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"Simplifications of Experiments on the Mechanical Equivalence of Heat
and the Heat Efficiency"”
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We made thermodynamic teaching materials which were simple and low cost but had good
efficiency, aiming to apply them to experiments for students of the Life and Environment education
program.

@ One is a calorimeter made using a Styrofoam cup containing water, which is employed to
measure the mechanical equivalence of heat, free of complexities such as water equivalence.

@ The other is a steam engine made with a propeller driven by steam blown from the nozzle of a
container of boiling water. The heat efficiency of this steam engine was compared with that of an
electric motor. The result showed that heat efficiency decreased with each energy transformation.

As measurements using these systems are simpler than those in the physics field generally, they
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should be utilized by students in Life and Environment education who are not majoring in natural
sciences. .

They were employed in basic experiments for the students in Life and Environment education and
were effective in increasing their motivation. An example of our teaching material is shown in the

appendix.

1. BUBIZ

ATEBEICET A OFITE FENIICES LTV A STV AT, KEET TR ROHETH
BbBHVIER EREx R E T A TR A R BABRBIEETE TIThh T 5 ORFIRTIER W
NEBEbNE, BrOLIATEL, MBETELEBINE TV ONDOBRYELZ L TER
[1-3], ZZCi, EECHEAEENRE L L bLIEME 2B FHNEREN (OFSLS
NEBOHEYERE L, O RVX—ERHRAIE OERES) ZHBNT D,

Ot A LB OIS BRIE « AEREEMERD DV EFEREERR L ORSFH
SEICBISEME LT, [BOAEYE OBERIAETEIS VBTN TE, b
b & AT RN — %K EORE ERICHZ TR AROBRRERASTV LD TH DM,
FRUTIIRE A B2 LT LT 5 1 DERERICIEI RN & T, ERICITERDOT R VT —
BRI DRE FRICHE T, BEHAEOBRERANLERPIERLTND, ZZTHEDNH
AL oTWND, ZOHEE, BEHITHEDONL TV AEBRBRERH 2 EICONT, bLHZEND
B THTRBITEEEL, KSEL WS 77 7 ¥ —2 B AL CERBRELMHET 2008E
BChHB, LLIOZ L, BRAHER L TWRNWRESCERAER CICL o T/ AHIZ
o TEL 5 IcBbhs, 22 C, FREDEBINRAT, LEXFAVAZ VY VRO v
Fh PIEbN TV B BREINE < TRVEEEPMEVRIBA T o — LORHRREEZFM L.
EHICBEBRD/NSWF UL NVREHEZHERTHZ LT, AYEEZER LR THTRHEE
DELNAESLSNEERIG 2 AL, 2AEBRICHA L CTINMR TE 2HRBELN
Tro ZAUTERBAFE VBN RERLAD LB TE D,

O I N X —BHWBFRE DO ERIM  BELABTICFSFEOERERICBIT LT —~vO—
SE LT, THRAF—EHRH D WVEEOHREITONTHBEICERT 57200, FFt2EERR
B U EEoTRRT U U EEY ZOPRICOVWTHRIET DV AT LEER LI, L
L. TV AT MIEEWEIC ARSI EFEA L TCWAIZD, EERGIFI00CIULORE TR
WE RS, PENREFIMENSE DL 20Tz, F I THBROZDIZ, BafAO/NE—F—
o TERERNF— R EEABICEZ DD LPRO LWV AT LEED TNHOHEE
B LT, FORER. BEEY DL TTRAF—ERN R INDHHEITIE. HEBHRE =
ZAX—RNEREIGET TR TV ZEREL, ZOZLIEFREDEELFZLILLTEL
NRHE L ERELTNWADT, AFERELEZ TOWRAELL > TIOERIIPHRN 2
VR ELOEMO—IZ B EELZOND, THRELRBNEE2EANRERELDLILED
TEZEH>ThD, '



MBOLFELE L BGEREROMB I 3
2. KRB O

1) TOMBL LIcROHELBREE] 12O\ T !

1 (BE) bdLr2. K2 ANAFRLLT
AVAREZ L NERDFIBATF 0 — VBT v FERIA L,
=7 ARICBRER L TKERED A B TERT RV
F—% Va2 NVENTEL, ZhEEEOTRLE—
EREL, ZRIZE - TRELZRZ XA —% D
V—BETH->T, Pa—Aehal) —0BEEEOK
EROTEOLAELEL L,

ERBH . BAEH BEAFo—AIyFAVE
BAE., b—F— RER. BHEE) .
EMEBESRR,. ERELE. ERE
Vet MEEH. X by A vF

IREBEIZOWTIEEE LRV, AIEREHE 2 OMIC
DOWTIHHIBEFEDOFIEL L oz, T2 & ZITAZEE T
WS BE R T Do DIKDO—F 2 AN, BRUTHLBOTRELVFBRES Lot b =
AETHZOHLBEED L 9I4To 7,

FHEERRE LTiE, RIQIDEN (=27 v i) ICI[AIOBREW LR, Z 0 I
1BHICPR (W] DWiE (BERV[VIETHE) VIIWIOZRAX—2R8E LTRET S,
INTKRZISIALIEL T2, BRETAR=IAX -3, VItIIEEZBNRD, hE, Z
AN K > THRAELAEIEI m [(gloKN T[CIHEE LA LT, mT [call& 725, Lizhs- TER
DHEFEHEE Jow iE. BEATMIOBMR 1 [call= Jow DI BRE S,

X1

(2) T@Q=RXA¥—EHBBEOPE] ITOVT

M2 (BE) idbdLHT, =XeBoERKDZ —
CUERORKT U URERL, bAEEYEE L
ToEEER ST CHREPE L, $2K3 (BHE,
BEEENIER) 12H D X012, BRI O/ NE—
H—H o TRRVEE M THEL S IEEL S
BV . MEOZhEL B LT,

EBREIM . RERER (TFR2, b—F—, )
ANy, AT X v 7 BR, RREE
gt ZERERE, Nl —F— Hx
FIFEE, A by P Ut yF B=—
A 1 HESME (Bog)

AR RNV —2ATICE XD BT, BREEVF
T77RaFEEBERTA Y., BREEZ ST LN




4 TR - BRILRE - fERER

EREITE LIRS 2B, Fa, S ANHH100CTH
KEZBEHT DT NS BEET D Z L BMBE
Thd,

BEEEL LTI, Ex2BR-RAF—IK2K
3CHiz, Es=VIt I TH AR, M2 DHEITEK
ERAESHTEZ—EUEEL, K3 OFAITEHE—
F—2koT, ENENEEm[k]OWEEZES
Aml7ETEE BT 50T, HIC Es=mgh (J]O= X%
NE—DHELZESREZZLICRD (ZZTg=9.8

[m/s]). L7es» CHEIE g 2 h iy = 25 ©

T E,
HEIND,

BIEF & LTk, X2 DA DEEIH0.0003% T
Ho. R3DHEANBR.5%ThoTe, BENNLHE
FIFAO/PNRE —F — L 1T 2B RIE RV EIRTIT 3
boli, R THRRBRICERT HHEITHS
THEBHLRGE OHRIZERBICRA 2T,

3. FL®

T DEBREMIT. OTIRHAERD L S ITKLEEZERTILENZNOT, B E2EEM LT
BEAICLE 5 THRORPTWELR ) 1R 2T, RARAFa— ORIV IR RRELHE-
CTHEN, BEOHERL TN LN &L, FoTD ) bLITARHL ZndH Y EREOE
THVBERD -T2,

QDEKXF — LDV TIREANRERICKDN 2BED T ’%ﬁ:ﬁ%ﬁ@zyvyk
o TLESTN, FEMESCRAERDOREE TELSRELNDD T, FIHH & UTILHE
—EEboTNA L YICEPNE, ZOERTHESNIHE Eﬁmta%i&mﬂ\%ﬂ
BT 72 DI b D O TR ZERIZD 5,

THRLDERICE > TKRRERIZIELLTH LWD, BHERERET L L ETEROEI N
IWELTH, BROBAETIIESSMHE 2 WVITEAOFHOETHLAS Y, ABNEIEFET
AOT. REREBREZFT EXICEIRRCLEEFI DR LIVE I CBbhviz, £k TYHHE
HIEICHEVERTOWARNBEBCOWTESFAEICL T, WIETDIENI ZLEDHOILE
ERHDB LD ICBbhi,

TRLOEBRITEMIIT L UTAIEICEY, BRPBESKFENGEBOZMICHEAT
x2b0LEbhS, HE TOROBMEIIOVWTOXRIZL HDM, KLEELZBELR
WHDIRHE Y ARVE S ICEb T, THE TYS THE LEBRESEICHET DT OMOBR
IZOWTEBEIRE LTHEMTB01-31,



MBOHELE L BEEROME (L] 5
Z2 & X R

(1] E®mREOR)I TXEE!) @fﬁiﬁ?ﬂﬁkﬁ*iﬁbﬁ%k#ﬁﬁift?%ﬁ%ﬂ% B8R 1 51999
#£9H4

(2] ABEREHEMARED [I=F =2 7RFACIERE I 2 Lb—v 3 VER) HRKSEEELERLE
HSREE 4 520014E 3 A

[3] EEREHMHEL NIOHENER B EERSE] BERKPEE ERMLE HRE 6 520024 3
A

(20044E 9 H30H Z3)



6 T8 - BOlidE - fEEESE

<BOHEFEROLBGFED>

1. BR FEBRO GrEEERSE  BOHifLcal (hnl—) LAFOHA] (¥
2—/V) OfFR (lcal=4.2]) EReNDD, EROBER T, K &R S AEORER
OWTKERR D BOEE LT, ROREELIR DB D2 ST, ZZTidE
ST HD L X 2AM LHIE 2 fBRIET 505, BEE e W—20)5ik% 353 5,

FHROQ G ) BRHEICEZ D5, A TBOM%eMEFIERSh
Bhs, W BB R DEER—oOFER FHRT D, Tt 0EREDLTH TS
TeDDOFHEEEZ B,

2. HEn: O RIQ,A—2I0EH @EEED 21 [A, 7T OEHRAR LR, ZO
EHUCIX 1 BRI I2R (W, 7 v MO X0 8E UTRAET D, V=IR 72DT, £Hii
VI (W] (V i3EETEAOIIV, AV b)) THY, T TKEs [s, BIALIL 958, 3L
FTRERTINAX—ZI WV 1 [J, Va—N]1EEBEZ N5, L URBRIRAE LBET m [ g,
IS R0OKET [CHBEERSEHZ L, 2F Y mT [cal, hr Y —]TRESND, LIzh

>, A B[ J1& [cal |OB{ROHBIER L 72 HRDHFER Jop ZRDDZ EHTE

B
. VIt
VIt [Jl=mT [call , ..fcall =— [J] = Jop[J]
mT
o _leany vt
YT mT

Lieh, ORI gy = 42THDHT ENRT 2 —VEIZ L VDD BNTND,

@ KicBE 53 THREERESE, F—vrwEL, TOHTEEm kel OWHEE H D8
EhmPFPTRY EFdE s, BB INX—~E, = VTt [ J1OERETMEEE =
mgh [ JIEDN D78k X, Ep 2E, CEIVHELTROOND, $72bb,

nzﬁ—B (L1/7) & 720 07 MR EL L=t T/ NG BU % TR S NLD)
A

3. E: O BEH GAFu—Ah o 7AVEERE, b—F— TUFMRERN K
) | TETER @ER - miED o U MR RSN K (R .
@ JAMFEERERET T A, ATAF v RREEER BEX T ERRS —



(EADHEY B L B EEROMS L) 7

vy BEAS— 1MAE @0

L O WEREOL. T ‘i 8 ot

(D FTRIOLSERL. MEFHEEY M h /u
Do Wl ATERED | SAATFU—AA vy ATE  E M
HROAZAN, K 1 LB ANCRECE EEO)
BENS (13290 T -

(i) T b LTHERL, KAV CREEN—E 1
Ul biREER 36 (B 16. 8°C) , BRAL vFEA ]

N, 2. 0[AJEERNS LS ICEEZTEH LT, R by

T v FERT RO UEY), 2 CEELERESL @ 2. 0[A), 13. 1[V]),
(i) oy NTHHR LS HIREE ER245-, 2R B 2 1. 10) Z@YBET3 0T

A2 D L BRTTZZHL bBLITRDEN, £ 725 LEIBDBERABDT, 20

ANZIED D, BRAL v FEG>TR by T v Fbibds Bl 1 05 7H) . HHs

AT-oTREZFHy 128, 2°C) , HEBREPHRTS L.

2.0x13.1x(10x60+7)=15903.4 [J]1 ; 329x(28.2-16.8)=3750.6 [cal]
Jow =15903.4+3750.6=4.24  [J/cal]

@ #EfeD?2 :

RRI—EVERNT, HOBEEERHIESE
TRH LT 2152 8, PR RDZOTH
B3, BITFOHE HENC TERIT 100%I2T
R EHBN, ZOFRTITIEEIRN D
DERD, PLTHHEE BT B7dIiie >
LD XV WE X RN L EBRT B,

(1) H2oX5I@EsEE L, Ky
BERtY M3, BTV 8T LE
BEZ. 77 230D RN
ROREAND, BRALS v FZANEOICNT, BELEHREFE @l 4..5[A],
BIV]) o ZOLEPEE LFDIDIL, 7T RABYITE ANOHEEE N TRET B,

(i)  T77RX20KBHHEL. / AV LEKHBENECHT, ¥ U RE<ES LY
RO TOLREZRII DS, LHES 50 BEREQ MII1 g) AR D Fiffz=—14308

- N




8 BT - BRIUEE - fEEAE

X ENYIFILDHD L, BERA—/VTHIOPPHEEZHY @ 11.0cm) . A by 7Tty
FEIT EROIILEY) , BURBIETTHRY ENRSHRA by T Ur v F DT @
2451 28) BREYID, . BY EolEmX&Fie @125.0cm) , TORFERLAHE GD 13
4.5X 38X (2X60+12) =22572 [J]
0.05%9.8X% (0.25—0.11) = 0.0686 [J]

n=0.0686--22572 = 0.000003 (0. 0003%)

DEDHENRED,

5. BE: —ORERIIMIT, FIQOFRERIIOWT, KEKKHEEOHRL
W%LFTHY ., T4 —BNI—D330%, H VU BH 40%, BEEIEN50%< br&vbh
TWD, FIUTHAT, ZOFROBRIIERAR, 7082 5 THEH, ZOFRBEDOH
TV EDEINIHBDONEZTHED,

6. HE:

(1) B TIHBEREREZHR O OT, <N<hbY 7 FELRNEIIHREETH T L,
ERFERLIZHIz>TYF FELEBKTIIEHRT,

2) QOFERTHHEEEITORITT e Bl s, g r ETadsLEe—7 7Y
WHRPVDTERTHZ L,

@) RO @) THBEFIIH ETEETHH T, bHAALTNTNER L TRD
RFIUTIR B2,

7. X

1) OOFEBRTHEEN v 7RO —F OBTIHLR 1K bhy, $QOERDOT 7
ZaND e —F DBEKIEHLR 1T By,

Q)  OOFEBROBADEID LELEZHER I v 7ORBICEEORNERGHD Z LITR
Sy ZHUHDFERIZOWTEZ TAHAL S,

(@) Q@DERTT T AN UERTINX—0 )b WaFb T aft3cfEbnis
Do te I NE—HTcal) GBWHAL] ) 2y TR SN E DI o &EZXD
hahy,

@) EHBOER L RRRIE T EEER L2 TR IUL Thb EREORRIC S
AHEE UTHIES S 2 LW TET, RSN L BDNhD, EOL S REEZREL
T EOLITFHEPEONDINEZXTHL D,



