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MREBFEIERONME NS, 47 R — 5% LT~ Advancing Physics A2 Tk, ¥EZICEBAEZFRLLOTWN
“heat” DMFEOMHA%EET T, IR X T “thermal” ®FHFEZHAVTWS Y, HEIL, Advancing Physics A2 10
1} 5 BHEE D Key Concepts (X “thermal” THh b, ZOEMESTHS “thermal” % & H5BMT 0B, ZOFFA b
EPEMTORERFERNY &5, HARYEBASZIOBERRCERRICH2VEOMELHATIHHZ L LT, 8%
BRI FEBROGRAER LICOVTHNY B BENTND, 0B, EF-bITMEE I L CEEAZHR LA
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2 Advancing Physics A2 IZ K% “thermal energy”X>“thermal motion”, “thermal agitation »%5 ¢ g F {5
CDOTFA BT HOORLRD, KOXENLIHEDDZ LIZT D,
P.99~100 ( 13. Matter : Very Simple ® 13.3 Energy in matter ) Dtk
The energy to make things hotter

Energy transferred = mass of substance x a constant for that substance X temperature rise

AU = mcA®
We have decided to call the constant ¢ the_specific thermal capacity™. (Its more usual name is specific heat capacity,
but that suggests the old idea that ‘heat’ is the energy inside matter.) ... CXENE THRIZEEIZK D)

EE - DD ‘heat OEAEBT T, ‘thermal’ ZHEHAT2HHBEA, EEXEO( YNKRBEERLTVS, ( )ARER
T o, TEY —RERARNT, LKBABRETHDIHA, LML, ZOL4RNL. (B BPWENOTIALXF—L ) HNE 2%
NRT D) L7, BUIMERNBICEFELRVOT, THEER) OfAZ#T T, HBEHAER) L5 AELE
HALTWS, BHABRDOZDEORE X, EELLOBRMESEZFHRT 2 HFOEAITEET 5 &5 BEMEIE % L
TRUVNT, @EEL T, specific thermal capacity % [HEER] LFRL, () WZ THBEOFR—BREZOTHIN, Zh
BRPPERNDOT RN X —THL VI HENEZ LEMIED, ] LHERL OB L2 EHBL TR &2, BAER
Tid thermal 22T BEFRIN TV D EFELHLOBRBEM STV AR BUTIEM UIEEIC LS BEdcdh s,
@P.93 ( 13. Matter : Very Simple @ 13. 2 The kinetic model ) DRIDZIL

1 Kinetic energy of gas molecules and the Boltzmann constant

L Boltzmann constant k random thermal energy of one molecule is of order kT (FHRITEHITL D)
THRISOE LWL, TELM# (BRF) REBEICLZTXLX—) THY, [FUFARBTILE—] TR,

B| P.98 ( 13. Matter : Very Simple @ 13. 3 Energy in matter ) MDFHISL

The energy inside matter is simply the energy of random thermal motion of particles..- (F#IZEEIZ L D.) é

THRIBOE LWIRIE, BUIWBENEICIIFELRVWO T, NREIC X 5ES)| Tho, [BGES)) L@y ik,

l;] P.zg( 13. Matter : Very Simple @ 13. 3 Energy in matter ) D RIDZEHH L

Transfers of energy to molecules in two ways

T

Hit the molecules yourself work done = force X distance Let other molecules hit them thermal transfer = mcA0
energy transferred = work W done energy transferred = energy Q transferred_thermally
change in internal energy AU =
l, work done W plus thermal transfer 0 ¢
AU=W+Q (FRIFEEICE D) |
THRSOE LWL, NEEMEE] ThY. MBYsE TRV, HREMNIC) ThY ., IBWIC) IEIlciden,
@ P.99 ( 13. Matter : Very Simple @ 13.3 Energy in matter ) =

If not, the gas molecules gain or lose energy until they are. The spontaneous flow of energy from hot to cold is called
a thermal transfer of energy.
The internal energy can change in both ways at once. If it dose, then

change in internal energy of material = work done on material + energy transferred thermally

AU=W+Q (TRIFEHIZK D)
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THREBOELOFRIE, T2 fNX—DREMERE|] THY ., [ZXVX—OBRE| TRy, TRERICEEShET
FNAFX—] THY, BEIBEINIET XX —] TIZRV, energy transferred thermally= transferred thermal energy
@ P.100 ( 13. Matter : Very Simple @ 13.3 Energy in matter ) |

How much energy to have a bath ?

l energy required = mass of water X specific thermal capacity of water X temperature rise
} AE=m+c+AB - AE=19MJ (FTRISEEITES,)
THEBOELWRIZ, EELLOBER*EZE TS L. [HEENEER] THY., THBEER| ITEYTIIR,
P.101 ( 13. Matter : Very Simple @ 13.3 Energy in matter ) {Z
Molar thermal capacity

|
|
|
|
|
!

*=*The energy of thermal agitation inside any kind of mater is some fairly small multiple of the quantity k7. <-<--
*>=The random energy kT of thermal agitation is about 1/40 of an electron volt, 1/60 of the energy an electron gets
; from a 1.5V torch battery. (THRITEBIZL D)
THREOE LWVERIZ., BU3HENBICIFEELRVWo T, NREIC L 5ES) Thv., TE8UES) | @iz,
P.105 (14. Matter: Very Hot and Very Cold @ 14.1 The magic ratio’ €/kT)

Matter is made of an enormous number of particles in continual random thermal agitation. This fact decides the

forms in which matter exists at different temperatures, and the changes which can occur to them. -+ (F®IZEHIZL5.)
THRIBOELWVRIE, BIWENRIIIFEELRZVOT, TEMREEICL5EY CThHY, (74 L R8ES) 1T
BEITIERY,
@ P.107 (14. Matter: Very Hot and Very Cold @ 14.1 The magic ratio’ €/kT )IZ

A simple general rule links the behavior of matter at all temperature. Particles, in all kinds of matter, have an average

energy of random thermal agitation of the order of magnitude k7, at an absolute temperature T in kelvin. ---

Ko BB Energy of particles = kT

KO TBIZ At temperature T, particles have random thermal energy of the order of kT (TFHRIFEZIZLBD,) |
THRIBOELWVRIZ, BIWENTICIIFELRVOT, TREC L 5EH) cby, TBED) @Y TRy, %

o, MOKRTERIZ, MBECLDTRAF—] THY, BT XAX—| [TEWNRRTIERV,

3 BRELELD

(1) Advancing Physics A2 ® B¥iZ. Matter in Extremes 13.Matter:Very Simple 14.Matter:Very Hot and Very Cold T,

BRI 5y T EEFR SRR S 4L, 14.4 The Boltzmann factor exp(€/kT) DET RAY vV HTICETCHRATND,

2 Tewiz) ot X 5 ic, BREBEOSIEH» 5 E S/ Advancing Physics A2 I3, 2B H I3 B2 FR

LRV “heat” OFEH%#ET T, “thermal” DAFEZHAVTVS, By BT XAX—FDHLDOTIHAEL . TRAF—

DBEBHRIA SN AFICBE 2V O T, ERITM S 20, KFEE TIL. [B6ES) (heat motion)] R [B= X /L¥— (heat

energy)| &\ 9 HEBIIBEICHE L 2> T35, FR 561> T, Thermal motion (REEIC L %#EH) X thermal

agitation (JEEEIC X 2##.). random motion (L4725 ®)) . thermal energy (REEIZ L5 =X/ ¥—), temperature

energy (RE =R/ ¥ —) FOMFES 1930 FREDLLEM I TNE4 %O, XMT7) DHIDHE 2EIZ 2 First law of

thermodynamics 2.1 Zeroth law and scale of temperature [ZHi\VNC, ROTLRBH 5,

The most directly accessible_thermal concept is not heat (which will be discussed in Section 2.3) but rather Temperature,
the relative sensations of hot and cold. (FTHRIZEHIZL D)

Z 2T, thermal OYHIENERIIMTRRZSBETH S EHRICHESHN TS, W 5) 121X temperaturbewegung
PERESN TG, ZOEREEMEI2NT, Tthermal motion 1T thermal energy 1% [BGES) | 0T B XL ¥ — | LR4 - 213 H
BHICBNER > TCNDER X5  FIEH ICERCRILZEI SRV BWlSIC b2 AEOBE RN AE ThHD,
4 BEHR  DXFE XE3)IHBA LIz Cengels (£, specific heat capacity 21> T specific energy capacity #IREL T3,
1) Advancing Physics A2 edited by J. Ogborn & M. Whitehouse IOP Pub. 2001, Revised ed. edited by J. Ogborn & R. Marshall IOP Pub. 2008
2) TRRVOVTYEA2 J.FTR—2/ KT bNIR & % W/ BIE/ BEEE BR 20 0 --775-9Es 2006 4
3) A+E HA REBCRLIBBISOLEELEL BHADEREEE £33 20YVEREWERSRRTFREE (2015.8)107-108

4) B+E FHHl RESOAEZREE, EEAGICEIALTFIR MIOLT BAYEREYS £3 1 AVELENEALSRETIE (2014.8)133-134

5)R.de L. Kroning Beziehungen Zwischen Molekiilbau und Kristallbau Handbuch der Physik Zweite Auflage Band XXIV Springer (1933)253-332
6) At+E HA BHESOELLAFOEH - PEZFOSEROEYAICOVT HEEEHALIBEEHE SITS(E18) (2017.3)111-120

7) P. C. Riedi Thermal Physics An introduction to thermodynamics, statistical mechanics, and kinetic theory 2" Ed. Oxford Univ. Pre. 1988,P.9
8)E+E B MBIRLF—IREH L VS REGEYH-ZEZBOTHFX FEHABLTHBRALE-C - BAMELSEREESE Vol 72No. 1 (2017.3)

112 -



MEPHHERRENDERI B E L= RREDR 2

RBMTLREIEZESEIR |, TEEERFE? WT E', 80 M2
E-mail: haz34840@wood.odn.ne.jp?, guchi@kyokyo-u.ac.jp?

1. CASE & TR

JE[E T 1980 FFRUICRIR S e, BFEE 2@ LT - PEORMIEE %m%éﬁé:tmiof%
HWEZhZ2MEIEL 07T A rCASE (Cognitive Acceleration through Science Education) | |

R - AEEN BRI 28 E - SO A B LT, 7V =0F 9 L 2 AHOBERIEER) & B #
TEMI~OBHMBEELZIMESEL L2 HNE LT 077 A THSH[1], CASE 1T HARAY U - tE2A0RE
B FREEVESER - 7Y vV s AR ERERA & U AR L ENEB ORI EZ IS A3, CASE (2
Lo THRE - AFO T = v OFRAFEEMES N, WMENEBS NN LY AL —XTHRIND 2 & 13HE
INTEY, HE, CASE OFHITHAMIZILN > TS, BRIZBWTIE, I E CICREBFIRRE
Z OIS EERIFER T, EOMENRE I TWH[2],

2. CASE & TCASEMI7EIE = EMIT) ITKDEHEETR
AR 2015 FFEE LV | B EIC IV TERR 2 RIS LTI T B AR ), Sk 3 AR ARICRE L T
Mpet) & THUECHE ) oo 1 ClkfeRIIZ CASE 2% L C& 7z, £72. CASE OA T THPRAEAE)
& MRl oEodTc, kL5 o@#ﬁ%ﬁﬁ%ﬁm&% IZHHY A7z TCASE fy7pid7= 6 &
F1 BRIFFZAT> TS, Zhbo 2 FHOBHIC LV | FBEBYIE B DO INE &Efi@hﬂ;’ 'S R )
BERROZE, B L OREIHEREE ) O R s émt Zlaws L TE Bl £ 1ICKRRBGRER Y 7
Z @ SRT task I & 2 F B P OFRARE K2 =3, JHA&IL 2016 44 H & 2017 $ 2 HlAT o7, 72k,
2016 FFED 3—1 & 3—61LENTLH, 2016 4FKED 2—1 L 2—6 DR LTI T ATHD.

# 1. CASE ZEfiti 7 7 A DFEEEBE D 2L,

77 % (N¥) St 52 3 FhalalEx (42 30 [5]) RS (15 A AR
2015 4R 2—1 (21 N) W BR LA 13[EE T
2—6 (15 \) R LA 11 [ E T
2016 4% 2—1 (16 AN) Wy ER LA 12 Bl E T 8.56(pre) — 10.68(post)
3—1 (20 A) WBR R 25 [ E T 9.46(pre) — 12.05(post)
3—6 (14 A) iy LR 23[mE T 9.35(pre) — 13.29(post)
FEEERED IZBA L TiZ, Shayer” 512 k4uiZ, SRT task I D154 T 3~9 i % HAKAIHAER, 10~12

E%:UEE’JEXB* 13~15 REFBREIEM L L T D, R 1 0 Da0 58612, CASE OFEMIZ L -
T, K7 TALLTORZBERPMIEL TWDH I ENG0D. —FH T, 2015 FITITFEERE O A Z1T
STV, BEDLL, 2FRIC T ORELBD DB T, 7 7 A0WM¥EOAEEN B
IRIEICE E > TV EThAH D) ZENHEII SRS, BARNERESOAREICE > T, ZEDNVICTE
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POMBERNCHA L T, BZLLIFEFITILRL O ORI b DL L TRITIMON D AR & <,
APEDREBIE LB E AT RELIT O BB TRRT DR EFTAD.

3. TCASEMIZZIE = EMIT] IT&D T DREOVRLERE

CASE 2 X 2B X OB EIIHERRRE ) OB, RISk T 2 Bk O8N TEEeE) o
IR L TCEREETHDZ EiF, X=X —=TFT X OEENDLLRODHZ ENTE B8], Ll
NG, EEAOREBIA v Z B 272 80D, SHEETHRS WH) TR, DR DTG
S E EREMICREL - BET2ICTERH D L EDL I EFRVORBUIRTH S, b, BT
T OF O BRAERIERRT) & @B OFE T L BN HmEIIEE o Bl L TITH 2 &
IARFRTHY  JEROBHLE W & BICHESZ LI~ 72 TCASE FIR137- 5 E 0T 21T O BENH D,
Tz, 2017 FE 4 ARV, W] ONFORITIZOWT, FENEORE & 72 555 OB RN
CASE THW 2 RHF#HIHERRRE /] DIERAN K DERITREDORF 217V [CASE 7213725 & MiF) @
Bz L 0 FEL L5, BRI, Bl Licils 2 E£00EMT A hOE ST 21795 Z LI
FoT, FEHARICHAL CTEEDSZ S R OFEMMESZRE L. BEMEBIENOAETLSINT 2 L
DTE D TOEEMMOILFEERBXOTHEZIT 5 Z L I2 K> THEMEEDOME 21302 > Th b, K
TEONKDOREITo T2,

(¥ 1285 Eilod TCASE M3 72 b & T OBRIZONTL, EE~OMERIA v ¥ B a—
L0, FRHTHEBEDSMPR LI L2 RBT A MIbHAADZ & AR EHNEIC
BT 28 LOFRMES~OEY IR RFEELEEFEOa A MRZHEON, ML BRIz oW
Tiimd 2 & ZIE, BERTINEIToE ZIEMED 220 E< . MEHEWTHEM L EZX LR Lk
IMOAT ST, InoTeRHZIE T 22 095 &y THEEOBMEMEDNLTWD DT, @IS X
RIFIUE Do lo 2 LIl B E Vo ERECWMBEMICE L TERT AR D b2 &2
HEEDFE-> TNDH EE TN D,

SHOMEE L TE, BREKFESTICKITS ICASE M3 bE T OFRELTH D, S0
FOWONEIL, BFEAEEFEOFTRERT 2008 %L< | FAMEEEZFoTWHIZLEAEMISELHZ LT
WBHIR G ThH D, —FH T, BHKFEDH TR NEIT, BLHOEME W oTo, MmO & 72 5 &
T O HERBR CHEE OGN N =D FAMES S 2R L3 <L EEMOREREZIT 2 IZ L THIE
T HAMREMEDRE V. WHICAEICEROEBE A MG S E2008 L 0D LB X TS,

4. B
AWFZEIL, JSPS R Hakiize (C) WFZEifE [FAR R T 7 o —F 12 L 0 RIERILRE ) 2 B e m ke
WELH ) X7 A0BA%] (15K00975) OB A7 TiT-> T\ 5%

2 & X MW

[1] P. Adey, M. Shayer, C. Yates, “Thinking Science”, 2001.

(2] Brfupk, b, AAYEFRHEBZEE 64(1-2), 406(2009), [F] 69(1-2), 457(2014), 4.

[8] (R, AOfIRk, 7 ERpEICET S WRAMEE Y a s T AL RMEREE B L RERMO
FIREME” , HAMERAREE 72 MR RO, 20pC11-5(2017).
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