o av v av -
VRN ATNINY fIRNIRARENITNNII Suusted

249560

|

o/

o a o & -l ¥
BITNRUIMITE AT IRITURIT RS UNTITIA A UL UUNAY

ﬂﬂt:ﬂﬂ RINUTTY

MERERTII R
- da 4
101U e e UNEnT

ce

“o

m:‘ (ad
o

o =
§

LBIIRLISEL

Fiﬁ'“aﬂﬁi 2504



v av 03 a -
VNENATININY iwnnunmznﬂum‘n qu witeznd

Wi

MINANMITITATIHSUMTTOUM SN UNUVVINAS

aaNgNs NIMNINY

Vv 1

a a Jd A T v a a -V} A & | d!
IneHWUS U aHaaaUauNaINgaeNaTua NN
=4 v}
VDINIANHINNHANGATUI YR
ANNFNAAITHHIVUNG

a aja d
MM saaunana

aNaIneae
a v A ]
U¥INeaarelv

QAN 2554



mﬁﬁ’wmmsm%mﬁﬁ%’unﬁaaumsmﬁauﬁsmmaa

A3YND WINNIY

wa

a a 2 Yo o Yo & & =
]V]EH‘L!WMT]L!qﬂi'llﬂﬁwmiﬂﬂE]uilﬁi’ﬂuUlﬂuﬁﬂuﬁu\?‘ﬂ@\?ﬂﬁﬁﬂHW

q

MurangasyaInemnaasuriuma

(
a ara o
AvIFIMsaeuNand
a a 4/ dd' a a J
AMUENIINM STV INENUNWUE 2101356NUSnH 1IN NUS
/ﬁ/___l /L i
Ol = S . W Usesunssums /""2 ...............
= 9 @ ¢ w aa 4
A5.15M HAINg AT.NITAU IAUNTIYY
.................... e DITUANS
a 4
AT.LAW AAWNYINT A
R )
i T S e LIS VSN
AT.AHY TITTIUVDS
/ \7
............. e N e NTTUNTS

A3. WITeI Saunanyel

14 qainy 2554

© AVANTUPINUM I INBA T 11



aanssNUsemea

v
@ A o

a a 4 [~ o @ d w aa o 4
'J'ﬂfﬂ‘u‘wuﬁﬂﬂ‘uuﬁ“iﬂaﬂvlﬁ}ﬁjjﬂﬂ']"lllﬂEiu'ﬁﬂﬂ D117 AT. WITAU IAUUNTITY 19158
~ a a s YR v Y o o o Y a a ¢
Wlﬁﬂ‘HTJWUWUWHﬁ E{%Qﬂ?mWiWﬂ??Mg AULUS U ﬂ‘llﬁﬂlﬂ memmm"lwummuwuﬁ

9

< ¢ g v v &
svaruysal fiveuveniuveunwszuiuediageld a Tomail

o = o a L4
“Uf’JﬂjTU‘U@UWﬁgﬂﬂl 819138 AT.NTN llf#ﬂﬂ\?,@'ﬁﬂiﬂ AT. LAY fifﬂW‘ﬂﬂ']ﬂﬁm Uae

4 Loa = v g a a o Y o ’
019198 A3. AYY QITINUVII ‘V]ﬂ?ﬂﬂﬁ‘UﬂJUﬂjillﬂ']iﬁf)ﬂ'n’]fﬂuwuﬁ Gl‘ﬁﬁ]f’)llugu'] f3NTU

a a 4
uamfﬂmﬂmu‘wuﬁ

a

o a a o o a 4y y v
ﬂl@ﬂﬁTlHJ@UWﬁSﬁﬂﬂl 1913 AT.DNY 1A auﬂ%wm‘v ‘V]vlﬂﬂﬁﬂﬂcl%ﬁ@ﬁ'lﬁﬁﬂizﬂﬂﬂﬂTi

Q

- s ;

o g = k7 ) v oA
U'ﬁ5fJ“IEJLLagfﬂnu]Uﬂ'J’]llﬁ%ﬂjﬂclUﬂTiLﬂﬂeﬁ,ﬂHﬁWﬁﬂ"lﬂiﬂug"ll@\iuﬂﬂﬂHVIfuﬂﬂ 1 ULuﬂﬁz‘U?u
a L4 a a o Y] Jd
Y1 207105 LLa&’ﬂl@ﬂﬁWUﬁJ@UWﬁ&‘iﬂm AUIVTY LlﬂguﬂﬁWﬂiﬂ"lﬂT]ﬂWﬁﬂﬁl&a&”lﬂ@ﬁ’]ﬁﬂﬁ

' ~Hq Yo o 1 A ] ' =
‘vgﬂmiﬂﬂﬁﬂﬂm:ﬂW LlﬁgﬂUWN%QﬂLWﬁ@LﬂuﬂUWQﬂ@]a@ﬂNW
a a ' = Y] ' A g v
ﬂl@ﬂ]@ﬂﬂﬂ!ﬁlﬂ“l)'ﬂaluﬁ’]“ﬂﬂhlﬁﬁ’ﬁ]l‘!ﬁﬁﬂﬁnﬂVlTU7]ﬂ@ﬁ](lﬁﬂ?TM‘ﬁUﬂLﬁﬁ@iuﬂ?ﬁlﬂUﬂ)@y‘a
by E4
TunsIvenTail

Yy A = aad ' A a Y v o '
mongail minlidalaviaanunnsesrsonanainlsznisla filouveesmiluedis
9 [ a 3‘1 9 = @ 1 oa a o’d" a Jd Y [}
geludeunnsewazanuianmaly azdidounisnannidwusindilse Tomithe ldun
d v o o Y a a o Yt Y <
nuesdmmiugaouIniand aasasugnaulolumumsanun

qINYND WINUIY



¥oi50 MU INUT MIRAUINIT AN TAT IS VNI ABUNITIAADUN

2
HUBNAY
Y A
HIvey UIBATIYNT WIHUIY
a @ a a 4
3yan IeENaaTUIINHN (MIToURAN)
da a a ¢ ¢ s aa o
911583 nE Ineniinus 919130 3. WITAN TAUUNAIFY
e
w v
UNNED

[

“l

l»\‘
Y

Av A

MATIF g szasAndn Tagilsy mﬂmwmmaﬂﬂmmsnawﬂuquygsm g
- £
naaea TaoldGuAnpmsnasuemasnszuenduuaznaasnniuBeslasdimatians

a 4 1 oA o @ 1 1 Jd 1% d
ANTIHATWEIEIA ToAWHIFE AUZAITONDI ANUTIgAgUINaINIavesIngniig i

=

[ = 1w -Af (Y v oA o 4 1 L
mnauﬂui]zimwmmmmz"lmuaqﬂuma ‘ﬂﬁQﬂ5$°U@ﬂﬂuuiumu%ﬂ’ﬂm%@ﬂﬁﬂﬂﬂ'N%?Qﬂﬁ\'i

v

Yo 1 dy Z/ & [ A g a
185207 msenszuennale uenvniinsanszuenvsaesnalae biloadioyuyesnudes
v
doonuInga A19AnguRvesyuingadmsunsanszuennadeslndifesdua1ainng
N 9y
NATDY INATNAADINUINEINUNATWVINTInszuaniananlunstinaslaslulona wa
° @ s ' == o 9 o 4
msnaaesgnii leenuuuundunvsinaznmaeda lohunldiuaoumsailszneuns

@ o

aUNHU

@ I y ) = @ a 4
Tuinnilszasanaoaadsennud landiSsuveninAnyiauz drnssumansuas

£ ] ]
= L

2 7% ) A ~ 4 g v o) P
AMEINGINAAIFUTIN 1 1AeINVNITINFUNIDUNA MsNUTBYA lasNsdunEalsEno
aa ] =p=1 @ Qy J @ I'd
38 To—nsAuHUFA MIvyuvesluwe LazMINAIRINUIBIVBINIINTZUNUNTUN LD
Ay o -4 v o 1 4 9 @& K a 2% ety o
& luneaesdunmuaingnisestszneudisinfnyinug Inomaassuii 1 1191 4 A

Y S @ 9 o 3 @ 4 ' o [ 9/ = a c{?, P=1
undumuanUsuudni ) gdunsainguaiedialszneudioinfnyiiranssueman izl
pui o a s @ 4 1 @ ] (=1 H
A 191191 21 aw nnnsmzvunduasainuInindneidulvainamdlef

'l—:!

4 d‘ Qs ¥ o v =} 1 ¢Qs‘
ATANADUNYINUITDI INLNUG\F]]WM%E]EJ UNUINVOULTAFIAMIUNTABN 15N awluns
v

L 1 o 1 <
a3 5'3115\39']']1JL§¢15UEN"gﬂizj(uUﬂfﬂﬂll')ﬁ‘ﬂﬂﬂﬂiﬂﬂizﬂﬂﬂLLU‘UQWQ 9 L‘L]u@]u



19560

@ I y o = @ d £
Tudagiszasanmumerihdoyan ldsinnisdunivel lieonyaginsaiartanis
A a 2 aa a a A A a4 av o d
wasuuuunas 3a lemsmBauaz lufsnssy welszneunisussordddfduiug lu

@

et - o X o @ a
Sagiszasanafnyinnuwlafelrdsunisnasveninfnyivasninaeualenisai1ie Iy

Q

Y

suuAaTe Taohdeasalugduuuinle 1 1daenlu 2 Hesvesnszuauian 207105 u
= o = Yy L Ao K o d !
Mazeun 1 Ymsany 2554 Taglnvieanianininfnyi 46 au dvuatunqualuguuay
v 2 o o ¥ Ly a4 Y Adao o v g
HaouIzUss01eisI019@ed Tuidensnas daudniesnininfnyl 64 au fua ity
nqunaaesuazaou lasdaeuniauildimatinnisasalsgnounisussorouynil
a o @ o Y P=1 £ 1 VA= @ XK 3’, T 9
Ufdunus latnsSeuisuanudilanounaznasouvoninAnyimaaeengulay 1y
- y i d 2 3 y o o e v
npydszduapudilimswaeuivuunaaidszaey lldrgmomunulsiiosuou 6 4o
WUIINQUNAADITAT <c> 1MIAY 0.89 HAZAGUAIVANTAT <c> NIAY 026 FIINA
Normalized change uaasiimsasulaslddoaitnsznaunisussesiilsednam

YINANTADULVULIT TN EI0819A 87



Thesis Title Development of Demonstrations for Teaching Rolling
Motion

Author Mr. Sarayuth Phommarach

Degree Master of Science (Teaching Physics)

Thesis Advisor = . Dr. Pornrat Wattanakasiwich
ABSTRACT

249560

This study has four main objectives. The first objective is to study rolling motion in theory
and in experimentation. Initially, rolling without slipping of solid and hollow cylinders was
studied in the real situation by using technique of high-speed video analysis. We found that
center-of-mass acceleration of objects with similar shapes are the same and do not depend on
mass. A solid cylinder has smaller moment of inertia, so it rolls faster than a hollow cylinder.
Moreover, both cylinders rolled without slipping when an inclined angle was smaller than a
critical angle. The theoretical critical angles for both cylinders were close to experimental values.
From the experiment, total mechanical energy was conserved in case of rolling without slipping.
Experimental results were used to construct an interview protocol; and the videos were used as

situations for conducting an interview.

The second objective was to investigate post-instruction understanding of engineering and
science freshmen about rolling motion. Data were collected by interviewing with videos—pulling

a disk, rotation of propellers and cylinders rolling down an inclined plane. The interview protocol



243560

was used with a pilot group consisted of 4 science freshmen. The improved interview protocol
was used with a sample group consisted of 21 engineering freshmen. From analyzing the
interviews, we found that most students did not understand roles of frictions in rolling, rotational

work, center-of-mass acceleration of different cylinders.

For the third objective, the interview results were used to design a demonstration set for
rolling motion, demonstration videos and activity worksheets, for an interactive lecture. For the
forth objective, we studied student understanding of rolling motion after teaching with the

4
demonstration in videéo format. The rolling motion videos were used to teach two sections of the
207105 course in the first academic year of 2011. One section of 46 students was assigned to be a
control group and an instructor only lectured in the topic of rolling motion. Another section of 64
students was assigned to be a treatment group and the same instructor used interactive lecture
demonstrations to teach the topic. Student understanding before and after the instruction in both
groups were compared by using a rolling motion conceptual survey, consisting of 6 multiple-
choice questions. As a result, the treatment group has a normalized change <c> = 0.89 and the

control group has a normalized change <c¢> = 0.26. This indicated that the treatment group

improved in their understanding of rolling motion more than the control group.
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