2023%E12H10H(H)
FEEYEY—2I)L(YPC)
%Xt H(EERE)

LOL diagrams
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1. IRILX—EEOER (@ HheE— =)

[RIDIRILF— g === _%I;j e m s ': 29 (RR)
. I B
Esys = K+ U+ Een 1 EHTrLE— BT RLE— D
| K <wwmmmmnly U -
TiLE ] 1 H= W
AEgys= AK + AU + AE, 8 \ / | R Qetc
I . .
Ew |
RADLDRADIRILE—D : W& () TRL¥— i
':jik"l' %%/\wﬁﬁﬂj(tranﬁer) asssssssesssmmnd

IHRILF—DFiN

W &% , Q0 #
IRILF—REX

(CEE, conservation of energy equation, continuity equation for energy )

AEg,s=3T
ST=W+0Q+ -




IRIILF—RERX(CEE)
AEgys= 3T
XT=W+Q+Tyr +Tyy +Tgg +Tgr -

w =
Q #

Tur ZARANOYEDALRIZHFESITRILF—0O AT (matter transfer)

Tyw ZRAEADHDZREDO ABRICHES TR ILF—D A Wi (mechanical waves)
TIK, thERK, -

Ter  ZRNA~DEBHE O AR RIS TRILE—D AH T (elctromagnetic
radiation), Y&, ¥A/o0OK, ---

Ter RAANDEEBIZHESIITRILFE—D AL (electrical transmission)

John W. Jewett Jr., Phys. Teach. , 46, 210-217(2008) 3
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IRNF—REXBERAICAITT

] S 1
I EEjTRILF— MBIRLF— D
K U i

/: I oHEW

-

iﬁﬁ : | ~etc.
] Eth [ |
0 NER (Bh) TRLF— i

~ —UJan

CEE [XEDIIIZREZFRLTERYIIDON, REHETEL, RERS
(RB) VA BRINEZNLZITNIXEFRBIZILK TELLY,

AEsys= W+Q+Tyr +Tyw +Tgr +Tgr -
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BEHY

RIT—B—N) Y DBEERLTREv0nEB 5, | F©
R ‘
. — x4 v M
COM AI(CO“)’n - chom (%Itt%) 7 T COM
1 |
AKcom = E]Vh]com2
CEE: AKcom + AKgrm + AEcpem = 0

AKcom = —(AKgrm + AEchem =)

AK o BIER D DEFHIRILF—DEILE
AE hem EERADIEZIRILF—DEILE

CEEMBIFAK o mERODHZENTER
W ZNTIHEFH I RIILF—HTEED
BERICEEALMNELDMN?




3

RIr—B3—NI I DEEHLTRE v 0 TR0

F -
- MI:

Mv.om — 0 = FAt
d 2d
Vavg = Vcom At = com _ com
2 Vavg Vcom
2d
Mvgym —0 = F—22
Vcom
1 2
o EMvcom = Fdcom

B EARMICEFHARERX M)DOBETHD. BEITRIL
F—#FE 3 (pseudowork) D EER XA EARLY,

B SR EELSESER I RIILF—HESE
(pseudowork) D EA{R (X EERRL = A A RLY,

(John W. Jewett Jr., Phys. Teach. , 46, 210-217(2008) ,FaB{E—, YLK E&IE,
169, 58-61(2017))



*. Rr—3—h) ) DEEERL TRE v T 1550
F ‘ 1
3 MI: —Mv....%2=Fd
A com com
NSRS 2
’ :COM

CEE: AKcom = _(AKarm + AEchem )

i ¢

AE pem = — vacom2 — AKgrm

mEFHAERX (M) EIRILT—RTFX (CEE) Z&EL
SHBHEITKY, ZLLDEHESIZTHITENTES,




W

IR)LE—E(TfH
B DEHIRLE—EHEIOBRTELES BARE—ZBELTOITRILE—RED

LRI (CEE) A HEEATH S,

B [RIETETIIZEFELEWLWERYI I RIILF—ETFER (CEE) 1Z A A EIXTEALW,
[TRIILX—REDER | Z M SNIZIBREIE DL EIETELLY,

B DEFHIRILXT—EEEDORE(COMIIZCEED KL HIEWNSKLYE, MEEE L HTE
DEFEM)IZRERLI-EDOTHS, EXREZBELTHEFHAERX M) LMTTRILF—
REX (CEE) 1A®MNIEX COM [FULVDZELY,

B IR)LF—EIEAD,

o HEZTIHENITEFTDTHB. RRDIRILIT—IERINA, EFLS, 2 MEOFEE,
S, - BALGREER-OTHRETBL, BALT S,

o WELERMTHABEDIRILTF—DRNEZLEDT, [ITRILF—(ZREFESND], TDELIH
EEIRILT—EFATILS,

o [RIETRNIEDHWETIRILE—DFRHE Altransfer)hBdHo71=Y, RN TOIRIILT—DEHE
(transformation)MHB oYU T NIX, ZITHEBIHEIEIELS, THRILFT—Dtransferé
transformation W7 WV RIFFEDOHER THS (A AT 7L FEEHDEIE)),

o IRILX—IE MAIMOYKREHEBEERTAZEIZE>TELSEILDRE (measure) TH D

o HNERIZENEITIRILX—IIMEFEETIEENITREEWVIZITESHELN, THEEFXIRILE—D
FHEAILGOTRELEEEZETHS.

Eugene Hecht, Understanding energy as a subtle concept: A model for teaching and learning energy, Am.J.P hys., Vol. 87, 495-503, 2019 8



2. ZERBODFER - ITRILF—/N\—Fv—F

PITETTETII IR TIFTE TS TE TSI EF LS EE LI G EE LTSS IS ST TS ST ES

System

The child initially at rest slides down
a slide and is moving at the bottom
of the slide.

B Y Y P VY YV A

System

Say oy

L R R R L R R R R e e P e L P e

Initial Energy + Work = Final Energy

Ko+ Up#Up#+ W = K+ Uy + Us + AUingfriction
A A

Earth

Y LT T Y F PP YRR

Initial Energy+Work=Final Energy

‘{(0+Ugo+Um+ l-‘V=“K+ Ug+ Ugt AUjnriction) ® jj ‘:OL \-—C @%IEH@ ﬁg(\:

: UC, ZV—=RTAEAT TS5
LB THDILNF6H
T\, IMEFEE T IVF—|

PR RIS RIS IR PRSI RIS IR R R REE
Apply the work-energy equation to the
process represented above. : IZBWT, ZHIZHHY 5%

l Apply the work-energy equation 0) Ci/ \“‘—‘7‘ Y— }\'C‘(‘f) 6

2 1 2
'E' kd() = 5 mv- + mgy to the process rclapresented above. (Heuvelen,ZOU( 200 1 ))
mgy0=5mv2+fd

CELLTEEL T AT EIT TS IE TS E TIPS E TSI T TE T E TS ST TTT ST EFTLTESS,

Alan Van Heuvelen, and Xueli Zou, Multiple representations of work—energy processes, American Journal of Physics 69, 184 (2001)
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F. DEBABICETIZHRR-ZERBTOTER

WIRIIERE B2, BEIWIEOMREEETHIL 2T 5/-DOIZE KRR
(Representations) 2 A\ 5, FHIZELA R FRFICIRR T —2ERIA
(Multiple Representations)—Z&i2&kY), IDFEWEBIZRZETHIENTXS,

B ZFRFRIF(Representations)
XE, FE, B, KX, Xig, A, e, BE, 757, F
m ZEFIH(Multiple Representations) D3 2D##E (Ainsworth(2006))
. BEOZHRERFEZIEATHIILIZEY, INONEWIREILE>TEHRZ LV IE
WEIZE2 528N Tx5 (Complementary Roles).
2. BRARFEZFRBICIRRTEIILIZEY, BRE2RLIENTXBLH RS
(Constrain Interpretation).,
3. IVEWHEARIZZEETSHIEMNTXS (Construct Deeper Understanding).

Ainsworth,S.E. Learning and Instruction16,183-198 (2006).

iR, WEKECETASHRANER, BILLHRAY HMHE_H65, 20204 o



o /
“ 04 /:, mis— 010 ms
= EL5LHEY (Representations) -5, XE, MARE, Mg, &, 757, R
BERHI, 3L — b, NI, #851 %, F2)IIHEICHNE > TR E B Y
9%, Ainsworth (2014) SEEET
> > — > - - N 01 02 03 04 05 ¢ls)
O ZhENOFRFS, AUERICHU T RRSMERRLTVE
O [EUBEmREZ DR THEALTWS @il z{mm) | 0 | 15 | 44 | 8 | 137 | 200
. > el N Il A x{mm] o @ || @ | @ | ®
O B & BT B Rk R ks o [0 [0 [o [0
I r r v i i i MHOHEREBLOBHTIC LI, RIEPE<ET LI, HHE e v=wy+al
lIIIII1 1ur2 "||'3 4 1ur5 B T -
= F—= @+ F—= G—= G—= F—= EviBEE 2 THEOTE L -IERIC VR oE: sHATE S #E oy = ol = oitLat
Figura 17 _ ETHE, LT MERESELIAY Lo LzhELs. U8 | ve-vBT T2
Motion with constant velocity. v Hieoite, hMET s v S Bar o THES k2 - (i 0 J—pnl=2ar
o 3 . 7 i TeELoSdblia LT, 1077 > FOREE 60 v Al & : ﬁ
[1"'1 Va Vs ;‘ri_ﬂfn 7 BEMOES T, chldTHL LA LR b s E A 3 % :%
Figure 18a — . IWIIARREHLET, MAMNELAIIEE BT 2 0hAb 4 128
Put on the brakes, and your velocity changes. A\ AR, ShRPADETHE. T T I —Bart, |
KA, PEOSCRSCEELT-SH L3 2 L 2l B/
- i = Ny _ W 2 M AN, BRI IBASZLE, 1BConTi T
a_E = At B At Vg v // FEEERTREISLS D B
) pd B Lo, e-4 iz
- V- (Syat)_(Sya) 5 _ 52-5 N Bt 1R A e i
LETA T Al A e =\ 2 INHE Lo 5
L'/' z'Tq,—nt
IR HEE o k—RCRHMOMKTH B2, BRI - — o
D EMEE (acceleration) Ev2 3, Fabb, MEEalx  ° * ] ==
o ] x v
a=r0p=F¥F=(&4§ 2 [P T e — = Av=r—n  __ Av
at=t—t, T a1 8] 3 & & 1

11



HAYHEEFEETHE [MEEE] v27Fr—v ) —X HE3H
LR, VMHEEE & SREH, 202349H

YouTube https://www.youtube.com/watch?v=ZHefcITOFbc&t=0s

VENEESHRRNR

_— |
P Pl o 003/4113
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3. Active Learning Guide ZERIZFHRITHT7—U —rE

B Alan Van Heuvelen, Eugenia Etkina,Active Learning Guide, Addison Wesley,2006

6.2 Conceptual Reasoning

Skills: C ing a Work—Energy Bar Chart

"Qualitative work-energy bar charts provide a concrete way to represent work—energy processes
and to reason qualitatively about them, In a bar chart, each type of energy initially in the system is
represented by a bar, as are the final energies of the system. If an external object does work on the
system, then there is a nonzero work bar. The place marker for the work bar is shaded to indicate
that it is not a type of energy but is instead a process invelving an interaction between a system
object and an object outside the system.

To learn how to represent a situation with a bar chart, follow the steps in the order indicated in
the sketch, We illustrate how to draw a bar chart for the following process: a compressed spring
pushes against a car at the bottom of an inclined plane, causing the car to shoot up the inclined
plane. In the final situation, the spring is relaxed. Note that U, = gravitational potential energy,
U, = elastic potential energy, and Uiy, = internal energy.

1. Make initial-final sketches.
Initial state ¥ Final state

2. Choose a system.

v >0
¥z
. 3, Use initial-state sketch to
i choose bars for initial

encrgies: choose bars for final
+ Spring compressed energies:
- « Car maoving

+ Car position elevated

5. Decide if work is done
by an external ohject.

Bar chart

- Now examine the height of the bars on the bar chart for the initial and final states of the system. How

6.2.1 Represent and reason Fill in the table that follows.

Experiment: Description of ~ ® Draw a sketch showing = Construct a qualitative

system and process initial and final states. work—energy bar chart,
= A rope pulls a skier, ini- B
tially at rest, up a hill. Jni- K Up Us W Ky Uy Uy AU
tial stare: A skier is at rest .
at the bottom of the hill.

Final state: The skier is
‘moving at moderate speed
atthe top of the hill. ~
System: Includes the skier,
rope, and Earth but
excludes the mator that -
pulls the rope up the hill.
Ignore friction.

4. Use final-state sketchto |

* can you explain that the length of the U; bar is equal to the sum of the lengths of the Krand U bars?

$~33 CHAPTER $IX WORW AND FRERGY

6.2.2 Bar-chart jeopardy In the table that follows, describe in words and then sketch a process (the
system, its initial and final states, and any work done on the system) that is consistent with the qualita-
tive work—energy bar chart shown below. There are many possible choices.

= Bar chart fora process # Describe in words one pos-  # Sketch the process just
sible consistent process. described,

K Uy Uy W Kp Uy Ugdly,

CHAPTER $IX WORK AND EMEREY 6-d3

THE PHYSICS

L Cive
L earnin

Guide

ALAN VAN HEUVELEN
EUGENIA ETKINA




Active Learning Guide Z#HiRI\NFEFHITHT7—O —FE

| 1. Make initial—final sketches. |

Initial state y Final state

2. Choose a system.

x; <0, spring
compressed

/ Earth

x¢=0, spring
relaxed

Ky Uy Ug W Ki Ug Ug AU,

Vi :’0
>0

3. Use initial-state sketch to -
choose bars for initial
energies:

o Spring compressed

4, Use final-state sketch to
choose bars for final
energies:

+ Car moving

» Car position elevated

Bar chart - 5. Decide if work is done

by an external object.

14
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Active Learning Guide 2 kB FEFHIT AT —IL—L&E

6.2.1 Represent and reason Fill in the table that follows.

EE R L RICET 5 EH
MAX—5T, #IELTWVWE R
F—Y—20—7STLOFHELE
FTHIX LT3,

HHORRE : AFX—FV—IIEDE
TEIEL TS,
BhYDREE : AF—Y—IZED
LTHEELREITE->TW5,
RAF—V—LHiER, n—7%
FIKE—X—IXRATH D, EE
[Eiii 7 i

= Draw a sketch showing
initial and final states.

= Construct a qualitative
work—energy bar chart.

K;qﬁq{mezgtgamm

15



Active Learning Guide 2 kB FEFHIT AT —IL—L&E

6.22 N\—F¥—bk DanTa4 TOHFE-TRAVF—N—F ¥ —FTROHINTVIRI (R, FDL&bY DIREE,
RIZBRINME) 2 TOBLEEMIEETHIEE L, WAIVSELLIRAHVED,

= Bar chart for a process = Describe in words one pos-  ® Sketch the process just
sible consistent process. described.

Ki Uy Uy W Kp Ug Uy AUpy

L




4. ZERE - /I\—Fr—rEEO M

| j_} \/r j'}‘l\l 1‘_[. j(? ( O SU) I?%B 1 ﬂiﬁfﬁﬁ*ﬁﬁj\ﬁ P%"’ | —X@% A 50&‘;8 Cﬂ}f‘l- including ”]"? PHZSC‘;WS‘ is “Imi“"}): z‘ (a) Construct a qualitative work-energy bar
— st. tl ring is released, the cart is launche: y
U5 AVEEB T4 55 (199 TEM~19984EXK) e e
> » 68,000 N/ t be c essed i dy Initial E) y + Work = Final E»
m ZERAN—Fr—FEERAUAZEI AR TRIIN— i o e | T T
F¥—N, ZEEEZNFIUIDONTEID, 2D TRONEE "

HEHIZEZSEHER T VT —b
= 92%MIN—F v —hOFREE T

O [ KRB/, WS WMADFE X TWOASDNDREIZ
FEINBDT, BHIIUATHILNTE/ e

O I—I/—\f‘} l/¥b‘} \\‘““7"‘ Y— ]\ li% th%‘m@ ﬁﬂ%w 7.:_" IJI:TJ 'I\i % /_.T_\‘ L/ (b) Uselhework—enj::barchanlohelp construct the work-energy equation for this process.
TNBDT, IEEIEIL 272, TNENDERBHIRFETY
DIRINF—=IMEDNEDNE THENDBIEINTEXSL, : S
% DEDTINE—DEFRREHEXIEI VDDA Fomr Sttt I N—
b |F % e '

e Does the answer seem reasonable?

[ 8 4 % 7b§ % E %Iﬁ@ ﬁ&kﬂ‘lﬁ ;& -é‘ilz,ﬁﬂ o How would the answer differ if

the loop has a smaller radius?

O (fEzZERDFETRALBICRIA TSI LI, MEDE e
B DSERFH 2 REM 5 LT, RERII--,
M & —DDEENOET U RN T, BRI
ZIRTIIRELTCUED IO BEDE, LERBIIME
TRTOAEEZ RE TS IFEX

17
Alan Van Heuvelen, and Xueli Zou, Multiple representations of work—energy processes, American Journal of Physics 69, 184 (2001)



N—Fv—br2FZRALI=9SADERNE

80%
70%
60%

50% -

40%
30%
20%
10%

0%

(1)T. O’Brien Pride, S. Vokos, and L. C. McDermott, ‘‘The challenge of matching learning assessments to teaching goals: An example from the work-energy

1 2 3 4 5

mi.

m2

3.

|4

W5

N The diagram depicts two pucks "
UWIZEB (N =985) on a frictionless table. Puck I Finish

is four times as massive as

. puck L Starting from rest, the

OS UIZER (N=147) pucks are pushed across the
table by two equal forces.

. Which puck has the greater Start
UWXKZERE TAN=T74) kinetic energy upon reaching -

;:;.S ct":r:::;gh line? Explain your ]Gn) G“D I
WEOHAE (N=137) 1]

F F

wesg p = =
OSURBEY TR (N=56) McDermott(1) D A& 178

McDermott(1) DFEERFE% FH

I, IIZRICAREIDOAFEZ, RUEBHE U 2L X, T—NVI1NGELLXDENTNDEEI T XL —

DA/NERZHD

1.7V VR RZE(UW), 2. NAFMIZKRZ(OSU)YMAES HFEI— AR T 1
4 NFEKF 2 —NITINT =TV ay ASMUEYEEEDEELRTHS,
5.0SULZHIEEMEN N FEI—-AN=F¥—MNERIFA) K TRIZEEBEE0%

and impulse-momentum theorems,’”” Am. J. Phys. 66, 147-157 ,1998

Alan Van Heuvelen, and Xueli Zou, Multiple representations of work—energy processes, American Journal of Physics 69, 184 (2001)
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5. LOL diagrams

m LOL diagrams &l

EBIRLTWS R, ROBRMDIREE, OIRREIZEH X5 A7+ —ALLOLEZ R,
EENRANSDOIRINF—DHRATH B E2HEBELIETS,
7]

ZERDOEFEWVZELYLOL diagramshEL R 2 3#xE 5,
[T 3N F—=N—Fv—bOF]EHz BEHEL TS,

O0O0a0

Kelly O’Shea, “Energy Bar Charts (LOL Diagrams),”
Physics! Blog! https://kellyoshea.blog/2012/03/05/energy-bar-charts-lol-diagrams/

Kelly O’ SheaKkli=a2—3—72
DERTYEEHZH5E

19
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LOL diagrams Initial Final
B TR TEEZIL—TI—AKX—|Z
[T TR, BEONV—THRE w=0 v
RIZBITIBEI =KD 5,
o
K U, U < Ur; U Ql:bw.
B al
N l"l \ l *\ /Y‘

B BH, IR, fiERRZER

B KiBEDEETAINF—, Ug: BEDENIZLBME T IV F—, Us: XDt
HNZEBMBZ RN F—, AEtherm: NEPT R F—DIENNE

20
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LOL diagrams

Imitial

=l

Final

s

B TRV F—REEREZEL
O IRZF1 O DIREE, IRZ Ff B DIRAE

21



T,

Final

LOL diagrams Initial
o
K U) \.‘3 \ < u‘j us QE‘W_
o [l
- \< \% . . | - \(’\
l 5ot i
SO Ke 4o

B BH, HEREERL, THAVF-REXEES
O BHEEERMNIHDIERNSLEFELIND

22
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(b

LOL diagrams

Imicial Final
B (ThTEEEZIN—TI—2&—Z[T
TR, SEIIN—TOHREIZRK
FEEDEX IS BNEE RS, = v
—
[ Ye—

B BH, X, iIERREERL AN —REXZTA
B HEERIGELZEILDEVEZRMIED

23



LOL diagrams

® LOL diagrams (ZLOLL, LOLOLLE, B DO AFvTFavh ("
IZHETX 3, [
O (e UKED, ¥
HERE b, B B =
| |
] H
X ma%?‘f o

U;‘ - k[+u0)1 OF uSI — Mjf Or k.fuj[:u

95
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LOL diagrams

m LOL diagrams DX5R5 Tk
O ZANVF—N—Fr—b DBEDEIIIRTFDEKDO) TEZRINF—ELOH
E(FAD))DEIDOEEHPIFEULD)EN, EFEIFIOREZEHBLTINEho /-
S>N—%& 7OV I3 TCERATDILDIZL, 7y DERIZERNHEH L%
ER T A
K Uy s KUy Us By, Ky Us By,

L
LL’ o s J ,

O RELRWEFRICX 2D T, ZELAZEERTIEIZU -,

3%

Kelly O’Shea, “Energy Bar Charts (LOL Diagrams)” 25



SUPER (Student-centered Understanding based on PER) AF§ %]

https://storage.tcu.ac.jp/public/LUYowh31Zx499NgXfPadLwYfa9_hX5upoOpnPxz_sFvf

=]

o¥A ] — F t SuperPhys*

OSUPERYIEMRZ (ALER, FEE—, hHIEAN, FHEE, RAENKH, Bh=E—, ILABAFDE 26



[TRIILF—REFUNIESIHZSH BEIEE, MEBEHRERIE, 2021 4 186 & p. 20-43

J-STAGE &WYH>A—FT

https://www jstage jst.go jp/article/apej/186/0/186_20/_article/—char/ja/
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Ruth Chabay; Bruce Sherwood; Aaron Titus
A unified, contemporary approach to teaching energy in introductory physics

Am. J. Phys. 87, 504-509 (2019)

AAPT &YS D> O—FRT
https://pubs.aip.org/aapt/ajp/article/87/7/504/1044601/A-unified—contemporary—approach—to—teaching—energy

28



	スライド 1: LOL diagrams
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28

