46 255 11 1)
2024 4E 11 A

v
PHYSICS TEACHING

Vol. 46 No. 11
Nov. 2024

T

CER &Ik 2

K R R AE B R U e

T 4R

(L#EmiLe% EiE 201399)

B OB FeARiE R B pE E A AR e AR R R R R ) 2 — R B R A S LA R R AR B
B S A AR A AR RERHE A7 IR Ji 7R LA CER BR2iB U, S 5 | 27 BT AT S
FIRIETE ). BUTERC: T N BACR AR R IR AGIESE B rT AL HE PR | Sl S BB A T e A BB IERE )

xR Fesgit OE IRE R R
XEHS 1002 -0748(2024)11 - 0002

o

1 HRER

21 2t Dok AE R 208 Sl Bhr s uk iy
P BB | S s [ U o1 e R o B A e A B S e
WA LB TR AR B THERE R
FHIESPE I AERE ) & R =R 98 R ) 25 Ty 1 18
(AR AT o R 3 iy vy R R e (2017
AERR 2020 AFETTD YIIHAFR 1 B ST A R
DA BNy SRR R R R 2

L1 FHaieed Wi

BREIRUE R DR R R A o BB 1 X [R) R
X AR A B BT R AT R L R B 2 ik
S BUR A SRR S A R I S8 A R
A S I P o 8 R B i SR R RE . Rl
IR NJE YRR 25 T8 PR AS AT 2 By AR —
T e 1 S BRI 2l o B BB AR N — RN HE R
37, SRR Z A AR R A R

1.2 CER #5854 R

BleE 2 E SRS IE A R C 2T T L
TR BF R A AR T 2 MBI A, BLE
Wk« L » # 72J8 /R (Katherine L. Mcneil) 5 2 5
FK S« FEPGR (Joseph S, Krajeik) 25 A, ik T
K /R B 2 38 WF A% A ( Toulmin’s Argument
Pattern, TAP FAD S $2 H i 325K TE4E R
JBX DY 43 4H 9 CER (Claim Evidence-Reasoning
Framework) B} 2£ 1S HFREARL (TLE DS,

CER AR EER 2 A [ Ge 5t — B2 [n) 42 S 0
S R I TR TE YR | 15 BBl R T T4

bl

« 9.

FESES G633 -7

X#ktRiRAS B
‘

Pl 1 CER BB uEResy

——————————————————————

______________________

SRR iR R ID VSR T 4T S & WIS DV S|
TAP BRIA L. CER BERISE 17000 RS | HE 3
A REEAISIEE R HOIE I 1. AR
P BT TP » 2R 2 A i B UL 55 Bk I
H E e BOREE - AR A B 25K OB 4 B
f FE 5K AT B0 B2 R B TR R PR . Rl R
JEE AW R BRI L PR AN AN I B T A D8 L i i LB
AR . X T R R AR T 3 I 5T BUR] LATE
TERFEAEUERE ST A [RII 3 3 XA A B AR

2 CERi$IiE#EI R B FIRiE = R 5]

R A I NG RE T R A A A fig
3 AR AU 7 ) TR 22 BEATRF B 1T B
VSRS T 45 S A 7E DR AL R B R RN
AR RVE WL ANIESS B R AL AR R R, G2
CER B UER Y GBS R A A 7E B2 18 I 7 P 1Y
SRAERRAR X A T R A8 TE S BUAR B 19 4%
AR SCNFE B vh 24 A S 1 JEUAG TR K A 43
IR AR IR I LE K



46 55 11 44

oA #Ho

2024.11

2.1 JFUEEBLF) PR B AL

ERRE G RR IR B G — T TR
AT G AR A RERE E VT T 2
AR R T T SR L R PHLJE A L REAS AR Y
5Btk G A A S SN L HeE AR E IR B U
1T A AR AR L R R A LR — 2B AT

i A L R A 2R B 5 R AR AE A1 2 HE2K
FBEASEAEREAE b AR BB E fEARHE b [RIZENTRESIHT
— N ARERE SIS A GRS AR 8 A A s 7

Az 1 FEHESE B 4% SIAE V1) B 5 R 7 H SRR 7
Rl A 3 DUV AT LA TR R G 0 T e JR
IS AERE S P 2252 BN ek 07 A2 T 0 i 2 3
ST T 1) R B T R PRz Sl BRI

— AR R H L AR A 4 L X
HL 2 S S A TEC P DL BT 2, $ i T

F

F
b2 SRR el
22 2 0 AR X5 P R AR T 1 U

VAT FOHEAE R By i B P 23 i & 1A i e R 25
LA BN A AT R W7

——

IEYE: FAAE WL 1: RS
g HLR TR
Ry FETEH

[

[E—

RRAEATFEN, FUWFEHE AR FL I 5
WRAEZEFEN, FAHEsZ 2 23 TG 5

Ui 1 SRV R 25 R B T —AN IR, A BT
PR A5, - — ol X0 5 A Ay i L X PR 3 P A7 76 Pl G L
JE.s 75— P S AR FELE R REBEE o« R4 AR 3
TR RS W M AA?

2.2 AFRAERR, R E

Az 3 RIN N — [l 222 X 1. 4R AE 5% sh i
W SEAE D) IR R, AL T A T A 22 F 2 )
S EN S5 A —FE

A 45 AR 2R A AEWR B Y 7 A SR HE I
V1) 2% P 2 i 08 2 A A Ak 3 BRI 2 R TS o i S
1M A AR

Ui« DL~F- 405 A T8 L FI0S . [0 A A A L 2

A 3 X PR P 1 SR P K W AT T SE RS . AR AT
F B EREERZ N N W & B0 2k, OB
HOR B S ML Ak AHFRATT 6038 W Rk A R S
PAFRIA Ay [ v B T A R SRR R L s LA A
JRRER , P b i Ok

Uil KB A A R 5 T

A 5 BRI SR IR Y 57 A7 ]2 fy ]
AIRERE R RE R b Rt O B RE S AT A
FE e

Uil s XA TRl R s MEE 75 KK R E TR AR

IR RS TE
e B AR AR — Bashe P R LAY LA

T AIHE R A5 F TG [ 3R B 0 R A A BE S
PAEARSEIFIE TN TE . £ X Br PR B X 3 fig ml 5t
I AL E AR T BB 2 B S Al A 8 5
BERHEA B iR 28 ZfE fiE

__________________________________

PP R AN 5E
B, EHEIBEREG
YRGS, D

|

W20 RER | oy i
|

|

|

BHER BT REE i
|

|

|

|

|

|

AR R
HEBEEAFH

R IZA
N2 (HHZAIE
EL AR )

__________________________________

(SIS AW L IR (R R 3 W (A (9 T B o T

2.3 B EiEH, TARBIE

B IR B AR AR JE R T MR AT RE Y B0 T
SRS P IR TR ST

A T ARG RN REAR S [ 4 () F (19 1) 7 —
TE SRR IRAY .

A 2 FRAE G R W BLERAS ) Hp 3 2 B
5K 4(b)—#E.

Ui UM 81— 3R] DA SR i) B e s
BRI UG CILIE 5) o2 A7 4 (b) H iy i) v
. HIE T B RIS AR A 2 B

. 3



46 B4 114

B

2024.11

ES

Erss
S| S

(a) (b)
4 PR THE T RS A AR

X
‘
| “\\ \\\ N

6 2 AR IRk

M 2 BN R Sy R 2 T e
ASAR T A SN LU ST LA AE 2352 B s KL
PEITCLIE 6)

il RGATBAT W2 W UE S SR A A B g R L
LRI

A 30 AT H AT R BT T EIE BT
REANAE B SRR e 7

MRAGALE 3 B UL, ZOMAT A AR PR T S0 de
= HLE IR 2 B R TR R E

EHE 1. fEe
L G ERER
O3fE (LA

B ) PR E R

WL 1 X
LR PR
FHJEFEH

P

IR 2. L8k

W, R
HS LA TERE
ST RERE TR
(R

%] 8

3 ET CER EEPRZFRIEHFEY

Xf e AR P BB 2 B TR RE T PR BIF ST R
SRR P B AR B AR Tk R A
HPEAN R BRI ARSI R R
IR2Y . BT CER BERDT R BAE M RHFIRIEEF
SR EFERRHFIRIERE ST IR L B ERAZ O R
TR BRI Z— .

o 4.

-

.

RS TCE T e A e B LR WL A AE A
RN e o P I B B Ze A SRR O s SRR PR e i
it ek In AR B BRI A2
GEEEI . RIPIFRRE T AR AR X H A
Wi, WS 4 RIEAAL SERE R W 1.

7 JO407 MYHL I FELEHY

®1 ZKBEIEHRERBEAXRBICRE

oo HEREEE K
ST AAFAERES 1A1EREY)
eSO | 22 24 22 7 7 7
FREHEFI R () 16 16 15 5 1 1

FEHEMZE B TERE Y P s 5 B RERC PR 5 11 132
3y, W L RER B AE B e . A, 22 AR ST
TR AR A L RE LR AR Y o8 B2

Wb .

RR
|

A | L2 | SRR EITHETE ||
R R R TERG ||
FPARLE PR AR | |
TEHLREFE Bk, s |
JeAEH WELERESATRT, RE ||
GXTERINE R ||

Pl kT 3

_________________________________

“frs UL R TR A A HL RGBT B B e ik

3.1 BALHFHIERE RBAIELR

TEHUT Ry B Bl 18 TE L4 22 B . 4 22
PIMERS TAE R IR 2 b B AR IR, 1 E5
FSIBTER (0o == 2o ton 11 N (1 (17 0 e o vog 1 = 226 o 52
FERMA IR B R I HAR & LD R I 2 8] A B
R CESRBASUE IR IE R ZOR TSR, X
A E AT L BRI TR A2 A R AR S
ol it B PE HE E E  R Ve R S R



46 55 11 1 o #H % 2024. 11

CER FRUE—FA 30 MIeUE 28, e B3
AL R T TN SE T I SCRE . 7 LT ) 22491
L BOTREE UETS s R0 A5, IR AR | e 3 A
FIE AT S R B R AT S B MRS T IR IE
BT R o o L 0 SR 3 o 4 T R B A
HINRBHAIRIEE R Z [ E R, FAETERIE
TS E AN IR i, ] DL B CER #8580 348, f7
S H C AT BEAAAE R (A1 I AE0E IE IS HET T8 R IE .

3.2 RBALIEEZIR EFIEEMA

EAR B IE R 3 A, TR PR B U2 )8 shRl2Eis
WER LB R . EHFTE SR, —2
A PETE R IR RS . BRI A S %
FUESE RN BE  HUn7E & F2 0 B R R 3R SR
TN RIXFE”“ FAE D Z R X R R R AR, 76 BT
B2, 225 A BN [ XU s, 8 i ) U IR
AT UESE 38 8], 8 A2 R 1 IE B 2 AT
LA HAIESS 5 5 kAR A O ER
WA S R A E AR DA R IR 4R ) e A A
bV R A R LA

TE S FTESRET » 24 A 5 LAY — 2 [m) 02 8 F A=
TG E A BN, TR 35T H S 7 ie
TE . BRI JEELT I 5 B A A X 2 A B TR T T
SIS, ERMFISIEP RS A SR R B &
R B S G BT S A S5 SR . O AT A 2 A 4R
FRESE ATV, 51 2f A4 PR UESE » O TR RS 1
FLECVERISRE . X TR AT A LR RN —
RERETS 2 —FF BRI I 2t AT LA — S0 5 AT 45
AER —FEREN A CiSIERIEYE . HeunA 24

L BObF R G P AR N I RE IR s TR e AR
{1 Y Y SRR PR S T R B — T TS
U)o AR ) BRI . 4 Hh T S Bk Tk UL A 4
AR 3 AR AR FA B IS A,

3.3 AR AR, Ao ik TR R

SRR S I PR RO 2R L S A
BRI N IESE HEA 75 O AR, DERH B R A0 o] 3¢
FrEski. mrp Bt B R B R R O R A
BN ZAHER, AT — D HER A5 RO E 5 —
B 5 S 2 0 2 A HERLRE ) ) R HO AR
ZOMA] LORHEREEE PTA . — 5T “PRERAHAI A4
ARG R T Py B A G ff i T 3 i 2 e
14 AEE BT 9 PR SR G AN T A4 3 1) BB 25 T2 2
R BTG5 5T AL FT LARS By~ A%
RS R T RO, By R B AR T O F A TIE IR .

LA 9 P O EREE . AT A B R A 2
R 2 E AR A IHERE 2 pO45 e — s IE . HEPE
SRR Ut FA T b Z R A R 2
R L R HERE 1 I EE e B o AT . bt
HHC D 1 A kL SUCR R B N A A&
e s D T 9t L 2k B A T E L R 3 2 B R
73+ PR ] S HE BT AL RV R i ] 1 1 7
ERERY . AHEEI AT AR O 2 AR S L 3L U
i 2275 S AR AE T Bl D BT I R . AR
HERE 1 HTUE SR I 80 A SR BTS00 G 230 3%
AIB RIS T I TR SEPTA R O . XA
AT » 2 ARSI LA, HE B TR IE P 9 45 FAR
FRRIVRE FLIBE 28 27 A AN A L R 220 B B

I W
s
T T T ey
| L R L |
| BB KISt H R |
| TR & B it i |
| BgiED RN ZHh |

BHEFA BHERA

e SEEN LI
mACER , TifEH

69 ZhpAE 1R

3.4 BUBMBBUR B FE IR A A AY

“IBL R T RE S UERE 10 B K R SR
T AEREEIRUERE I BARZ —. XA LR
B AR R IR I iR AR A

KA. i RRBEE T TRATE G AU R B
EWFTERI R B AR D PR B2 5 I AR A 2%
SBZE RIS R L 1 A AR Ay BB Dy — MR S A
BB MR G . X st B Y S SR R B 1 3

5



46 B4 114

o #o

2024.11

W TR ERARRTH R . 53—J7 . E A K
FER B BOMAE PR AL TG TE AR DBl 24 A= 52 th S e
SECE RICAE AR L T OB IR ik
AT RILIRE

G N B A T A R A R B A
ZEPrh AR A R LS BT B B R
T B E K PEAN T2 S T4 1R [ 2 AT T AR A28
LR URA A WA 3 B 45 B PRI ALSE B4 A
T, SRV -2 A BRI 2 B XAt 14 B3
TR AR S S B BB AE » T HA = A TR AR —
i H RS AR L BE B Bl R SRR IR
BT U BOM AL B P R B A e i D
P 2 E A AR B B2 A R ZOUL S B S B0 TE A 1
WIE B AR JHEL Bl e A i LB iR . B2
BEAE LA R R TN & T . LI A28 Wy ot ) 245
14 JERAER AR A L 25RO A Tl 75 5
ZARE M WUAR G R B 1A BB AE R K
JERRP R EEAEN . P LB RE R IR A
PR . B A CER BEBUHESE A AT AL
TR BT E AR T2 A AR5 T £ 47 S B dn
S BASUE AP IR R EA T BB T 22 92 S B 4 R

4% &

BRI RG A I — BT . T2 7 24

PN S DR S vl Uy I SN AYIDE2 = RS
R A A Y T 5. BOMAE ) BEER A Hh i)
AR RS UE R [R5 . 2 T CER SR 5] G2
AT B TIEIE Y IR ATFEE MR IR TG 3. 3L
UL b~ A R AT LA B3R 454 38 B 2 Ty T E
RS R JE H C RFAIRIERE ST - 1R T B 2 B
DR,

5% 3k

[ 10 e AR L 80 F 38, 3538 5 o[ Ay B DR bk v (2017 4T iR
2020 4B ST Jbant: ALSBTT 1AL, 2020,

[ 2] #AETIERZE R L R LAEZ D 2. 3550 g i PR
P (2017 4L 2020 AR T M 2 M. bt - 85 5 407

41,2020 56.

[ 3] Carla Zembal-Saul, Katherine L. McNeil, Kimber Hersherger. £}
SRR E 2B M. A HER . PN DT . PR st B R
£1.2024 . 28.

4] v PLERE 1540541 P I P g G D [M. 23
IR EEOR 1 AL, 2023 1 59.

(5] Wi, o5 5 0. 5 b BIRL 2% 00 U B ) 28 B0 D0 AlE 242 110 g
(0. g M54 ,2017(11) . 12—15.

[ 6] M, sk 4], ok £ k. e A Yy R s ke Iy e — 3L F
Rasch 2R PP L) ], P BEZ0I, 2019(1) : 2—6.

C7 0 VFvEA% . gk k™. J6 T BURBOR TR () 0 BB B 38 TE 25 4
WFFELT ] T F g 1, 2023 (19) - 21—26.

[ 8] W. Thomas Griffith, Juliet W. Brosing. #J 3 %% 5 4: 3% ({&3T
WO LM, Z2 5808, 8. Abss 7~ Tolk iRt 2019 6.

(B#E5E 8 7D
cos@, 0 RERTE — & SERO %
5442 0C . nE 9
Frs. N T E B ER O 3
HE R

wEkmEE N R, B2 BC
FREEASOSEEENL R B iR
PEx AR A SR Bt

[ 1 o2xR’sinf(Reosd—0 ,, R
E= 2dp =
) dmey (2 + R* — 2[Rcos®? 3eo

Jri 2y CB Ji ). A 3 piAe BC LA & 5 1%
RS R/NG OA WIBEES L ToR i B4R BC E45
Gyt R/NFHRE o RGBS BRI 588 7 Tl 2K 18] 7

BRI N HL A AT REA = A F B0, anl&l 10 FR.
W EAE BC L4 midgin R/MHEE SOUA B 100 4F
- BUEKTE Y L 710 2158 L Y

T LRI AT LA R B s L il
AR T R R T35 AR 15 FRT A

I TR E . T3l 3 4 RT LE R
He— L 3y ) R OB R IR RCR . (HA
2RI — B RE X TR A T 1R 1 0 7 » e o
BRGRIDEEIUES R

2%k

(1] ke, WAdn. Y G &8 =0 [ML dbat: NRZH R
#1.2019.

L2 Wl . 430005 WAl i LM, b se v 62807 1 Al
2004 :57—59.

[ 37 sk, e T M. Jbat Bh# AL, 20184849,



