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Director General’s Message

With the primary objective of realizing the National Educational Goals recommended by the
National Education Commission, the then prevalent content based curriculum was modernized,
and the first phase of the new competency based curriculum was introduced to the eight year
curriculum cycle of the primary and secondary education in Sri Lanka in the year 2007.

The second phase of the curriculum cycle thus initiated was introduced to the education system
in the year 2015 as a result of a curriculum rationalization process based on research findings
and various proposals made by stake holders.

Within this rationalization process the concepts of vertical and horizontal integration have been
employed in order to build up competencies of students, from foundation level to higher levels,
and to avoid repetition of subject content in various subjects respectively and furthermore, to
develop a curriculum that is implementable and student friendly.

The new Teachers’ Guides have been introduced with the aim of providing the teachers with
necessary guidance for planning lessons, engaging students effectively in the learning teaching
process, and to make Teachers’ Guides will help teachers to be more effective within the
classroom. Further, the present Teachers’ Guides have given the necessary freedom for the
teachers to select quality inputs and activities in order to improve student competencies. Since
the Teachers’ Guides do not place greater emphasis on the subject content prescribed for the
relevant grades, it is very much necessary to use these guides along with the text books compiled
by the Educational Publications Department if, Guides are to be made more effective.

The primary objective of this rationalized new curriculum, the new Teachers’ Guides, and the
new prescribed texts is to transform the student population into a human resource replete with
the skills and competencies required for the world of work, through embarking upon a pattern
of education which is more student centered and activity based.

I wish to make use of this opportunity to thank and express my appreciation to the members of
the Council and the Academic Affairs Board of the NIE the resource persons who contributed
to the compiling of these Teachers’ Guides and other parties for their dedication in this matter.

Dr. (Mrs.) Jayanthi Gunasekara
Director General
National Institute of Education

Maharagama
Message from the Deputy Director General

Education from the past has been constantly changing and forging forward. In recent years,
these changes have become quit rapid. Past two decades have witnessed a high surge in
teaching methodologies as well as in the use of technological tools and in the field of knowledge
creation. Accordingly, the National Institute of Education is in the process or taking
appropriate and timely steps with regard to education reforms of2015.

It is with immense pleasure that this Teachers’ Guide where the new curriculum has been
planned based on a thorough study of changes that have taken place in the global context
adopted in terms of local needs based on a student-centered learning —teaching approach, is
presented to you teachers who serve as the pilots of the schools system.

An instructional manual of this nature is provided to you with the confidence that, you will be
able to make a greater contribution using this.

There is no doubt whatsoever that this Teachers’ Guide provided substantial support in the
classroom teaching- learning process at the same time. Furthermore the teacher will have a
better control of the classroom with a constructive approach in selecting modern resource
materials and following guide lines given in this book.

Itrust that through the careful study of this Teachers Guide provided to you, you will act with
commitment in the generation of a greatly creative set of students capable of helping Sri
Lanka move socially as well as economically forward.

This Teachers’ Guide is the outcome of the expertise and unflagging commitment of a team of
subject teachers and academics in the field Education.

While expressing my sincere appreciation of this task performed for the development of the
education system, my heartfelt thanks go to all of you who contributed your knowledge and
skills in making this document such a landmark in the field.

ML.F.S.P.Jayawardhana

Deputy Director General

Faculty of Science and Technology
National Institute of Education.
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Instructions to use the Teacher’s Guide

The new rationalized syllabus for the subject of Science and Technology is going to be implemented
from the year 2015. From then onwards, the teachers will use this teachers’ guide in place of the
teachers’ instructional manual. The syllabus is included in the teachers’ guide to make the process
easy for the students.

This teachers’ guide consists of a compilation of instructions given to the teachers to make use of
in the classroom to achieve specific competency levels. Further, the specific competencies thus
highlighted are included in the teachers’ guide with time suggested for each of the competency
levels.

Learning outcomes to be achieved at the end of each lesson are mentioned clearly in the teachers’
guide and it is expected that the teachers will be guided to arrive at a comprehensive conclusion on
the behavioral changes expected of the children based on the three domains, knowledge, attitudes
and skills. Further, the learning outcomes will help the teachers to determine the depth and width
and the limits of the subject content to be considered.

The section on “Instructions for lesson planning” consists of a set of suggestions for the teachers
to organize and manage the learning teaching process within the allocated number of periods. The
teacher is at liberty to make necessary changes to suit the learning teaching environment they
encounter and it is the teacher’s sole responsibility to make such changes in order to ensure that
students reach the learning outcomes.

The teachers’ guide also includes the basic concepts and essential technical terms the students are
expected to acquire gradually when the competency levels are developed. Whether the students
have achieved expected mastery levels has to be determined by way of assessment and evaluation.

Compared to the other subjects, teaching of the subject science involves the use of a wide range
of equipment and tools since it should happen in a very much practical context with an analytical
approach. Minimum requirement of resources thus necessary for the lesson planning strategies is
mentioned here as quality input. If the teacher intends to introduce lesson planning strategies
different from the suggested ones here, they are expected to make the necessary changes in
quality inputs accordingly.

Measuring of whether the learning and teaching process was successful within a particular learning
environment paves the way to achieve feedback and at the same time to use remedial methods
accordingly. At the end of each unit there are suggested evaluation and assessment procedures
suitable for the said purpose. Here it is expected to examine whether the students have achieved.
The expected mastery in a particular competency level. Assessment process may happen during
the lesson or at the end of the lesson and the teacher is free to obtain the assistance of the students
too in this regard. Here, it is essential to pay special attention to the National Goals, Basic

viii

Competencies and the objectives of the science curriculum, given at the beginning
of the teachers’ guide.

INTRODUCTION

The main aim of the subject science is the personal development of the student
through a scientific lifestyle, thereby paving the way to national development, thus
building a unique, wondrous and prosperous Sri Lanka.

A series of objectives exclusive to the subject of Science has been established as
a foundation for the progressive achievement of this admirable goal. To reach this
target, the student must learn Science with zeal and enthusiasm. We proudly present
you with the duly equipped Science Teacher’s guide for Grade 9

Sri Lanka has a claim to a significant level of literacy rate and upholds a level of
education on par with the countries reputed for the highest standard of education
in the world. This standard is sustained through regular revising of the syllabus,
and improving, developing and updating it every eight years.

Therefore, the syllabus presented in 2017 is merely a further improvement of the
existing competency based curriculum. These changes have been made, based on
the data and suggestions provided by the erudite community of the educational
sphere and the research done by both the National Institute of Education and
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other educational institutions on the syllabus introduced to the education system in 2007.
National goals

1. Based on the concept of respecting human values and understanding the differences
between the Sri Lankan multi-cultural society, building up the nation and confirming
the identity of Sri Lanka by promoting national integrity, national unity, national
coherence and peace

2. Whileresponding to the challenges of the dynamic world, identifying and conserving
the National heritage.

3. Creating an environment which comprises the conventions of social justice and
democratic life to promote the characteristics of respecting human rights, being
aware of the responsibilities, concerning each other with affectionate relationships.

4.  Promoting a sustainable life style based on the people’s mental and physical well
being and the concept of human values

5. Promoting positive feelings needed for a balanced personality with the qualities of
creative skills, initiative, critical thinking and being responsible

6.  Developing the human resources, needed for the progress of the well being of an
individual, the nation as well as the economic growth of Sri Lanka,

Through education,

7.  Preparing the people for the changes that occur in a rapidly changing world by
adapting to it and controlling them; developing abilities and potentialities of people
to face the complex and unexpected occasions.

8. Sustaining the skills and attitudes based on justice, equality, mutual respect which
is essential to achieve a respectable place in the international community.

National Education Commission Report (2003).

Basic Competencies

The competencies promoted through the education mentioned below help to achieve the
above mentioned National Goals.

(i.) Competenciesin Communication

This first set of competencies is made up of four subsets - Literacy, Numeracy,
Graphics and information communication skills:

Literacy : Listening, carefully speaking clearly, and reading for
Comprehension, writing clearly and accurately.

Numeracy: Using numbers to count, calculate, code and to measure,
matter, space and time.

Graphics : Making sense of line and form, expressing and recording
essential data, instructions and ideas with line, form, color, two
and three-dimensional configurations, graphic symbols and
icons

ICT Competencies: Knowledge on computers, and the ability to use the
information communication skills at learning or work as well as
in private life

(ii.) Competencies relating to Personality Development

- Generic skills such as creativity, divergent thinking, initiative, decision making,
problem-solving, critical and analytical thinking, team work, inter-personal
relationships, discovering and exploring

- Values such as integrity, tolerance and respect for human dignity.
- Cognition

(iii.) Competencies relating to the Environment.

This is the second set of competencies related to the Social, Biological and
Physical Environments.

Social Environment:  Awareness, sensitivity and skills linked to beinga member
of society, social relationship, personal conduct, general
and legal conventions, rights, responsibilities, duties and
obligations.

xi
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Biological Environment: Awareness, sensitivity and skills linked to the living world,
man and the ecosystem, the trees, forests, seas, water,
air and life - plant, animal and human life.

Physical Environment: Awareness, sensitivity and skills relating to
space, energy, fuel, matter, materials and their links with
human living, food, clothing, shelter, health, comfort,
respiration, sleep, relaxation, rest, waste and excretion,
media of communication and transport.

Included here are the skills in using tools to shape
and for materials for living and learning

(iv.) Competencies relating to Preparation for the world of work

Employment related skills to maximize their potential
and to enhance their capacity to contribute to economic
development; to discover their vocational interests and
aptitudes; to choose a job that suits their abilities and
to engage in a rewarding and sustainable livelihood

(v.) Competencies relating to religion and ethics

This fourth set of competencies laden with values and
attitudes is essential for individuals to assimilate values,
so that they may function in a manner consistent with
the ethical, moral and religious modes of conduct, rituals,
practices in everyday living, selecting the most
appropriate.

(vi.) Competencies in Play and Use of Leisure

Competencies that link up with pleasure, joy, emotions

and such human motivations. These find expression in
play, sports, athletics and leisure pursuit of many types.
These also link up with such values as cooperation,
team work, healthy competition in life and work. Here
are included such activities as are involved in aesthetics,
arts, drama, literature, exploratory research and other
creative modes in human living.

(vii.) Competencies relating to ‘Learning to learn’.

These competencies flow directly from the nature of
arapidly changing, complex and interdependent and
crowded world. Whatever one learns, that learning will
need updating and review. This requires that one should
be aware of sensitive skilful and sustained attention,
ddd be willing to persevere and attend to
details that matter in a given situation.

Course objectives grade 6 - 11 science

Develop scientific concepts and principles systematically through a joyful learning
environment.

Develop competencies related to problem solving by using processes in science and
scientific method appropriately.

Develop competencies pertaining to managing environmental resources intelligently
by understanding the potential of such resources.

Develop competencies related to the usage of scientific knowledge to lead a
physically and mentally healthy life.

Develop competencies pertaining to becoming a successful individual who will
contribute to the development of the nation in collaboration, engage in further studies
and undertake challenging job prospects in the future.

Develop competencies related to understanding the scientific basis of the natural
phenomena and the universe

Use appropriate technology to maintain efficiency and effectiveness at an optimum
level in utilizing energy and force.

Develop competencies related to evaluation of day to day life experiences and
information acquired through media by employing scientific criteria with the
background of limitations and the dynamic nature of science.

Xiii



(sonseyd yo Surpokoan ‘syejow KAy Jo
uondIosqe ‘s1ajem O1e00 U0 Pa[[Ids [10 JO
uonIsoduIooop UONEAIISUOD [BIUSWUOIIAUD
ur paAo[dud a1e SWSTULSI0-0I0TW Je) 9Je)S o

(SeLnsSnpuI ‘OUIIPAU ‘DI NOLITE)OTRISAI pue
Ure3 SIou09d 10§ JNO PILLIED SANIANOR UI PIst
918 SWSTUBSIO-0IOTUI SNOLIBA MOY[ 2QLIOSIP  ©
"MOI3 swsIuesIo
-0IOTW [OIYM UT sajensqns d1y10ads oy se
[10s pue sueg1o aAnonpoidar ‘feued Arejuswure
‘qInow ‘urys uewny ‘s)mIYsy o SWeu o
“SUONIPUOD [LIUSULOIAUD JWAIIX A}
JOpUN USAD QAT UBD SWISTUESIO-0IONUI By} Jes o
“SWISURS10-010T
: o|qemoAe] e

0 sdnoid oy uIy)IM punoy aIe sWSIueIIo
3 h Uit punoy ’ SWISTUBSI0-0I0I JO IO o

~0JOTWI JRN[[J1)[NW pUe Je[n[[adrunjeydjels e SUIRYSAS
1L Te[N[[2O1NUI PUB JE]N{[OOIUN Jey) e} swsuERio-oom - )

J[qeInOARJU() e

Science

Grade 09- Teacher's Guide

"UOT)BZIUBSIO JR[N[[0 © JO PIOAJP I pue [eaiSojo1q
S[[00 SUIAT] pisur ATuo A[dD|nL SOSANIA Jey SJes o JOORAISpHE brion A+ Jo Aanonpoid
“BwAl-uou pue SOSTUIA ¢ oaoxduur
SurAr oy usomiaq ur dnois e se sosnaa Auopr e S LA .
o : R o 80Z0J01J o 0} .1opio
‘sojdurexo SurAIg oe3[e pue 101d
- Bungy e [SwsmueSio-omoru ur s9ss9001d
sue0z0301d ‘13uny ‘er1a)oeq Se SoNSLI)OLIRYD fotm.{ : : ontl buE
a Suraresqo £q swsrtuedio-ororw dnoid e eLoRy Jouoneordde P
: 03 9[qe 3q P[NOYS JUIPMS WSIUESI0-ODIN  of U} AJe3NsaAu '] Jysaodxg 0]
(sporiag)
i, somosnQ spudjuUO) [9A9] Adudaduo) Kdudjadwmo)
20U§ 810Z- snqojds 60 apr1D
80 *S19)SBSIP [BINJRU JO PUNOIFNOBQ JUAIOS ) ojul saxmbuy ¢y A 61
SS 80 “Suruayy31| 03 onp sJUSPIOOR JO uonudAdId oy ojur seSHSeAU] 7Y Al 81 ¢
01 ‘suoneorjdde si1 pue A3ojoutyosjoueu ojul sounbuy 14 111 L1
4 *SONIALOR ABp 0) Aep 91B)1[198] 0} A[OANOIJO sauryorw o[duus sas() +'¢ I 91
4l - sy[se) Aep 03 Aep 10J SABI JO UOIORIAI puE uonod[Ja1 o sa[dio‘“urid ayy A[oanoagye sarddy ¢'¢ 1 SI
S0 1doou05 UsaI3 pUE JUSWIUOIIAUD [BIDIJILIE UO SAJESNSIAU] Gy [[IIA i
S0 ANSIOATp 01 UO SOBSUSOAU] H [ TIA | €1
S0 "K[9AT}00JJQ s} Aep 0} Aep U1 A)1suop Jo 3doouod ay) sas) §'¢ A 4!
ST *$955000.1d [BOIUIAY001109]9 OJuI Saxmbu] 77 A 1
LS 90 ANSI0A1P-01q Ul $59001d ATRUO0TIN[0AS 1)) J0 douRpodU o) sa1o[dXT 9°| Al 01 T
L0 ‘SWISIURSIO Ul sjuawAow pue oddns [eoruByoaw 9y} SMAIASY §'[ I 6
90 'saoueISqns Yimoi3 Juejd oyl MOIMOY '] I 8
80 P0o0[q uewNy 3y} 0} paje[a1 sAIysuone[aI UoNIUNJ-0INJONI)S oY) SISAOISI(] €' 1 L
90 9J1] Aep 01 Aep UI A[9ATIOLJR SPI[OS AQ PRIIX aInssaxd oy sazimn 7'¢ A S
S0 *9010] 0} pajea1 s)doouod o1seq SOYUAP] |°¢ Al ¥
St S1 Jopew Jo santedord pue aInjeu ay) SMOIASY [T I € 1
L0 ‘SUBSIO OSUOS SE JBd PUB 040 SMAIASY 7’| I T
41 ‘swsTueg10-0101 jo uonedrjdde oyy ojednsoauy 11 I I
. wad
SpoLdg 19497 Adudpdumo) ON |"ON [00Yds

XV

Xiv




* ue310 AI10SUSS B se 109301d
0} [e1Uassa SIJ1 Jeyy) $3doooe ‘puesyim ued

Ted 9y} YOIy M SOSUBI ) JO dIeme Junuoosq e

‘pajuaAaxd 9q 1ed o1y

ur syure[duwioo oy 0 SuIpea] sasned Jeyl Aje)s  ©

‘B9 9} JO
suonouNj Jofeur oY) 03 JUBAS[AI SOINJONIS )

SE S[UED JB[NOIIO-IWIAS PUE BI[YO0D SWEU o

"Apoq 9y} Jo doue[eq
Sururejurew pue sosuas A10JIpne SUIAIII

Ik 89 9} JO SUOTIOUN] UTRW O} JBY) AJB)S o

‘swreIderp Jo sppow Suisn

B0 ULLUNY AU JO INJONIS OISk A} AqLIOSIP @

“snojuowiow st uego juepodu

ue se 949 oy Jo uonodjoid jeyy 3doooe e

9K
atp ur syure[dwos Sunuaaaid 910Joq PIMO[[0F

9q p[noys sanseaw 9And9301d Jey) 3doooe e

“Juasaxd je 949 oy ur syurejdwoo juanbaxy

QIe BWOONE[S pUuE JOBIEIRD JEY) 3JBIS o

xvii

(spoL{)
ELUNY

sawodnQ

Sjuduo0)

[9A9] Adudaduo)

Kdudjadwmo)

ouag

810Z- snqojds 60 apr1D

L0

‘sureI3erp 3uIsn uoIsIA JO S109Jop
U} 1091100 0} PIsn oI SASUS] moy ure[dxo
“UOISIA JO S)09Jop oI8 SSAUPAYSIS
JI0ys pue ssaupajy3is Suo[ Jey} Je)s o
"SONIANIE YInoIyy
uewny 9y) Jo uoIsiA 91doosoaols pue
UoISIA Je[noourq jo aoueptodurr oy urejdxo e
~surergerp Jursn 949 Y3 Jo eUNAI
U} U0 PAULIO] ST AFLWI UB MOY IQLIOSIP  »
‘sweIgeIp Jo spopow o djoy oy yim 94
UBLUINY Y]} JO INJONIS JISBG AU} AQLIOSIP  ®
+ 03 9[qe 3q p[noysuspmg

*SWISTUESI0-0I0IUI JNOYJIM JSIXD
Ued SwsTueSIo IoYjo ou jey) 10ey oy 3doooe e
"sanIAnoR Kep 0} Kep dJelI[Ioe)
0} pasn aq ueo swisTueS10-o1otwr Jey) 3doooe e
'ssa001d
uononpoid pooj oY) Ul pasn dJe SWSIuesIo
-OIOTWOIOYM UOISEOO0 U JJB)SUOWP o
*SWISTUESI0-0IOT JO S}09JO9[qeIOABJUN
se suodeam [BOTUSYD Sk SWSIuESI0-0101
Jo osn pue o3e[10ds pooj ‘saseasIp jels e

Ied oy ur spurejdwio) o
Suruonoun,| e
ampnng e
Teq
SaIpatlal
pue sjure[dwo ‘s)ooJop [ensip e
Sumuonoung e
amponng e
oK

‘suedIo
JSUDS Sk I8
pue 943 SMIIASY 7’|

(Sporzg)
suny,

sawoannQ

spuduUO)

[0A9] Adudjaduo)

Loudnadumo)

Uy

810Z- snqojds 60 apvio

xvi



510939 [eor3ojotsAyd sonpur
ued sa0uR)ISqNS -Ymois [eroynie jey) jdoooe e
‘syue[d ur soouejsqns Junowoid-ymoi3
SNOLIBA AQ Pasned s)0pjo oy urejdxo e
‘syued Jo ypmois oy
uo sadueysqns Junoword ypmois Jo 10950
o) sonIAnde S[dus YInoiy) jeeUOWP e —
“suonoumy Suf[eRAQL) o K1oye[no
[eo13ojorsAyd 119y} [01U0D YoM S9oURISqNS SUIUD[0IL)  ® -S00UE)S
90 [eorwayd ureyuoo syuejd jey) oje)s o Surxny e -qns o3
£0) 91qe 3q pINOYS JUIPMS soouelsqns yimord jueld e [yuerd oyl SMOIASY ¢ ]

“W)SAS AI03R[NOIIO POO[Q IOY
/sy jo Suruonouny zedoxd oy Surureyurew Aq
1] Aypreay e wireo ued uosiod e ey 3doode e
‘suonouny
J10) 0} uone[a1 ul soLIe[[ides pue suroA
‘SOLI0}IE JO 9IMONNS YSNOI oY) QLIOSIP  ®
‘S[opow 10 Swe3erp Sursn
LAY UBWINY AU} JO SIMONLS OYJ QLIOSIP  ®

(sporrdg)
duul], somosnQ [SUEII]SY [9A9] Adudaduo) Kdudjadwmo)

ouag 810Z- snqojds 60 apr1D

*3urpagyq SuLmp JuaAs 9AnRooId
jueyroduur ue st poojq Jo SuIno[o Jey) AJels e
~10UOp Poo[q & Jo suonesiyIenb
ot uo yodar e syussord pue oredord e
d]qe) & Juisn Aq ‘uorsnjsuer) ui
sdnoi3 pooq jo Anqiquedwos ayy ojensa[r e
~SINOJ0
uoneunn|33e ‘UoIsgsuesn SuLmp poxXIu
are sadA) poojq o[quedwiodur J1jey) els e
“(yuordroax
/103daooe ap)Idtpoue Jo Apoq a1 0 (Jouop
QU})[ENPIAIPUL SUO JO POO[Q JO AOUAISULL)
9U) SI UOISNJSUBI) POO[q JBY} AJBIS o
10JoRj
SNSIYY Y} U0 Paseq dAneSou pue danIsod
se Joypmny sdnoi3 poojq urew oy AJISse[o e
*S[[99 POO[q Ul paurejuod spusuoduwod
urayo1d oy uo Surpuadap O pue gy
‘g ‘v sdnoi3 poojq Inoj a1e 219y} Jey) Aje)s
“poo]q JO suonouny poojq uetny
urew o) se uonodjoid pue jrodsuen oje)s e uonoun e o) 01 pajejal
“suonouny syusuodwo) o sdiysuoneror
J19y) pue poolq Jo spuduoduwiod oy} oje)s e poolg e | uonounj-aImonys
80 £03 3[qE 3q P[NOYS JUIPNIS woyss K10je[noro poopg o | AYISISO[ISIA €]

souey[ideo
PUE SUIOA ‘SOLIOME JO 2Ijonng o

‘AI9)Ie A1RUOIO0D

‘SUIOA PUR SOLIOLIE UTRUI ‘S[[eM
‘SOATBA )IBIY A JO SIOqUIRY)) ®
1BIY 3Y) JO 2IMPNNS  ©
poojqjosumory e

-uoneunn33e
pue uoIsnysuen pooyg ¢
sdnoi3poojg e

(spoLR{)
duul], sowoRNQo sjuduUO) [0A9] Adudjaduo) Loudnadumo)

Uy 810z- snqojds 60 apv1H

Xix

xviii



‘suonnou pue suojord

‘SUOI}O0[0 JO SOTIBYD OATIR[OI O} AJB)S @
‘suonnou pue suojord

‘SUOI}O[Q JO SOSSEUI DATJB[I AU} AJB)S @
-sojoned orwojeqns oyj o1

SuUOXNAU pue Suojoid ‘SuUONIA[A Jeyl 3JeIS  °
“sojonaed

o1I0}eqNS JO pasodiiod oIe SWOJE Jey) 9Jels e
“woje oy}

SI SJUQUIR[Q JO 00[q SuIp[ing oyl Jeyl sajels o

'SJUQWUIATO MJJ B JO SJOqUIAS SJLIM  ®

spunoduios pue SnooUA3010H  *
SJUSLUD[O USIMIO] SIOURIIYIP o) dredwiod o
~spunoduwoo SNOOUOTOWOH  *
pue sjuowd[d JoJ sojdwrexa juosaid e SAMXIA -~ 4
“WIOY) SALYISSL[O SOOI * "9 Jo Ayrenb
pue son1Ande o[durs Aq snoduaFoslay spunodwo)) ¢ Sunowoid
PUE SNOAUSOWOYSE SAIMXIW AJUSPI  ® JoquInu Ssejy Jowreay
‘soniAne dduws ygnomy qUNUOTIOy A sonew
amyxu e Jo syusuodwoos o ojeredos e sopnred onwoyeqng  « Josuon
"SOIMXTW dJe SaouE)sqns Ind uou et ojels e swory - ] !
sooueysqns aind J19)eu JO SA1I0 JBIONI pUR
uou pue soue)sqns oind se 1onew AJIsse[0 o mﬁo&oﬁ ) -doxd pue amyeu sonedord
o1 01 2]qe 3 POy Juopmyg | TP PUTSPUNOAWIOO SUAWRIT 4 oy smatady 17 sa10[dxg 0'7
(sporiad) SoUI09) N,
duul], mo [SUEII]SY [9A9] Adudaduo) Kdudjadwmo)
20U§ 810Z- snqojds 60 apr1D
‘uonn[oA? Jo ssaooid oy uo spuadop
ANSIOAIP-01q Jo o1mynj oy Jey) 3doooe e
"UOTN[OAD
JOInsaxe SIAJSIOAIP-01q Jey) Je)s e
‘Aanoe ojduurs
& SuISn pajeaIo SI [ISSOJ B MOY 9JeNSUOWAP o
"uonNoAd Joddns yorym ooudpIA IO
Suouue s[1ssoj Jo douepodur ) QLIISIP e
‘SuruiSaq oy} Je paAl| swsIuesIo Ayis1oAp-o1q
opduurs oy woy judsaid ye s3ureq SurAl] UI uonNJoAd Jo soueptoduwy e ANSIoAp
Jjo 9ouadIoud AY) STUONN[OA Jey} 3)e)S e -UOTIN[OA JO tOQ&Sw UIJOUIPIAY o -o1q ut ww.oo 0. HQ
'$59001d [BOTWAYD uognjoAy \Qmmoul oro oy
-01q B JO J[NSA1 & SE PAJeuISLIO 9fI] 1By} AJelS o a1 pUe Qe 0 USHG e Joaoueyodur
90 e oueid gy .mEm:.EwE Suar jo nmm.Eo\,m_ . oy seso[dxg 9'|
Jo urdu1o Yy Inoqe uonou Ay A[durs 9ejs e : ol :
-103 3[qe 3q P[NOYS JuPMS
“S[BUIUE SXI[UN S[qRAOTIUL
are Aoy se syuefd Jo UOIIBAIISUOD
ms-ut Jo oouepodun oy jerodrdde e onseN e
sweidjo oido1y, e
SJUSWIDAOUI O1JSEU pUe oﬁwaob u%%m:omﬁmo@ . mEoEu\/mE — USRI
‘syuerd ur poddns urejdxs e I
Jue[d ut .mﬁﬁ.o._,_w:m syurof ‘oposnu-ouog e UI SJUSUISAOW
sojosnuu —souoq Jursn spewrue jo Joddns JUSWOAON - ® pue poddns
[EOTUBLOIW PUB JUSIUISAOWL A UTe[dxo e 21oddns [eorueyooly e [eQTURyOoW
L0 £0) 3[qe 3q p[NOYS JUIPMS I SMAIAY §'[
(spotsad) sauI09)n
uuy, mo syuuo) PA9] Ldudjedwo) Ldudjaduo)

Uy

810Z- snqojds 60 apvio

Xxi

XX



Sl

‘aAoqe

Pajess s9s59001d o1)A[01309]9 dy) SuLmnp
SOPOIII[2 IA1OASI ) 8 PITIBYDSIP
syonpoid oy 53593 o1duts Aq AJuopt
*91A101303]9 9} pUE 9POIIO[S OANETIU
oponoa[d 9AnIsod Ay sureu pue AJuspt
-'SOpOINIIA (U0qIed)

10UI FUISN J3)eM PAJRINIPIO. 9SK[01)9[d
*SUOI 9IQOUL UTBJUOD P[NOYS AJAJ01I[O

3y} ‘AJ1011199]9 1oNPUOD 03 JOPIO Ul Jey]) d1e)s
~sayAnoe ofduurs Aq

9)A]ONI[2-UOU UR PUE 2)K]0NIJ[ Uk AJIIUPT

£0) 3[qe 3q pP[NoOYSs JUIPN)S

amyeu ur xa[dwoo o3 aydwurs woiy 1pew
Jo uoneziuedIo Aj10pIo ay Aeroaidde
~'SO[NOS[OL JTUI0JE0IIAY| PUE SI[NOJ[OUL
onwoyeowoy 1oy sajduwrexo juasard
*SO[NIJ[OW OTOJE0INAY
QI SJUSIA[D JUAIAIP JO SIOJe
o) AQ PAULIOJ SO[NO[OUI A} JLf} Je)S
*SONIJ[OLI JTWIOJLOWIOY
QJe JUSWIA[D SUIES JY) JO SWOJE
o) AQ PaULIOJ SO[NO[OUI A} JLf) Je)S

N
‘uonnjos
oeydins 1oddoo jo sisAjonosrg  *
Sunerdonoory o
uonn{os SPLIOYO WNIPoS *
IoJeM paje[npIoy o
oponooe oAneSoN
OpOIO[Q AAINSO]  ©
LI (Wihe) (e g
siskjonod  °

*sassa001d
| Calttielialohik ) )
oyur saxmbuy 7'g

(spoL{)
ELUNY

sawodnQ

Sjuduo0)

19431 Adudjadwo) Kdudjadwmo)

ouag

810Z- snqojds 60 apr1D

‘spunodwoo owos

Jo3mun SuIp[Ing oY) ST 9[nNosjow Jeyy) jels
"SJUSTUQ[Q JO 1S SUILS ) AQ POULIOJ
spunodwos JuaIolIp 10§ so[dwrexa juasaid
“SJUSWID[D

JUSMI)SUOD U} JO SO} WOIJ JUIYJIP

are punodwoo e jo sontodoid oy jey) ojess
~oR[NULIOY 119U} Aq

spunoduod pasn AJUOWIOD SWOS d}ed1pul
‘spunodwod

UOWIWIO) M3J © UT JUdsa1d SJUStod ) oureu
*SJUSWID[D 9IOUL IO 0M]} JO UOTBUIQUIOD

o) £q pauioy are spunoduiod Jey) ajels
~*SNIONSU ) UI SUOHNU

Jo Joquunu oy pue suojoid Jo roquunu

91} JO WINS Y} SIIOqUINY SSEW Jet]) AJuapI
'SU01}09[9 JO Joquuinu dy) 0} [enba st suojoxd
JO JoquuNu Y) WOJE [eNNoU & Ul Jet]) )e)s
“JUSWIA[O UDAIS B IO anbrun st

Joquunu orwoye jeyp) sojdurexa Sursn ayensny|r
“IOqUINU JIWIOJE AU} SE WOYe U. JO

snafonu Y ur suojoid Jo Jequunu oy AJudpt

(Sporzg)
suny,

sawoannQ

spuduUO)

Xxiii

[0A9] Adudjaduo) Loudnadumo)

Uy

810Z- snqojds 60 apvio

Xxii



"a1nssaxd J09JJe sjo€ 9010§ e hap

U} YOIYM UO BIIE U} PUL 90I0] B} AJBIS  ® o) Kep ur Apean

“sojdurexa se saouaLadxa Aep 03 amssaidjosayun e
Kep Funye) axnsso1d Jo 3deouod oyy urejdxo e amssoid 01 Sunogpye 10108 e

£0) 3[qe 3q p[NOYS JUIPNIS QInssarg

-09JJ9 spIos Aq
Ppauoxo anssaxd
QPSAZINN T°¢

% a1 Aep

03 Aep ur 10183 Syse) ojew 0} A[orerrdoxdde
paSuerd oq UEd 9010 © JO UONOIIP

pue uoneosrdde yo yurod oy Jey) 3doooe
*9010J [oA9]

& Jo uonedrdde jo yurod oy pue uonoAIIp wnumdo ue e
SSQUOATIOP

‘opmudew oy AJ[eonewtueIserp oyensnyt
‘Kiuenb 10J00A © S1 90103 1R} 0JE)S ® pue Aoudtoge
‘uoneordde jo ururejurew AQ
jutod e pue UOnOAIIP ‘OpmIuSen © Sey 010§ Je toysuen
© I8} MOYS 0} SaNIANOE S[dwIs Jno AL o AZ1oud pue
‘A[1001109 doue[eq Surids uoymou oty Sursn Jopewrpim
A[1901100 9010§ JO SPMYIUTEWI OYY NSEAUW ® | yopeyuasardoroneureidel] * UOnoBIUL
(N uoymau st 2010§ uonedrddejojuog ¢ "9010§ 0} J1oy) A310U9 JO
JO opmIuSew QINSLAW 0} ISN JJIUN LY} LIS » opmuey parefar s3doduod SULIOJ SNOLTEA
$0 10J21qE 3 POYS JUIPIIS oiog ¢ OISeq SOYNUP] [ SoZIMN '€

(sporidg)
duul], samoNnO [SUEII]SY [9A9] Adudaduo) Kdudjadwmo)

ouag 810Z- snqojds 60 apr1D

A[ngosn
Sunerdonoaya jo uoneorjdde oy yeroardde o
“9J1] Aep 03 Aep ur pasn st Sune[donodd
QIOUM SOJUE)SUT [BIOAIS OUIRU  »
"91A10109]9 9y} S pasn
9q 03 spaou peyeld oq pInoys Jey [ejow
91} JO SUOI SUIUTBIUOD UOHN[OS BIEY) AJE)S @
*9poINdIA[d
aanisod oy opew 2q pinoys pajerd
9q 01 SpadU JeY) [BIOW JO 90AId B Ry} AJB)S @
"9POIIO[D dAIEIIU Y} 9L 9q PINOYS
Ppa1e[dondao 9q 01100[q0 AU Jey) e)S e
-uonnjos ojeydns roddoo e
SurzAjonode Aq Sunedonoso sjensuowiap e
"SJUQA[OS 9]qBINS UI SUIA[OSSIP JO (UOTSN))
Sunow Aq (1o OPLL 9q UL S20UL)SqNS
QUIOS U SUOT JUSMIISUOD O} oL} Je)s o
*SISK[01)09]0 P[[ed
SI sooue)sqns Jo[dus a1owr ojur douUL)ISqNS
[eorway o Sumids oyp ey aeys e

(sporId )
duul], seuionno sjuNuo) 19431 Adudjadwo) Loudnadumo)

Uy 810z- snqojds 60 apv1H

XXV

XXiv



4!

“punos Jo uoI}d9[Ja1 Ay} JO
S)[NSAI AJB UOIBIIGIOAJI PUR O JBY) d)BIS
PIO[JRI 9q uBd
punos jey) moys o} senianoe ofduwrs ur ofesus
"191SB9 SySe) Aepo) Aep oyew

03 s1oxxw oueld Sursn yudwdimbe ojea1d
*o[3ue ur 93ueyd Y UM SIFUBYD SIOLI
oueyd paurjour om) usamioeq paserd j0olqo ue
Aq pouLIog sagew Jo JqUINU oY} Jey) dJe)s
*0Ka o) Aq paA1e21ad st I01LITIN
aued e Jo juoxj ur paoeyd 109(qo jurod e
Jo a3ewr oy moy| weiderp Aexe Aq oyensn[yr
31 Jo weaq
[e1rered e Suisn uonoapjar asnyyIp urejdxa
Y81 JO weaq
[o11eTed B Sursn uonooja rendor urejdxo
‘JYS1] JO UONOJJAI JO Sme] 3JelS
“UoNod[JaI JO J[Sue
pue odudpIoUI Jo S[Sue @oudprout Jo jurod
o) 0} [ewIOU ‘KBl PRI Kel JUSPIoUT oY)
Anuapt 03 Ayanoe ojduurs € 1no A1red

£0391qE 3 P[NOYS JUIPMYS

swreIeIp Aey

Jomw dueld e £q pauLio
soFewr 9y} JO SONSLIOBIRYD)
UONOJ[JI JO SMET
uonos[jaIJo dSuy

QoudpIouL JO O[SuY

2oudprout Jo Jurod ) 03 [BULION.
Ke1pajoeljoy

Kexrjuapiou]

UONoo[Ja1 I3y

uonOI[aI ASNYI

W31 Jo uonod[Y

‘syse)

Kep 031 Aep 10J

sAe1Jo uonoeyjar

PpuE UONIJII

Jo sordro“und

I A[ADOLD
sanddy ¢'¢

Xxvii

(spoL{)
ELUNY

sawodnQ

Sjuduo0)

[9A9] Adudaduo)

Kdudjadwmo)

ouag

810Z- snqojds 60 apr1D

*PAseaIOIP 10 POSLAIIUI 9q 0} pAoU

$199[qo prjos a3 £q paIaxa amnssaid oy
Q1oym sedue)sur ur pagueyp Ajajendordde oq
ueo anssaxd Sunoagye s1030ef oy yey) 1desoe

539D 8240 §Y3 YIIYM UO DEUD 89D funs 8Y L

8240 upna1pusdusd
= aInssald

‘drysuorerax oy Sursn swajqoxd ojduurs aajos
-amssaxd
Sunmseaw Jo jiun e se (eq) [eosed asn

*2WIN 10 ;w/N St a1nssaxd o jrun oy Jey) ajels
-aInssaid 10 $108 9010 oY) YoIym
U0 BAIE 9JBJINS Y} puk 9010§ Je[norpuadiod
oy usam)aq dIysuone[a1 Y} SALIOP
*p1[OS & AQ pal1oxa anssaid sjod)ye
S10© 9910J 9} YOIYM UO BAIR 9BLINS O}
1R} MOYS 03 sayAnoe Jeridoidde Jonpuod
‘PIIOS © AQ PalIoxa ainssaxd oy s109)e 9010§
Je) moys 03 saniAnoe sjerrdordde jonpuoo

XXVi

(Sporzg)
suny,

sawoannQ

spuduUO)

[0A9] Adudjaduo)

Ldudjaduo)

Uy

810Z- snqojds 60 apvio



-ouryoew o[dwrs e stouefd paurjour

a3 Jeyy moys o3 Ayanoe oyduurs ejuasard
-A1qeyyoid aJowr pasn aq ued

SIOAD] MOY SANIANOL YFNOIY) d)LTSUOWP
~WIoY) J0J 9J1] Aep 0}

Kep urjow sojduwrexo pue ssse[o JUISLIP 03
SuiSuo[aq sI9AJ] ursn ur soSejueApe A)ed1pul
“peojay}

PUER JI0JJ U} WINId|Ny Ay Jo Juotwooe]d oy
0 UOTR[21 UI POSN OJB SIOAD] IUM SOJURISUL
Ay sanianoe ofduts ysnoyy oyensuowiop
“TUNIQNY O} Se

9)©)01 0} PUR) PLO[ ) PUL LIOYA AU YOIym
punoze sixe/juiod oy pue peoj oy} Se 110JJo
) AQ SWIOIIGAO ST 1B} 9910J AU} “MIOJJO

o) Se 10A9] oy} uo pardde 00105 oy Swreu
“Kyanoe ojdwus € Aq 10A9]

©JO WNIO[NJ pue 110JJo ‘peo[ 9y} 90onponul
~SuIYoBW

oduuts se pasn axe sk9[[nd pue o[xe

shopng

[9Xe pue [33y M\

queyd paurpouy

SIOAJ] JO SISSB[D)

SIOAY]

Aoudroryy e
oneIKJIO0A  ©
JFejuBApE [EOIURYOSJN o
WLIR PRO[ ‘WIR IO  ®

XXiX

xxviii

pue [ooym ‘Que[d pauI[oul IoAJ[ JBY) AJr)S  ° Hmend bt
“souryorw AQ pteNIoR) peoT e -1A130 Aep 03 Aep
SIY10M MmOy d1ed1pul 0} sojdwrexa juasaid e Hogd. ¢ oNeI108] 0 KjoAn
‘auryoew e ute[dxa e sourgoewddung ¢ | -oop0 sourgorw
4 -£0) 3[qe 3q P[NOYS JUIPNIS SOUIYOEIN orduns sasn ¢
(sporiag)
duul], samoNnO [SUEII]SY [9A9] Adudaduo) Kdudjadwmo)
20U§ 810Z- snqojds 60 apr1D
“JYSI[UNS UI SINOJ0S JO UOISIdSIp
oy} AQ PaIBAID ST MOQUIRI O} JRY) 9JB)S @
"SINOJ0d moquiey e
U2A3S JO aImxIw e s1ySiuns ey apeys o | wiskid e Aq pasned uorsiadsi(y
‘wsud e ySnoxy sossed 1ySiy uoym wsud eAquonoeyay e
wnoads  Jo UOTBULIO) O} AJeNSUOWIP o QJBJINUI UR JB UOTJORIJIY o
431 Jo uonoryI WS jouonoeyay
Kq pasned $309}39 oy 10 sojdwexa apiaoid e
“IOYJOUE 0} WINIPaW
JudTedsue1} QUO WOIJ SIS 31 UAYM JYS1| JO
yred oy Jo a3ueyd ) ST UOIORIJAI IR AJe)S *
wargo
UOI)OBIJOI 9)BIISUOWIOP O} SONIAIIR N0 AL1ed o
‘punos Jo uonssjal uonepqIoAdy  *
10 SIOLLIEQ QAOWIDI 0) SPOYJOW Isa33ns o opg -
*punos Jo uonddpja1 oy Jo suoneorjdde gels e punosjouonoopey
(sporId )
uuy, sawonno syuuo) PA9] Ldudjedwo) Ldudjaduo)

Uy

810Z- snqojds 60 apvio



‘suonnjos pue
spinbiy snowea Jo Ayiyenb oy Surururioiep ur

Ky1suap 3o 3doouoo oy Jo asn oy ojerodrdde e
-'spInbi| snoLrea Jo senisusp oy aredwod

011 S9SN PUE JOJOWOIPAY [dWIS B 9JeAId o
-QJ1] AepAIaAd
JO SJUDAQ QY3 UI Pasn ST AIsuap Jo 3doouoo

oY) 210YM SIOUB)SUL AU 10§ so[duwexo ajeorpul e

-“Ayisuop o3 Surjear swojqoid o[duris 9AJos e

WS SIAJISUSP JO JUN O} JRYI AJe)S @
-'S90UBISQNS SNOLIBA

JO sanIsuap oy aImseaw 0] saniAnoe uefd e
“OUINJOA

jun 19d ssew ) se AJISuop onponul e
‘Ay1Anoe ue y3noiy) pmbi| e Jo swnjoa

‘K[PATI09
I00WOIpAH | sysey Kep 03 Kep

G0 puessew o) usamiaq diysuoneproy urgidxo e AUWIN[OA/SSPW=AYISUS | u1 ANsuap jo1dao
-¢0) 9[qe 9q P[NOYS JUIPN)S Aysuo -l0J 3} SAS) G°¢
(spordg)
duul], samoNnO [SUEII]SY [9A9] Adudaduo) Kdudjadwmo)
20ud1S 8102- snqvjids 60 2pviD
“OJ1] 9[qBHOFWIOD

& Surpreyud yuewdooAdp [es1Fojoutos) A
J0J SQUIYOBW JO UONNQLIIU0D Ay} jeroardde o
-ouryoew ojerdordde ue Sursn
SOUIYOBW JO JOqUUNU € JO UOHBUIUIOD oY) Aq
PAILAId 21k souryorll Xa[duwoo ajensuowop e
‘SWIA)SAS
K91nd o sasn oy 10§ sojdwrexa juosard e
oM
deyioe; 0) skopnd ojqeaowuur ypm sAopnd
d1qeaowr Surjdnod Jo sem oy} QJeSUOWIP o
-ouryoew o[duuts e st A[nd
J[qeAowII 3Y) 1Y) ANATIOR Uk ySnoIy) ure[dxo e
‘A1qesgoid a1owr 9[Xe pue [9yMm
Sursn Jo seouesul Ay J0J So[duIexa 0AIS e
"KjqeyyoId a1ow pasn oq Ued S[Xe PUL [99YM
MOt AANOR o[dws B y3noIy) JJensuoBlop e
-ouryoew o[duurs
© ST O[XE PUB [93UM Jey) AJIAT)OR U AQ MOYS o
-oueyd oy Jo adoys oty
[ se3ueyo sueyd paurjour oy Jo 93ejueApR
[eoTUBYOOW AU JEY) ANANOR UB AQ MOYS  ®
*9J1] Aep 03 Aep u1 pasn
are soue|d pouI[oul 919y M SUOISBIO0 A} 9Je)S  ®

(spoLR{)
duul], sowoRNQo sjuduUO) [0A9] Adudjaduo) Loudnadumo)

Uy 810z- snqojds 60 apv1H

XxXxi

XXX



‘pajudsaid oq ued

uouswoudyd [ermjeu e st yorym Suru)y3i| o)
anp senadoid pue saAlf Jo ssof ey 1doode
“SoYLIS SuIuOySI|

USYM QINSUD 9q UBD A19JBS MOY| AQLIOSIP
*S)udp109E SuTu)y31] Juerard

0} udy[e) 9q Ued Jey) suonnesald oje)s
“opuny)

SasNeD 931.YoSIP Aq PRJeIUAT JULIND A}
0} SuIMO I1e JO uoIsuedxo uappns jeyy) e)s
"SKem SNOLIBA Ul PoSIeyosIp 193 spnojo oy}

xxxiii

Xxxii

ur sa81eyo 03 NP SINOJ0 FUTUAI] Jey) el o Kages o “Surusy
-paSreyo UONUOAdL] e 01 9NP SIUSPIOJE
AJreotnoo]o 308 spnojo moy Ajduns urepdxo e SJuOpLooe SurualySry e | Jo uonuosdid oy
80 £0) 9[qe 3q pINOYS JUIPMS Pasned SISUIURYSI[ MOH | Ol SA)eSNSAU] T
(sporRJ)
duul], samoNnO [SUEII]SY [9A9] Adudaduo) Kdudjadwmo)
20U§ 810Z- snqojds 60 apr1D
"2Inyng oY) U1 AJo[outoejoueu
ur suonipuod d[qssod 1oyjojorpaid e
‘A3ojouydsjoueu
Jo suoneorjdde 1910 10§ so[duIexo 9AIS  ©
‘A3ojouydsjoueu
Jo uoneorjdde 1oyjoue se UOGIED PAJEALOR
Jo ssaoo1d uondiospe oy Ajduurs urejdxs e
*J091J9 SMJO] Y} SUISN SAYIOO A[qeNoM uonezImn
—uou ur Suruaddey ssaooxd oy) 9qLIOSOp  © dqeuresns
“JNOQE JY3N0Iq SIJ09JJO SMO] MOY IQLIOSIP e pue 3oL
"sassao01d seuowrouayd J10J BUSWOU
[eanyeu 9[eos oueu 10y so[duwexo judsaid e -oyd jeinjeu
wu Q- Surpue)siopun
1 Jo 93ue1 9y Ul S[eLIA)ew SUISN JNO PALLIED Aqooeds
$s9001d © ST A30[0UT[O910URY JEY} 9Je)S  * ABOjOUYPAOUEJO ST * pue yues
“JUSWIOINSEAW JO JIUn £Sojoutpatoueu jo uoneonddy 'suon Jo sassaooxd
[[ewsS I9A © ST Isjowoueu ay) jey) 3doooe e JolowouEN] * -eoridde sy pue pue sonodoxd
“I0JOUWIOURY B ST Wi, ()] OZIS O} Jey) 9Je)s o ASojouyoaioueu Jo uononponuy ¢ | ASo[ouypajouru ‘Qmyeu
01 $0) 3[qE 9q P[NOYS JUIPNIS ASojoutpajoueyN * ojur saunbuy 14 sa1o[dxdq 04
(sporidg)
duul], seuionno sjuNuo) 19431 Adudjadwo) Loudnadumo)
Uy 810z- snqojds 60 apv1H



07

"Joue[d Ino Jo 90U9)SIXd

10J A11S10A1pOIq JO doueytoduur oy 1deooe
"way) Jo suoneso] ay) dew pue exue]

LIS JO SWIISAS -099 UIBW JO SONSLIAJORILYD
Jofew pue douepoduwr oy jels

eYUR LIS Ul SW)sAs 090 Jofeur Isi|
*SWISAS009

[e1o1j1Ie pue [einjeu Joj sojduwrexo oA13
‘SWIOISAS 009 JO saInjedy juerroduwir Ay 9re)s
A)1s10A1p 01 03 syeaIy) urejdxo

-KNISIDAIP o1 Jo douelroduir oY) 9qLIOSIP
"K)ISIOAIp O1¢ SIjeym 2)e)s

*K)1s10A1pOIq JO 1d0oU0d

9} AjenSUOWIP 03 AYANIe o[duls & JONPUOD

03 d[qe 9q P[NOYS JuUIPN)S

nA e
BME[BY) PUB BUBWIE( o
euejed A1 e

euejed Jop| e

spue[sseln)

SPUBQNIOS PUE SOUSNq UWIOY],
$1S910J USAIZIOAD PIXIW AI(] o
S1S0J0J QUBJUOIN o

s1s010} urel [edrdoi], e

15010

[eLISALI],

SPUB[JOA\ o

uedd o

sIojem puequ] e

QULIOATY

suooge[/sorrenisy e

SIOATY

onenby

BYURT LIS Ul SW)SAS 007
JUSWIUOIIAUD

J]Ing pue SWISAS 003 [eINJEN
SUIAI] UOU-FUIAI[ UON

SUIAI] UOU—SUIAIT e
BuIAl-SuIAIT e

-SWI9YSASO9? UT SUOT)ORINU]
K)ISIOAIPOIQ O} SYRI ],
-KY1S19ATPOIQ JO 9oueIoduuy
-KYJISIOATPOIQ 0} UOT)ONPOIU]

Aysraatpoiq
uo $9183NSIAU] §'f

(spoL{)
ELUNY

sawodnQ

Sjuduo0)

19431 Adudjadwo) Kdudjadwmo)

ouag

810Z- snqojds 60 apr1D

80

"SSoupaIedald pue SSoudIeMe
AQ pozZIururw 9q ued ssoj oy nq pajuoAdrd
9q J0UUED SI9ISESIP [eInjeu Jet)) s3doody
‘A[1eqO]3 pydnid
SOI1J P[IM O} INOqe UonEuLIouT Judsaid
‘soIy

P11 0) Surpea] suonipuod ay Ajduurs urejdxa
‘A[1eqO[3 paSIowd
suonIpuod rweuns) Ay uo podar e jussaid
e oy
Jo sur3rew aye[d 01103093 9} SUO[R 1090 0)
PpuQ) rweuns) pue saxyenbyies oy Jey agels
'S3)E)S IWEUNS)
© 0} Jurpeay sesnes o Ajduwurs ureydxa
"SIOWA) YIS pue saxjenbypres o)
Surpeay s1030e] [eo130[0a3 oy Ajdwurs urejdxa
's1e0A ()6 Jsed Surmp exueT 1S ur
SULIO)S PUB SpUIM [IIym Aq pasned Auradoxd
PUB SIAI] JO SSSO] 3y} U0 110dd1 B pIemiIof
Swons
pue SpUIM [ITyMm Suoissaidop 10j asneo ay st
azoydsounye o ur suorssaxdap Y Jey) 2je)s
~Zururem [eqoi3
U1 9583I0UI ) SUNIJYJL SI0J0B) M) B SWEBU
“uruuresm [eqo[3 ur asedrour
9U} SI SIQISBSIP [BINJRU SUIOS 10} AOUSpUD)
107913 AU} 10J UOSBAI A} Jey) 91e)S

40} 3]q 8 3 p[nOYS JUIPM)S

SAIY PIIM

Twreunsy,

s1owon Yped pue saxenbyeq
SWOIS PUB PUIM [IIYA\
SI0ISESIp [eINeN

*SI0)SESIP
[eInjeu Jo punois
-3jokq O NUAIOS
oy oyur saxmbuy ¢

XXXIV

(Sporzg)
suny,

sawoannQ

spuduUO)

19A3] Adudjadwo) Loudnadumo)

Uy

810Z- snqojds 60 apvio

XXXV



*S30IN0SAI [EINjeU

Jo asn gjqeureysns jo soueprodur oy 3dosoe o
‘uonisodwioodp

poom 1uoAdId 0} PASN SPOYIAUW AY) INO ISI[ o

uonisodwooop poom Jo siseq onuaIos ure[dxo o
'sasn o13100ds Tty pue BURT LIS UI POOM JO

sad£y juaiepyip Jo uoneuIoyuI JuesaId pue J09[[00 o
*S90INOSAI [RINJRU SB

WO} JO Sasn SNOLIeA 10§ sjue[d Jo sojduexa oA13 o
‘Knsnpur Sururur
wdF 0} onp UeWINY ) 0) PUL JUSUIUOIIAUD [} 0}

Pasned $)991J0 2s19Ape Jnoqe J1odor e juosard e soiSoreng o
‘swas Jo sadky souepoduwy

JR1IP JO sonstiaereyd anbrunjuasald 4 oy ey [eInyeu Jo osn djqeure)sng

"SWaZ JO SAINJe) ONSLIvYORIEYO UIR[dXd :

“[10S WOy S[eIouIut pooM * *S90INOSAI [eINjeU
10BIIX3 0} PISN SPOYIOWL J[GR[IBAR LIS o Siueld Joosnajqeuresns
(Sunsoarey 1o1em urel Suisn) (Swd3) syj001 pue S[eISUIA * pue UOHNQLYSIP
S0 “107eM JO asn d[qeureysns Ajdus ure[dxo o IOTA © 90INOSAI [RIEU
*SOOINOSAI [eINJeU NOqe AJJoLIq UTe[dxd $O0INOSAI [BINEN * | Jo UOKEOIUSP] 9
‘03 9[qe 3q p[noYys JuIPMY
‘uoneyodsuen ueaId Jo asn oy djerodrdde o
‘Buiaes 1omod
0} uorje[al ut 3urp[mng A[puaLly JUSWUOIAUD
JO uononnsuod jo douepodwr oy gjels o
(spordg)
n
duul], sauonno sjuNuo) 19431 Adudjadwo) Kdudjadwmo)
20U§ 810z- snqojAs 60 IpviH

‘Kem 9JES © Ul SALIISNPUL UI PIsn S[BIIWAYO
Jo [esodsip Jo oueprodur 3y} 9qLIOSP o
JUSWIUOIIAUD UO $199JJ9 [NJULIRy J1oy)
Pue SOLISNPUT UI PASN S[BITWAYD dY} dje[Nqe) o
'Spooj Jo
Q)SeM SZTWIUIW 0 AJLINOJS POO] Ut AS0[0uyo9)
)soArey )sod Suisn Jo ooueproduir oy} 9jeIS o
‘uonea1ssaid pooj pue o3eI0)s
pooj ‘uonejrodsuen pooy ‘uononpoid pooy
ul S[edIaYd SUIsh JO $1091J0 [NJULIRY O} AJ8)S o
‘Judwegeurw pue| [eIYnoLISe pue Juruney
doro paxtwr Sursn jo siseq OIJUALOS AeIS o
"IOA0D 15210

Suronpar 0} pajeol JuruLIe] Ul SPUB] PAJRATNO vonepodsuen uaaIn e

JO asn wnwirxew Jo doueyioduw YY) 9qLIOSIP o uoPoNNSUOy)
‘Surure) ur juswoSeueu S[EOIWAYD JO 9Fes) e
10JeMm 1991109 JO dduejroduwl o) SSNOSIP o -$9$89001d [eLySNpU]

-A3o10uyoa) SurjsoAIeyIsoJ e
juowoSeuewW pue e
JUOWOSBUBW IOJBA\ e

's3sad [01)U0D 0) PAsn 9q UED ey} SPOYIAW
[eanynouSe [euonipen ay) uo Jodarearedord o

*SIOZI[1}19] O1UBSIOU ) JOAO SIOZI[II) Suuegy ouesio e 1daouoo
oruegio Sursn Jo oouejroduwr oY) 9QLIOSIP o mynoudy U013 pue Judw
1doou0d usai3 1doouoo usarn -UOIIAUR [BIOJI)IE
g0 | PUeUSWINOAUS [eloynIe Jnoge Aduns ure[dxa 4 JURLILONALS [EYHIY 0 S33e31SoAU] G4
: 0) 3[qe 3q pInoys JudIpN)g
(sporidg)
awy, somosnQ spuduUO) 19A3] Adudjadwo) Loudnadumo)

Uy 810z- snqojds 60 apv1H

XXXVii

XXXVi



Grade 9 Teachers’ Guide Science Grade 9 Teachers’ Guide Science
»  Getthe students to observe instances in which the micro-organisms have had
Competency 1.0 Explores life and life processes in order to improve their involvement such as spoilt fruits and milk a mouldy piece of bread,
productivity of biological systems. compost, coconut water fermented with yeast, yoghurt, curd and vinegar.
» Let the students see pictures or video clips depicting diseases caused by
Competency Level 1.1 : Investigate the application of micro-organisms. micro-organisms and instances where micro-organisms are used in industrial
applications and production of medicines.
Number of periods - 12 « Direct the students to collect information about the events in which micro-
Learning outcomes f)rganis.ms are used in day to day life and the group of micro-organism used
At the end of the lesson the student should be able to : n sucl.l instances. . . . . . )
* group micro-organisms by observing characteristics as bacteria, fungi, ' Explaln.through diagrams/ \./1deo clipshow r.mcro—orgamsms. areusedin
protozoans and algae giving examples. producno.n of food, production of drugs, agriculture and environmental
* identify viruses as a group in between the living and non-living. conservation.
* state that viruses multiply only inside living cells and are devoid of a cellular * Discuss with students about the unfavorable effects of micro-organisms such
organization. as causing of diseases, food spoilage and production of bio-chemical weapons.
« state that unicellular and multicellular micro-organisms are found within the * Get the students to demonstrate the production of a product using micro-
groups of micro-organsms. organisms.
+ state that micro-organisms can live even under the extreme environmental
conditions. Key words/Concepts
* name meat, fish,fruits, human skin, mouth, alimentary canal, reproductive « Micro-organisms
organs and soil as the specific substrates in which micro-organisms grow. . Funei
* observe microbial growth on selected substrates through teacher He
demonstration. * Algae ) »
* describe how various micro-organisms are used in activities carried out for : Extren'le environmental conditions
economic gain and research(agriculture, medicine, industries) : Recyclfng
* state that micro-organisms are employed in environmental conservation * Bacteria
(decomposition of oil spilled on oceanic waters, absorption of heavy * Protozoa
metals, recycling of plastics.) * Viruses
« state diseases, food spoilage and use of micro-organisms as bio chemical * Substrate
weapons as unfavorable effects of micro-organisms. *  Bio-chemical weapons
* demonstrate an occasion where micro-organisms are used in the food
production process. Quality inputs

accept that micro-organisms can be used to facilitate day to day activities.
accept the fact that no other organisms can exist without micro-
organisms.

Instructions to plan the lesson:

Display pictures, specimens or video tapes of bacteria, fungi, protozoa,
algae and viruses. Let the students observe the characteristics of each group
and identity.

Explain that viruses have living and non living characteristics.
1

Optical microscope

Spoilt vegetables, fruits, milk
Mouldy bread

Compost

Coconut water fermented by yeast
Curd

Vinegar
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* Pictures or videos of micro-organisms

« Pictures or video clips of diseases caused by micro-organisms
« Pictures or video clips showing the activity of a virus

* Materials needed for the microbial product.

Instructions for assessment and evaluation

o Get the students groups to demonstrate production of a product using
micro-organisms and evaluate using the following criteria.
o Usage of correct methods.
¢ Usage of methods for protection
¢ Time management
¢ Collaborative work
» Make abooklet or a power point presentation about favorable and
unfavorable effects of micro-organisms.
¢ Evaluate the above using following criteria.
*  Adequacy of facts
*  Accuracy of facts
*  Finish

Competency Level 1.2 : Investigates eye and ear as sense organs.

Number of periods : 07

Learning outcomes

At the end of the lesson the student should be able to:

describe the basic structure of the human eye with the help of models or
diagrams.

describe how an image is formed on the retina of the eye using diagrams.-
explain the importance of binocular vision and stereoscopic vision of the
human through activities.

state that long sightedness and short sightedness are defects of vision.
explain how lenses are used to correct the defects of vision.

state that cataract and glucoma are currently common eye disorders.
accept that protective measures should be followed to prevent disorders.
accept that eye is an important organ which should be protected.
describe the basic structure of the human ear using models or diagrams.
state that the main functions of the ear are receiving auditory senses and
maintaining the balance of the body.

name cochlea and semi-circular canals as the structures relevant to the
major functions of the ear.

state that causes leading to the disorders of the ear can be prevented.
becoming aware of the ranges which the ear can withstand, accept that it
is essential to protect as a sensory organ.

Instructions to plan the lesson:

Introduce the parts of the eye using a diagram or a model.

Explain how an image of an object is formed on the retina of the eye by
using a pin hole camera.

Instruct students to lable a diagram of the human eye.

Instruct to show that convex lenses converge light and concave lenses diverge
light.

State that the lens in the human eye is a convex lens.

Using aray diagram show how an image is formed on the retina of the human
eye.

Discuss the characteristics of the image formed on the retina (compare with
the results obtained by the pin hole camera).

Discuss reasons for the defects of vision.

Explain how lenses can be used to correct the visual defects of a defective
eye.
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Let the students draw ray diagrams to show the formation of images in a
defective eye and to indicate image formation after wearing lenses.
Explain the binocular vision of the human through a simple activity.
Explain the importance of the stereoscopic vision of the human through a
simple activity.
State cataract and glaucoma as the most frequent disorders in the eye at
present.
Conduct a discussion about cataract and glucoma.
Emphasize that precautions should be taken to prevent disorders in the
eye
(Follow medical advice when wearing spectacles and sun glasses.)
Conduct a discussion to affirm that eye is important as a sense organ.
Describe the structure of the ear using a model or a labeled diagram of the
ear.
Tie a sheet balloon to the mouth of a thistle funnel. Make an arrangement to
see the vibration of the membrane when a vibrated tuning fork is brought
closer to the open end of the thistle funnel.
Based on the above activity, describe how the tympanic membrane vibrates.
Explain that the main function of the ear is receiving the auditory sensations
of hearing and cochlea contributes to it.
Lead a discussion on the disorders of the ear (deafness, impaired
hearing, and hardening of ossicles).
State information about the range of sound waves which the human ear can
tolerate.
Conduct a discussion to stress the need of protecting the ear (reframing
from loud sounds, bathing in deep waters, inserting foreign objects into the
ear).
Direct the students to prepare 10 short question on eye and the ear.

Key words/ Concepts

Retina

Long sightedness
Short sightedness
Binocular vision
Stereoscopic vision
Tympanic membrane
Cochlea

Instructions for assessment and evaluation

» Conduct a quiz between two groups of students.

Accuracy of questions
Objectivity of questions
Accuracy of answers
Presentation skills
Working with team spirit
abiding by rules
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Competency 1.3

: Discovers the structure-function relationships related to the
human circulatery system

Number of periods : 09

Learning outcomes

At the end of the lesson student should be able to;

state transport and protection as the main functions of blood.

state the components of blood and their functions.

state that there are four blood groups A, B, AB and O depending on the

protein components contained in blood cells.

classify the main blood groups further as positive and negative, based on

the Rhesus factor.

state that blood transfusion is the transference of blood of one individual(the

donor) to the body of another(the acceptor/recipient).

state that if incompatible blood types are mixed during transfusion,
agglutination occurs.-

illustrate the compatibility of blood groups in transfusion by using a table.-

present a report on the qualifications of a blood donor.-

state that clotting of blood is an important protective measure during

bleeding.

describe the structure of the human heart using diagrams or models.

describe the rough structure of arteries, veins and capillaries in relation to

their functions.

accept that a person can claim a healthy life by maintaining the proper

functioning of his/her blood circulatory system.

Instructions to plan the lesson :

Introduce the parts of heart using a model/ diagram of the human heart.

Get the students to construct a model that shows the functioning of heart.
Demonstrate how blood circulates in arteries and veins using a model of the
heart.

Explain the part played by arteries and vein in blood circulation.

List the main differences between arteries and veins.

Explain the structure and function of blood capillaries.

Conduct a discussion about the substances transported by blood

Initiate a discussion with what students know about blood and introduce
the main components of blood.

Explain the functions of the components of blood.

Explain how blood platelets contribute for the protective functions of blood.
State that blood is classified into four groups according to proteins it
contains and these are further divided as positive and negative according to
the Rhesus factor. 7

* Introduce blood transfusion and present a table showing the blood
groups that are compatible in blood transfusion.

+ Discuss the instances where blood transfusion needs to be done.

* Prepare a list of qualifications a donor should have for blood transfusion.

» Prepare areport on good health habits that should be followed to
maintain the blood circulatory system properly.

Key words/ Concept
* Blood groups
* Blood transfusion
* Donor
* Rhesus factor
* Agglutination

Instructions for assessments and evaluation
 Instruct students to construct a model of the human heart.Use suitable
criteria for evaluation.
» Direct the students to prepare a report on the facts to which attention is
drawn during an examination of a blood sample and the qualification of
a donor for blood transfusion. Evaluate it on following criteria.
« Useof correct information
*  Reporting information correctly
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* Introduce that many plant growth substances have been produced
Competency level 1.4 : Investigates the plant growth substances. artificially, and are used in agriculture. Let the students tabulate the uses of
artificial plant growth substances.
Number of periods 04 » Engage students in activities such as inducing fast growth of roots in plant
. cuttings using artificial growth regulators. From them let the students have
Learning outcomes an experience about the use of artificial growth substances.
At the end of the lesson student should be able to: + Discuss that, in crop cultivation the yield can be increased by using
o state that plants contain chemical substances which control their artificial gr ?Wth substances.Further, plant growth substances can be used
physiological functions. as wee.d1c1de§. . )
o demonstrate through simple activities the effect of growth promoting » Organize a feild visit to a plant nursary using plant growth substances.
substances on the growth of plants.
o explain the effects caused by various plant growth-promoting substances in Key words/ Concepts
plans. . Growt'h 'substances
o accept that artificial growth substances can induce physiological effects. : ICzt:klmn
Instructions to plan the lesson : * Auwins
+ Take two similar potted plants and remove the apex of them. Let : Hf)’A .
students observe how the two plants grow (Do this activity about two * Gibberelins
weeks before starting the teaching learning process related to the relevant
Quality inputs

competency level).
Explain through examples that the reason for the difference in growth of
the two plants is the effect of growth substances produced in the apex of

the plants.

Instruct students to plan an activity to show that plants shoots show

positive phototropic movements ( This activity too has to be arranged

about a week before the lesson).

» Based on the observations of the activity conducted to show the positive
phototropism of shoots, initiate a discussion to highlight that it is affected by
plant growth promoting substances produced in the apex.

+ Letthe students observe the ends of a petiole of a leaf fallen naturally after
its life span and a growing leaf plucked from a tree. Do the same for fruits.
Explain that growth substances have their influence on physiological
processes such as falling of dead leaves and ripening of fruits.

* On the basis of the above observations explain that physiological

processes in plants occur under the influence of the growth promoting

substances produced in the plant.

Elaborate that growth promoting substances are organic substances which

are produced by higher plants and control some physiological processes
in the plant.

Explain the sites of plants in which plant growth substances are produced,

their types and effects.

* Artificial growth substances purchased from the market
* Leaflets/ videos showing the effects of growth substances

Instructions for assessments and evaluation

Direct the students to induce root growth in plant cuttings using plant
growth substances.

«  Engaging in activities according to instructions

*  Reporting observation correctly
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Competency level 1.5 : Investigates the mechanical support and movements in
organisms.

Number of periods : 07

Learning outcomes

At the end of the lesson student should be able to;

o explain the movement and support of animals using bones —muscles and
joints.

« name appendages used by animals for locomotion.

o explain support in plants

o demonstrate tropic and nastic movements of plants.

e appreciate the importance of in-situ conservation of plants as they are
immovable unlike animals.

Instructions to plan the lesson :

» Letthe students observe the methods of locomotion of snail, earthworm,
prawn, a snake, frog, a bird a fish and man. Use specimens/ video clips
with animation for this.

* Letthe students tabulate the appendages or parts used for movement and
their parts.

» Byobserving the living specimens (e. g. earthworm, prawn, frog etc.)
make students understand that those animals have internal tissues or
structures to maintain the shape of the body and for locomotion.

 Tabulate the appendages or parts that help locomotion of the animals given
as examples.

* Referring to the table explain how rigidity and stability of the body of a
living organism is brought about by mechanical support.

» Demonstrate using a set up of apparatus the need of a skeleton for the
movements executed by muscles. e. g. Bending and straightening arm at the
elbow joint.

*  Get the students to collect examples about the movements taking place in
plants.

+ Explain that a plant is mechanically supported due to water present in the
stem and deposition of various substances.

 Explain nastic and tropic movements in plants using examples (blooming of
lowers and sleeping movement in mimosa plants).

* Let the students observe tropic and nastic movements by simple
experiments.

+ Explain in-situ conversation with examples.

 Taking examples from the environment, explain the importance of in situ
convesation of plants.

*  Give examples to show the importance of in-situ conservation of plants.

11

Key words/ Concepts
. Nastic movements
. Tropic movements
. In-situ conservation

Quality inputs
* Living specimens/diagrams or videos of snail, earthworm, prawn,
snake, toad, bird and fish.
* Models showing the movements of bones and muscles.
» A vessel containing soil, mustard seeds, germinated green gram seeds a
plank of wood, pins, cotton wool, perforated black cone (to demonstrate
phototropic and geotropic movements)

Instructions for assessments and evaluation
» Assign groups of students to set up apparatus to demonstrate the
movements of plants and animals and evaluate them using following criteria.
¢ Creativity
¢ Accuracy
«  Cooperation within the groups
»  Explaining the working of the set up correctly.
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Competency level 1.6 : Explores the importance of the evolutionary process in
bio-diversity

Number of periods : 06

Learning outcomes
At the end of the lesson student should be able to;

e state simply the notion about the origin of the planet Earth.

o state that life originated as a result of a bio-chemical process.

e state that evolution is the emergence of living beings at present from
the simple organisms lived at the begining.

e describe the importance of fossils among other evidence which
support evolution.

e demonstrate how a fossil is created using a simple activity.

o state that bio-diversity is a result of evolution.

e investigate the major stages of human evolution and the supporting
evidence from SriLanka

Instructions to plan the lesson :

+ Conduct adiscussion about the origin of Earth.

 State that it is believed that the earth had its origin about five billion years
ago.

+ State that it is believed, living beings had their origin the earth, about four
billion years ago .

* Introduce the theory of creation and explain the reason for its rejection.

« State that the presently accepted theory is that in the early earth, first

unicelluar organisms were born. Those being subjected to change over a
long period of time, the present diversity emerged.

» Explain that the origin of life occurred in the ocean first giving rise to
simple unicellular organisms. With the passage of a long period of time
multicellular organisms emerged from the unicellular organisms and
specialization oftissues, organs and systems in multicellular oranisms
produced the present forms of living beings.

« State this systematic progress from initial simple organisms to present
diversity of life as evalution.

+ Initiate a brainstorning on the bio-diversity prevailing on the earth today
occured.

+ Say thata fossil is a living organism or a part of a living organism preserved
in some way or the marks or foot prints left by them.

 Direct the students to create a fossil by using kaolin or another type of clay
on aplant leaf/oyster shell.

 Display pictures to show different types of fossils.

+ State that dragon fly, coelocanth, nautilus and lung fish are examples for

living fossils.
iving fossils s

+ State that the report of fossils about most of the organisms is incomeplete.
Say that fossil evidences are like a story book with torn pages.
Nevertheless the evalution horse is portrayed by fossils.

 Stage that te future bio-diversity is decided as a result of evolution.

Key words/ Concepts
* Special theory of creation
* Theory of spontaneous generation
* Evolution
* Fossils

Quality inputs
* Clay
* Diagrams of fossils
* Fossil diagrams showing the evalution of horse

Instructions for assessments and evaluation
» Assign as a group activity to prepare an article for a wall paper on one of
the following topics origin of life, origin of universe, fossils and bio-diversity.
Evaluate them on following criteria.
¢ Adequacy of facts
e Accuracy of facts
e Finish
e Attractinvness
*  Solution of sources
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Competency level 2.0

Competency level 2.1

Explores properties and interactions of matter with
the aim of promoting quality of life.

Reviews the nature and properties of matter

Number of periods : 15

Learning outcomes

At the end of the lesson student should be able to;

classify matter as pure substanes and non pure substances.

state that non pure substances are mixtures.

separate the components of a mixture through simple activities.
Identify mixtures ashomogeneous and heterogeneous by simple activities
and classifies them.

present examples for elements and compounds.-

compare the differences between elements and compounds.

write symbols of a few elements.-

state that the building block of elements is the atom.

state that atoms are composed of subatomic particles.

state that electrons, protons and neutrons are the subatomic particles.
state the relative masses of electrons, protons and neutrons.

state the relative charges of electrons, protons and neutrons.

identify the number of protons in the nucleus of an atom as the atomic
number.

illustrate using examples that atomic number is unique for a given element.

state that in a neutral atom the number of protons is equal to the number
of electrons.

identify that mass number is the sum of the number of protons and the
number of neutrons in the neucleus.-

state that compounds are formed by the combination of two or more
elements.

name the elements present in a few common compounds.

indicate some commonly used compounds by their formulae.

state that the properties of a compound are different from those of the

constituent elements.

present examples for different compounds formed by the same set of
elements.

state that molecule is the building unit of some compounds.

state that the molecules formed by the atoms of the same element are

homoatomic molecules.

state that the molecules formed by the atoms of different elements are

heteroatomic molecules.

present examples for homoatomic molecules and heteroatomic

molecules.-Appreciates the orderly organization of matter from simple to

complex in nature s

Instruction to plan the lesson :

Initiate a discussion about the ways of classifying substances in the

environment.

Let the students classify substances as pure and non pure according to the

components they contain.

Name the non pure substances identified by students the mixtures.

Give the mixtures prepared by mixting pairs of substances to students and

left them separate the components.

Based on the above activity, conduct a discussion about the characteristics
of a mixture.

e.g.

« sugerand sand

« iron and sulphur

¢ wheat flour and water

 saltand water

* rice and sand

« chaft and pieces of rock

Give students a mixture of chalk power and water and a salt mixture of salt

and water. Get the students to identify the differences between them by

observation.

Direct the students to distinguish the homogeneous and hetergeneous

mixtures met in everyday life.

Explain with examples that elements and componds are considered pure

substances.

Explain that atom is the building unit of an element and electrons, protons

and neutrons are its subatomic partides.

Get the students to make models of the atom using suitable materials and

describe the location of the subatomic particles in it.

Define atomic number and mass number.

Let students tabulate the number of protons, electrons and neutrons in

elements of given atomic number and mass number.

Build up a discussion to emphasize the relative charge and relative mass of

subatomic particles.

Explain that an atom is neutral because its number of protons is equal to the

number of electrons.

State that a molecule is formed by the combination of two or more atoms.

Using examples explain that homoatomic molecules are formed by the

same kind of atoms.

Some elements exist in nature as homoatomic molecules.

e.g. Hp, O, Np, Cl,
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+ Using examples explain that the molecules formed by the combination of Competency level 2.2 Inquires into electrochemical processes.
sevaral elements are called heteroatomic molecules
e. g CH, NH,, CO,, H,0 Number of periods . 15
* Inustrate with examples that there are different compounds formed by the .
Learning outcomes
same set of elements
eg. glucose and sucrose. At the end of the lesson student should be able to;
o identify an electrolyte and a non-eletrolyte by simple activites.-
Key words/ Concept o state that in order to conduct electricity, the electrolyte should contain
» Homogeneous mixtures mobile ions.
+ Components o clectrolyse acidiulated water using inert (carbon) electrodes.-
* Subatomic partides o identify and name the positive electrode, negative electrode and the
* Neutrons electrolyte.
*  Atomic number o identify by simple tests the products discharged at the respective
* Molecule electrodes during the electrolytic processes stated above.
* Heteroatomic molecules o state that the splitting of a chemical substance into more simpler
* Heterogeneous mixtures substances is called electrolysis.
* Atom o state that the constituent ions in some substances can be made mobile
+ Proton by melting (fusion) or dissolving in suitable solvents.
* Electron o demonstrate electroplating by electrolyzing a copper sulphate solution.-
* Mass number o state that the object to be electroplated should be made the negative
» Homoatomic molecules electrode.
Quality input o state that a piece of metal that needs to be plated should be made the

* Models/ diagrams of show the structure of the atom.

* Elements and compounds avilable in the laboratory some compounds
used at home.

* Iron filings, chalk, sand, chaff, pieces of rock

* Soltpowder

* Beakers or suitable containers.

Instructions for assessments and evaluation

*  When engaged in the construction of atomic modles using various
materials, evaluate the stdents using following criteria.

+ Use of suitable materials

* Creativity

* Accuracy

* Clealiness in the work station

positive electrode.

state that a solution containing ions of the metal that should be plated
needs to be used as the electrolyte.

name several instances where electroplating is used in day to day life.
appreciate the application of electroplating usefully.

Instruction to plan the lesson :

Help students plan activities to identity which of the following liquids/
solutions conduct elecricity.( kerosene, salt solution, acidulated water,
copper sulphate solution)

Give instructions to tabulate the observations obtained in each activity.
Hence explain that the liquids/ solutions which conduct electricity are
electrolytes and which do not conduct electricity are non electrolytes.
Introduce as electrodes the conductors through which the eletric current
enters the electrolyte and leaves the electrolyte.

Explain that the electrode connected to the positive terminal of the direct
current supply is the positive electrode and the electrode connected to
the negative terminal is the negative electrode.

Let the students use inert electrodes or the electrodes that do not react

with electrolyte in electrolysis.
18
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+ Through observations, explain that a chemical reaction occurs near the

electrodes during electrolysis.

+ Explain that electrolysis is the separation of the components of a liquid/
solution by an electric current.

* Get the students to collect the gases liberated when acidulated water is
electrolysed.

+ State that when acidulated water is elecrolysed oxygen gas is liberated at
the positive electrode and hydrogen gas is liberated at the negative
electrode.

* Letthe students electrolyse an aqueous solution of copper sulphate using
carbon electrodes and note what is observed at the electrodes.

+ Direct the students to use a key/ nail as the negative electrode, a clean

copper plate as the positive electrode and an aqueous solution of copper
sulphate as the electrolyte and electroplate copper on the key/nail.
Explain what is electroplating.

Explain that, during electrolysis the metal that should be plated should be

used as the possitive electrode.

State that during electrolysis an aqueous solution of a salt of the metal that

should be plated needs to be used.

Conduct a discussion on the conditions which should be maintained to
carry out electroplating optimally.

Direct the students to collect information about the applications of

elecroplating.
Key words/ Concepts
* Electrolytes * Nonelectrolytes
* Electrolysis + Positiue electrode
* Negative electrode » Discharge of ions
* Acidulated water + Electroplating
Quality inputs
+ Carbonroads + Voltameters
+ Copper sulphate + Salt
» Kerosene * Dilute sulphuric acid
* Drycells + Cellholders
* 1.5vLEDs » Connecting wire

Instructions for assessments and evaluation
« Assess the students while engaged in the electrolysis activity using the
following criteria
» Arranging the circuit corectly
* Reporting the observations correctly
» Achieving the descred results
* Keeping the work stelltgion clean

Competency 3.0 : Utilizes various forms of energy, their interaction with
matter and energy transform at by maintain in efficiency
and effectiveness at an optimum level
Competency level 3.1 : Identifies basic concepts related to force.

Number of periods : 05

Learning outcomes
At the end of the lesson student should be able to;

o state that unite use to measure magnitude of force is newton (N).

o measure the magnitude of force correctly using the newton spring balance
correctly.

e carry out simple activities to show that a force has a magnitude, direction
and a point of application.

o state that force is a vector quantity.

o illustrate diagrammatically the magnitude, direction and the point of
application of a force.

o accept that the point of application and direction of a force can be changed
appropriately to make tasks easier in day to day life.

Instruction to plan the lesson :

» Using Newton spring balance correctly, demonstrate to students how to
obtain readings correctly.

» Letstudents measure the weight of several objects using Newton spring
balance.

* Direct students to engage in simple activities to show that a force has a
magnitude, direction and a point of application.

+ Explain through simple activities such as pulling and pushing a table that
point of application and direction of a force should be appropriately use to
facilitate day to day work.

Key words/ Concepts:
*  Vector quantity
* Pointofapplication
Qulity inputs:
* Newton spring balance

Instructions for assessments and evaluation
« Using given data evaluate the ability of representing force diagrammatically
under the following criteria.
*  Accuracy of the diagram drawn
*  Recording force with correct units
»  Evaluate the ability of describing the magnitude and direction of a force using a

chart of forces given. 20
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Competency level 3.2 : Utilizes the pressure exerted by solids effectively in day » Introduce newton per square metre as the pascal (Pa)
to day life. »  Getstudents to solve simple problem using the relationship P =F/A.
» Discuss with students instances in day to day life where pressure is

Number of periods :06 increased or decreased as required by changing force (F) and area (A).

Learning outcomes

Key words/ Concepts:
At the end of the lesson student should be able to; e Pressure
o explain the concept of pressure taking day to day experiences as o Pascal
examples. Quality inputs:

o state that force and the area on which the force acts affect pressure. + Various regularsolids

o conduct appropriate activities to show that force affects the pressure - sctsofweights

exerted by a solid. » Piceces of sponge

e conduct appropriate activites to show that the surface area on which the

force acts affects pressure exerted by a solid. Instructions for assessments and evaluation

e derive the relationship between the perpendicular force and the surface »  Assess the students while they are engaged in activities on the basic of
area on which the force acts for pressure. following criteria.

o state that the unit of pressure is N/m?or Nm™ * Active participation in group work

o use pascal (Pa) as a unit of measuring pressure. * Recording observations

o solve simple problems using the relationship,  Actively participating in the discussion

. »  Give students simple problems on pressure as exercises and evaluate
perpendicular force
Pressure = - them
The surface area on which the force acts

o accept that the factors affecting pressure can be appropriately changed in
instances where the pressure exerted by the solid objects need to be
increased or decreased.

Instruction to plan the lesson :

» Using day to day examples explain that solid objects exert a pressure on
the surfaces on which they are kept.

» Engage students in suitable activities and show through a discussion that
force affects pressure.

» Involve students in activities to discover that the pressure exerted by the
same force is different when act it on surfaces of different area using a
regular object with surfaces of different areas.

» Conductadiscussion to highlight that pressure is the force exerted on
unit area.

» Present the relationship pressure (P) = Force (F)

Area (A)

» Recall that standard unit of force is newton (N) and the standard unit of

area is square metre. Explain that the standard unit of pressure is newton

per square metre ( Nm).
21 22
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Competency level 3.3 : Applies effectively the principles of reflection and * Explain refraction of light using those observations.
refraction of rays for day to day tasks. »  Explain that apparent depth is an effect of refraction of light.
R » Demonstrate the formation of a spectrum when white light passes through
Number of periods : 12 .
aprism.
Learning outcomes * Illustrate by diagrams how sunlight is subject to two refractions and an
internal reflection resulting in dispersion and creating a rainbow.
At the end of the lesson student should be able to; +  Direct the students to depict by ray diagrams how the image of a point
 carry outa simple activity to identify the incident ray, reflected ray, normal object placed in front of a plane mirror is formed.
to the point of incidence, angle of incidence and angle of reflection. +  Demonstrate reflection of sound using a source of sound such as a
o state laws of reflection of light. mechanical clock that emits a very soft sound.
« explainregular reflection using a parallel beam of light. » Leadadiscussion to explain echo and reverberation in the light of
» explain diffuse reflection using a parallel beam of light. experiences.
o illustrate by a ray diagram how the image of'a point object placed in front of *  Introduce instances in which reflection of sound is used by way of
a plane mirror is perceived by the eye. examples.
« state that the number of images formed by an object placed between two * Discuss using examples and in th'.a light of experience i1.1 dayto day life.: the
inclined plane mirrors changes with the change in angle. methods used to remove obstructions caused by reflection of sound (in
. . . . cinemas, Lecture theatres etc.)
o create equipment using plane mirrors to make day today tasks easier.
« engage in simple activities to show that sound can be reflected. Key words/ Concepts:
o state that §ch9 and reverberati(.)n are results of the reflection of sound. + Reflection, regular reflection, diffuse reflection, incident ray, refracted ray,
* stateapplications of the reﬂectlop of sound. . normal, angle of incidence, angle of reflection, laterral inversion, periscope,
o suggest methods to remove barriers for reflection of sound. kallidoscope
+ carry outactivities to demonstrate reffaction of light. » Refraction of light, dispersion, spectrum, rainbow, incident ray, refracted
o state that refraction is the change of the path of light when it enters from one ? ’ ’ ’ ’
transparent medium to another. ray .
« provide examples for the effects caused by refraction of light. * Echo, reverberation
o demonstrate the formation of a spectrum when light passes through a Quality inputs:

prism.
state that sunlight is a mixture of seven colours.
state that the rainbow is created by the dispersion of colours in sunlight.

Instruction to plan the lesson :

Introduce quantities related to reflection through a simple activity using a
plane mirror, a wooden panel, a while paper, holders, sunlight and a torch
Introduce laws of reflection using quantities related to reflection.

Explain regular reflection and diffuse reflection using suitable activities and
ray diagrams.

Direct students to make equipment such as the periscope and kaleidoscope
and test them.

Let students observe the image of a letter kept in front of a plane mirror
placed vertically close to it and explain the characterristics of the image
(Location, size, nature, lateral invertion).

Demonstrate refraction of light using a glass block, a vessel of water, a
torch and a narrow beam 02f3 light.

Plane mirrors, stands, a small laser torch, rubber bands

A glass block, a vessel of water soap, an electric torch, a glass prism (60°,
60°, 60°), a piece of cardboard

A mechanical table clock, two pieces of PVC pipes (length about 30 cm,
diameter 2.5 cm), a smooth piece of metal, stand

Instructions for assessments and evaluation

Examine knowledge by a written test.
Assess students using following criteria.

»  Correct observation

*  Active participation for discussions

 Assess the students while engaged in the activities using following criteria.

*  Mainpulating equipment correctly
*  Drawing ray diagrams correctly
*  Functioning of the products

» Assess the students using following criteria.

*  Active participation for discussions
. Presentinzg daily life experrience creatively
4



Grade 9

Teachers’ Guide Science

Teachers’ Guide Science

Competency level 3.4 : Uses simple machines effectively to facilitate day to day

activities.

Number of periods : 12

Learning outcomes

At the end of the lesson student should be able to;

explain a machine.

present examples to indicate how work is facilitated by machines.

state that lever, inclined plane, wheel and axle and pulleys are used as
simple machines.-

introduce the load, effort and fulcrum of a lever by a simple activity.-
name the force applied on the lever as the effort, the force that is
overcome by the effort as the load and the point/axis around which the
effort and the load tend to rotate as the fulcrum.-

demonstrate through simple activities the instances where levers are used in
relation to the placement of the fulcrum the effort and the load.-

indicate advantages in using levers belonging to different classes and
examples met in day to day life for them.-

demonstrate through activities how levers can be used more profitably.-
present a simple activity to show that the inclined plane is a simple
machine.

state the occasions where inclined planes are used in day to day life.
show by an activity that the mechanical advantage of the inclined plane
changes with the slope of the plane.

show by an activity that wheel and axle is a simple machine.
demaonstrate through a simple activity how wheel and axle can be used
more profitably.

give examples for the instances of using wheel and axle more profitably.
explain through an activity that the immovable pulley is a simple machine.
demonstrate the ways of coupling movable pulleys with immovable pulleys
to facilitate work.

present examples for the uses of pulley systems.

demonstrate complex machines are created by the combination of a
number of machines using an appropriate machine.

appreciate the contribution of mashines for the technological development
entailing a comfortable life.

Instruction to plan the lesson :

Introduce machines as equipment used to facilitate work.

Taking an equipment such as the bicycle as an example, discuss the
devices used in them to facilitate work.

Introduce levers, inclined plane, wheel and axle and pully as simple
machines.

Let students observe several simple machines belonging to the class of

levers.
25

« Introduce the force that is exerted on the lever as the effort, the force that is

overcome by the effort as the load and the point around which the effort
and the load tend to rotate as the fulcrum.

« Introduce threee classes of levers according to the positioning of the effort,

load and fulcram.

* Guide students to list instances in which each type of levers is used. In the
light of them discuss the advantage of the use of each type of levers.

* Introduce effort arm and load arm.

« Introduce the terms mechanical advantage, velocity ratio and efficiency
relating to a lever and involve students in a few calculations.

« Present an activity to introduce inclined planl as a machine.

« Discuss instances where the inclineds plane is used in day to day life.

» Demonstrate by way of a simple activity that the mechanical advantage of
the inclined plane change with its slope.

 Introduce wheel and axle as a simple machine.

« Discuss instances where wheel and axle is used in day to day life.

 Introduce pulley as a simple machine.

« Discuss instances where pulley is used in everyday life and illustrate them
with diagrams.

* Using a suitable machine demonstrate that complex machines are formed
by the combination of many simple machines.

 Direct student to work out simple calculations relating to machines.

Key words/ Concepts:

* Machine, simple machine, laver, inclined planl, pyney, wheel and axle,
effort, load, fulcrum, mechanical advantage, velocity ratio, efficiency,
immovable pulley, effort arm, load arm

Quality inputs:

« Pair of'scissots, hammer, pulley, box of weights, twine, scale pans, inclined
plane

Instructions for assessments and evaluation:

»  While engaged in activities, assessthe students according to following
criteria.
 Participation for observation
« Accuracy of observation
« Recording observations
 Presentation skills
Evaluate the students by written tests.
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Competency level 3.5 : Uses the concept of density in day to day tasks effectively.

Number of periods : 05

Learning outcomes

At the end of the lesson student should be able to;

explain the relationship between the mass and volume of a liquid through
an activity.

introduce density as the mass per unit volume.-

plan activities to measure the densities of various substances.-

state that the unit of density is gm?.-

solve simple problems relating to density.-

indicate examples for the instances where the concept of density is used in
the events of everyday life.-

create a simple hydrometer and uses it to compare the densities of various
liquids.-

appreciate the use of the concept of density in determining the quality of
various liquids and solutions.

Instruction to plan the lesson :

Direct students to measure the mass of different volumes of water and
compare the mass to volume ratio in eac case.
State that density = mass (give the formula P=m/v)

volume
State that the ST unit of density is kg m™.
Direct the students to measure the mass of equal volumes of different
liquids and cmpare their densities.
Let students solve simple problems on density.
State that hydrorneter can be used to measure the density of a liquid.
Discuss about the hydrometers used to measure the density of various
solutions.
Get the students to make a simple hydrometer and compare the density of
various liquids/ solutions.
State that density can be used to indicate the quality of various liquids and
solutions.

Key words/ Concepts:

Quality inputs:

Density, hydrometer

Coconut oil, kevosene, measuring cylinder, beakers, balance, different
hydrometers
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Instructions for assessments and evaluation:
* Asses students during practical activities using following criteria.
*  Obtaining correct measurements
*  Recording
*  Numerical calculations
* Ingroup activities evaluvate cooperation and cleanliness.
+ Evaluvate students by written tests.
*+ Assess the students while engaged in the electrolysis activity using the
following criteria
¢ Arranging the circuit corectly
*  Reporting the observations correctly
*  Achieving the descred results
*  Keeping the work station clean

28
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Competency level 4.0 : Explores nature, properties and processes of earth and » Conduct a discussion to explain about the non wettable cloths, self-
space by understanding natural phenomena for cleaning glasses and self-cleaning paints inverted by applying the
intelligent and sustainable utilization principles of lotus effect which is a natural phonomenon in the nano scale.
(use video and diagrams for this)
Competency level 4.1 :  Inquries into nanotechnology and its applications. * Explain simply the structure of nano porous activated carbon.
» Explain through a discussion the process of adsorption of nano prous
Number of periods 207 activated carbon in water purification.
. * Predict about the environmental and health problems that we
Learning outcomes encounter in the future due to the use of nano technology.
At the end of the lesson student should be able to;
o state that the size 10°m s .a nanometer. ' Key words/ Concepts
o accept that the nanometer is a very small unit of measurement. - Nanometer, Lotus effect, nano porous activated carbon
 state that nanotechnology is a process carried out using materials
in the range of 1 -100 nm. Quality inputs

o present examples for nano scale natural phenomena/ processes.

o describe how lotus effect is brought about.

» describe the process happening in non — wettable clothes using the
lotus effect.

» explain simply the adsorption process of activated carbon as
another application of nanotechnology.

« give examples for other applications of nanotechnology.

« predict other possible conditions in nanotechnology in the future.

Instructions to plan the lesson :

* Let the students wet a lotus leaf and various other leaves in the environment
and observe the nature of retention of water on them. Get them to nature
of retention of water on them. Get them to report their obserations.

+ Introduce that the phenomenon of non retention of water on a lotus leaf'is
called the lotus effect and it is a natural phenomenon related to the nano
scale.

* State that the prefix nano designates 10

+ Explain that a nano metre is one biellionth of a metre and give example

for the particles of the nano scale
 Explain simply giving examples that nano technology is
« the study of entities belonging to the range of 1 nanometre to 100
nanometres (nano particles)

« the involvement of nano particles in the fields of research and
development

« the production process implemented through them.
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* Diagrams and video showing the application of nano technology and

natural phenomena

Instructions for assessments and evaluation

Direct the students to prepare a report in groups about the natural
phenomena and new discoveries in the field of nano technology after
researching into them.
Get them to present the information collected in groups.
Evaluate the students on following criteria:

*  Quality of the information collected

* Variety of the sources of information

*  Method of presentation and time management
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Competency 4.2 : Investigates into the prevention of accidents due to Key words/ Concepts

lightening. » Camulus rain clouds, electrical charges, discharge of charges, lightning,
Number of periods : 10 hightening conductor
Learning outcomes Quality inputs

At the end of the lesson student should be able to;

explain simply how clouds get electrically charged.

state that the lightening occurs due to charges in the clouds get discharged

in various ways.

state that instantaneous high current is caused due to the high potential

defference between the clouds and the Earth.

state that sudden expansion of air owing to the current generated by
discharge causes thunder.

state precautions that can be taken to prevent lightening accidents.

describe how safety can be ensure when lightening strikes.

accept that loss of lives and properties due to lightening which is a natural

phenomenon can be prevented.

Instruction to plan the lesson :

Direct the students to survey the periods in which lightening occurs
generally in Sri Lanka. Display the information gathered by students and
lead a discussion on the following events.
( Only a simple understanding is expected here).
How clouds get electrically charged (using of and diagrams)
Discharge of electrical charges in various ways and eruption of thunder
during such discharges (video clips and photographs can be used to show
different types of discharges)
Emission of light and sound during an electric discharge (displayed by the
discharge of a electrostatic charges generated by rubbing materials through
the buld of a neon tester).
Danger of lightening (using library video and newspaper reports)
Let the students collect and present information from various sources about
the loss of lives and property due to lightening and devices employed to
minimize the potential damages that would be caused by lightening (It is
suitable to give this as an assigment about two weeks before starting the
lesson).
Lead a discussion summarizing the information presented by students.
Present library videos and newspaper reports. During the discussion
introduce precautions taken to minimize accidents caused by thunderbolts.

Discuss with students about the safty measures that can be taken aginst

the accidents caused by Iiglsltlning.

* Neon tester, materials that should be stroked to generate electric charges,
videos, pictures, photographs, newspaper reports

Instructions for assessments and evaluation
 Evaluate the students by a short written test.
» Assess the information, reports and assignments collected and presented
by students based on following criteria.
« Relavance of information
* Accuracy of information
¢ Adequacy of the information collected
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Competency 4.3 : Inquires into the scientific background of natural disasters.
Number of periods : 10
Learning outcomes

At the end of the lesson student should be able to;

« state that the reason for the greater tendency for some natural disasters.

o name a few factors affecting the increase in global warming.-

o state that the depressions in the atmosphere is the cause for whirl winds and
stroms.-

« forward a report on the losses of lines and property caused by whirl winds
and storms in Sri Lanka during past 50 years.

« explain simply the geological factors leading to earthquakes and earth
tremors.

« explain simply the causes leading to a tsunami states.

« state that the earthquakes and tsunami tend to occur along the tectonic
plate margins of the Earth.

o presentareport on the tsunami conditions emerged globally.

o explain simply the conditions leading to wild fires.

o present information about the wild fires erupted globally.

« accept that natural disasters cannot be prevented but the loss can be
minimized by awareness and preparedness.

Instructions to plan the lesson :

* Ingrade 7 students have studied how the lower larger of the earth's crust is
formed from tectonic plates. Recall again how the tectonic plates are
arrenged through and acivity. For the activity use a boild egg with cracks
onits shell or any other suitable model.

* Byusinga suitable activity explain about the drift of tectonic plates.
Conduct a discussion drawing students' attention to the changes it would
cause on the earth's surface.(A suitable activity: pour water to a tray or a
basin and cover the water surface with prieces of polystyrene sheets. Then
stir water. Let students observe the behaviour of the bounderies of the
sheets and the movements of water at the boundaries.)

Conduct a discussion to disclose the following phenomena and facts and
reasons for them.
* Earthquakes and tremors
* Break out of tsunami
* Identification of areas where the incidence of earthquakes, earth
tremors and tsunami is high
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* Other possible reasons causing tsunami (Animations showing the origin of
the above can be obtained from the internet. Let students view such
selected programmes)

* About two weeks before starting this lesson give following assignments to
students.

Assigment 1
Garner information about the earthquakes occurred globally during the past 10 years.
« year/ date of the earthquake
* Area/ country in which the earthquake occurred
* Death toll in the earthquake
* Loss of property in the earthquake
Assignment 2
Garner information about the tsunami occurred globally during the past 20 years.
* Year/ date of the tsunami
* Area/ country in which the tsunami occurred
* Death toll in the tsunami
* Loss of property in the tsunami

* About three weeks before starting the lesson, instruct the students to
prepare a report on loss of lines and property caused by whirl winds and
storms during the past half century in Sri Lanka. Give guidance for it.

+ Evaluating the reports prepared by the students explain reasons forcreation
of whirl winds and storms.

» Conduct a discussion presenting facts about the wild fires broke out
globally and locally in recent past and reasons for their occurrence.

» Emphasize that the reason for the increase of natural disasters in recent
times is the rise in globle warming.

* Quota causes for the increase in global warming and discuss about the
measures we can take to minimize that situation.

» Use newspaper reports and videos effectively in this regard.

» Explain with examples that natural disasters cannot be prevented.

» Taking each of the above disasters as an example, discuss ways of

minimizing them.

Key words/ Concepts
+ Natural disasters, global warming, depression, whirl wind, storm, earth
tremors,tectonic plates, earthquake, tsunami, wild fire, disaster management
Quality inputs
* Anegg, pieces of polystyrene sheets, videos, internet, news paper reports,
photographs, information hand books
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Instructions for assessments and evaluation Competency 4.4 : Investigates on bio diversity
« Evaluate the students by a short written test.
« Based on following criteria, assess the students assignments and reports.
* Adequacy of information.
« Relevance of information.
* Accuracy of information.

Number of periods : 07

Learning outcomes
At the end of the lesson student should be able to;

L . . . o conduct simple activity to demonstrate the concept of biodiversity.
« Organisation and presentation of information.

e state what is Bio diversity.
*Sources used.

e describe the importance of Bio diversity-

o explain threats to Bio diversity.

o state the important features of eco systems:

e give examples for natural and artificial ecosystems.

e list major eco systems in Sri Lanka

e state the importance and major characteristics of main eco systems of Sri
Lanka and map the locations of them.

e accept the importance of biodiversity for existence of our planet.

Instructions to plan the lesson :

» Getthe students to draw a set of pictures separately of plants, animals and
other components (soil, water) belonging to a selected plot of land in the
school garden exactly as they are placed there.

* Provide three pictures which show separately the main parts of an
ecosystem to students.

» Letthem observe the picture that emerges when those pictures are kept
over lapping.

» Through this discuss that depending on the various factors in the
environment, there is a broad variation in an ecosystem.

» Explain that the assembly of plants, animals and micro-organisms including
genetic material and ecosystems is called biodiversity.

+ Discuss how the presence of a small number of species and the presence
of alarge number of species affect the stability of an ecosystem.

» Conduct a discussion on the threats for biodiversity in Sri Lanka.

* Illustrate with examples the natural ecosystems in Sri Lanka.

» Provide a map of Sri Lanka with district boundaries and guide to mark on
it the various ecosystems that exist in the area in which the students live.

+ Discuss about the main ecosystems in Sri Lanka giving examples.

» Mark on a map the main ecosystems in Srilanka and instruct students to
observe and mark the relevent locations in their maps.

» Explain this with videos and photographs.

* Instruct to make a booklet containing the pictures/ photographs of various
ecosystems in Sri Lanka and their characteristics.
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Key words/ Concepts Competency 4.5 : Investigates on artificial environment and green concept

. Biodiversity X

Number of periods : 08
. Ecosystems
. Natural ecosystems L . .
earning outcomes :
° Created ecosystems At the end of the lesson student should be able to;
o explain simply about artificial environment and green concept.

Quality inputs .

* Several pictures showing the various parts of an environment, photographs
of various ecosystems, atlases of Sri Lanka, video tapes

Instructions for assessments and evaluation
+ Based on following criteria, evaluate the booklet prepared on various
ecosystems in Sri Lanka.
* Inclusion of all the information
* Adequacy of facts
* Accuracy of facts
* Finish

37

describe the importance of using organic fertilizers over the
inorganic fertilizers .
prepare a report on the traditional agricultural methods that can be
used to control pests.
discuss the importance of correct water management in farming.
describe the importance of maximum use of cultivated lands in farming
related to reducing forest cover.
state scientific basis of using mixed crop farming and agricultural land
management.
state the harmful effects of using chemicals in food production, food
transportation, food storage and food preservation.
state the importance of using post harvest technology in food
security to minimize waste of foods.
tabulate the chemicals use in industries and their harmful effects on
environment.
describe the importance of disposal of chemicals used in industries in a safe
way.
state the importance of construction of environment friendly building in
related to power saving.
appriciate the use of green transportation.

Instruction to plan the lesson :

Explain about urban, industrial and agricultural environments and explain
what is artificial environment (Use pictures, videos etc. for this).
Involve students in an activity using diagrams to hightlight favourable and
unfavourable features in the artificial environment.
Lead a discussion on how to minimize of demerits of artificial
environment while highlighting the green concept.
Discuss how green concept can be adopted when costructing buildings.
Show a picture/ photograph of an environment in disarray to students and
get them to make a picture/ model to show how it can be converted to an
environment in order using green concept.
Discuss the importance of the use of organic fertilizers and explain how
organic fertilizers such as compost can be made at home.
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Assign to groups of students the preparation of a report on traditional

methods used to control pests.

Conduct a discussion to surface the methods of water management to
cultivate crops and its importance ( collection of rain water, drip irrigation,

control of water).

Discuss how land is managed for maximum effectiveness.

» Mixed crop cultivation
« Crop rotation

« Growing pest - resistant crop types

 Cultivating high yielding crops and crops resistant to unfavourable

weather conditions

Discuss how deforestation can be reduced and available lands are

managed.

Explain steps that can be taken to ensure food security for supplying food
with proper untritive value (food production, transportation, storage,
preservation, minimizing wastage, post harvest technology).

Explain scientifically the disadvantages in the use of chemical substances
for food preservation and traditional methods used to preserve food.

Explain with examples that by using post harvest technology property,
wastage of food can be prevented and food can be preserved.

Discuss with students about some chemicals used in industry, how they
cause environmental pollution and methods of disposing such chemicals
with minimum impact on environment. Tabulate relevant facts.(environment

- friendliness, saving energy, importance storing water)

* Direct the students to find and report about the methods that can be ued to
minimize pollution in transport. Confirm the concept of green transportaion.
e. g. walking short distances, use of bicycles,use othybrid vehicles and

electrical vehicles

Key words/ Concepts
green concept, organic fertilizers, pest control, water management,
transportation of food, food preservation, food security, post

Quality inputs

harvest technology, green transportation

+ Handouts newspaper articles, booklets and videos relevant to the concept

presented here
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Instructions for assessments and evaluation
* Assess the reports prepared by students on the control of pets under the
following criteria.

¢ Variety of the methods of pest control
« Appropriateness and practicality of the methods
* Orderliness and sequence of facts in the report
o Finish

o Assess the model created using the green concept under the following
criteria.
¢ Creativity
o Conformity to the scale
o Use of suitable materials
o Conformity to the green concept.
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Competency 4.6 : Identification of natural resources distribution and * Ask students to collect informatin about the causes for decay of wood and
sustainable use of natural resources measures that can be taken to prevent the decay of wood.
* Pictures/ videos showing unfavourable effects of minring industry.
Number of periods ~ : 05 * Decayed peices of wood.
Learning outcomes Key words/ cocepts
*  Minerals, rocks, extraction, sustainable use, characteristic features
At the end of the lesson student should be able to; Quality inputs

.

explain simply about natural resources.

explain simply sustainable use of water. (using rain water harvesting)
state available methods used to extract minerals from soil.

explain characteristic features of gems.

present unique characteristics of different types of gems.

present areport about adverse effects caused to the environment and to
the human due to gem mining industry.

give examples of plants for various uses of them as natural resources.
collect and presents information of different types of wood in Sri Lanka
and their specific uses.

explain scientific basis of wood decomposition

list out the methods used to prevent wood decomposition.

conduct simple activities to estimate the amount of wood of a live tree trunk.
accept the importance of sustainable use of natural resources.

Instructions to plan the lesson :

Let the students survey and list the natural materials used in the production
of various things available in the classroom.
Introduce the materials produced by natural phenomena without the
influence of human activities as natural resources.
Introduce water, minerals, rocks, mineral oil and plants as ntural resources.
Discuss the methods used to conserve water by humans in the past and at
present.
Discuss while demonstrating how minerals are separated from rocks by
methods such as sitting and floating.
Explain to students the characteristic properties of gems such as hardness,
resistance to change, colour and high refractive index.
Discuss unfavonrable environmental and social effects of the gem industry
using pictures or videos.
Direct students to collect information about the instances where plants are
used in day to day life. (timber, food, medicine, fuel and various other
products).
Let students observe several instances in which wood is subjected to
decay.
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A sample of soil

A sifting basket

Pictures/ videos showing water pollution

Pictures/ videos showing unfavourable effects of mining industry
Decayed pieces of wood

Instructions for assessments and evaluation

Direct groups of students to mark on a map of Sri Lanka the areas in
which various natural resources such as mineral sands, gems, rocks etc.
are found in abundance

Assess on the following criteria

« Use of correct information

» Marking correctly

» Working as a group

* Time management

Get students to implement practically some methods that are used to
preserve wood as an assignment
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