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Enhancing Students’ Understanding of the Concept of Chemical Bonding
by Using Activities Provided on an Interactive Website

Marcel Frailich, Miri Kesner, Avi Hofstein

Department of Science Teaching, The Weizmann Institute of Science, Rehovot 76100, Israel

Received 30 January 2007; Accepted 14 July 2008

Abstract: This study investigated the effectiveness of a web-based learning environment in enhancing 10th grade
high-school students’ understanding of the concept of chemical bonding. Two groups participated in this study: an
experimental group (N'= 161) and a comparison one (N'=93). The teachers in the experimental group were asked to
implement four activities taken from a website, all dealing with the concept of chemical bonding. Computer-based visual
models are utilized in all the activities in order to demonstrate bonding and the structure of matter, and are based on
student-centered learning. The study incorporated both quantitative and qualitative research. The quantitative research
consisted of achi questionnaires i to both the experimental and comparison groups. In contrast, the
qualitative research included observations and interviews of students and teachers. Importantly, we found that the
experimental group outperformed the comparison group significantly, in the achievement post-test, which examines
students’ understanding of the concept of chemical bonding. These results led us to conclude that the web-based learning
activities which integrated visualization tools with active and cooperative learning strategies provided students
with opportunities to construct their knowledge regarding the concept of chemical bonding. © 2008 Wiley Periodicals,
Inc. J Res Sci Teach 46: 289-310, 2009

Keywords: chemistry; technology education/software design; secondary

We assert that web-based learning facilitates the use of a diverse range of visual tools that demonstrate
abstract scientific phenomena. Many studies (Ardac & Akaygun, 2004; Barnea & Dori, 2000; Sanger &
Badger, 2001; Stieff, 2005; Tversky & Morrison, 2002; Wu, Krajcik, & Soloway, 2001) dealing with using
computer-based visual models found that students benefit from this type of representation. Hence,
incorporating such interactive simulations is effective for both students and teachers in strengthening the
learning and teaching process. In addition, when the study was conducted, it was assumed that when
the website activities are professionally designed, they have the potential to promote collaborative and
student-centered learning. A web-based environment in which the students are provided with clearly defined
and focused activities promotes an environment in which the students become active participants in the
learning process, assisted by their teachers and peers. Active learning is defined as learning that strengthens
student involvement in the learning process and has had a positive impact on student attitudes and
achievements (Bonwell & Eison, 1991; Felder & Brent, 2003; Moore, 1989). Several very significant
interactions occur when students are engaged in web-based activities while they work in small groups:
interactions take place between the student and the learning materials, between the students themselves, and
between the students and their teacher. It was suggested in the literature that social aspects are important
components of learning processes (Johnson, Johnson, & Smith, 1998a,b; Mayer, 1999; Semple, 2000). We
believe that all these lead to effective, more meaningful learning and to a more in-depth understanding of the
science topics being studied.

Correspondence to: A. Hofstein; E-mail: avi.hofstein@weizmann.ac.il
DOI 10.1002/tea.20278
Published online 24 2008 in Wiley i (www.interscience.wiley.com).

© 2008 Wiley Periodicals, Inc.

THEO
CHEM

Journal of Molecular Structure (Theochem) 398—399 (1997) 265-274

Charge transfer complexes studied by semiempirical and ab initio

methods: the effect of geometrical constraints on complex stability'

Daniel Kost*, Marcel Frailich

Depariment of Chemistry, Ben Gurion University of the Negev Beer Sheva 84105, Israel

Abstract

The AMI parameter set was tested for its ability to describe weak charge-transfer (CT) complexes between aromatic donors
and either aromatic or quinone acceptor molecules. After concluding that the method is generally suitable, the effects of various
geometrical constraints upon the complex stabilization energies were studied. Substantial flexibility is found for the complexes,
suggesting that minor geometrical constraints, which might be imposed in the case of intramolecular complexes, may not be
destructive for complex formation. A qualitative trend was found, relating the complex strengths to the calculated CT-band A,
values and the calculated oscillatar strengths. An analysis of the frontier MOs of the complex systems suggests thal various
high-lying occupied MOs interact pairwise with various low-lying unoccupied MOs. © 1997 Elsevier Science B.V.

Kevwords: Donor—acceptor. Molecular complex; Molecular orbital
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The first session today is dedicated to the memory of Dr. Marcel Freilich Cappellon. A member of the Science
Teaching Department, who was murdered by Hamas terrorists at Kibbutz Be'eriin 7.10.23

The choice to dedicate thus session to Marcel is appropriate, not only because of the horrible national
circumstances of her death, but because of who she was, and what she did in her career. In the next few
minutes, I'd like you to get to know our Marcel, My Marcel.

We met about 20 years ago as doctoral students in the chemistry group at the Department of Science
Teaching. Over the years, we collaborated on various projects, became colleagues and friends, and in a
strange twist of life | became her boss in the last few years.

Marcel is not really the type of woman who need a boss. With her crazy energy, passion, and professionalism,
she's never been the one to manage. Her job was to dream, and my job was mostly to calm her down, to get
her back to the ground, but to allow her to fulfill her dreams.

But make no mistake — the woman of dreams was also an uncompromising professional that gets into the
smallest details. Our last working session was on Zoom on Friday October 6th. We were working on joint
facilitation of an event that was supposed to take place three days later. While | told her, Marcel Come on, it's
Friday, a holiday, | have guests, cooking is waiting. The presentation is good, we know what we need to do, She
said: let's go over the details once again to see if everything's Ok.

We loved to chat while driving home — usually it started with me trying to convince a very determined
Marcel to change something, to round a sharp corner or go around it, her arguing with me, and ending with a
conversation about our kids, spouses and life in general...

As a chemistry teachers at Kibbutz Be'eri's school, and later in the upper division of the regional high school
at the Eshkol Regional Council, It was clear that teaching for Marcel was like a glove for a hand. Her love of
chemistry and her ability as a performer made her the perfect teacher. During her many years as a teacher,
Marcel was loved, respected, and admired. She loved her students and they learned to love chemistry.

In her work as a teacher, and in her second career at the Weizmann Institute, Marcel realized something
important—that there was some secret—optimal pedagogy—that made science learning an exciting
adventure. And that that secret isn't intuitive to every teacher.

Therefore, she was involved in the development of learning materials, digital resources, and lab experiments
for students. Marcel could say something like: “| want to develop an experiment that will make students eyes
spark”. After two weeks, she presented the experiment to school teachers.

In one of the photos, you can see Marcel with her grandkids — her family sent me this photo saying — she was
playing with slime, but very seriously explaining about Borax and the chemical reaction that took place... this
is how she was also at work. Passionate but very scientific.

The connection to the teaching field, was always important to Marcel. Therefore, in the project of professional
teacher communities (N1 TN17 N1PVIXpPNn N7 NM2vd) it was not surprising to find her both in the leading team
that guided the community leaders throughout the country, but also mentoring herself a community of Be'er
Sheva teachers. Her love for what she was doing crossed sectors and borders. Marcel was a personal mentor
to leaders of the Bedouin teachers’ community. She supported them in the establishment a successful,
lively community in Hura, and later another community in Rahat. Marcel worked hard to promote scientific
education among the Bedouin population in the Negev also at Key college. The teacher and leader of Hura
community, Abd al-Bassat, mourned her "Marcel was the teacher of most of the Bedouin chemistry teachers,
most of us went to Kaye."

Marcel also thought about the day after her retirement, and as usual, she did not intend to rest for amoment.
She studied nutrition according to the principles of the Rambam and used her expertise in chemistry to read
contemporarystudiesand combine biochemicalknowledge atthe molecular level withthe principles ofancient
wisdom. She intended to spread her insights regarding healthy nutrition among diverse communities. Even
in planning the day after retirement, her strong personality and special activism were evident — harnessing
her love of chemistry and science to do good.

Marcel's professional life and dynamic career are an example of the diverse combination of two worlds -
world of science and the world of education, teaching and teachers training.

Marcel is a true model for a woman who combined her passion for chemistry, her talent to teach and her love
to people. May her memory be blessed

Dr. Yael Shwartz, International Day of Women In Science, March 12, 2024, Weizmann Institute of Science
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Travel Grants Commemorating Victims of the October 7 Hamas Terror Attacks

Dear NARST Colleagues,

A consortium of two Israeli Universities — the Technion and the Weizmann Institute of
Science — is offering up to 8 scholarships to support the attendance of graduate
students at the NARST 2024 Annual Conference. These scholarships have been
established to commemorate two Israeli science educators and members of NARST
who were murdered by Hamas terrorists on October 7, 2023 — Dr. Marcel Frailich
Kaplun and Dr. Hagit Refaeli Mishkin. The scholarships will affirm the consortium's
commitment to high quality research in science education, particularly research on
evidence-based reasoning. The scholarships will financially support graduate students
who are participating in and presenting research papers at the 2024 NARST
conference and will range from US$500-750. Recipients of the scholarships will be
expected to have a short meeting with representatives of the consortium during the
conference.







2024 "M9N,111 |1"771,”N1201 vTn [1ona”

1°r 70107
"aNT77 win

TR BNAY 79 11977
1797 1719 701 17T
IRA Y72 NAVA 1NFZIRA 7-2 NINR1IY




111 |1"7"a NN vyn j1ana”

127 100N YW 121 17 09w "?00N TN wi1707n”
J179P 1779 7070 1T ,uTNYT NYTT 1IN A7W 1Nyl
T2 723 N10PI NON MIAN AT 7771 .7:55-1,1210PIN2 7-2
JINANT OIW 40-1707N MMNENA OW "IN QY7 MW

ULalls

/ NOIN TN9” :iIW NN W 711112 11000 707N
NonNin."Nan 17 N/ N2 TN/ 077N 010N
ATPUX W AN AT 10 .8:35-1 MIWI YW 1"T7 NN

JW 023N 732 poy 70"
M7Y1 NN1 70010 NX ANA'T ANown Nang a™nird 1auJ 1302 17INJ — OWTNRN NN

T-9U 02m N On .ONDA YW 1A 199 T MPINT 7MY NI ANNoNJ
M3 ANOWN 2 .YI'pian 093w AT OV T 0ann
OmMiwJ nan — 0mMin NJMnmaiii

.N19W'T 1999011 11TV 1903 0NW
O'271wn Nipind o'nyw

707N .NA TN VAT 0200 NN 0N Wy po "TAN OTN2
Oa"0 NN TTXW Y1277 120 1IN N OV T ,nx0)
0173 N2 111341 ,12NXTA 00 IMIND NIVIAW .19pNna

.M202 NI T

"NYNJ O'WIN uwon Tmn”

14 N 13- NAi = Wi7Ww 5712 1710 YN 1Ny 70N
TN N0, NYM-1711NI NAXA [NNW N NTNT OTIN
fP0V1 2112 [1M13-]12 NUTOIATIND 71I2 W JIWNT ININ
J1I2'NTMYNY M3 NN

q102 .1M39 NXAVUI NAIN 77N 70 anma 0w qwna
7NN Npin I 130 M 1"T NN w19 90-i1 NI
77 .07 0N OV A72VW ,JRXYT (12102 0 N9
1IN0 9w 0'0pPM1I91 N2YN NIMY NN 13T 1I0p)
T2V7 OANIN 0712w 0190 N 707" .190i1-"N1]
WO TMN — 0NN 7170IN NINIDT 0N ,indn — NN
JNJTI N"NIND O'WIN NI 139 W NN NIONNWH MTYN NPINN 1997 7979 17T

NN 1302 TWIIW NN TN 02 707N nwl wnina
AN 'ON91 0P 1T NTMIAA L,0NUPITY 19w pnnG
TIO? AWIN TINY7 " AN1J "TMINT TWONT TV ]T0Wali
NWI1J = UITVI'ND OM0PNIVIN 07 NIWNNND 1J2
,2007-2 NOPIT ININ 172PW ANNT N1 T Y9
LINX12N2 O'W TN NKTY 177002 7125 Y070 A3'wnil

12




1UT 0713 ,ATNY 10331 Y0NWw3I

AN N YW T NONIN,"INATY win i 70nY”
07171 NIPNIIN0I 01NN 1277 VT N ,IVIIX TIND
MNP0 N9™N NTAW NNIJTI N "0 T NIVIIN NIYXNND
N71 0112 907N OV Tavy 7'nnnw ,win aponn 1an
MIIWNIT 1710 V91WI 0713 ,0739 TN 039 NN W19
N'T1,"1191T2 NINJ13 OV 307 TWIN A7 N7 020 972
.nnJjon

09097 M TWON-'NX" 1T 0713 ,17TNT 110331 70 NWw3
YW 20T 7T NININ, MY AW iny 17 mnag T .ianiN
J19n2707N N9NNWiT O7AW 0019 NI WA 1YW
—NpNIN 1XINY 90710 NN 13911 P NI NMII0NTNT 1700
01 O0IN 719720 N ,0W1 T W Oy 219'wa
fNINT N2 NN N TXJ OMIJIT 77V 1IN .Wnn Ny
N JW Mipn 721 01T AT9N IW PNl

.80-11 N1IWA Y129 40-1 NAN N1A0NA "IN

N7 64 711 TN ,121071IN 102 19NN WiN9Y 1y 70N
910NN 333N X700 AN W97 nng a7 11
— ANIN PAMW WTN NWIA N1MIW91 NINXIT 11702
9W 0N NTIPIN N1A 070 NN A31TN,072N00 NNI9Y

JNTINA Vi

1"V O N33 7V 907N dTPW 1202 19w JNNNT 0P19a
NN T VINDLYIW 020727 T 9W N7 NTW 40 71239
0j0 13N O"pNiT ,NNT O1pN2A .210PINA 17-2 07PN

.70717 N1JWN

1'T17021P™M00 N — 179N 0MIW 11217 An9Wwni 0uon
T'MNA ONXY 17V3 1N02N1 1T 12107182 7 17122 71979
navnn 19X O .Y12'Pi1 1737 2P N2 1T W 1T
Y1197 NID37 192 NI 13'WNil N7 1797 0772MNi ;0J]

laps

fINXY NOINA AN ,1P122 NAWAW TWINT NN 1320 1IN
TANNNIIIAN.0'017 Y91AW I 017W I ONDUNATANTTIY
=93 131”7 YW U1 17T 0pLVA 17 1790 "..12JW 1INN
O— "M 112N J23Wwn 7V 017W21 'mI .. NN w73

170V 70N" U 713N IOTIT 1212 01 — 11X 191N91
NNNoaNJ ,J1I3'N2 Mn3J — 0N AXNN W 023N 932
OMwJ N - 07N N33 Mping ,iaTny nin
JM0OW9IT 9N MNIN,"TAN OTNA 0A71WN NpIina 0nyIw

1721w 0'0pPM™M91 29w an'Ionw iy 13-73”
707N J N190N1 1I0P 1T MININ "M NN X
NN X7 TUBW VINVITN NN AN N "2 A9NNWi
137 W™ 9w iMpin nnxar NIWNT 1mean v nnnn
MONW TINTIAVA 12N " TMYNT NN DNnn - "iniJ
AN NMIWTNN 03772 O'TMYNY1 0INY Whnng 7070
— 139w Onra mnY omIrm amoinga and Tty and v

191N JW NMWUN YT TU1N20N1A 03700

N1 .0 M3 W Oinna am nino X7 12177 anp
17TMY NI7NP NN9W 121010 W NNXA 1717J2 1901w 1N
,0111171 N2'0MN2 713301 VI 07N 12U NIVINgN
NMTPNI 1773N2 0'WTNN NRT N0 WK 02 7wnwl
nIw N7 .("p N79INn") Vaw-IN2d M) Ow-7Y 1Y
T2 17'W9 ANTI O0MmM YW NN aTnun L aniowo

JNITAN TANA O'WTNA NN O1T'pP2A

M9 1901w 07N AN ,[1IN2 NIINNNDT 0UW 15-2
OM20PNIVIN 0700 T 073111713301 VTNA TN 90
,O011W 0'0PM197 NIMITU9 NINN YT N .03 N12'0nY
InunN” N1A0N2 OMNINN YN 0oV 0'p19 Oidl
TINQINYT Q277 2N O™ — "709” VPO NV OIIN "WTN
iND19 ,iMNMY OV TN 1WIN NINNNIN NRIPN 1TMI1
TIN™2 POV O7AW 1NMAN .O0™9021 0'P191 0V TN O0MNNN
7M1 KA1 IV 19021 99331 O0M0IN0IN 073 NIYNNIND
NNXITA 2023 12100902 TINY KXW ,iTJa Do

1107122 1M39 NN13INN 1N

W1, 00NN OW™ 0WT1IT NJW 07210 N1IrYY OV O'WIN W
,707M — O"MIAN JW NIV JU199 NIX1192 0210w O'WIN
UX27 O3 0910 NUPYUY N9 04 VT NNT NNivY
YOIW VT 1" NONING,"IN TV QTN NNJWIN iiXa 0NN
0'0pPM9Im Pon a772w M1 707N JW anmyl 10an

J1Ina mnennwna

13




Nn79{7-1"7""110 707N
"N 64

Ant'ia anxal



https://edunow.org.il/article/4373
https://www.ynet.co.il/environment-science/article/hycczx00za
https://www.themarker.com/labels/science/2023-11-29/ty-article-labels/0000018c-1ae1-d080-ad8f-fbe52fd80000

0"MYIINT, 7000 12 ONNN 7Y 1010 NNNT AN9WN NAN7 0" 11aV)

.NIV7 19001 DN 12700 . T"NNNN ONIN 197w 072NN T 7V 072N 00N
NN W TINYT N710'W 'Nem v ON D770 IWN ANOWAN 112N 770 11N 91N
NNINY "DDI9 10TV NIFT O019NN 2N INNT 0'N' NND 7N AN ,7070 1T —
|VOIIL,Y12 "R 9NN TV 07010 10T 7010 0N O'WIN NYIIN 1D

DTj7 NNI 212002 T¥D .07 NI IN1D N7 0I7'Y] N1 [N NT DI ANTN 10N
NNITYNN 2072000 T 7V 07210 0N 12w 0T IN 07010 DN |100100 70n7

]2INR 70N T TN 19700 1DTVI 7NN 1INGT AW VIR MNNT N9NN0N
Jinion niyzn n'on Nt .niva

0 MY, VIawn W 0y 1V ,9011 VTN 117247 N7 020 0N RN, 1NN
QW Y12'{7'7 12NN 0'21 1N ,NNX1 7070 'R NYTIN NVIAN ,N10N 1NNT
NN NNNDNID 1D 7070 7Y 190010 1IN .NINN DD ININENIW 40 nMnn
NN, NIK91 14 N1 NNOWNT 0171 N1 3 721 177NN NNV .9

D'VTNN NNINT 077001 N2 0W 2TV DIOFIT NNWY , NNTNINI
WIINNN TN 1T .NVINT NAVINGTA ,NNON 019 NYND L, N0ININ . NY |DN]
0'2"N,NNdIN 02N 0o 0'a10 0'wiN 0'2"N 1NN, 01N InNn 12awnnn
NIV 127 N NTY 02T 7 .09 TNNT D1 'NTD .0IVIXTN 01N .NIVY
L1INNND

07719 | NIwTN



https://www.israelhayom.co.il/news/local/article/14883181

,70n

.1XINY OND NNW 77 "NANN AINMNNT BANWAW A7 7V 170 NWpan .Lo9w WKIA I8 N2 INW 1w 12D
172N IINW NTII113T2V 17V 1107102 NNXPa 93 NN TN 1207 NWPVNIT ,NJ10 MINN NI 10N XIW NUT 17183
TNYUT 17N .7P107WT TN NN MW NN 007 11011 ,W9o1NY NNXY P 71XIN 1IN NIWYYT 7NN P
N N XTW INAID L OIT OMING NI7Nwi W No7paan atn 7717 NN VNWKNKW X0 OV9iw

17 2'wWpPn7 NXINI TN NI INTNINTI N7 NWPVNT, TN INJ ,NNW 71N

N 0N 717w NAY 0AW NMAaYNna ™ N19'0 12 ,07W 13- 1397 TN N ,TIIWKIIT 1INW119 NN NJIT 1IN
NN NIMYX L 1IWA9IW OV9 731 0Ynd ,TNN ."I'T 011 1IN 01 71779712 N1XA 137 W a1 Prnxn arNX’w NNl
17 73 NAANW - 79w 07797 NN 7 073 ININW NN NIWANNA 1T 172190

OTIp 070333 11 1707 NDJJI NAW3IT,INTONIT AXPn TV TP1INX NN NUNIW N7 139w TIwnY NDpnnwd
OV9 QNW {1T) 77 "3 "INTW A7X0 'WAT OV Wil DN AMIN N7 .Q1I0 INW O0MNNT O™nonm pirnan 139
n190n ,M17W an NYNIW ,IN71w v (7170911 NWYY TNIN N30 12JW3I 01,9101 TV NINW'Y NPo0il X7
J2MN3 N1, 179N NNIN TN 07723 071777 9V DX

.07 O'NNNA 0112 N5 07270 170 11K 931 9709 93,017 73 JNINIXYT 17 TIWON N 1I7MNAW vanal
.O'PINX 1277 72910 ,71320 ,N1W1A0 0V X N197101 NIMNINT 12110 2XP2 730

VTN TN 77 7N2NJ 1P W n 2V NV VAT 19 NN0w3J3 ,1210P1IND VAWt 1p11a

212701 NIMAIN TNNIWTAPTR 71N TNWPA Pt NINW TNINW N7 TN P10V NNW 1NN

JATINT PPN NTAN

1IPO0I1 N7 MUXY . TUIN TIVan NN MW7 NANTW w1191 ,N1NN7 1001 NN 07w 731w 'nawn

NUTI "MNwNt 77 "NNYWW AN 70 DN CRIPAW g 3 93 N1VINpnat 700 7no ,mp? 700
1JINN 73 NODIN ,"JW WNIQ TIN N2 INW W 12J ,01pN2 YAN Nwpnw O0vipinn 73 NN 'Nnow
QX TIVY 1 1INNCTNIN TNWAYT ANYIXNW 1T N0 AN XY 173 - VIAVAT IN3°T W N1JVpP N10o - '

M7 ,910 Q10 ,i1713" NN .09 QN 7V O0"MWONN K71 730 0'P'TNN .JXJ 1ININ JANTN IN TN

2024 12n113 ,uTnY NXM 11310 ,0'WTNi XY Aap7nnia " 319'W-1M1n 1in



https://www.nature.com/articles/d41586-023-03550-0

%07N YW 1131 1'W O'0YpPn O0MAani anown

YN 7797 012 NI / AN anTp”




121 1N9wn N1,3 712 171N YAINT NIV NLINIW AN9X0 190,00 0271 772w21 7772w ,N0"41 701N
11M13-]12 NUD12INA 1'N'I2 W JIWN] ININ *TIN'Y 7IN™0 N7 M-I N2XA 1NN'W N .NIW9l mMwy-ww
ANNT MY AW N1INAYT7 TNN9WN OV 12V VW INA 1M1V1 1'Un 1370 "TNYIN7 M3 NN1A 1P 0V1 2]
JNXM 12N "WIW ININ TTINYI 01 1IN0 L1271 1132Vi7 N3 ,7171N3 N121 09IW 172w INN7 INaYnpa o
JUTN 713'N9 IOTT 12N 02 11X 7191PN71,]1IN2 0N INNY Ap7nna Tavy 13'wnil 707N

113071 — OIN N2TA1 01,079 NN MmN AN - OWTRO NN YW 027314 732 10V 701N
O'WTI" O'NW 0210 NII'UY OV O'WIN W1 TAN OTN XN 00911 O Nigin o'n'yy paw onmiw'd nana
021 O"371XN N1V VX7 02 71V T 707N .0NN 7W D131V V1997 NXI0Y 020w O'WIN W1 ,0NIN OwY
J71N TUT Q7NN ,NNYWIN 111X2 ONIN UX27

1"INW O1pn 32 NIN3J13 NYV2a1 197pP2 17709 71120 ,N20IN XN201 ON L1101 fN9wn NWN 02 N1 701N
.1J0P 0NNIP1 01NN 3TN NNy ,avan

,07I0773 07172 O0PM9 TN 137217 .N1210 N1NANT1 NINMYY 133901 137W 00P1TI TN 770N 13130
9V 11 132 9V ,0779 7V ,0TIAVn 9V 11277 .W9I NIN'W ANy %371 1N1an 12172 19N WP TaANI
.. TNV %V NnINMA

9V 1INMIW ,]'0M9{2 "NN9WN VINTNN NN 711970 7071 .1312'T MINW NAW NN 1J99W 'w'w 01" 01
.73 1" 931 .0NMY W N3331NN14 W19 120N

:NTNPINNN 9NDLI NX1272 132ANJNi 17122 Yaw2d Nnny

22102 0717 :MINY

L0101 W 09101 O'NIN9 P72 X1 WA NN 111N VN9 .17T02 TN 1JAIN 170N
213 NN NPT 'Nw

..0'N22 N0N7 BWPANT.1TN7 WWN 139X 70N

JI9XNN WY NI 1IN QNP TIND 710727 11797 311N

O'WIN MM 0P NI1AmM W1 .0 T77 02N W 0V 713WNK PIN9L 071771 OV 2 511N
A1'N2 NI V19 Hu

Hwnn annon :2o0n

22101 002N 00101 7W NPITA NIUNIW AN X 7V :501n

00w

NOM9IN TN9 .137W 7312w N wr 1N wr 1397XN ;701N

70,12 ;N

LJNTUN TN 70N

:1TUW NN

?77p M 70N Jw

INTA 73 NI L WTA 0UNiW X7 179X 071 0pwa 0w HHIwnn 0'7m12n1 0710 TN UK 7TV 170N
Jwnna

NWTN O'WUNIW X7 .TNN2 0INmM VPWIAININ 0NN N 17 203N 907N

27 NWNI N0 AT NN AN .OJIXN 1710 W Hu

29w TINNA N0 7V 1'WIV I 19w A IV 04 1oinan v 137 0 nuTe N 1112:707n
029N OMT 020 NIMID AWONW NI XN AN 0PWA AN N 1913 90

Manpn 207N

:N1YW 3 111v3

JITUN INIMI OAW 1T ON 01 . TAN QT NINJT MIN9Y N7 0'wpan :yur

MO0 NI ITW 102 M0 9NN 1147 NI2T 07911 T AN N 9J0WI

:10:16 nNywa
NN 11710 ;707N

wpny 707N P09 10:16-2

,ATY 117N 7IXIN91 Y1224 T2 12V7 10127 YInn IX 190 717210 X9 .na %W 0o O TIN NPT 11avd
191001 707N NAWNI WINT PN W O0M? mMwy JWnN1 :'Wnil — MaiNg annown 137w 1ot N7 anii
02 17T 73 AN O"WTIN .70 W N1 ANt fINXNI ,N2AW NN NN 0N MY PaLGaatva 3IN aow 100
OO NMINIWM O"INIW? 1,150-7 OV TATINX1I 1T 70710 .011127°7 N2 NI O3, T AT 12 9W 1o

SN NMNW AN = N1 017 TV 1207 MIXN NIW an2, 71wl NAwa "IN Y127 20N NN 0i121,ywon

yTNY INX1 {131 ,2024 'Nn ,T’9WA [1NI'T{ O 0PU ,YUW Yu1 1T




nuIMIxNns 12nn

,AATNINGTT VTNRAW JNIN aTNHw 179977719 700 1T W a0 NnJim a217T  NT01miaa aninT INwia
.O0"Mi1 N0 OII'NN O2'IN4 O — 13WNI VT

:0'1J71n

yTnan NMiT7 man’nn o1 500 ,nN21wnt 1Mo 07N NAAN 1777 1 ,1'U20 NP0 W NWITA N19J 2
,2A70N ynnw i T 17720 ,20 DOniwn ,0mn NnJim (910 L NioimnT N7, N1Mm'o9IN Nioid 3
NnmMNN 171MY%7 Ap1WwN :0V0i 197 ,N1210 NITANIN IKIN 017 1,0M13'W7 YNIN N1'9J 2

sl alhl

T01WO 1Y9IN 731 .0MIWi1 NN N1P97 X 771,139 732 NNXNI N .NWA00 NP0 qIoka o'y'nnn .1
NN 'WTN 11970 11NoN

NN X A17'W L0210 NI 1XPNT 732 1NJ .UTNRAN NIAATNA0 OV OTNT NAAN NN Q0 01227un - .2

.11272011 7V N1 V9wl Jw MwIw

.10MN2 07w pH"1 m3J = 7137 07021 N1 .N1M09INT NN A1 T2 079'01N

1T P17, TN NIN9 X7 ,7TN N1 N .MN9Ni NI JITNGT,O072N70 TN'W 1nJ .01 NNJina 011nn

.07210i1 03771011 73 NN Y'NNW 17T N1 = 7160 NN un ot

WTNWN N1717 713 TUn7 X 0My9Y ,i1Taun 1012 1NJ N1, 071I3'W7 YNING NN 079'01N

WNN® N7 127 01w 17TVU%2 = 7199Wi N1AIN 13T i1 012107 N1MAING NN N9 OpXI

JNT TINT 10 N2V 7V NN NN ATMY%7 Ap1wN1a 0o 197 0710n

N hdw

0N 133 Nt
N12'031i1 797 1INWN wipa nTm
OMpIn omim,armmon 7w NNIT YV V19Wil7 190N :Nnin nind

NN LTPN917 NMVUIW 719117 1WON ,0M2 VA1 732 ,w19n 732,11V 731 - 137 NN TN 707w 131
Junwn 9w n71p7ms omna va nunTng

NN1ININGA 13720 YW A27TNTA ANITY1) 1T NN YW N1wYa NJvia L% %21V nanjJw gnat
JN121nia YV ATy Napy1a 707 YW aninT YV athw an 3In (A'v naana




.D9NJ q10i1 TV N7 12T 7121, I'N AN WY 211 123 o :
N12MNN OXV1 '7INT,21W1 21w AN 17193 INW AWwn 1IN [ 1PY7 M) | -“]D ]NTD
LAIW1 21w TN ? P

OVLN VP91 TN IONNWAWI O%IW VWA 139 'N13i 707N NN "N NYRAIDY D'WIND DN
NWTNTIAN POITAY TN W [NXI2 0T AN 190 INIDNA N I'!?TJQ TR
0w M YW NIt NVIXpn NP 9w AN 7vn nnpn - n'?N NN NANIX DN 1IN
" .07 M2AVNA 171713301 nw D'_J\!j!fm-l ‘3.?.?' ,'.? D'bjaj\gf

1PN 9V ,77917 13791 XpIW WK 01192 [19N1W TN 907N < i 4
N AMTPN DXV TN M901 1TMY MINin NANon ,Mpin , TN,
.0V NTI1I 01197 N TNO0XI NI 2 DN

1A NIN3an 0YuniY WWON i1 XY 0119 1NINA 113 TV NN 1y
,AWINT 707N 77 11092 03 ,719N TYT .19W NITTUI0NTT NN NJ22 N2'Wnn 'IX DNMOT
.OVL 2102 1WI1271 N'VIATN  NPNPINN 1N TNNw NI Sy 0'N'A DA

JIMITN NP N9y uonim ,m7mpan P9 NNONN WNI
ONnTn n'j'lﬂp NN TMm 'j'l]_]ﬂlj 1JNNX N2-[IY NYA TP | D'W - [ND 2pY' NI 120" | nirityc :D1A00INR

JONIWNN TMIAN NN 7720NW 1T NTW 170 172,071 NR301 037707 AwTPi 123 707w N0 03w 1INg
N7 027 O0Iw 7V 17 77N X7W 732 M0 T N2 AT, ]IV 12T 739 1901w 1 NN N LANT OV T
.TIV1,1177pP2 V192 11302 N7 ,97pn OV WP 71072 X7 ,0T1aVn nna

2172 WAoN 'N IN W ON 1IWn X7 ,0'W19Ni1 NN '317 T3 UXINNA NIYW YN V1AW 73270 AWIW 0310
LWITP AT -

NN 112VUnY 07Ma ,nonwnia amina Jw amiwa vl 7w TIWna 1IN N1waal 1370 1T 07N
AT VU031 INT 11210712V 017 M1 73 7% .82 19W ATI2V0 1TNY TIWnan 0'waoni

NN 713 OTIP 9INIW 13 0'371XN NIPY N0 X' 0V9 731.0'MY9 NJ1 N3 Y12'P7 1NTEH 70710 N i
1MN9 02 17w N2 1790 O'WA9N: .. N1IIINNTNIWT 79w ATAVn TN 02 17w, 7N 110333 13771 TN1,112
.17W Or-011 N2 0n3J13 73 931,07 021wn 73 73 17 0713 .XN201 NNN LTV ,AN9Wwn NWNI 707 1imx )
OMINNN 73 NN PRIVT AVTIW 19 7V QN . NIVIXPNTT NIVIXPNYT NOIMITANAT NIW VTP 07N 0V OY9 Tavw M
1N P72 2IW12X1Y ,771T,ANJ1W ,AN3I XTW XN W1IATY IN WA9NT V7 anyTa a1y i X7 ,annin onaw
.TIV1,13772 O TP 9NN N1ona ,Np T NN TV N3331NN a0 0'wWa9ni1 NN .0myo ndi and N1
N1 072 72T, OTTINA A7 07T NWIXPNRT NIMNNGT NWILUTAN QN7 TN X7 7071 ,1nXY7 N NYw nd
0117 N2Xi1,07IN2 AIMNA NL.ONNT P01707 170300107 2A1IWN 1270 013 TV 13720 0770p0 I .1910p2
.O'N791N 02T MY ONIN 177211 ,0M2N0N

ANTWIND T193-1072 P70 1AW N1 07NN 037V 7071 JXN 11 NN AWIIW TN ,1993 191N
02T NI2'WA NN AT M0 NIN L7 AW 0N 13Ynw g X7 ,0M1ni ,13NIN

TV 0'9013 O0P1192 70N YW 719N1W NP7 'NIT .O0°WTNIT NNY 7177002 VI10PITI NTVITIVO 1IN O1']
,U0PITI O1'0Y TV TIT 7 INWI OININ .12 NTAM N7 70N AN™N T80 N7n 071321 ,0iw 1399
AT O1PNY NN 7710w NN P70 N1 70710 1X3 NINAY 17127 1IN 701907 92N

01 72 T3 TIN1,19N1WY NM10INN1 L, NM10INY Nl aNMyn — 0 TP9oN nJi anJ "N NX7m ,ip? 701N
.11N2N7 NJ9J

0192 O03°271 N12'VMNA1 7732 0N NN IV 0NN YNWT71 NTI1VNWN N7 21Wn 77 a1 0n3 NUT 1IN
nMPr-Onra AWyl 10NN 0720 a9 NI, W20 nnim INTI 137X X7 NNW 77 11091 0707 X1 1IN
O XA MNX ANNWI XN 71727071 7w a1 i 95321 135w

2024 12nV9YD ,"IN] NNTNA 707N N12p 0OPLA,VIN0™M 1J9VD INWIW OMAT







nmna aMvaa” v

(MPWIW) 1'7NNJ1IN ANT 1N

12 | WEIZMANN - | pepartmentof
IﬂR’T INSTITUTE ¢
S5 | OF SCIENCE e




