 72 Spergel et al. (2003) Ik %
bowEiFon s,

Plbo ks FEEm (Y ZVERD &, 2ol
ERENEEICE L E- o83V A, WEIZIEREICTE
FELFEICIRE - TWEL, 2N 2 IS EEFER
SEICBT A IEVREEL DI >TVS, f)
ZIEBITOMFOHRMETE Ny TVOEHORDO S
ZERLIZD CHERIED, 2004a), BEE v 7 L0DiE
Al v ZVERIC N 1 FEH R 150
fBETH B LMLz (NdEd, 2004), v 7

WVIERE 50~100 km s~ Mpc ™! (FIRIE A, 2004b)
THhb, EEBLTIICEEDXZAEZBVIKMAICE -
TWb,

3. BHHEK

(1) HBHMER - BERD-HORE

AE PR ZE 7S & D (3, BFEH 7B E o 8Ri]
DFIINEBOATH S, ELINSFYFIVE
BhoEFORM T Eov 4 X GRA) FRIETIRET
S, FHEBER LEHTRREESEL, 2L
T X DI OERIIERIFNCIR OCEEDILD - TV
Bz, Ihody M4 XEEERAIET 5/20HI1cd
FUOYNEBDIT Y TR EBRICELTES LD
Ky 745 —varyBRHESRTWARIENEEL
W, FRoOKEAF T o, BEOEB % fits
GEE (74 vy ] @) EXTHHEL, Ihz fits
FREEHE 2 — 7@ SAO Image DS9 (LIF DS9,
http://hea-www.harvard.edu/RD/ds9/) %f{&EHL
THIE T 5 2 & THRHEY 5. DS9 & fits TEREHER D
AEbEIE, KEMQ) THRND LD ICEBORRL N
ATV TR EIFFICESICEADLIENTES
ETAEFCIRER LD TH S, FhEBEREICD
W TR BLN O SRA & FEifria X 55 | H - INET 5. 3R
Ao v T IEHIC S WTIRIRET TS 5.
RBEKMOE ) ¥ F VR CRERERSE M
SPPEH¥ [ED¥HE | ItV TER) OfFE L OHE
M, £E10E5HBavEa—9BLUFRy b7 —7
BIEO T TThNt. 2 LINSEH ETEER
ETho, ThLUUTORETH > T HEMIEREE
IZHoWT, FREEFEAELTIEEBRVWEELS
na. KEWZEA vy —%o 7599 Bl
Internet Explorer, Netscape Navigator, Mozilla 75
&) LEnR L fits EXEG E 2 — 7 DS9 BEES
nEt+ochds bbAA, BEOFRL~NIL TV
kSR MEEET S EMAFETH N, fits FZXLL
ADEE7 7 A VET T YA —va vy THOAEREHE
Wid 5 &IIRJRET H 5.

x1 EMEK - BRAORHOI Y Ea— 7 ERIE

CPU Athlon 650Mhz  Duron 900Mhz Athlon XP-M 1600+
0S MS-Windows 98 Vine Linux 2.5 MS-Windows XP
A F—=Fy NTFTUH Netscape 6 Mozilla 1.0 Sleipnir 1.42
fits B2 —7 SAO Image DS9 2.3b1
HD # & # 30MB
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x2 WEREF TN
SR 4, g g i RIBEE T4 % RHEEEE
(J2000.0)  (J2000.0) (km s™) (Mpc)
NGC142 SBb 00 31 08.1 -22 37 07 8004 4 115 £ 6.20
IRASF04057-0857 .. 04 08 07.8 -08 49 58 9923 4 83.5+11.6
NGC2512 SBb 08 03 07.8 +23 23 31 4647 9 74.9% 3.09
Mrk387 E 08 24 14.3 +17 19 55 11182 4 264 *+17.4
NGC2750 Sc 09 05 47.9 +25 26 15 2698 9 49. 7% 1.86
MCG-03-28-008 SABO 10 49 16.7 -19 38 13 3298 9 70.7x 8.77
MCG+01-29-038 SAbc 11 22 27.4 +04 17 13 11422 9 151 *£12.9
NGC3978 SABbc 11 56 10.3 +60 31 21 9983 4 76.1% 1.74
NGC4334 SBab 12 23 23.9 +07 28 23 4197 9 45.4% 2.85
1C3704 Sbe 12 43 45.6 +10 46 12 8694 9 74.2%+ 2.14
NGC5001 13 09 33.2 +53 29 39 9084 9 91.8%+ 5.74
NGC5104 Sa 13 21 23.1 +00 20 33 5576 9 87.3%x 6.51
MCG +08-27-042 Sab 14 58 36.0 +44 53 01 10703 9 103 =*13.1
NGC6552 SB? 18 00 07.3 +66 36 54 7855 4 121 *£10.3
NGC6621 SB? 18 12 55.3 +68 21 48 6296 4 53.8% 0.948
UGC11401 SBO/a 19 05 03.4 +55 42 55 4797 4 70. 1% 2.40
NGC6845 SBb 20 00 58.3 -47 04 12 6356 4 60.7+18.0
1C4933 SBbe 20 03 29.0 -54 58 48 4857 4 53.2% 3.70
MCG -07-42-005 SB? 20 26 05.9 -40 55 55 9354 4 117 £ 3.22
NGC6948 SAa 20 43 29.1 -53 21 24 3238 4 51.7% 3.92
NGC6970 Sbe 20 52 09.4 -48 46 40 5276 4 68.0+15.3
NGC7083 SABc 21 35 44.7 -63 54 10 5156 4 26.9% 1.39
NGC7184 SBe 22 02 39.8 -20 48 46 2638 4 39.7%12.9
NGC7205 SAc 22 08 34.3 -57 26 33 1649 4 3l.2% 1.31
E344-G16 Sb 22 14 42.0 -38 48 23 14390 9 136 £ 9.87
NGC7316 SBc 22 35 56.3 +20 19 20 6116 9 94.3+ 1.99
NGC7448 SAbc 23 00 03.6 +15 58 49 2099 9 45.5+ 2.05
NGC7620 Scd 23 20 05.7 +24 13 16 9563 9 109 £ 7.30
NGC7738 SBb 23 44 02.0 +00 31 00 6775 4 68.9+ 5.40
MCG+02-60-017 23 47 09.1 +15 35 46 7855 4 154 *+13.0
(2) |FEY v TIOBL ®ic, Cothh SHESERERR GREARLO®HELS

A L 2ok 502, ARHPHIT 31583 B o Rl
Y UTUBHKETH D, NA Ty 7T AOERD HF
B A & 2T BT 27051003, BBV & L
W o REWVIRE E TABEICY v 7 Lodic gy
BHNERE SV, FLREIcEENTNEELRSH 3
7o, ATRETSBRO B UHE A > TV AR AR S T
EHUETHE, TITETONMbNE, SHOEA
THEBICOHL DD, TOMEL ORBEE b HIEL
ThHERE LT, Rush et al. (1993) 1c & 2254756
XEEAL, RIZINSOHD SER L o &t (8B
DHE & HIBEE) TR 200 EOER A4 L -, &

ik > T, ZDFENEZ DD & bELE N8R
PR/ INRA (FEH A XHS 10 kpe PATF & W A /NI R
#), 7 = —%— (quaser: P NEE L F Il
5 VA %80 DSS TRHEULEBDIHZ X D bic
REAARBEDRA L ->TWE) &, RFEYOmE
BNAETRZOMEBICKREBEEELS5ZTLED
RA MR TIE O R\ Foe BARHYIT Rush et al. (1993)
DX H» 513 30 HOBEHERE, 14BOES 77—+
[ RYSRE], 283 D& 4 7 » — b 11 BUSRE A #ht o
TELTEE L.

HRIRE O LR, FHE, KEKLTOMB GRriE - 7
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£3 €175 ITEEEY 7L
SR 4 FHE TRA% Fie  HBEE T 4% BEHEREE
(J2000.0)  (J2000.0) (km s) (Mpc)
UGC00488 Sab 00 47 19.4 +14 42 13 11572 8 159 =+20.3
UGC00774 S? 01 13 51.0 +13 16 18 14720 8 187 +25.7
ES0543-G011 N 01 40 15.6 -22 14 45 25812 2 331 + 9.03
Mrk1400 S0 02 20 13.7 +08 12 20 8784 8 150 =+ 7.34
NGC931 Sbe 02 28 14.5 +31 18 42 4917 7 26.5+ 0.719
Mrk1044 SBO 02 30 05.4 -08 59 53 4887 8 123 *17.0
Mrk1187 S 02 48 22.0 +13 56 07 13461 8 182 +14.2
TRAS02553-1642 02 57 40.8 -16 30 46 20386 3 208 =+51.4
VI1Zw244 S 08 44 45.2 +76 53 09 39663 8§ 454 +37.3
NGC3080 Sa 09 59 55.8 +13 02 38 10553 7 148 =*11.5
Mrk1347 S 13 22 55.4 +08 09 42 15086 8 192 = 9.59
Mrk885 Sb 16 29 48.2 +67 22 42 7495 8 129 =+ 6.87
Mrk896 SBb 20 46 20.9 -02 48 45 7855 8 110 *11.1
I1Zw136 Sa 21 32 27.8 +10 08 19 18880 3 206 =*=13.9
*4 w1 77— 1 IIBEREY T
SRIFT 4 i1 i 2 Fag  HIBEE Ty HMEER
(J2000.0)  (J2000.0) (km s™') (Mpc)

IRAS00198-7926  pec 00 21 53.6 -79 10 07 22245 5 201 =+ 9.28
FGCO061 Sab 00 34 43.5 -00 02 27 12591 3 177 4 4.37
MCG+00-02-094 SBab 00 37 35.8 +00 16 50 10463 7 138 *17.4
IRASF00521-7054  E-SO 00 53 56.1 -70 38 04 20985 2 213 +27
NGC591 SB0/a 01 33 31.2 +35 40 06 4527 7 109 + 3.48
Mrk1066 SBO 02 59 58.6 +36 49 14 3598 7 80.8+ 5.12
MCG-02-08-039 SABa 03 00 30.6 -11 24 57 8874 3 83.4+14.7
UGC02608 SBb 03 15 01.4 +42 02 09 6985 7 121 £ 7.39
IRAS03362-1641  SBb 03 38 34.5 ~16 32 16 11062 3 111 +31
C6CG420-015 E/SAO 04 53 25.7 +04 03 42 8904 3 101 =15
IRAS06317-6403 .. .. 06 32 00.8 ~64 06 10 14540 3 176 £36.7
MCG-01-24-012 SABc 09 20 46.2 -08 03 22 5935 3 82.5+ 5.29
MCG-05-27-013 SBa 11 27 23.4 =29 15 27 7015 3 71.1+10.6
Mrk1457 compact 11 47 21.6 +52 26 58 14600 7 196 *17.2
IRAS13144+4508  SAa 13 16 39.7 +44 52 35 27131 3 346 +76.2
Mrk2665W compact 13 38 17.5 +48 16 37 8274 7 105 *£24.0
Mrk463W . 13 56 02.6 +18 22 18 15140 2 216 + 4.75
NGC5695 SBb 14 37 22.1 +36 34 04 4197 7 85.4+ 9.39
IRAS15304+3017 SO 15 32 29.7 +30 07 49 19487 3 246 *£38.0
15063 SAO 20 52 02.3 -57 04 08 3388 3 40.6+ 4.35
IRASF22017+0319  SAO 22 04 19.2 +03 33 50 19786 2 206 *+ 2.75
Mrk917 SBa 22 41 07.6 +32 10 11 7255 7 154 =+23.8
NGC7674 SAbc 23 27 56.7 +08 46 45 8664 7 114 =+ 2.56
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