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t ~ Agriculture Extension and Computer Industrial Entomology and Fish 
Science Culture 

'· ~ Principle of Agronomy Food Crop Production 

~. ~ Basic Horticulture Horticultural Crop Production 

"· :q-qef Plant Protection Floriculture and Nursery Management 

1i'."V. t..•Md 'iRIT' 'iRIT ,0 
~ 

C\. ~'111 Veterinary Extension and Computer Veterinary Laboratory Technology 

Science 

'· ~ General LPM (Livestock Production Dairy Product Technology 

and Management) and Fodder 

Production 

~. ~ Veterinary Anatomy and Physiology Aquaculture and Fisheries 

" T«I~ Animal Health -I Animal Health -II 

Ii' .... f'lfil4id ...,.,, 1"11' ,~ 

~ 

9. lif'l11 Computer Application Electrical Machine 

'· ~ Basic Electrical Engineering Basic Electronics 

l ~ Engineering Drawing Electrical Instalation and Maintenance 

"· :q-q¥t Basic Electrical Instalation and Utilazation of Electrical Energy 

Workshop Technology 

Ii' .... 1'1•141<'1 1"11'' ~,o 

~ 

9. ~'111 Computer and Drawing Building Construction and Drawing 

'· ~ Water Supply and Sanitary Highway Engineering 

Engineering 

l ~ construction Technology and Engineering Surveying- I 

Workshop 

"· :q-qef Water Resource Engineering Estimating, Costing and supervision - I 



'li'.'V. 1'1111~1" ~ 1AIT ,, 1AIT ,~ 

~. 1il"~ Programming principal & concept Data structure & OOP concept using 
in C Language c++ 

~. ~ Fundamentals of computer and computer Hardware, Electronics 

Application Repair & Maintenance 

~. ~ Fundamentals of electro-system Data Based Management System 

¥. ~~ Website design Digital design & Microprocessor 

'li'.'V. 1'1111~1" ~ ...... , ~,o 

9. 9"~ ~ll~ll ~ "~ ~ll~lll 

~. ~ ~~~ ~~~ 
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Subject codes 2080 

S.N. SUB CODE PR SUB CODE SubjectName 

Com.subject 

Sub Code Subject 1 

1021 1022 COMP. NEPALI 

1061 1062 ELEC. ENGLISH 

Sub Code Subject 2 

1011 1012 COMP. ENGLISH 

1071 1072 COMP. SANSKRIT RACHANA 

1141 1142 COMP. ARABIC BHASHA 

Sub Code Subject 3 

1031 1032 COMP. MATHEMATICS 

Sub Code Subject 4 

1041 1042 COMP. SCIENCE AND TECHNOLOGY 

99 



S.N. SUB CODE PR SUB CODE SubjectName 

1081 1082 COMP. SUKLA YAJURVED 

1091 1092 COMP. SAMVED 

1101 1102 COMP. RIGVED 

1111 1112 COMP. ATHERBAVED 

1121 1122 COMP. NITISASTHARA 

1151 1152 COMP. SIRATAND ISLAMI 

Sub Code Subject 5 

1051 1052 COMP. SOCIAL STUDIES 

1131 1132 COMP. SANSKRIT BHASHAAND BYAKARN 

Opt 1. Subjects Subject 6 

1 2011 2012 OPT.I ECONOMICS 

2 2021 2022 OPT.I ADDITIONAL MATHEMATICS 

3 2031 2032 OPT.I POPULATION EDUCATION 

4 2041 2042 OPT.I ENVIRONMENT SCIENCE 

5 2051 2052 OPT.I GEOGRAPHY 

6 2061 2062 OPT.I HISTORY 

7 2071 2072 OPT.I CIVICS 

8 2081 2082 OPT.I SOCIOLOGY 

9 2091 2092 OPT.I NEPALI 

10 2101 2102 OPT.I ENGLISH 

11 2111 2112 OPT.I PALI 

12 2121 2122 OPT.I URDU 

13 2131 2132 OPT.I TIBETAN 

14 2141 2142 OPT.I MAITHILI 

15 2151 2152 OPT.I NEPAL BHASHA 

16 2161 2162 OPT.I FRENCH 

17 2171 2172 OPT.I BHOJPURI 

18 2181 2182 OPT.I RUSSIAN 

19 2191 2192 OPT.I JAPANESE 

20 2201 2202 OPT.I AREBIC 



S.N. SUB CODE PR SUB CODE SubjectName 

21 2211 2212 OPT.I CHINESE 

22 2221 2222 OPT.I JARMAN 

23 2231 2232 OPT.I KOREAN 

24 2241 2242 OPT.I BANGALI 

25 2251 2252 OPT.I LATIN 

26 2261 2262 OPT.I GRIK 

27 2271 2272 OPT.I SPANESE 

28 2281 2282 OPT.I MALAYA 

29 2291 2292 OPT.I HIBRU 

30 2301 2302 OPT.I HINDI 

31 2311 2312 OPT.I PARSIAN 

32 2321 2322 OPT.I AREBIC LANGUAGE, LITE AND GRAMMER 

33 2331 2332 OPT.I URDU LANGUAGE, LITE AND GRAMMER 

34 2341 2342 OPT.I BHOT LANGUAGE 

35 2351 2352 OPT.I AWADHI 

36 2361 2362 OPT.I RURAL DEVELOPMENT 

37 2371 2372 OPT.I GENERAL LAW 

38 2381 2382 OPT.I HUMAN VALUE EDUCATEION 

39 2391 2392 OPT.I COOPERATIVE EDUCATEION 

40 2401 2402 OPT.I BUSINESS MATHMATHICS 

41 2411 2412 OPT.I BAZAR SASTRA 

42 2421 2422 OPT.I PRAKRITIC CHIKITSHA 

43 2431 2432 OPT.I SANSKRIT 

44 2441 2442 OPT.I AYURBED 

45 2451 2452 OPT.I FALIT JYOTISH 

46 2461 2462 OPT.I NITI SASTRA 

47 2471 2472 OPT.I BASTU SASTRA 

48 2481 2482 OPT.I YOGA EDUCATION 

49 2491 2492 OPT.I KARMAKANDA 

50 2501 2502 OPT.I MOTHER TONGUE 



S.N. SUB CODE PR SUB CODE SubjectName 

OPT II. SUBJECTS Subject 7 

1 3011 3012 OPT.II OFFICE MGMT & ACCOUNT 

2 3021 3022 OPT.II EDUCATION 

3 3031 3032 OPT.II COMPUTER SCIENCE 

4 3041 3042 OPT.II HEALTH & PHYSICAL EDUCATION 

5 3051 3052 OPT.II AGRICULTURE 

6 3061 3062 OPT.II SCIENCE 

7 3071 3072 OPT.II HOME SCIENCE 

8 3081 3082 OPT.II AUDITING 

9 3091 3092 OPT.II ELEM ENTRY CHILD DEVELOPMENT EDU 

10 3101 3102 OPT.II PHOTOGRAPHY 

11 3111 3112 OPT.II JOURNALISM 

12 3121 3122 OPT.II DISHYAKALA 

13 3131 3132 OPT.II HANDICRAFT 

14 3141 3142 OPT.II KESHKALA 

15 3151 3152 OPT.II HERTICULTURE 

16 3161 3162 OPT.II FLOWERCULTURE 

17 3171 3172 OPT.II FRUIT FARMING 

18 3181 3182 OPT.II FOOD SCIENCE 

19 3191 3192 OPT.II NEEDLE WORK 

20 3201 3202 OPT.II SUK FRAMING AND BEE KEEPING 

21 3211 3212 OPT.II LIVE STOCK 

22 3221 3222 OPT.II VEGETABLE FARMING 

23 3231 3232 OPT.II SAUNDARYA SASTRA 

24 3241 3242 OPT.II FISHARIES 

25 3251 3252 OPT.II BUDHOULY EDUCATION 

26 3261 3262 OPT.II POULTRY FRAMING 

27 3271 3272 OPT.II JADIBUTI FARMING 

28 3281 3282 OPT.II FINANCE AND BANKING 

29 3291 3292 OPT.II HOTEL MANAGEMENT 



S.N. SUB CODE PR SUB CODE SubjectName 

30 3301 3302 OPT.II TOURISM 

31 3311 3312 OPT.II MUSIC 

32 3321 3322 OPT.II BOUDHA EDUCATION 

33 3331 3332 OPT.II DINIYAT 

34 3341 3342 OPT.II VET BAS AND SILPAKALA 

35 3351 3352 OPT.II KARMA KANDA 

36 3361 3362 OPT.II BASTUSASTRA 

37 3371 3372 OPT.II RIG VED 

38 3381 3382 OPT.II JYOTISH 

39 3391 3392 OPT.II YOGA 

40 3401 3402 OPT.II ATHRBA VED 

41 3411 3412 OPT.II SANSKRIT SAHITYA 

42 3421 3422 OPT.II SUKLA YAJURVED 

43 3431 3432 OPT.II SAM VED 

44 3441 3442 OPT.II BYAKARNA 

45 3451 3452 OPT.II NYAYA 

46 3461 3462 OPT.II PHILOSOPHY 

47 3471 3472 OPT.II ITIHAS PURAN 
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Grade: 9 and 10 

Credit Hours: 5 

1. Introduction 

English 

Annual Working Hoon: 160 

English, as an international language, is widely used in education, mass media, infonnation and 

communication technology (ICT), business, tourism, science, medicine and many other 

disciplines. Proficiency in English is seen as the key to accessing the educational, technical and 

knowledge resources that modem society depends on. Motivation to learn English is widespread 

in Nepal and the popularity of the language is ever increasing. Thus, English is taught as a 

compulsory subject not only in school but also in almost all the undergraduate programmes at 

university level. In view of this many schools have even been using English as the medium of 

instruction. 

This curriculum has been revised and developed in line with the aims and objectives of the 

National Curriculum Framework for School Education, 2076 BS. Efforts have been made to 

incorporate recent trends and contemporary issues in the field of language learning and teaching. 

All four language skills are adequately addressed. The development of grammatical competence is 

one of the vital components of this curriculum, and is thus given due consideration, with the 

learners being expected to be able to communicate with confidence in the English language. 

This curriculum aims at enabling students to communicate their ideas in English. It also aims to 

expose students to the vast treasure of knowledge available in both written and spoken English. 

Competencies and learning outcomes appropriate to level and grade, language functions, the 

learning facilitation process and assessment procedures are systematically organized in the 

curriculum. 

2. Competencies 

By the end of Grade 10, students are expected to have achieved the following competencies: 

a. Listen and respond to a variety of spoken English with reasonable accuracy, fluency and 

coherence; 

b. Understand the main points and extract essential information from clear standard speech; 

c. Communicate with reasonable accuracy and confidence on familiar topics; 

d. Read a variety of texts for infonnation and understanding; 

e. Read short literary texts for pleasure and understanding; 

f. Demonstrate a good control of vocabulary to express communicative needs; 



g. Creatively produce a variety of texts for personal, academic and functional purposes; 

h. Convey information and ideas on concrete as well as abstract notions in written and 

spoken form; and 

i. Use e-resources to boost their learning and enhance language skills. 

3. Learning Outcomes for these grades 

3.1. Listening skill 

Grade Nine 

1. Understand the intended meaning of the 

text and respond accordingly. 

2. Follow standard and clearly articulated 

talks, announcements and speeches. 

3. Comprehend and follow the main points 

of extended discussion in a speech. 

4. Understand and extract specific 

information from short and clearly 

articulated spoken English. 

5. Understand and pick out/identify the 

main ideas and supporting details from 

news bulletins and simple recorded 

materials about familiar subjects 

delivered at normal speed. 

6. Understand and follow multi-step 

instructions and detailed directions. 

3.2. Speaking skill 

Grade Nine 

1. Express and respond to feelings such as 

surprise, happiness, sadness, interest and 

indifference. 

2. Express belief, opinion, agreement and 

disagreement appropriately. 

3. Give and seek personal views and 

opinions in discussions. 

4. Give detailed accounts of experiences, 

feelings and reactions. 

5. Present and defend opinions with 

relevant explanations in discussion. 

6. Participate actively in routine and non-

routine formal and informal discussion. 

7. Deal with situations likely to arise in 

public places. 

8. Explain problems with reasons. 

Grade Ten 

1. Understand the intended meaning of the 

text and respond accordingly. 

2. Follow standard and clearly articulated 

talks, announcements and speeches. 

3. Comprehend and follow the main points 

of extended discussion in a speech. 

4. Understand and extract specific 

information from short and clearly 

articulated spoken English. 

5. Understand and pick out/identify the 

main ideas and supporting details from 

recorded or broadcasted audio materials 

on familiar subjects delivered in clear 

standard speech/dialect. 

6. Understand and follow multi-step 

instructions and detailed directions. 

Grade Ten 

1. Express and respond to feelings such as 

surprise, happiness, sadness, interest and 

indifference. 

2. Express belief, opinion, agreement and 

disagreement appropriately. 

3. Give and seek personal views and 

opinions in discussions. 

4. Give detailed accounts of experiences, 

feelings and reactions. 

5. Present and defend opinions with 

relevant explanations in discussion. 

6. Participate actively in routine and non-

routine formal and informal discussion. 

7. Deal with situations likely to arise in 

public places. 

8. Explain problems with reasons. 



Grade Nine Grade Ten 

9. Give and follow detailed instructions and 9. Give and follow detailed instructions and 

directions. directions. 

10. Describe pictures, maps, charts, tables 10. Describe pictures, maps, charts, tables 

and diagrams. and diagrams. 

11. Narrate stories, events and experiences. 11. Narrate stories, events and experiences. 

12. Give a presentation on a familiar topic. 12. Give a presentation on a familiar topic. 

3.3. Reading skill 

Grade Nine Grade Ten 

1. Understand texts that consist of high- 1. Understand texts that consist of high-

frequency everyday language. frequency everyday language. 

2. Understand straightforward factual texts. 2. Understand straightforward factual texts. 

3. Understand the description of events, 3. Understand the description of events, 

feelings and wishes. feelings and wishes. 

4. Extract relevant information from texts. 4. Extract relevant information from texts. 

5. Understand and identify main ideas and 5. Understand and identify main ideas and 

supporting details from the texts. supporting details from the texts. 

6. Understand and identify the gist from 6. Understand and identify the gist from 

argumentative texts. argumentative and persuasive texts. 

7. Understand the information from texts on 7. Understand the information from texts on 

contemporary issues. contemporary issues. 

8. Scan longer texts in order to locate 8. Scan longer texts in order to locate 

desired information, and gather desired information, and gather 

information from different parts of a text. information from different parts of a text. 

9. Extrapolate the meaning of unfamiliar 9. Extrapolate the meaning of unfamiliar 

words and phrases from the contexts and words and phrases from the contexts and 

deduce sentence meaning. deduce sentence meaning. 

10. Read literary texts for pleasure and 10. Read literary texts pleasure and 

understanding. understanding. 

3.4. Writing skill 

Grade Nine Grade Ten 

1. Describe experiences, feelings and 1. Describe experiences, feelings and 

events. events. 

2. Write stories, letters, emails, notes, 2. Write stories, letters, emails, notes, 

notices, advertisements, recipe and notices, advertisements, recipe and 

instructions. instructions. 

3. Write accounts of experiences describing 3. Write accounts of experiences describing 

feelings and reactions in simple feelings and reactions in simple 

connected text. connected text. 

4. Write short descriptive, narrative, 4. Write short descriptive, narrative, 

expository and persuasive essays. expository and persuasive essays. 

5. Interpret charts, tables and diagrams. 5. Interpret charts, tables and diagrams. 



Grade Nine GradeTen 

6. Write short biographies. 6. Write short biographies. 

7. Write short news articles and news 7. Write short news articles and news 

stories. stories. 

8. Write short reviews of books and films. 8. Write short reviews of books and films. 

9. Paraphrase short written texts. 9. Paraphrase short written texts. 

10. Write formal messages of condolence, 10. Write formal messages of condolence, 

sympathy and congratulation. sympathy and congratulation. 

4. Language Functions 

S. N. Grade 9 Grade 10 

1 Making plans and expressing Reporting statements 

intentions 

2 Suggesting, advising and warning Reporting questions 

3 Making requests and responding to Reporting commands 

requests 

4 Expressing condolences and Giving, withholding and reporting 

sympathy permission 

5 Apologising and responding to an Expressing conditions 

apology 

6 Asking for permission Asking for and giving reasons 

7 Making, accepting and rejecting Criticising 

offers 

8 Describing people, places and objects Expressing likes, dislikes and preferences 

9 Getting things done Narrating past events 

10 Locating places Talking about past actions with present 

significance 

11 Giving instructions Agreeing and disagreeing 

12 Giving directions Expressing degrees of probability and 

certainty 

13 Describing pwpose and function Interpreting 

14 Narrating past events Confirming and denying 

15 Talking about past action with present Describing people and places 

significance 

16 Expressing ability Congratulating 

17 Expressing degrees of certainty Comparing and contrasting 

18 Making comparison Asking for and giving opinions 

~o 



5. Elaboration Matrix 

Grade9 

S.N. Themes1 

1 Travel and holidays 

2 Health and hygiene 

3 Farnily,nrarketand 
public place 

Language Functions2 

Making plans and 
expressing intentions 

Suggesting, advising and 
warning 

Making requests and 
responding to requests 

Exponents Grammar Hours 

thinking of+ present participle Present continuous 10 

planning to + infinitive Going to future 

going to + infinitive Simple future 

will+ infinitive, Future continuous 

will be + present participle 

intend to + infinitive 

How about + noun/+ present participle Modals: should, ought 10 

You'd better+ infinitive to, had better, 

You should/ ought to .... Conditional type 2 & 3 

Why don't you ........ ? 

Ifl were you, I'd ..... 

Could/would you ... ? Modals: would, could, 8 

Would you mind+ present participle can 

... ? 

Do you think you could (possibly) ... ? 

Oh, I'm sorry. 

Yes, of course. 

Go ahead. 

I wouldn't mind at all. 

No problem. 

1 
Each theme should contain two reading texts with comprehension tasks including vocabulary. The reading text types can be: story, essay, news story, newspaper 

article, diary entry, poem, drama, book or film review, biography, autobiography, travelogue, monologue, science fiction, correspondence texts (letters, emails, 

biogs, posts), manual, etc. 
2 

The speaking tasks should reflect the prescribed language functions for each unit. 



S.N. Themes1 Language Functions2 Exponents Grammar Hours 

4 Life and death Expressing condolence I'm sorry to hear that... .... Present simple 8 
and sympathy I'm ever so sorry to ...... Subject-verb 

I'm extremely sorry ........ agreement 

It must be pretty hard on you ............. 

I know how you must feel.. .......... 

Let me offer my condolences. 

You must feel terrible about 

losing ........... 

5 Ethics, norms and Apologising and Please accept my apologies. Present continuous 8 
values responding to an apology Please forgive me (for) ... 

I (really) do/must apologize (for) ... 

May I offer you my apologies for ..... 

I'm terribly sorry for ... 

I apologize 

It really doesn't matter at all. 

Think nothing of it. 

6 Custom and culture Asking for permission May I...? Yes/no questions 8 
Can !. ... please? including reported 
Do you think I could ... ? speech 
Would it be possible .... ? 

I wonder if I could .... ? 
Do you mind if I. .. ? 

Is it OK if I.. .. ? 

7 Ecology and Making, accepting and Can I offer you ... ? Conditional type 1 8 
environment rejecting offers Would you like .... ? 

Won't you have .... ? 

Could 1.. ......... 
I wonder ifl ........... 

Might I give/offer you ... ? 

Yes. olease. 



S.N. Themes1 Language Functions2 Exponents Grammar Hours 

Thanks a lot. 

No, thanks. 

8 Science and Describing people, He looks very .... Relative clause 10 

technology places and objects I hope you don't take this wrong way, 

but I think you are ..... 

Your clothes look .... 

The place where I was born is .... 

The man standing near the gate 

lS ......... 

9 Work and leisure Getting things done She was made to ....... Causative verbs 8 

I got/had my book .... Passive 

She had/got her sister .... 

She made him .... 

10 The earth and the Locating places X lies between Y and Z. Prepositions 9 
space X lies to the north of Y. 

X lies in Y state. 

11 Gadgets and Giving instructions First ............ Reported speech: 9 
instruments After that ............... statement and 

Next. ............... imperative 
Then ....... 

Finally ........... etc. 

12 People and places Giving directions Tum left/right Articles 8 
Take the first/second turning on your 

left/right 

Go/K.eepstraighton 

You will find X on your left/riJilit 

13 Organization profile Describing purpose and The purpose of ... is to ... Connectives 9 
and authority function .. .is concerned with ..... 

.... exists in order to .... 

.. .is for/ meant for .... 



S.N. Themes1 Language Functions2 Exponents Grammar Hours 

14 History and Narrating past events X was + present participle ...... Simple past 10 
civilization X used to + infinitive when X was a Used to 

..... Past continuous 

Before X + past simple, Y had Past perfect/perfect 
(already)+ past participle. continuous 

15 People and lifestyle Talking about past X has/have been + present participle Present perfect 9 
action with present for ....... /perfect continuous 
significance X has/have (already)+ past participle 

........ 
16 Games and sports Expressing ability X can + infinitive. Question tag 9 

X is/are able to + infmitive. Negation 

X can't + infinitive. 

17 Global wanning and Expressing degrees of must/may/might/could be ...... Simple future 10 

climate change certainty must have + past participle Future perfect/perfect 

may/might/could/should have + past continuous 

participle ..... Wh questions 

will + infinitive including reported 

speech 

18 Transportation and Making comparison ... than ....... Adjectives and adverbs 9 
communication .. .is better/worse than ... 

. .is more interesting than ....... 

I don't consider .... to be more/less 

attractive than .... 

as ....... as 

Total 160 



Grade 10 

S.N. Themes9 Language Functions4 Exponents/Structures Grammar Houn 

1 Current affairs and Reporting statements said that. ............... Reported speech: 8 

issues told (object) that... ........ statements 

2 Festivals and Reporting questions asked (object) if/wh ...... Reported speech: 8 

celebrations enquired if/wh ......... questions 
wanted to know if/wh ....... 

3 Health and wellness Reporting commands told/forbade (object) to/not to .......... Reported speech: 8 
requested/ordered/suggested (object) imperatives 
to/not to ........ 

4 Work and leisure Giving, withholding and Yes, you can but---- 1'dodals:may,can, 9 
reporting permission Of course. Go ahead could, will, would 

Do you think you could stop .......... ? Imperative sentences 
I'm afraid you can't. (negative/positive) 
I'm sorrv that's not allowed. 

5 Science and experiment Expressing conditions If+ present simple, will/can/may + Conditional sentences 10 

infinitive 

If+ present simple, present simple 

If+ past simple, would + infinitive 

If+ past perfect, would have + past 

participle 

6 Food and cuisine Asking for and giving Why ...... Present continuous 10 
reasons (well) because ..... Connectives: reason 

..... so that... and purpose 

The reason was that ..... 

But the point is ..... 

The simple reason was ... 

3 
Each theme should contain two reading texts with comprehension tasks including vocabulary. The reading text types can be: story, essay, news story, newspaper article, diary entry, 

poem, drama, book or film review, biography, autobiography, travelogue, monologue, science fiction, correspondence texts (letters, emails, biogs, posts), manual, etc. 
4 

The speaking tasks should reflect the prescribed language functions for each unit. 



S.N. Themes" Language Functions4 Exponents/Structures Grammar Houn 

7 Cyber security Criticising should/ shouldn't + infinitive Modals: should, ought 8 

should(not) have+ past participle to, must 

Articles 

8 Hobbies and interests Expressing preferences like/hate/ love/ prefer/ am fond of/ am Present simple 9 

and likes and dislikes crazy about... .. Passive: being, having 

love/hate/ having ..... 

love/ hate/like being .... 

prefer .... to .... 

like doing/ to do 

9 History and culture Narrating past events past simple verbs Past simple, past 10 

was/were + present participle continuous, past 

had + past participle perfect, past perfect 

had been + present participle continuous 

10 Games and sports Talking about past actions has/have + past participle Present perfect and 10 
with present significance has/have been + past participle present perfect 

continuous 

Voice 

11 Ethics and morality Agreeing and disagreeing Yes, I agree ... Negation 8 

That's (quite) right/true. Subject-verb 

I can't help thinking the same. agreement 

I absolutely/entirely agree. 

I'm with you there. 

Not really. 

I disagree (I'm afraid) 

I don't think that's right. 

I can't agree with ..... 

I think that's nonsense (I'm afraid) 



S.N. Themes" Language Functions4 Exponents/Structures Grammar Houn 

12 Natureand Expressing degrees of must/may/ might/could + infinitive Simple future, future 10 
development probability and certainty must/can't have + past participle continuous and future 

may/might/could have +past perfect/perfect 

participle continuous 

definitely/certainly/ 

probably .................. 

likely to ....... 

sure to .......... 

13 Population and Interpreting It shows/illustrates/ depicts/ Connectives: 8 
migration displays ..... although, however, in 

spite of/despite 

14 Travel and adventure Confirming and denying statement + question tag Question tag 9 

So + auxiliary verbs + subject 

Neither+ auxiliary verbs+ subject 

No, subject+ auxiliary verb+ not 

15 People and places Describing people and X looks very .... Relative clauses 9 
places Nepal lies in Asia. Prepositions 

They're the people who want to buy 

our house. 

Sandeep, who I studied with, is a 

famous cricketer. 

16 Success and celebration Congratulating Congratulations! Prepositions 8 

I must congratulate you ..... 

I'd like to congratulate you .... 

Let me/May I congratulate you. 

Please accept my heartiest/ warmest 

congratulations 

17 Countries and town Comparing and X is taller than Y. Adjectives and 10 
contrasting Xis not as strong as Y. adverbs: comparative 



S.N. Themes" Language Functions4 Exponents/Structures Grammar Houn 

X is the tallest girl in the class. and superlative. 

X is tall but not strong. Connectives: 

although, however, in 
spite of/despite, but 

18 Media and Asking for and giving What are your views ...... ? Questions 8 

entertainment opinions What do you think of/about ..... ? Causatives 

What's your opinion on /feeling 

about... .. ? 

In my view /opinion ... 

Personally, I believe/ feel... 

As far as I am concerned ...... 

Total 160 



6. Learning Facilitation 

The learning facilitation process is an integral part of this curriculum. It determines the learning 

in the classroom and contributes to achieving the learning outcomes of the curriculum. Effective 

learning facilitation is expected to address the learners' choice and their individual development. 

Hence, the teachers should use a variety of teaching learning methods, techniques and activities 

that are suitable and effective for the students depending on their needs and level of 

performance. 

6.1 Principles of learning facilitation 

a. Fun and engagement: A great way to help students learn a language is to make it fun. 

When teachers create activities that engage them in a fun way, learners are more willing to 

participate in tasks and increase their learning by daring to try out new things. 

b. Communicative activities: Learning English is primarily for communication. Therefore, 

an English class should provide a rich and responsive learning environment with lots of 

real-life communicative activities. 

c. Exposure: Language learning depends on the amount of exposure the students receive. 

Thus, the students should be given maximum exposure to the target language with a variety 

of written and spoken texts. For this, the teacher needs to provide students with the 

opportunity to learn English by speaking and by providing a language-rich environment. 

d. Language skills integration: A language is learned effectively if it involves teaching of 

receptive skills, productive skills, grammar and vocabulary in an integrated manner, with 

one set of skills building on another, with the use of a variety of texts to provide different 

perspectives and meaningful connections, including the wider contexts of language use. 

e. Personalization: Personalization takes place when activities allow students to use 

language to express their ideas, feelings and opinions. Personalization ensures true 

communication. 

f. Content and language integrated learning: Meaningful contents related to the real world 

help learners comprehend not only the content itself but also the accompanying language. 

Integrating content and language is a clear departure from mere communication towards a 

meaningful cognitive understanding of the language as a vehicle in itself. 

g. Diversity as a resource: In diverse classrooms, with learners from multilingual and multi­

cultural backgrounds, exploiting diversity as a resource helps not only in the teaching­

learning process but also in creating social cohesion. Content from diverse contexts 

establishes the pluralistic concept first in classrooms and later in the real world. 

h. Learning through information and communication technology (ICT): With the advent 

of ICT, language learning has become more accessible to learners. Mobile phone and 

media technologies allow learners to access learning materials from anywhere and 

anytime. The use of ICT tools in classroom pedagogy gives learners more autonomy in 



different ways. Moreover, language teaching will also connect themes and texts 

meaningfully and appropriately to the talk, tasks and technology in the classroom. 

i. Learner autonomy: Students learn better when they themselves are made responsible for 

their learning. The strategies that promote learner autonomy such as self-correction, peer 

correction, self-learning, etc. should be encouraged. For this, the teacher provides success­

oriented tasks and positive feedback. 

6.2 Learning resources 

The primary learning resource for students is a textbook. This is therefore expected to include 

varieties of reading texts under the themes selected for this curriculum along with the tasks and 

exercises to practise all the language skills, language functions, grammar, and vocabulary items. 

In addition, teachers are expected to bring additional resources into class for further practice and 

direct the students to the online resources so that they get more exposure to the English 

language. 

6.3 Methods, techniques and activities 

Based on the pedagogical principles outlined in this document, the following activities have 

been suggested in order to achieve the competencies included in this curriculum: 

• Question-answer 

• Demonstration 

• Games 

• Use of pictures/flashcards 

• Pair work and group work 

• Drills 

• Storytelling/narrating 

• Dictionary use 

• Use of ICT tools 

• Reading aloud 

• Controlled writing 

• Guided writing 

• Free writing 

• Project work 

• Reading and presentation 

• Dramatization, role-play and simulation 

• Inquiry-based writing/reflection 

• Reading for comprehension 

• Discussion sessions 

• Think- Pair- Share 

• RDWS (Read, Discuss, Write and Say/Share) 



• Teacher-guided self-study 

• Library visits 

• Listening to lyrical poems and songs 

• Reciting lyrical poems and songs 

• Watching movies ( animated/unanimated, comic) and dramas 

• Live presentation/performances 

• Brainstorming and mind mapping 

• Quick write/flash writing 

• Book/film reviews 

• Paraphrasing 

• Summarising 

• Skimming/scanning/making inferences 

• Interpreting 

• Visual-based activities 

• Strip stories 

7. Assessment Process 

A letter grading system will be used for assessing student performance. For this, both the 

formative and summative assessment tools will be used. 

7.1 Formative assessment 

In order to ensure the learning of the students, informal assessment will be conducted regularly 

and timely feedback will be provided to help them improve. The goal of formative assessment 

is to help the learners to learn more rather than to check what they have learnt and what they 

have not. Formative assessment should focus on those areas which pose problems in learning. 

This can also take the form of remedial teaching. The following techniques/activities can be 

used as tools for formative assessment: 

• Observation of students' • Portfolio • Games 

linguistic behaviour • Tests (class, weekly, • Debates 

• Anecdotal record monthly) • Story telling/retelling 

• Work sample/written • Project works • Dramatization/simulation 
samples • Creative works • Role play 

• Interviews • Class work • Group discussion 

• Home assignments • Reflective practice • Journal writing 

7.2 Summative assessment 

Summative assessment is primarily designed to certify competence and rank the students. The overall 

students' understanding of the standards (competencies and learning outcomes) of the curriculum will 

be assessed and graded through summative assessment. Both internal and external assessment 

procedures will be used under summative assessment. 



a. Internal assessment: For internal assessment, a student portfolio should be maintained/ kept 

by the teacher. The portfolio details the performance of the students. The internal evaluation 

covers different aspects as shown in the table below and carries 25% weightage. 

S.N. Assessment areas Marks 

1. Participation (attendance and participation in classroom activities) 3 

2 Listening test 8 

3 Speaking test 8 

4 Score from terminal exams 6 

Total marks 25 

The record of student participation should be kept in the students' portfolio. Testing of listening 

and speaking will be based on the test specification grid. Teachers need to prepare the listening 

and speaking tasks themselves. 

b. External assessment: The external assessment carries 75% weightage. The allocation of 

marks for each language skill and aspect is given below: 

S.N. Language skills and aspects Marks 

1. Reading 40 

2. Writing 24 

3. Grammar 11 

Total marks 75 

7.3 Alternative assessment 

For students with disabilities, alternative assessment tools will be used. They will be suggested 

in the test specification chart to be developed by the Curriculum Development Centre. 

7.4 Test Specification Charts 

a. Internal Assessment 

S.N. Areas of Marks Guidelines for evaluation 

evaluation 

1. Participation 3 This covers student attendance, participation in classroom 

activities and their performance on classwork, homework 

and project works assigned to them. For this, the teacher 

needs to maintain the record and the same record is to be 

consulted to award the marks for this area. 

2 Listening 8 Types of sound files: 
test 

(The sound files may contain: lectures, talks, presentations, 

radioffV broadcast, podcasts/vodcasts, commentaries, 

interviews, conversations, short discussions, personal 

accounts (oral anecdotes, past experiences) narratives (e.g. 

radio dramas), instructions and directions, factual accounts 

(e.JZ;. news reoorts, eye witness accounts) exolanations, 



S.N. Areas of Marks Guidelines for evaluation 
evaluation 

public announcements, weather forecast) 

There will be two listening tasks on two different sound 
files. Each task should consist of four questions. 

Note: 

• The sound files should be authentic and clearly 
articulated at normal speed of delivery. Each sound file 
should be a maximum of 3 minutes long. 

• The types of questions include: Multiple Choice 
Questions, Matching, Fill in the Blanks and Short 

Answer Questions. 

• For the hearing impaired students, any one of the 

following tasks can be given: Paragraph writing on a 
given topic, writing a letter or writing a description of 
something. 

Time: 20 minutes. 

3 Speaking 8 The speaking test will be administered practically. The test 

Test starts with a greeting and introduction to make the students feel 
comfortable. The speaking test consists of the following 
sections: 

1. Introduction and interview (2 marks) 

The students will be asked at least three questions on their 
personal affairs and immediate situation. (How are you 
preparing for the exam? What will you study after grade 10? 
What's your aim in life? Do you like English? Why/Why 

not?) 

2. Describing pictures (3 marks) 

The students will be given a picture or a set of pictures. 
They are expected to describe the picture in at least 6 
sentences. 

3. Speaking on a given topic (3 marks) 

The students will be given a topic like my school; my 
hobby, my family, etc. They will get one-minute to think 
over the topic before speaking on it. This will also be done 
individually. 

Alternative test method for students with visual difficulties 

For students with visual difficulties, ask them to narrate a 
sequence of events instead of task 2 'describing pictures' 
above. 

Alternative test method for students with speech and 
hearing difficulties 



S.N. Areas of Marks Guidelines for evaluation 
evaluation 

For students with speech and hearing difficulties, give a 

reading comprehension task worth 8 marks. 

4 Score from 6 3 marks from each terminal test. 
terminal 
exams 

b. External Assessment 

Reading and writing skills will be assessed through a written test. Grammar is included in the 

writing section. The test will be based on the specification chart. 
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~ ( +.iTllillr.f>I< 311ifil(5(iilefil (Geometrical shapes) 

~/~H'15*1 ~ tffil ~ 'Alll41CSlli! ~ 

l.1411'd'1 31 'l+i I '1 ~ A'1 rtfi ~ +i ~ 15(6\ wmTI"1° 

• Cij41fifil< '<" 311~<'11efil( 1frf 
r.61616(6'4il +.il<f1ittl, ~ ( 

~~~*' ~ tffil 1.1411\3'1 

• ftlli+:i *' ~<'16 *' ~( 
~ tffil 1.1411\3"1 

• ~(1'11ef>I< ( 4fl(Vllr.f>I< 

~ ~ Cij «J>6 (e'r.i) ~H'tsr.ffl 

~ ( dtl~('1'1ijU1<tft 

ij +i ~ 15 (6\ '51'f 1frf 

• ~ ~ r.=t ifil ~ ij A'1 rtfi 
!X!ICil61~r.fi ij+i~IS'(C'. ~ lfrf 

"· ~11141f01a • ~a¥:IT~ • ij+ilrtl~fi~ a¥:IT ~ 

GfT.rr~ mtil(OI ~ lW'l +i I~ A'1 i'tfr ~ +i ~ 15 (6' wmTI"1° 

f.:tr.r>li"'1 '<" l: (Summation) 1frf 
ij(~<'t+il ~ 1frf • ij+ilrtl~fi~ a¥:IT ~ 

• oe+11rt1~fl~ a¥:IT ~ ~ uTl ij +CSI i'tfr ij +i ~ 15 (6\ ~ 1frf 
dl'l'lfi+i<eklitft ~+1~16(6\ ~ • "Cil"1f 'e'1lr.fi(Olijk!i'tfl ~\1141fbldr:.I~ 

1frf ij +i ~ 15 (iii '51'f 1frf 
• (a± b)3, a3± b3 a¥:IT a4 + a2

b
2 

• ~ ~"'15(6\r.fil f') 1frf ij(~lifi<UI 

+ b4 ~(6\qq;1 ~ • f') i'tfr t41dl(r.ti':JICR't ~ '1 I r.fi(Oj ij A'1 

3'f1i ~ ""1t **' (<}oil r.fi( 01 1]";:f ij +i ~ 16 (iii '51'f 1frf 
• ~ 41fOIC1r:.I~ 

31 ill~ ""11 r.fi5(6\*' ~ 

<e +i I q Cl d r.fi (Highest 

Common Factor) ( ~ 

ij +i I q Cl t4 (Lowest Common 

Multiple) tffil 1.1411 \3 '1 
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•••• "'61 '4 ii «1'fl' 
....,, ...,,0 

h 
• ~ R ( '1flct1441 

~ fl"'l~IS<"' ~ 

1frf 
~. <:"11!41(~ • a 1!41(~<¥1 Cl lflij>(OI 11"rf • <:"IUll(~iiUC! ~ 'l1fuij)I ll'T"f'f, 

~( • ~ ( 31fi4~"'1 ~ ~ti h I i'i<"' qffi' ~ 411\iF'I 

~l&H'tl ~ al!41(~ii11C! tlll<<H11<a1 • ~1~a1<¥1~~~ 
~~1frf lfft d~~~ ~ICl61~ij) 

• fl(~f{;ia dtlll(~iillC! fl"'l~ll'!'t6 fl+'tl'tll"'I 1frf 
filfllm11, iill<<H11<a1 ~ • ~ ( q<1\1!«f tlC:"'lli'\(i\<¥1 

(frequency polygon) ( 3lClbl I (Oii ~ 1frf 
~ iill<<H11<a1 ~ • 'T'l'i ~ 1irlitrT lfft ~I ~a I 

(frequency ogive) ~ 1frf qffi' l.'1411 \3 "'I 

• <:"11!41(~<¥1 ~. +'tfhlij>I, • C!:&l fi4 'SI r:i1 1irlitrT lfft ~I~ m 

frcr ( +HJ:~h I l'! (i\ qffi' qffi' l.'1411 \3 "'I 

~411\dil I 

• ~I ot.t d I ij)I ~ 
3lClbl I (Oii ri) ~ 1frf 

• ' ~ " 'l~l4111"a" fl+lllt:illdlf141 

~ fl"'l~ltl(i\ ~ 

1frf 
~. f-;tri)o1f'1fa • ~<¥101fll<ft~ at1q1ac¥1 • ~ ( \3"'1di~I ~ 

W'l'tll<Oll ~ 1frf 3lClbl I (Oii ~ 1frf 

• ~ ~ f-;t<'¥101f'1<ft~ • ~ ( 51flfl<kl4r ~lii!Sl~ij) 

dl1qldtl(i\ qffi' ~411'd"'I fl +'t ~ I s 't6 fl +'t I tlT"'I" 1frf 

• ~<¥1°1fll<ft~ di 1q I a i'\(i\ 

fl fl+i f{;i d fl +'t ~ I ti (i\ fl +'t I fJM 

1frf 



8. fa151Cld~4fl ~ ~ lfi1f 'a'llT fa~dh.fi~UI 

iRfT ~ 

'Ii'.~. ~" fli111!jq ... ~"' "'~"~'• 

9. ~ 9.9 <e 'i6if'I ~'ll'El(E' ~·lll \11"1, 

gf~r'°'3A"1, ~ '(" ~ 

(~afl cHl++i ~) 

9.~ <e+i6*1 4101"11f+iif'dl 

c;O 

~Atifli1'1 ~~·~~at t'iicUiilitUq 

• <e+i6if'I ~416(E' Mlll\11"1, 

gfq~"1, ~'("~ 

ap.n:m:o11 *1 W1 'h{WI ~ 

• ~ "1~ '!! *' 11lit1T 1Tft ~ 
~ 5)~'e'i6if'I (~,20~ 

m'fT 3 '(" 5 'if'T 31 'M f4ti(E'ri) ~ 
~ ~ fq'1')1l'l(ii' ~ 

<e+i6if'I ~'ll'El(E' lfif {1411\3~) 
<e +i ~ 1 'El(E' ~ +i I t1M lfif {1411 '3 '"I 

• ~~l'l(E'twll~ ~ ;:ni::r+IT ~ 

~ cioi+u{Wlli.fil 3T&l ('fl(E'Cfil ~ 

f.:r+i"tcrr lfif ~ (ff- <e 1_5 *' ~ 
~ ~ fc;"q)c ~ ~ 

~~lif'{Wllq w <e+i6*1 

4101"11f+ii.fidl '\f'dT {1411'3"1 {1411'3'"1 

• ~ "1 p.q '!! ri) 11lit1T 1Tft <e 'it! q; I 

~~l'El(ii' (~·lll\11"1, c;Afq-"'3;~"1, ~ 

( ~) '*" 4101'11f+ii.fidl4•1 

~ ~4<e~i.fill'l(E' (~: n(A 

u B) = n(A) + n(B) - n(AnB) ( 

~ ~Rl~'fl(E'ri) W'l<iii'I ~ 

Cii 'l'1 il'i d 

'""'"'" 4["'41"'5"1 iJjlfliUZl 
1Jftti1'T (t.+ Y.) 

• ~ailcr ~ 'i6 if'I 9~ 

~ l@(E\~ +4141 
<e +i ~ I 'El (E' ~ +i I tll"f lfif 
~ 

• \A~"'ll'd<lf'I +mll+iiilli! 

'e1_5*1 • 101 '1 I f+i if'<'ll 

'qnf ~ 

• 'e+il'lif'I ~'lll'l(E' '(" 
"' 

4101'1if+iif'm *1 +fTl1'l 

-R '*"~ q-f 

~~ 
• q~lll\i1"11 ~ 

1_~1(qi"1 ~I 



iii '¥1 ltl:t" '1"'41f'i'1 \."'414_+"1 
'Ii'.'". ~n f'I '4 '4 'I «t'lil f'il «lfti +<'I ijA411'1<1 ~ ijiifl+<"I ~'41+..lq +1~oz1 

~ {t.+ 'i'.) 
~. Ol(*ilfbld ~.9 rR(~.~ ~" "' ~~ll"I~ • ~ ~ll"liilll '111iii1'1'eil • ~t; 

3lfsi 1~ rR) q;fli ij '1 '{ oe +4 f.:tl a 'El"{ \if11lT 'd"qf rn \f«jdli.fi<(Uli.fil 3tlf.ll<(+il 

~ i.fil-<liill<, ~ w '{ Olliiil'elll~ +i\V'lll(*ri m 
~.~ lfHlll«l 3t(*ilfbld ;a~16<015(ii\ ~ 1ffr tt>flioeri, • q~l1l\11'11 i.fil4Cllll 

~. qr-ft, lfi;tlf'll'1 / ~Hf.ll<(UI ~l\Jl'efi:d ~ 'd"qf tt>fli~'1, ~. ~ 

+11iill~<.1,~~ ~. ~ '{ '1liffil'"Hl~d ~ atfli1f.« ~ '{ ~ 
nsi<.>tt'F(6) 3lf\1 aj":I;: rR '{ ~'iii~ I qi) ~~ 

~ ~l+J!"tl * W"l "h<.1 ~ ~'1~16'<"'~ q~+.u'1, 

d ffi +"iii ..al ~ +i ~ 16'<"' ~ lfi:f &JTW, fit~;i~u1 '{ 

<.1ill\3~ ~+ilf.ll'1 ~ 

• ~.qr-ft, l~Cf'll'1/+1liill~<.1, trtrffflJT m 
<£1 I Cffi.,I ~ nsi<.16'<"' ~(*<.1'1 • tt>fil~ri. ~. ~ 
1ffr fu ;fl 6 (ii'~i I ij+"Cilf.:tl d ~~'{ 

~+H416'<"'+il ~, ~ ~, ~i~lij+:cst<tft 

~~~'{~till~~ ij +i ~ 16 '<"' wmrrrr lfi:f 
~ W"l"h<.1 1ffr 3tliiil~llr:t> ~ ~ 

f.:lr:t>I~ titill\3~ I • ~.qr-ft, 

l~Cf'll<0=i'liill~<.1, 

<£JICffi">li.fil fit<.16'<"'~ 

&fTW '{ fq~~~UI "Tfr 
~.~~.W=rr 
~~ ij+"Cllotfl 

~~lfi:f 

~I 
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iii '¥1 ltl:t" '1"'41f'i'1 \."'414_+"1 
'Ii'.'". ~n f'I '4 '4 'I «t'lil f'il «lfti +<'I ijA411'1<1 ~ ijiifl+<"I ~'41+..lq +1~oz1 

~ {t.+ 'i'.) 
1Ff (1411\3~ ~ ('f"qf ~ fl'I S:+i I 

• Cf)~li.A61i.A ~ ~ aftt\_~l'd~ <S:<fF•1'1 oR ~ 
"<" T.fR ~ ~ ~f<.1(+11 <'((H1'1 'Ei+i~l6'lb'+il ~ 

<A"~ 'Ei+i~l6'lb'+il ~fl «ij'tfo+at<tfr qf<ll"i'11'11 

~ ~lill\3'1 q~£tl'11'11 q;-l1f ~ Slfu~G'1 ~ 

~I lfi'f ~I 

"· 
") ~ 541'1141 u1a 't.9 ~"("~ • 'Ei(<!Al6'l6'~"1 Gffi "(" ii+ii!11C!~ • P=l~leff('tl~ ~ fucfi ~~ 

(Sequence and Series) "(" ~ ~ 1Rll" 0!(~1~1<:1..,lll dl'l'lb'qcJil CAi'iiil6<61 

- 31 'Jii +i ;.A ~ "(" "(" \Tlllili<flll ~ "(" ~ ~ (1411\3~ "(" 

'Eilf.11(01 ~ dllq~ziq; ~ ~ ~(16'lb'i.A fuTfl6'l6' 'Ei+il'11~flll 

- ~~:E ~llir~~ ill \ill I ili cfl ll 3f'JC9ll 
(Sigma/summation)"<" '3~16(016(6' Q{>t"htvl 1Rl't ~ ~ ~ '1tfr Ql"l "h ('! 

'Ei~ai.A ~ 'Ei+ilf.11'1 lfi'f (1411\:3~ 1Rl't Cf)~, 
d1(i.f>4 lfbl<flll "(" • ~ 'Eil+i4fl6'l6' ill~ 'q'T ~ trtr&1111" m 
\ill I ili cfl ll d1'fJfi1l "(" filtil('tll+il ~ ~l+i4fli.A ~ ('f"qf 4 ~ lll '11 '11 q;-l1f lfi'f 
~(~ 1 ~mmu1 lliT (a± b)3

, a3± b3 
('f"qf a4 + a2b2 + ~ 

q1{) b4 fq(b'qq;1 ~ ~Oll""11*i.A • (a± b)3
, a3± b3 ~ a4 

't.~ (a±b) 3 ,a 3 ±b 3 ~a 4 + «SM03lq1(01 lfi'f {1411\3~ + a2
b

2 + b4 
ft4<614*1 

a2b2 + b4 ft4(6'q *I • ~ ~ +1184+ii!11C:: ~ ~ ~Oll""11*i.A 

~ d1fl1 Oll ""11 q16'lb'i.A Off'i0ll6'11q1i.A €1Uflq1i(Ol~+ai4 «ijU3lf.fli(UI oR Cf)~ 
€1Uflqii(UI ~ lfi'f ~·1411 'd ~ ('f"qf ~ trtl"&lUl 

"·~ ~ 'Ei+ilqqdq; • ~ ~Oll""11f.fi6'l6' ~ m 
(Highest Common 1\9.,..,,5(6';.A ij~i'f.1('11~ il'1~"1+il • '(i'ij/11_~")1 ;.A ~ lliT 
Factor)"<"~ ~ lliT ~lil'11'1 "<" ~r~r~G'1~ +r.~. "(" ~."'E1".~ 



ll~lr.t" 
'IAUf'i" \."'414_+"1 

'Ii'.'". ~n f'I '4 '4 'I «t'lil f'il «lfti +<'I ijAUf'ild ~ ijiifl+<"I ~'41+..lq +14flloc1 
~ {t.+ 'i'.) 

ij+'tlqqtlf (Lowest Cl)~ qr 4{6e.w:i*l d!Clt!F(Ollt:fil dlltll(+'tl +!".~. '(' 

Common Multiple) (ax2 ~. ~. ~ 3fCrnT(1JlT ~ ~ d1ci~1t:fi1 m 
+ bx+ c, {a± b)

3
, a

3± b3 
ij I +'t :if! 6(a' CfT ~ CfT ~ 'CJ1frlT • ~ 'Cl(Vll!<K'I ~ 

~ a4 + az b2 + b 4 ~ ax2 +bx+ c, (a± b)3
, a3±b3 

~ ij 4flt:fi(Olij kti'Cfr 
~'(6\qt:fil ~~after cre:rr a4 + a2b2 + b4 '~<He1q t:fil ~ OlllCl61fit:fi ij+'t'('lll6'(6' 

~ arl'i Oll <>=:Ji (f)ij +:q) ~after ~Oll3'11t:fi6'(6'f.f)I ~ ~ fllijiilli! 

"·"~ 'Cl(Vll!C'.Rl ~ ~ ij+'tlqqct(f) '(' ~ " ~ ij '11(f)(016(a' 

ij '1')1 t:fi(OI (Simultaneous ij+'tlqqtlfijkli'tft ij+'t'('lll6'(6' ~ ful:f '(' ~ ij+'tlWf 

Linear Equations) 'G'IT SI It '1l 'd < Pc.ftl iii I c ™'1 'h ~ ~ SI f.:ti <U *l lfr1ii lfi'f 
~ ij+'t'('lll6'(6'*l ~ ij+'tlWf lfi'f ('1411\3'1 Cl)~ CfT qfiql'11'11 

rnfft~1q"1 '(' ~ • ~"11('11!'tt1 ~~ "(f)flf ~ 

fcritf) ijflit:fi(016'(6'ij+:Gl4f OlllCl61f<tf'i • tlldl(Cfit:fil ~4+'t6'(6'*l 

".~ 3ITm'(' ~ ~ ij+'t'('lll6'(6'('11{ 41fbl8'4 Cll¥1+11 'CJ1frlT '(' fll ij ij kl rtfr 
tU(1 l(Cfiij kl 41 oqiRi lfi'f ~ ~ ij I +'t Qlg(a' ~ 

~ ') CfT ~ CfT ~ 'CJ1frlT ~ aTI\i Oll <>=:Ji tf'i6 '(6\q;) ij+'t'('lll6'(6' I ij(~ICfi(OI 
gfflfiqlq'1 '(' ~ ~ ') 1yif ij <~I t:fi< 01 

d!Cltll(Ollijfi;d ~ lfi'f ij+l'('ll 16'(6'*l ij +'t lf.11'1 

('1411\3'1, ~:~~after ~+'tdl*l lfr1ii m I 

ij(<!Al*l ~l41lfi~ 5 '(' ~ 1 Q 

~ '81- ~ ij (teQ 16 '(6\ 1Tfil 

('1411\316l~ ~ ij+'t'('lll(Vll{ 

ij'1')(f)(016'(6' x + y = 5 ~ x -y = 1 

~ ~ oqiRi ~ ij +'t lfM lfi'f 
~411\3'1 I 
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iii '¥1 ltl:t" '1"'41f'i'1 \."'414_+"1 
'Ii'.'". ~n f'I '4 '4 'I «t'lil f'il «lfti +<'I ijA411'1<1 ~ ijiifl+<"I ~'41+..lq +1~oz1 

~ {t.+ 'i'.) 
~.~. ~l&ldl ~ '(" ~ stfiilll1*>1 ~ ~¥ITTT qw (VI 411 \3 '1 

.~~ ™1Cfi(VI ~ '(" ~ ~ ~ 

Ml~ll'<"~, ~ lTit (1~11\3~ • ~, ~ atl~Glli! 

~l&ldl ~) • ct>!ITT+IT ~ ~o::u~fa<S1*1 ~ ~~~1~a 

·~amrR"~ fci:iTc mT tlH'l(Vll~ dl~~1*)(01 lTit ~ i!'1I6 <61*1 ~ Cf>flf 
31C4Si(Uli ffi e:'ll~Glli! ~ ~, \3'€11"S*1 llitffi~ 

(m~, ll 1 ~* m~, ~' iffr til~f<t:t*1 ~ '(" ~l&ldl qw (1~11\3~ 

qf<o11+i, ~ m, ~' ::a'€11"S*1 cfii(11C4i! m ~-iii*t\<61 qw Cf>~, q~ 41 \ii '11 Cf>l"lt 

q1<~f<1*>~~) ffi ~ lfi=f (VI~ 11 ::a rt '\il'mT err~~ 

.~~ fiilll1*>(VllqG11i! air.ilifi.Jla a~1(q;*1 

~' ~' ~ ('{f3CT +IBf 

~) '(" ~~hl<a+at'tft 'a+iflll6<61 

'a+iltlM lTit (1411\3"' 

•atTiiftn'frqaj'? ~~*'*' 
~ ~ ~ ? sl'S'a{'tl~ 

41s1J~1 *' *' ~ ~ 
~ ? m '\il'mT SI~ '16("'*1 

~1~a \3tj(6<61*1 ~ lTit '<" 

m~ 'llfef;;f lfi:f (1411 \3 ri '\il'mT 

fiilll1*>t11q TrtT ~1&1a1*1 ~ 

'<" at<aAiC4 ~ '<" f'.:t~'€1a ~c111*1 

fiilll1*>(11q ~ ~ 

#~*1 \J11'11*>1fi ~ 

• t\t ~ ~ 'ltCf> ~41.~q>I 



iii '¥1 ltl:t" '1"'41f'i'1 \."'414_+"1 
'Ii'.'". ~n f'I '4 '4 'I «t'lil f'il «lfti +<'I ijA411'1<1 ~ ijiifl+<"I ~'41+..lq +1~oz1 

~ {t.+ 'i'.) 
~~leff('ll~ Q/.Mfu< ~ ~ "<" 

~ :ei.6*1 ~~ 31q,1f~H 

61~ij('ll~ ~ ~Pll\i;i ~ ~ 

~ ~ fcchc TR t•Ml\i~ ~ 

~ ammm i'f1fIT ~ ~ 
€1l'11Ei~ij+4<tft QtNi('I ~ 

• ~ ~l~ij('ll~ fi1~'€1a qcq; ~ 
~ ~ qcq; ~ '1fu\ill{11~ 

fcchc 1fi:f l."Hll'3rt "<" 61~ij+il ~ 

31~5~*'~~ 

l11'AT ll'fr ~ TR I."!~ 11 a~ I 

~ f.;;i c,;) 01flidl • ~q,101~dlll 31'iq1<15~cffl • :e11$101 ~ :e~'Sfq,101 fl;rt • ~q,101~a')lll c; 

iWnmo11 ~' amif<" ~ ~ 3Mf.ll<Ull*I 311q1a5("\q,1 

-~~ ~ f.;;i *' 01fli dill 31141a5~ 3l«<i I <Oii ij '°4 'tft ~ 
f.;;iq,101flidlll ~(Oo, ~ : sine, cosine "<" tangent ~~ 

30°, 45°, 60° I 90°) 311q1ae:~ qffi' 1."1~11'3'1 {1411\i~ • IRllTllalll ~c:11e; 
• f.:1q,101 Tli a')l ll 311q1a5~ • lf£11Tlldlll ~fuGlll! ~ q,1015~ ~ *'UIE**I 

(sine, cosine"<" tangent) ~ : 0°, 30°, 45°, 60°~ 90° '*f f.;;iq,101flialll at1q1ae:~ 

CJil" ~ ~$101~a')lll 31141ae:~q-a1 ii1411\i'1 qffi' {1411 \i '1 ~ 

('1411\i;i -~~ 
• ~ *'01e:~441 <e+4f.:tla f.;;iq,101flialll at1q1ae:(i' 

<e11$101 ~\il*I '¢3ftcr ~1:111e:~q,1 :ef41f<.'ta :e +i fll le:~ 

'if['q" ~ ~ ~ qffi' ii1411'3;i, <e+ilalif TR ~ I 

~ ~ "<" ~ 'if['q" ~ 



iii '¥1 ltl:t" 
'1"'41f'i'1 \."'414_+"1 

'Ii'.'". ~n f'I '4 '4 'I «t'lil f'il «lfti +<'I ijA411'1d ~ ijiifl+<"I ~'41+..lq +1~oz1 
~ {t.+ v.) 

~ ~1;1116(e'~ rrrq 'lffi ('1411\30l 

~ ~~01fli<flll dl'l41d4•1 

ij k4 ~ ij +H4 I 6(e' ij +11 mo:r lT<f 
('1411\30l I 

'ifAn' ,,0 

Cll 'Jlit '"' <1 ijWUfli!d ~ '18ifl+<ol 
'Ii'.~. ~'" Pil'4'4il«t¥1 f'l<t<ld'l+<11 !&'*Uf'i'1 \."'414_+"1 ~ +1lft4oz1 

ftli'41+illq 
{t.+ v.) 

9. 9 ij'i66'l6~ ij·~ll;ll '1, q;-~1~61+i1~1f'f ~err qf'<~l\;11'11 ~ ~ ~ 9. ~ • • r~ 

gfu'4);1M, ~ < m 1f'f ~ err ¥ 1f'f ~ lTfr ~ \Jflq"1C'.f)I ij+iflll~ 

~ fill <u 6(e' err¥ 1f'f "14<1:ail ~~ ii "1 fq =:t +i I 1rn!Cf lTfr ozm9ZIT, 

~ ~ <fr-.f ~ ~ mt ii '1fq =:t +i I 1rn!Cf ft4~~1:101 < ~ ij+il'ITT'l 

ij'i6ij+:iiC'.f)I ~ lT<f ~ ~ 3ITTITT"+iT ij 'i6 C'.f)I 4 1~((~ 'llR=l~e>'1 'll~~ 

" r. 4~11;111, 'llR-1~'1, ~ < ~ +i~l(r:fi"1 ~I '111Cl"1C'.f)I Bqlct61<ct> 

ij +i fll 16 (e\~ 'lffi tvt 411 \3 '"I ~ f.li <i I Cf>('I 14 1RT{ 

~ (il'1~=:t~ <frif ij'i6ij+:iiC'.f)I ij'i6C'.f)I 

'll4i•lij~rj) ftJn <i 16 (e'4 • 1 ij kt f.:tra" oq I Cl 61 f< ct> 

ij+i~l6~ ~ lT<f ~Pll\3~ I 

dl(r:fi•lfOld ~- 9 ~ Cii!U\if mf.11(01 &lil\it~ afC{f.il(UllCf>I ~a~~~ ~. • • ~c; 

(~ Glfl+rr ~ 3ITTITT"+iT ~ ;q 11;11 r.j?) @M qi Ci1 &lll\itijk44 oq1c@f'<ct> 

qqij+:q, 311ifql~C'.f) 1RT{ ff! .,"lt;(e' ~ ~ < ij+iflll6(e'~ 4fii'ii11'1, 

~ ~ q~ij++1 < dl~(ij+:a;i?Cl" ~ ~ fit~Ci'i < ~ 'llf.lilll~i 
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(t.+ v.) 
~+ii~*~ ci ~1~1ll+il ~'*'11~<1 ~ +Jrq'if 1fif qi~ qr • 
qq~"'+i) ~6f.f)I~, ~ ~~ 3f"1 ~ ~ qr qf<~l\11'11 qiflf 

'·' ~(~ 'Ei f\!116 (Pi~ €1 %3 ~ ~ I '11 r¥I ~ 

'· ~ ~ ( filfrt+ill ~ 31ctfillr¥1 ~(4>€1'"1 ( <1ffikl4r • ~ ( ~l~~+:&lrtfr ~+i~l6<6' 
'&'I 'ii {WI 1Rl't ~ ff4 I \ii~ +:&141" ~+ilt.11'"1 ~qi~ qr 

C41ct61f'<f.f) ~+i~l6<6' ~+il@'f 1fif ~~ 
{1411\d~ I • ~ql{'!Cf>l fcl~ctf.f)I ~ 

• rc.~u4fo1~ ~ *14i{'tllifllc awA1 ~~16<E''441r¥1 ~ iilfi=l+ill 
~ <ftif ~ '11 '1 ~(@Oil ~ ~~ 
llft tiHI {WI I ~ "4JT'ii"lIT ~ 1fif ~+i~l6(PS'€11~ ~ ~ 
€1411\d~ ( ~ '&'t'ii{'t 1Rl't 1fif ~ fCi .,"15 (PS'~ :q r¥I 
'11'1~(&:11+il ~ ~ ( ~ ~'fif~I 
~ ~ 1fif {'1411\d~ ~ 

fiilllf.f){Wljq ~ <'tffiklrtfr 

C41ct61f'<f.f) ~+i~l6<6' ~ 1fif 
{1411\d~ I ~ q~~ 

'11'14101'11311~1<r¥1 \il'1~h('9lll 

~ ( fi:tfl! :q <1 "«lflr ~ 

awAT ~ \11'"1~(~1f.f)I ~ 

~ ~1'1~(@ql ~ {'1411'3'1 
' ~ .. €1411\d'jl~i'«_ ( \il'"1~(@ql~41 

~ 1fif {¥1411\d'jl~'I'«_ I 

• ~ lll<'tllll<'tf.f)I ~lt.1'"16<6', 

~~'1~ ~l+i~6~ ~ ~ 
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(t.+ v.) 
~+i4qfQ ~ ~ $1~~+4Ttfl 

~+i~IS(ii\ fi Tf'f lil~ll\3Tl ~ 

f.;ri 41 qii•uq ~ rj ~Al Ttfr 
Clllct61f'<4i ~+i~l6¥ ~ Tf'f 
('Hll\3Tl 

• ~ ~ ~<q;~1c 'll4il~m ~ 
~ ~ 4i(jl6¥*l Ti:tf.1+i4 

~ ~ ~ +il~+i~lc ~ 

lliT ~Aj~rj ~ ~ ~ 3lrlf 

~~14~1*l ~f.1+i4 ~ 'Cf"ffi" ~ 

~ 1A" ~ fii414it>M~lc 

~"(" ~f.1+i4 ~ 

31Cltff<Oll~A!rrrft W't4ilit ~ 

• ~ ~f.1+i4 ~ ~+4f.:w ~ 
'11".llct'14il ~1fafi:tfu6¥+il ~ 

<e'~lt:¥1R q>fl1~'1 ~ "(" ~ 

'1l'4iT err "f.ITCJ ~ 31 ct~ I *l 

fc.~~1:401 1A" ~ ~+i~l6(ii\*l 

~ Tf'f lil~ll\3Tl I 

l ~ i41l1fa l~ ~+i*lofl4 • ~ ~~+i4>1 fq<1il1:S6¥ ~ • ~ "(" Cj"1f 3frnR ~ ~c; 

flrn 111 :s *l ~ <i 6 *l lliT fa'1':116¥4>1 afrnR, ~ ~ fq <1111 :s err ~after ~ 
~ "(" 3fT1«fii (ct"ii" ~) < ~ ~<it:*l q~•ct1'1 ct«pi¥~1c ~ ~ 
(~ "(" Cj"1f 3frnR ~I ~ "(" Cj"1f amIT{ ~ ~~~err 

~) fq<1~:s*l ~ ~ 3114<1'14>1 3114 <1'1~ ~ Ttfr oq I ett:lft4> 
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(t.+ v.) 
l~ arirlrr ~after m <e+iflll'Ei(e' ~ 1Ff ('lill\3~ ~ <e+iltll'1 -R fuq 

q «l'Ei <"'1!41 i! ~ • ~after 6l<eCl«J>'Ei<"' (~: ~ q"ft!ffOf Ti« 
~m ( Cfdl$1< flHlf'1~, 'El'Tf ( iij4jf$1< • ~ m Cffi'! err 
q «l'Ei '(6ct?i <e rj 'Ei ct?! flHlf'1~ ~) GfTG ~ ~ \ill I f'1 di lf 311 iEfi I < 'Ei '(6ef)I 

~ ( 3JTlf"rji'f m ci«J>'Ei<"' (~: ~H111Efi('l+i, (Geometrical shapes)~ 

l~ ~ m Cffi'! trAT (<U(ifl ~) 'ct?i" ~ 1lfr \Al1l411!41i! ~J 

err \ill I~ di lf i'a'1"1'Ei<"'ct?I <ect'Eict?I ~ ( (lll(ifl(1411lfrj ~ 

dll etil'<'Ei<"'etil di l lf ct '1 <e kf "tfr <e +i fll 1 'Ei <"' ~ ~ f.:i +if 01 <e kl "tfr '(1'lTl'rj" 

(Geometrical 1Ff ('lill\3~ 31'j)+i I '1 iEfi I <e +i fll 1 'Ei (e' 

shapes)~ • ~~,~err~ <e+iiQl'1 1Ff ~I 
g 4l 4 I 1!41 i! '(1'lTl'rj" 1Pfr1T 1lfr ~ lll"liil'1441 'ekf~ 

di 'j)+U '1 <e kf "tfr ~ m Cffi'! err \ilf1f'1~"14 

<e +i fll 1 'Ei (e\ 3111Efil<'Ei<"'etil (Geometrical shapes) 

~ gqj411!41C:: ~, 

(l11($1(1411lfrj ~ ~ 

f.:i +if o I +i I '(1'lTl'rj" 31 'l+i I '1 <e kf ?Qi 
<e+iflll('ll~ ~ '&(1'h('I ~ 

<e+ilal'1 lFf ('lilt\3~ I 

"· 
~ ~ e:tl\11il "'le1 ¥.9~(~ • ~ 4 I fll 1 di lf ~~ \ill I f'1 ~"I ll • ~ 41fllldllf ~~ ~~ 

(Sequenceand 31'li'9+i'Ei<"' ( ~ lW'l+il'Ei<"' ( \ill I f'1 di lf 31 'iii +i 'Ei <"' ( 
Series) £fHl'h('I f.:ietil~ dllCl~ll* ~ ~ "> lW'l+il'Ei(e' ( l1141'h('I 

- ~ " 3f(*" 41 lll~llf ~ ~ ~<1 'Ei<"'ct?I ~ 1lfr ~ (1411\3~ "iEfi"&ll ~ ( 

( ~ (l1fll+U'1'Ei'(6 ~ 'ekf~rj \3~16<016<"' ~ ~ 31iil~l4'1 Ti« 
( 4l41'h~) ~('!'h(ii ~ ~ <e+ilm<"r 1Ff • q1f" <e~14<0I <e+ilal'1 
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(t.+ v.) 
- liql~dll4 ~ "{ i'l•ll\3~ ~ fii l4 I('! +41 rtfr ~!ITT ~ "{ 

~ "'ltll"'ll'16(ii' "{ • ct1f ('14) r:M o I('! +41 itfl &I I'~ 61 f{ Cfi ~ ~ 31i.ilt'llcti'1 lf« 
~ q ~ai(ii'i$1 ('1"'1~16(1'\i'll~ •1fb1all4 Clliflltfil • ~ f\1"16(ii'i$1 ~(~Cfi(UI 
l4l•l<{lt't ~ ~ ~ ~ lf;:f" i'1•11'3~ "{ €11<:11(Cfi'i'R1 ~ 

¥.~ qif ~i1'>1Cfi(Oli$1 ~ • ~ ~ lITTA"'liillC: ('!".~ • ~4)Cf)(OI ~ ~filllli¥1 

(({lUlitfi(OI, ct1f 1i<T +r.~.'i$1" '!'Hli.ilt'llcti'1 ~ ~ trfr&TUT lf« 
lR "<" ~ 11litrT f\1'""16(ii' ~ ~ tf!\i1•1f01dll4 
~fuGllC: ~) ('1"'1~16(ii\i¥1 ('l(~"itfi(UI 1'f.t i'l•ll\3~ 

¥.~ ~ fli"16(ii'li$1 • €11<:11(Cfictil ~l4"'15(ii'i$1 ':{'1(i.ilt'llcti'1 
~(t'l'>ltfi(OI (~ ~ etlT ~i1'>1Cfi(Oltfil ~ 
~ f\1'""1('1++i) 311'3 ~ ('i++t Cfil €11 <:11 (Cfi'i'R'I ~ 

¥. ~ €11 <:11(Cfi'i'R1 ('!Ji'>ltfi(Ole\(ii' ~ 1'f.t i'!•ll\3~ I 

~'1'>1Cfi(UI 

(Exponential 
Equation) 

~. liq 111ifa ~.<\.~<~ • ~ ~ err mftr err ~ • ('1"'11'11"'('1( ~ "{ ~ ~t; 

~ 11litrT Tfft ~ amm "{ ~ ~"l<{li'l~•I ~ 

·~ amiR<~ ('1"'11'11~H ~~16(1'\~"'l ~ ~"'1~16(ii' ~"'ll'Cll'1 lf;:f" 

~"'11'11"*1( ~<?Al6(ii'~T.I ('1"'11'11"*1( T.tg;4\i16(ii'li$1 ~ 

~ ~"'11'11"*1( ~"l<{ii'1~T.ti¥1 ~, ~"'11'11"*1( • (I~ <Rt i¥I 11litrT Tift ~ 
~. ~1j\i16(ii' ~ "{ l141j\il i¥I ~"I qii'jfcsi'CI i¥I ~~~a~ 
a~ ~+U'11"'d( ~ ~ ~ ~\i16(ii'i$1 "'lg;4\i16(ii'i$1 ~ lf;:f" 
< ~\i16(ii'~l ~"I qii'j~'CI i¥I ~Kl~i'll~ &lfc'~'Pl<:1 ~ 'A~la.;1 tt_~l~c.t>., 
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(t.+ v.) 
fi1'f:4qJ('tr:6) ~ en ij I "l!"~* ~ ~ ~ 1"f .m-
( ~ 'li:I fr<1 efl "\PITOT) ('1411\3;-i < <'1ffikil4 'e"l'('lllfl(ii\ 

• ~ r ij+il'11t=a< ij+ila-A" 1"f ('1411\3~ • ~ ~ qi)ur "{ qftftl 

~ • ~ 4c:t;_41\3~ (origami)~ *101s(ii\*1 ~ gl(l411'"'* 
4'?1 qJ('t ~ kil'ffr ~ ll I * ('t 14 Cll 12 'qJ"(Cf> 'qJ"(Cf> ~~1"f~m 
ij +i '('ll I S(ii\ dllefll(efll ~ ~ ij+ilrtlt=a< ~ 31iilt'1lefl'1 .m-

~. ~. 'iif<Tiif(" ~ ~ '"H:f4\ll6(iil ~ ~'11 *1 ~ *101s(ii\
1 
~ • 

~<~ ~ dllfU<+il ~qr ij+il'11r('1( 
~~ 

'("CGU 'i:Hj;4'11 efll fit ef>Of efll ma 1<+i1 ~ <e +i'('ll I e\(ii\*1 'e+i IITT't ~ 

-~~~ 
~?jqJ('tr:6) ~ ~ 1"f ~ q;~en~~ 

~3tlc:r ij +i I '11 ;:a ( dct"tkit4 'e"l'('llle\(ii\ ~"llt.11'1 1"f 

~ '("CGU 
~411 \3;-i 

~" ... ~ 
-~~~ • 'i4 I +1 ci i l4 ar1 \11 m: ¥ en en 

~1!'11 *' '("CGU 
~ gZjl41Clll2 ~ ~ ~ 

-~~eR ~ ~ ~ '("CGU .m-
"' ~ ~ '("CGU 1"f ~ ~ 'e+11'11t=a< ~ "{ 

~ '("CGU 
1"f ~411\3~ 

-~~({*1 ~ • q~Zjl\11'11 cpflf ~ ~ ~ 

~~~ ~ 1ffr ~ ~ qi)ur, qftftl 

p.;.1!'11 *' '("CGU 
qi)ur < -at qi)ur q ~~~a ~ 

'"114Pi1"'1*1 ~ ~ "{ ~ 
~.~. ~ 1fif" ~411\3~ I 
·~~qi)ur, 

~" ... ~ 
qftftl qi)ur "{ -at rituT • 'i4 I~ +1 ci i l4 ar1 \111 < e: (ii\ en en 
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(t.+ v.) 
.~,~"{ q1n•qf'<qi ~ ~ "{ ~ :a +uwt 1f<f ~ 
~ <a+1~16'(1'1 ti C:'1 I~ 31CIQ I <(Oii eJll 3ll'CITT+IT • Yit"'ll'd<eJll +ITT4+1ClllC: 

(m blC::'11+U ~ ~ ~~~1ffr <aA:ilClldleJll ~ "{ 

"{ ~ t1c::'11+i1 m d~kl<tfr ClllCIEilf'<eJl ~1+1~16('1:\ ~ blC::'11Ei('i:\ W!:"41'3'1 
<"I 6 :a Al ;rr;f) :a +11 wt 1f<f t1 ~ 11 '3 ;i ~ 

• ~ ~ 'h,lli~I "{ ~ ~ • ~"T1r<f~"{ 
~ 3f~ ~ 'C£l1rk dl<aClllC:: -;&i P€i ~ ~ VllTlr 1ffr 
~ tfflT ~ "{ ~<at11~ mtt 'E11 <a kl rtfr Cll I Cl 6 I fo•.f) 
~1(€)~ ~"{~ ~ ~ <a+i~l6'(1'1 'a+ilf.11'1 1f<f 
~ Y<a(~ICillC:: ~ "{ ~ ~I 

blC::'116(ii'~ W't'ht1 ~ 

• W4i I Cll<"l I~ "T1r<f ~ VllTlr 
1ffr ClllCl61f'<eJl <a+1~16'(1'1 'a'ilf.11'1 

1f<f t1~11:a;i 

• C{&1f-cl :;i ~ VllTlr 1ffr ~ "{ 
~ tlC::'116('1:\~ ~ ~ 

t1~11'3'1 t1~11'3;i I 

1.9. ~~ 0 1!11fa ·~"{¢(~ • ~ 61Jii41C:: ~~err~ • '3 "'1 d iitt "{ arcr;fu ~ c; 

~ 3fCfiifu ~ err 61Jii41C:: ~ ~ ro arnf m ~ 1ffr 3IC1~1*1 
'3"'1diltl ~ 'a+11~ltl ~016'(1'1eJll 3flQl'(+11 'd"'1diltl "{ lITT 
~) arcr;fu ~ 0 16('1:\~ ~ W't'ht1 • #11~'1")11112<~ '.P~l~l<akl<tfi 

~ fu"l "{ ~ ~ 51fl :a kl rtfr 

• ¥r~~~1oflfR ClllCl61~* <a+1~16'(1'1 
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(t.+ v.) 
CRT ~ ~"iCSllC: ~ ~ ~+Uwt ~ eJi~ qr 

~ ro ~ 'd"1(1i~I * 60° ~ qr qf<~i'11'11 qiflf 

g; ~ \3CR'f ~ ~ q"'ffi" ll"<f ~I 
t't ~ 11 'd ~ \iffi'IT ij +H:t:m; (':\ ~ 

"R"l I ~ .,1 ~ C:'( "Fft1r 1Tfr [ii i:l I t't ~ 
~~~,~~ 

~ ~ s:fl~~<tft C41i:@~ij) 

~+:i~I~~ ~ lT<f t't~ll'd~ I 

i(iiQ' ,,0 
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"·"· ~ ~~ ~lfbl"!~I V'ittf ~ ~"U~"I ~'1~111~ 

(Structured ~+lit.TR" 

problem • \A«jdlCf5<(UI "<(" W'!Cfl~ 
solving • ~"<"~ 
method) 

90. ~~ f'cllSllM«j~I~ ~ ~ ~~e;<(i\q>j lITT'4+1C!11i! ~1fb18izi • • 

+11W+1C!112: ~ Tffr tU<Ullel<(i\4~1 mm ~I~: 
~ ~+1<(i\q<11 a~ 31-:&qa1*1 ~ 

~ tRtT l'i~ll\3~ ~I 

~'>1111~1f01a+11 1'Ff tRtT l't~ll\3~ ~ 

~ 

99. ~~ • ~+1'E41r.r'I ~ • ~' 31(*~1f01a 31;:a~faq>1 ~ 

~ • ~~~~ fue:rur wf I 
~~lRR 

• ~~~wf 
~~11\3~ 

• ~ 

9,. fiil"lkW~ • +1f6<'1 % +r;:iqif CBrain • ~ a~ '€1<h!>*~I qulEi<(i\r.r'I ~ 

~~ storming) a~ g+ufb1a wf 
(constructive • q16~+ai4r 'i'.:ht1"1r.r'I • cim q~<(i\Cf51 fci:i'llSldlel<(i\ a~ 
learning qfi::q1"1 ~Al 'WM fue:rur wf 
method) 

• 3tra<~zi1t+1Cf5 m • ~~~wf 
(~£lf<R1Cf5 ~I ~ m, • ~ ~ '!"l<ii1~1Cf5"1 wf 
'A~'1l'd<) • ~a~ 311zia"l~+ai?Cfl ~ 

• 311Cl~llCf5dl~ ~ ~wf 
1RR • ::il(*~lfbldCf51 f'cllSlll'4«j fue:rur wf 

• ~ 3lRT"1" 1RR ~ 

• ~ 

9l ~ e; l°ll ~ 11 \+1 q> • ~~ • ~1f1J1aq;1 ~ ~ &bte:<(i\+11 ~ 

~Cf51~*1 ~ • ~+1'E41r.r'I ~ "<J1.l)1r wf ~ 

• ~ W'!Cfll'i, fq~;i\Sjol "<(" 

~ 

9¥. ~~ • ~~lli~ • ~ ~I ~ f4i~+1Cf51 ~ 
~(ij;i1'1, ~~;i\SjUj "<(" ~ l({~el<(i\, ~ ~ ~ fue:rur 

wf 1 



'ii'.~. rc.ftf rc.ftf ~ ~1fb1""' ~ ~ ~"''"'" "'"q"~ 
9Y... ~~ • mlllft :e &_r.flt'l"1 err finttur • lill I fli efl ll d Ul 6 (el 'll +i I fb1 <1 1lif 

• "'1'(01'Sl4 ~ :e1+i.ji6(61 • ~ fu&TUT 1Jii 
~ • at(Cf>41fb1a, ~ 41fb1aC¥1 ~ 

• ~' '&Wh(11 fcl~;i~o1 "{ fu&TUT 1Jii ~ 
~ 

9~. 'll~rihH ~ • fu~~,~~ ~~ ~ qf.f 41fblalll a1<011*1 • 
fu~J ~tff ~ ~ m ~ qfil'iii1'1 

~l!fffait 'iii +i I n'i'f "{ ~ 'd"'IT ~C¥1$*1 1~1(Cf>'1 
1Jii~,~:"~ 

~~ ... "~ 
at Cij '€ll I \11 i"'ll 'll ~ '16 (ii\ 1Jii 
~I 

• (APPLE Technique 

31q111'd'1 ~: 

A: Ask question in whole 

class 
P: Pause for a while 
P: Pick a student 

L: Listen answer carefully 
E: Evaluate) 

11fUIB ~ OlHCll61fiC¥ "{ 'll~l4111:'+1C¥ ~ ITT I ~ fcl~ll~I~ 'll~l4111:'+1C¥ ~ ~ ~lllC¥~1q 

'e~l~'1 lftT ~~ 41~1a')ill "filif, fu'tf ~l:fil\3'1 'el+i.ji*1 ~ 31qfi51q '& I +ITT4flil:fi ~ 

(Clilfil ~-90) '+iT 11fUIB ~l:fil$C¥1 m :aq~"l4~ *tT 'el+1.ji6(ii\~I~ ~ ~ i';i+"11'j):el< ~ 

41fiQ)*1 '& : 

'Ii'.~. n ~,flit. '"~flll\a 

9. ~ ~ ~ :e1+i1~s(el, 1il11f1:lra ~ m 

'· dt(Cf>41~1(1 ~(Cf>6(ii'+ii a:rr\11" ~ <~~el(ii\, ~ a+Hj)l:fi6(ii\
1 

\i'(ql~el(ii\ 1 
~(Cf>l:fii ~J ~' tffiftJ 2:fl.t!fil'1 ~ ~~6(ii\ 

l ~ aR, m, ~<T.fl1e:(ii\J f\Jt!41st1'{ ~ ~ ~ Cll~e:(ii\ 

('1~o:ji6(ii\), flR;"{ ~ 

"· st"'I \1141fb1 a m l:fi!'leel(ii\, ~~err~ dtllliilil:fi +iloa~6(ii\, ~ 41fbla')ill 

o:i~o:i1e:~, ~1q)i:lq<, 4~1q)1S11~ m 
Y,.. lill I lli Fct ~ ai'lt, ~, m, ~<T.fli6(ii\, f\1t~11S11J, Cli&11*161+i1 m 

~ =e1+i.ji6(ii\, tJiliT "{ f€1'16(ii\, ~~I~ ~I~ 

~.~~m 
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!)*  dfWolds lzIff kf7\oj|md, @)&*  

-O_ k|of]ufTds sfo{÷kl/of]hgf sfo{ 

k|To]s ljBfyL{n] kf7\oj|md / kf7\ok':tsdf ePsf ;a} ljifoj:t'sf] If]qcGtu{t ;dfj]z ePsf 
k|of]ufTds sfo{÷kl/of]hgf sfo{ ug'{kg]{ 5 . ljBfyL{n] u/]sf k|To]s k|of]ufTds sfo{÷kl/of]hgf 
sfo{sf] ;~rfng, k|:t'tLs/0f / clen]vLs/0f ug'{kg]{ 5 .  

k|of]ufTds sfo{÷kl/of]hgf sfo{sf] d"Nofª\sgsf cfwf/x¿ 

j|m=;= sfo{ ljj/0f cfwf/ cª\s 

!= 
k|of]ufTds 
sfo{÷kl/of]hgf sfo{ 

k|of]ufTds sfo{÷kl/of]hgf sfo{ ;~rfng / 
sfo{;Dkfbg  

!)  

k|:t'tLs/0f / clen]vLs/0f ^ 

 

-v_ clGtd÷afx\o k/LIff 

lg0f{ofTds d"Nofª\sgdf afx\o k/LIffsf] ef/ &% k|ltzt x'g] 5 . k|To]s k/LIffdf k|Zg ;f]Wbf 
z}lIfs ;qsf] ;'?b]lv k9fO ePsf ;a} kf7x¿af6 ;d]l6g] u/L k|Zg ;f]Wg''kg]{ 5 . k|Zgkq lgdf{0f 
ubf{ kf7\oj|md ljsf; s]Gb|n] tof/ u/]sf] ljlzi6Ls/0f tflnsfnfO{ cfwf/ dfgL lgdf{0f ug'{k5{ . 
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~ t:fl'iT{ ~ ;aq'lflfl (~ ') t:fl'iT{ ~ ;aq'lflQ' (~ ,o) 

~ *' 1f.:t Cf) 'l. ~ *1 I f.:t Cf' 'I. 'I ~*llf.:tCf' ~ "{ ~*11'1Cf'I 'I. ~ *' 1f.:t Cf) 'I. 'I ~ *1 I f.:t Cf' iW'l ll '1 +i I ~ 'i:R 

~ ~ iflst6(ii\q;) ~ ~ 1.fr ~Sl6~+il ~ (independent variable), anf'-«i 'i:R 

~ 31Clij<s~~ ~ TR (dependent variable) "{ fitttf.::llltt 'i:R 

'I.~ ~(!"'fl ~ ~ll{Cf'I (control variable) q~"CI I '1 TR "{ ~ 
~ (!"'fl 'i:J><1"'1~'>16~~ 'i:R f.1tt?.t01 q;) ~ Gira TR 
~~TR 'I.~ 3tlf.ll(~ "{ ~ l{Cf'l~6~"CI ~ 

'I.~ ~ *1 l'1 Cf'I Sl 4l • 11 i:+i Cf' ~ ~ (R~l\3'1 

~~ :aq1tts~ 31'4{1~'1 TR 'I.~ ~ l{Cf'l'S+il ~ 3ITTU<1id 

'I.¥ +i I q'14'1 I ~*11f.1 Cf' ij(i.f>a '1 (Scientific Q;Cf' I ~6 (ii\ '!ffil ('1411 '3 '1 

notation), ~ ;aq~4f6~ (Metric '!.¥ ~ '> ~ '1 I Cf)(OI +i I Q;Cf'I ~41 a l{Cf)~q a I 

prefixes), "'\"'I a +i 'ff'tf (least count) "{ (homogeneity) ~ ~ ~ 

31"'*1 ~a ~ 1l"llllT 311~1(~ Q;Cf'l~6(ii\q;) 1l"llllT TR I 

TR I 

~ ~. ij'if!Cls~~ ~.'! \iflq6~~ ~ '1i+ilCfi(Oj ~ ~. ~'if!Cls~~ ~.'! ~ ~ ~~ Cl'1~R1 ~ 
~ qlOCf'(OI (binomial system of nomenclature) q/OCfi(OI "{ ~ \il4k(*1 ql0Cf)(OI mT ~111'1 

~ ~ ~ "{ ~ 311f.11<4'11 err Cfil'S{'fl+iCf'I fitilblals(6 :ac::1s<o1~~a 

\if! Cl 6 (ii'~ ~ *1 I f.:t Cf' "'1'Tlf ~ mTR 
~.~ 'l11'Tfu (Genus) "{ ~ (species) ~.~ ~ QOfT;it~fl~4~ 'iif4f (class) 

~ q~"11~a TR ~ qlfl(f)(Oj ml" q4f6~f<i4"CI ~TR 

~.~ ~ ~ ~~ 111~Cl6(r"~ ~.~ ~ Cfil~(Vl+i ~~~elq;) 'iif4f (class) ~ 

qlfl(f)(Ui4il ~ ~ 1IT'f qlif(f)(OI ml" q4f6(r"fil"CI ~ TR 
~.¥ ~, ~1~~1 "{ ~ lij41((_~(r"~ ~.¥ '> ., ff "' ~ ~ 111IC16~4il q4 Cfi(Olij41 i}i+i CiCf'i~ I 

~~1bla1s(r" m TR 1 ~ Oll119!IT TR I 
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~~q~ ~ ~ ~q~fRT (~ ') ~ ~ ~q\iitfiff (~ ,o) 

~.¥ ~(1 I ft!~ ti < C(1 I ft!~ ti q)) ~.~ ~~(gq)) ~ ~ d1Ciflf.14il 

31~1(011 ~ tfTrf I ~ m ~ ~ ~ >iflci'1+11 

~~1l'fl 

c;. 'lf?.ir c;.9 ~ ~, Ma'« ~ "{ c;. ~ c;.9 ~ q1#C.vtq)) f:fzr+r ~' ~ 

~~~,llfu~ 1Ff "{ ~ '11"1Ci'1+il ~ ~ 

< ci;rf~ ~ ~ tfTrf ~ 1Ff 
c;.' ~ ~, Ma'« ~ ( c;., ~ ( ~4i~+il ~ ~ ·~n:4:q1qq)) 

~~~,llfu~ ~~ 

< Clirf&1+i<"tl~+:ci44r 41f01~"1~ ~ c;.~ ot11¥fl1~111q)) ~ ~I ~ 
~+HtM 1Ff 1Ff ( ~ '11"1Ci'1+il ~ ~41'"<14il 

c;. ~ ~~~~I ;aq4j~1e;~ ~ 1Ff I 

~.~ ~.9 ~~~~~ ~.aT'T ~ ~.9 m ~, ('ljqijiJi "{ ~ ~ 

OlflW 1Ff ~ 

~., m"lf ~ siflllfurt;) ~ ~ "{ ~., a:jul{l'(':'q)) ~ < ~ 3114(1'1+11 

~ amnfta ~l+il~ ~ a:fW Ol:ITT§qT 1Ff (f!lff ~ 
\3 q *< 01 g~q)) f.r+{fur 1Ff dl'ftltll(UI ~ (Anomalous expansion) 

~.~ ~ Sl*l<q)) ~ ~'1q)) ~~~1Ff 

~,~m1Ff ~.~ ~ ~ ~ ~+i('llq)) 

~. ¥ ~ < 'Cl1!i'r 1'll'hr ~ ~ ~ ~ < ~+:ci4f.t.IB ~ 41fl>l~'>I~ 

~(~1l'f ~~1Ff 

~.!I. ~qli1+il m '3'1111f*I ~~M~ ~.¥ ~n:mu1 ~ "l+iiilic<, ~f'11ci.1 

~l<"tEl~ qfi':'€11'1 "{ flil*l~*I f.tC.1 f'1 *i.1 "I +iifli c< "{ "<~ ({~ '1 

~~1l'fl t1+fff'ic<i!i~*' ~14~41'"<1*' ~ 
m 1Ff ('{!lff ma I (UI ti +iifli a<*' 

ifll I fl>t ~ ~ '1 q)) fcl'fu SI 4'1 ~ l@:F<I ~ 

1Ff I 
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~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq I lfi" I q ~ t.fOCr 

~ • ~ ~ ~#tlf'i14' q4~ij+<ij<tft ~. ~ f4it>1lm+i ~. 

<t.~.~ ~ ;aqij~fE\(ii\ #11'1~1~ 'j)'1i:1f'1P~ ~ ~00 f4it>1lfl1i!< cm, cio 

-~ • r;..*11'1~ 3lfu ~~ 3lfu ~ +ii~'*lfl1e;( ~ ~1fu!r.tJ 

- ~'i:j~('j ~ ;aq~~fE\(ii\ ct«Iij U1 *' ~ lf.f ~ ~) 

(~ '(" symbol): m lde<IE\(DI '(" Qi'llfi~cilli! Cifm • ~ ~ ;aqr.tJ(Uliilii! 

(T), flTm (G), ~ (M), ~ 11f't(f llif ~ least count 

~ (k), ~ (d), ~. • r;..*11'1+11 ~ ijl'11~f{cj ~ ~ ~~ 

(c), ~ (m), ~ 
ij(~IE\(ii\r¥1 ~ ~ ~ ~ • ~ 1fA ~ T[zj-

~ ~ (f~ m-'11 ij(~l(11~ 31 l'H4 i'.fJ <=y;'1 d +i rrrq ~ 
(µ), ff (n), '(" fqqfy ~ ~#tlf.14' ·~h(ii>('1'1 ~ Tft ~ 'Clfr&TUT m 
(p) ~~~~~ • m-'11 m-'11 q f< +1 I u I E\ (ii' "1'ft'l 

<t.~. ~ <=y;'1d+i ~ -least ij(~l~i~ ~#tlf.14' ij(ii>('1'1 lf.f ~I 
count) ~~i'.fJl\d~'("~~ 

-~ (,g~+1(1li~i ~ ~ ~ 

-~'("~ ~ C{\di!l+U~ ~ ~ ~ 

<t.~.¥ aITTrn ~ f.:!Jl+1(11~ iifm ~) 
dllii4~'li'.fJdl • ~ (f~ m-'11 ij(~f(11' ~ 

(f~ ~ ~f\11(114'1 ~ 

f';j~i:j('j ~ (f~ ~(ii><'l~ 

~~~'("~ 

;aq~~f4'1 3T~ ~ ~ 

• m (T)= 10
12

. fum (G)= 10
9

, 

~ (M)= 10
6
, ~ (k)= 1000, 

~ (d)= 
1
/10, ~. 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

1 ~ 1 (c)= /ioo . (m)= /iooo, 
~ -6 1'T'ifT -9 (µ)=10 · . (n)= 10 

"{ I ~. (p)= 10-12 

• ~$tlf.:tq> 3W:P"l"1+il ""!"1<1+i ~ 

~ @lt1'ht1 ~ 0-¥:11 ~ 

Cf>fCr ~ ""!"1 a +i ifrCf at I'!!~ zi * 
~ ~ ~ q~+il'll+il ~ ~ 

'<1'l2f 13~1~<UF~1~<1 ~ ~ 

(~ +ilf.:t~qi) ~ ¥ ~ 
Cflfcf;T ~{'Cf ~ ~ qfr~ 

~+ill+il fli~2*1 ~ ~ 

q;1<fl*1 +t1mi ~ fli~flia<c.til 

~~~~~~ 
Cildl'd~I f4>~°'1fii2<*1 +ITT!" ~) I 

• ~ ~ cB \jqq><UI ~ 

lJzj" ~ lfif ~ ~~"il~I 
n qf{+ilOit\11~ ~ \jqq)'(Olqi) 

least count ~ '<1'l2f ~ GR 

• cB qf.f if['q" ~ "<IllllT ~ 
13qq>'(a1*1 least count~ +JR 

~ ~ ¥ a~1~<01 m:rn 
~q)l\3~ (~ : ~ f.fir ~ 
~ ~4; .. ~~R1J feq~I'~ "<IllllT 
lJzj" 0. 01 ~ 4; .. ~ ~ ++1, fl1c:{ 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

;:JG:I S(OiS(ii\ • ~ 1r1"1cts(iKr:6) :e1411;::q '11+1S(ii\ lITT I 

~ fa '1l 6 (ii\iji'j ~it 1f.1 q; • qlffq;<a1q;1 ~ erns(ii\r:61 

'11+11q)(Oj TR \A~'llq)I cITT+rr schematic diagram iil'11C!\r:6' 

W't 'h ("I ~ binomial system ~ 31ci~1*11 m 
of nomenclature "r:6)- ~ ~ • q;-&lf+1T ~~111ffs(ii\r:61 
('1~11'3'1 ~ &1ii1t>1l*., m 

• ~ 1r1'lcts(ii\r:61 :a~1s<o1s(ii\ ~ • ~~ ~ \Alll411c:-+1q) 
Species '*1" cITT+rr Q("l 'h ("I ~ q;1 lfs(ii\r:61 "it"ll i~i'fi"I m 
< ttfhu~a lfif ('1411-a;?t 

• Species q4flq;<o1r:6) ~ 

~~Cfu:r~qR 

• Genus~ ~ lfif 
" TR :es\Jllq)(Oj 

• cWl 111->ltiiis(iKr:6) ~i11f.1q; rn+r 

Cij a 1 ~fa:~ ( 3ft=q" lift q 6 (ii\r:6) 

~it 1f.1q; rn+r ~ -q;flt ~ 

lfif ~ q)!ITT+fT ~ ('1411 :a~ ( 

W't'h("I -R 
• liflqt:(ii\r:6) qlflij;(Olall(! ~ ~ 

"<" 3llii1~~q;a1 ~ qq 

W't'h("I ~(~~~ 

-R 
• :e·:e1<+1i ~ ~itlf.1ij;6(ii\;i 

~ af<q;1;i 111->liil~**' 

q4flqi(Oj ~ ~S(ii\ ~ ~ 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq I lfi" I q ~ t.fOCr 

faTfl6(i\+1tA" qTTf ~ i!.l~'i'f4)<UI 

~~~~qfT{ 
~ f!.14'i'f4)<UI 'll011~"1!'.ffl ~ 

~ t1411\3'1 m~ ~ qfTf 

~ gu11~"1c:.ffl "tf&T mm 
~~lcffl61'11 ~ {1~11\3'1 

• Filt11efit11~ ~~mt 

~~~~ 

~ ~ ~'i~t'll~ <pf 
~ i!.l~'i'f4)<Uiif>i ~ ~ 

~~~~ 
fa '116 (i\cffl d1 l"tj < ~ k4 'ti ffi lf<f 
{1~11\3<'1 ~ ~ ~ irf ~ 

~ (pen in the middle) 

fiilllif>{'llq lf<f ~ ~'16cffl ~ 

\11"11{11~ ~ lf<f {1411\3~, 
• ~ \1141e(+U ~ \lflf!.16(i\cffl 

f-i;t~6(i\/+1'1~{16(i\ ~ ~ 
R " f. , a ., 1 e: (i\if> 1 ci4 ll ~ a 1 e; (i\ 'afdT\3""1" 

t1~11\3fi I ~ IJ141~+il ~ 

\lfli!.l 6(i\4)1 ~I~ ~ 

f'ci:!il~a1e:(i\*I ~ ~ ~ 

qR I ~di ra 4fd ~ 

f4i~+1*1 ;q1Ef<t:@(i\ ~ ~ 

~Tfli!i(i\'11 ~'lif>l~l41fc* ~ ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~ ~ ~ ~ si'IC1>1f<4lfc!C1> 

~~mlJ«FflA I 

~ ~~El'("\*l fciR;r+rr ~ 

~ SI fu zfl 4fH1 I l]";:f (1411 \3 ~I 

• ~~ '"4?.lliHI ~, 

~1\iffl~~+i "{ :Sl~Q)C:+i*l ~ 

~l~:Stl'("\ 31ct~iiif>"1 1RTt 
fu'1l6'("\q;) M ~ (1411\3~ I -41" 

\Jflq~* 'liltl~i ljj4je('11 tA ~ 
~ ~ I ~ \J141e(+11 tA ~ 
\JflqEl'("\Cf>j \3~1fi<Oitl'("\ lJ«Ff rR 
fu.,"IEi'("\Cf>i f'C1il~d1El'("\Cf>i eITT'm 
W'tlfl(VI ~ 

• ~ ~ zyiT ~ ofu"m 
cf;tr ~ 00 dlct("!1Cf>"1 1A 
qf<~1\i1"11 ~~I ~ 

\3~Q)c6l ~ ~ ~ (~) 

"c6l"m~"{~~ 

~ ~ I qf<~1'11'"11 ~ 

~ ~lffilrr lJ«Ff mt W1 Cfi (ii 

1A 

• Cfi"'1tl~Cf>I ~ \3~lt1<01 ~ 

(1411\3~ "{ fu '1l 6'("\Cf>I Pct:fl ISi dl6(E' 

qtJf';f l]";:f (1411 '3 ~ I ~ \11 41 e( +U 

tA ~ ~IC!Ei'("\+il ~1~fq:;twl 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

~ 1fif {WHll'3~ 
• ~ ~ g(4.,,M~ll('ll+:tl 'iXIT'3" 

"'31lA (1~11'3~ "{ ~ ~ 

~ ~ ~et"'l''li'.J)(OI TA 
• ~ ~ ~ 'iXIT'3" "{ 

~ ~1'3r.A '9lfIT ~qr 
m qr fllf~Fll e\('i:\ ~ 1ffr 
fu;fjg('i:\Cf)I ~ q~'ql'1 1f"f 
~ ~ 'iXIT'3" "{ ~ 'iXIT'3" 

qf{;-~1'1 1f"f ~TA fu~ "{ 
~~ ~ ~1'3ti!IC: 

+:tlf.:t~r.A~~~ 

~+U'ql(Cfil CflflS:S('i:\ ~~(J)(1'1 TA 
"{ ~ 11iT ~ q~$)(11i)1 ~ 

~l+:tl.;fle\('i:\ $lO~mol 1ft"{ ~ 

·~1'3r.A~~~ 
'q(OIS('i:\ ~ 11iT ~, ~ 
~ qr i:l l«lf'q Cfi tffi! ~ 
11iT at '*1 (f}J; "H TA 

• Cfi1J~1J+:11 qr Cf)q51+:11 ~ 

~qy~~mm-~ 

ll"ft ~ 'q(Ol(;('i:\ ~ ll"ft 
~1'3r.A~~~~ 

lTof (1~11'3~ I 
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~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq 1 lfi" I q ~ t.fOCr 

Cfii 45<"1 • ~lqtUTfi'{4Cfi 411(11Cf)) ~ $1MCSllC! 

- ~ ~ 1J1lITT4T ~ ~ ~ f.:lctii~ 3IB414'1 

(+i f.«"1 lSCfi "{ ~) ~~~,~~ 

- q~q, <(1 ~ 1J1lITT4T ~~ ll?.lil<I ~ ~ 

- fill 'iiUi{;t d ~ 1J1lITT4T 31 q ~1 Cfi '1 lf<Tt &fl<A ({Cf)) ~ 

- ~ 9011~.,ICfil ~fqil~ll(1 ~ ~ ~ ~ "{ 

$1 I 4 I 6 <"lfcit '€1 ~~~~~ 

31k1Hikl rt( (~ "{ 
' ~ ' ~ 31q~icti'1Cfii 31itll<+i1Cil~l"ldi 

~ 31Jt.ll<+ii) ~ 'Cfi"&TI" WWI <tit1 +i I ~ 1fTf" 

- ~ fii41Cf)) ~ (1%3~, 

\(.~~~ 
• ~ ~ ~ ~1~a6<"'Cf)) 

\(.~.~ ~ 
~~ ll?.lii<I 31C4{WllCfi'1 lf<Tt 

-~ 
~ 'llctil<Cfil (~~ ~ 

+ii~q~~ ~ ~ ~ "{ ~ 
- "l"Cfi'R 

~) a '16<"'Cf)) m ~ ~ ~ 
- ~ fcnfA" "{ '1 ~')I '!<kl 

d '16<6\Cf)) ~I m ~ "{ 
iJ~6<"' Cfil46<"1CSll~ Q(1qi(1 ~I 

\(.~.~ +fT'1"iif ~ 31 q ~1 Cfi '1 Cf)) 'll fa~ kl '1 ~ 1fTf" 
- ~I 'Cfi'1<f "{ 3im- (1411'3~ 

\(.~.~ q'1~fa ~ • +rr'1"C4" ~ $1I~~ll6<61 1 
-~ +i f.«"1 lSCfi "{ +i i ~ q ~~ f}q '€1 ~ ~ 
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• ~ 'l'iqat111~ kilowatt-hour +rr 
ClfORi~~~ 
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TR 
• ~ ~#11'1*1 ~ ~ 

~ '{ ~'""<HfP>i:ll ~(tlijm 

~ ttil46'<"'¥1 ~Ul<t:Ptt 

~ 1fft 'ilfd~~'1 ~ 1frf 
~~ll'd~ I 
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9lY 31'1~1'4'1 ~lffi 'lll4ll+iti'(i\ ~ ~q~d 
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-~"{~~ 
TA ~~ 

~ ((i~lllf.:i* • ~ 4<'11()1*1 ~ll~6'<6 ~;i ~ 1•lm'I re "{ ~ 1 CJ! re • 
Slf'a~lll ~ lfif ~ ~ "{ fro: ~ "ffiflr aj.-:giSjj(! ~ liif11qiqil 
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~ ~ 'llfil ll I ('1 I~ "':if·~WF< ~ ~~ 
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mW~ifijl~6, • ~ ~. ~fifi~I ~. ~ 31101fclq; iITT° ~ 1fit 
GI I ~Cfil iS!lil c, f';:p:f twfl 4)(01 r$I ~ ~ l1<:'1IT°l ~I 
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~ 31f<M \jj., eA a:f1J] ~ 

~{I< ill~~* ~ 

ftf1li.fi(Ol(.11~ fl""(jJRvi<1 ~ 

"¢d1TcJ I'! I~~ iii '1 tRTdl <Rt I~ s eA 

~ "¢d1Tc:r ~ a:f1J] "{ 

~ 31f<M111 'ieA a:f1J] ~ ~ 

czmgqr TRt ft~ d <If! I llf.:ti.fi 

ftf1"ji.fi(Ol(.11~ ~ ~ "{ 

flrqfl1a <Fftlllf.:li.fi fl4ii.fi<UI 

~~(ITT~~~) 

mTR,fuc~~ 
~ ~ <lfllllf.:ti.fi 

ftf1')i.fi'(Olf;(ii\ ft~d ~ ~ 

~ 

• ~e.~~1~1 ¥41~ll+1 

~at<Rtl~s err ~1fsil+1 

~i11<Rtl~si.fil c:$<;fi I fi(ii\('11 ~ 

~ mfr l~~1Cl4eA iill~<Cl41C! 

Wf t'l~ll'd~ "(" <i1qe:1tli.fi 

<lfllllf.:li.fi gfufiitlleA 31Clt'll<011 

~~ 

• ¥41 ft;ft ll +1 i.filiifl~a err <l1a1~il+1 

#1'1~a<.>t1~ aa1:J~1 ~ <lftlllf.:ti.fi 

gfuffill I ~ ~ 'ffi"q' ~ 

<lfllll~i.fi Slfu~llleA 31"~~m:a11 



~~ ~ fcltijqq~ ~ fcltijqqeytil ~ '1fift•<a1411 '1nufcla ~ +{i"t•m(liji"14il ijAUfcld ~ 1'i11f 
~tqcftlfi'(UI ({'« ftriq11fi"1q~ t'l'1(T fWiq 1 lfi" I q ~ t.fOCr 

~qR 

• ~ ~ a1q~1l4* < ~ 
~ ffi"q" ~ <l~ll4f.:ttf) 

Si~fi>l41 ~ '3~1iHOI ~ 11t 
~~qA-1 

<t~. 4l4i~6(ii\ <t~ 4l4i~6<61 • 61$4!'11'1, d1f.ffi'11'1 < '1i$cfl'11'1 • ., ~ Silll41~11ii11+'tl 51~ l\il"'I, 

' <t~.<t 61$~l\il'1, d1f.Ri'11'1 < 4ljj~tf)I~~~ '11 '$?I \ii '1 "('l"qf d1 f.R1 \ii '1 TIITTf 
'11 ~ cfl '11 '1 TIITTf ~ ~ 3{Rl'f 1RTif wt ~ 311Cil~l44' iji+14'16<61 
., ~ i.'1411'3~ ij(q)t1'1 1Tfr ~ ~ - Silll41~11ii11+'tl 

- ~(~a~ • Silll41~11ii11+'tl 61~~1'11'1 TIITTf ~ d1Cil<.1ltf)'1 ~ 

<Fellllf.:ttf)) ~ 311'Hlltf) ~l+'t4fl6<61r.iil • Sitt'l•l~llii'tl+'tl "'ll~cfl\il"'I, 

\jqlfln1a1 d1Cil<.1ltf)'1 mrt ~wt i.'1411'3~ 61,~"I \ii '1 aqf d1f.ffi \ii '1 TIITTf -

<t ~. ~ d1T'1tT'1' "('1'"6" 
< TIITTf fi:t+"tfu1r¥1 ~ aqf ~ \il'fua ~ +'t 4fl 6<61 

- ~ 
ijlqf.114'~1"{ m 11iT 61$41\11'1 ~ ~ m "r.iil"rf < 

- ~ 
'fllfu ~ ~ ~ 4ljfijr.iil ij+qfrtm (i'ell4f.:t4> 
-qfr~ ~ I ~ O"l4'R ~ Si~fi>llir.iil <e4!tf)(OI ~ 

- ~ "~ ., 

Wfltf)(UI 
4lll~tf)I ~ 31Cl<.1ltf)'1 ~ 

- mrt <l~lljf.:tq; ~ (lijllif'1tf) 61,~'i\11'1, '11~cfl\11'1 < 
~4)tf)(Oliill(! ~ 31'm 

• - <e'1l4)(01~~('1 &JTW ~ 31~\11'1tf)I •1016 <61r.iil qii1"'1'T 
Iii ttl•Prnii't I +'t I 31 f.R1 \ii '1 "('l"qf • ~ 
'11,cfl\11'1 TlfIB ~ 311C4~ljtf) 61,~'i\11'1, '1i~cfl\11'1 < • 
ij I +1 fl r.iil 31Cil<.1ltf)'1 mrt ~ 31f.ffi\11'1tf)I ~ (~ < 
wt i.'1411'3~ '(" TlfIB f'1+1fu1r¥1 <l~lllf.:14>) ~ ~ 
~ (~ VllTlr ~ '(" 

61,~l\il'1, '1i~cfl\il'1 < 
a1q~'11) aqf ~ICIU14'1~1~ quf;; 

• 
31~\11'1tf)I :aql4ln1a16~ ~ 



~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi'1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

1lfT di~ \ii "1 Tlfhf ~ ~ ~ 

~ ~lliijr.6) trtl~ TA~ • aTI'\i1""1" ~ ~ ( ~ 
('fllR ~ U'ljijij)I ~ ~~ 
~ djqajij)"1 ~ '(lijllJf.:tij> 

• ~ ~ r:i~lf¥'(01€41r! ~ 
~ '(lijllJf.:tij> ijlflij>'(Ulijfu<:1 "' ml dlij'(E\'(I'\ ~"t:ilf¥'(01 ~ 

ClJ1'{9llT TA T[';:f ~I 
• ~ E\l'~-lj--1'11"1, 31~\11'1 ( 

"11~cil\i1"1f¥1 qu1g'(l'lr.6) q(1'1k+lf¥ 

'ill'Ti <'flTR wt (1~11\3 ~' ~ wt 
(1~11:a~ < W'!q:)('i TA 

• E\l~~\11"1, "11~cil\i1"1 ( 31fife\i1'1f¥1 

\,3q41f11dlfl'(l'I ~ ~ 

J5I OlJ 1~ ll m+nft qr ff'! ?I ij fu a r.6) 

r¥1:i~'i:i ~ml \,3q41f11<:11E\'(l'I 

ClJ1'{9llT ~ 

• ~~~,~~ 
( ~" ij Ail "1+iT W'1 q:){"t ~ 

• ~ ~ @;ia1r.6) \3~1fl'(ill ~ 

~ ~ &l~lij)'(ill ( ~ 

1{lTfiir ~ ( ctldlCl'<lll+ll ~ 

31 ij '<~I~ ClJ1'{9llT ~ I 

9~.m-q ( 9 \9. 9 m-q ( an:lR! • m-q ( ~ ~ ~101t1'(1'1r.6) • m-q ( aMlqPi!T:t ~ "T'T v. 
ararq - mm "T"T 31ct<.1lf¥"1 ~ ( qfu+-11"1 wt o~ '<lijlllf.:t* 1l'°T*T 311a1<+11 

- iji+li~ '(lijllJf.:tij> "T'T (1~11\3~ f\i"1dlE\'(l'I ~ ~ 

• m-q ( dlC1 I qr.6) dlf.ffi \i1 '1, qr;fr ( • m-q < aw1g:r.6) dlf.Rl\i1'1~~1 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

<J.c;.' 'lll(~ll~* "{ • !'.4>1111"1*1 ~ (¥ll~~~M- • i)!Cfii~C! '<" 6i<fl406effl ~ 

at'lll(~ll~* 4.,l~l!'.4>6(r>I ~ \3~16(01 ~. ~ amm+11 ~ ~ 

- ~ ((~~c:q1- i)!Cfii~C!, 61'~+1.-:s, ~~11\3"1 ~ 

- 'lll(~ll~* "{ ~ (fullerene), ~ • !'.4>1111"1!'.4>1 ~ "{ <l~l~f.:t* 

at'lll(~ll~* (graphene), "Cll<effl~, +nm ~~~ 
4.,l~li'.4>6~fcit:q ~ ~ \3~16(01 ~) Clffi1ilIT <R ~" 'lll(~ll~* • 111 ICI "1 +I I 

~ \Jf!C1"1+11 ff.AT, ff, "*10 ~ ~ ~~11'.4>!'.4>1 ";,~ - • \34l:l11 <111'.4>1 

'lll(~ll~* 4.,.1~1!'.4>!'.4>1 ~~~i'.4>1Gl"1!'.4>1 \7.lGl6<016~ ~ lfi:f 
";,~ ~ «l<:i6~ ('11"iC111t~ '<:1'~ ~I \34l:lli<:116~ 

Ci"1~fa, Cii':i+IO\S~, ~ 

~) iITT+rr ai'1 Cfi ~ lf.f 
• i)!Cfil~C! "{ '61~+1 .. :Seffl +I fb 1-.ntt 

*1111"1*1 4<+1101*1 ~ 

~ m ~ lift lfl' ~ 
((~~C:46(r>lfcit"CI ~ ~c:t:_41\3"1 

~~11\3~ 

• !'.4>1111"1!'.4>1 ~ ~ "{ 

<1~1~f.:t* TT (~TT, 
~(~ ij Tl) ~ Clffi1ilIT <R 

• ~ amm+IT \Jf!C16~CllC! ~ 

~ 4"1~11'.4>6~ 'lll(~ll~* 

(organic)'<"~ ~~<:1SllC! ~ 

31'lll(~ll~i'.4> (inorganic) ~ 

~ ~ ~ \3~16(01~fiH1 

~qR 
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~~ ~ ~~4•'1! ~ ~~4-~"i ~ ij('iftifil(Ulifil ~'il~d ~ +{i'f41~'fi"1ifil ~l~d ~ 1'iTtt 
~~ifil(UI d"« ftfiq I"''°' I q~ ~ ftfiq1ifit•uq~ Q'U'ZT 

fctiC::"11~1Cf> fcttill~ii(E'til ~ 31'11''-li?t ~tr q~'ql"1 wt 
~ ~ 3lfucl; 'A l4~ ~I r$I • 'Al(lll~Cf> ~ frl+ifUICf>I ~Rl?tl+il ~ 

31 ~(ii(E\ ~ 'q11'IJT err ~ 311~1"1CA~111 • (i~lllf'rlct> ~ ~ r..t>e::111~ct> 

- <l~lllf.:tct> ~ < ~~~'~< ~El I~ r$I +rn"t'Cf ~ ~ 

fcti C::"1 I~ Cf> awnfl ii (E\ r¥I '"hl~~i6(ii' ~ qR • (i~lllf'rtct> ~ ~ r..t>c::111~ct> 
~ ft4 Cf>~ 6(ii' • ~lJ"lftlT~~ ~El I ~6(ii'r$1 3lfuci; 'A l4 '1 ~ I Cf> I 

<1~14fr1ct> ~ ~ r..t>e::111~ct> 3lW ~ ~ ~Cf>~ii(ii\ 
filt'H~ii(ii\ ~ err '3~iiiDlii(E' ~Rl'U+il ~~ ~ 
~ ~ <l~lllf.:tct> ~ < ~ mlRfT +[~i(qi"1 m I 
r..t>c::111~1ct> filtt1~qij ~ ~ 

• ~ <l~lllf.:ttf' ~ < fct>C::'11~1tf' 
allE1u1r¥1 fctct>~+il ~ ~ 
~ ~ < ff.tic::"11~1ct> allttu1ril 

1Pft1T wt ~ ~ llft 
'A~~~'1 Q1ITT" TA l'Ml'3'°1 

• <1~14fr1ct> ~ ('11~;tl\11'1, 
.., .., f. ~ '"hflhl<~, "ilC::I .ell+i ~ ) 

~ '(qi{'1 '1 llft ~ 'CfTtfliTI 
f:!>t1 flt I t1 <1 I ~ llft 1'Tir+iT 
~~I '3 ;p¥l lf6T'Cf ClJ1W 1R 

• <1~14fr1ct> ~ < fct>2:"11~tf' 
fc:I El I ~ii(ii'til 3lfuci; 'A l4 '1 ~ I if' I 

3j~(ii(ii\ril ~ ~ ~ ~ 

~1 'A~(;IC('~"I wt {'1~11\3~ I 

'ifRff ifil lf'til Del ,,0 



~~ ~ ~ .. q."1 fU1'iT1' eglifti¥i(Oli¥11 ij+\41~<1 +{~ l'(..,'1i¥11 ~ 1'iTtt 
fiillli¥1~1q~ fcfftl~ QO'ZT 

~ #11f;t4) t ~#tlf;t4) t9 ~ifilf;t4) 31¥1'f.l1'14)1 • ~ -qf.f 3TfA ~ '1 i.A '1 fa Ill I tot It ~ • ~~1~11~4) ~ 

~ ~ ~ 'CfA ~ Gffr ~ ('{fiit" ~ l'il~l4)t'tlq111 ~, 

-~~ ~ ~ ~ ~ 4)1<4)4') ~, 3flf'-«; ~ < 
(independent variable) ~ ~ ~ ~ ('{~ 3'fi=lT f;t ~f.-:t d ~ ~ 

- 3flf'-«i ~ (dependent 4)1<4)6~totlt f;t~?.tOI ~ ~ ~ 

variable) ~ • ~'<"~ 
- f.Mf.-:t d ~ (control • '3~16<0l'e~d ~ ~' 3flf'-«; ~ ~~~' 

variable) < f;t~f.-:ta ~ ar~ ~ < ~ ({4)1'!'11 

- ~ f.:t~?.4014') ~ Rttfl6~4'l q~"'ll'1 <r-t ~*1-art ~~ 

9.~~<~ • ~ 4#11f.1* qft~ arcnmo11 ({4)1~6~ 'tfffi Ci1~11'3'1 

~ 
ITT (Conceptmap) ~ ~ (ftif ~ 

- ~ < 'd~l6<016~ aITl- "'1<6~4'l ~ ~ qR • C{4)l~6~c.ti"1 

- ~ Q)4)1~+il ~ • ~$llf;t4) ~ ~ ~~"1~1111 ~ f?.iit<H"lo1«1uc: 

~ ~~T.Qltil qf<qd'1 11ftrt" < " ~ 
~ ({4)1'!6~ 

<e+.tl4)<0I I C{4)~qa1 

- 'e4f'l4)<(Ujq;) C{4)1~~id 
~ q ~ q d'1 <A 3flf'-«; ~ +rT'1'lIT '<"~~<r-t 

f'i.iittil"loi ~ qf<qd'14'l ~ 11ftrt" '<" ~I 

311C!!t~4) ~ f.14)1~"' ~ 

'd~l6<0l'e~d ~ 

• 3ffA~'14'l ~ ~ ~ <" 

3flf'-«; ~ lIT'1" lfTC1rf 11ftrt" < 
m~~~~~ 

• ~~~~4)1<4)1~~ 
~ltll~~~ < ~ C{4)1~4'l ~ 



~~ ~ ~ .. q."l ~ ijglifti¥i(Oii¥11 ij+\4i~d +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

a~ 'dGieHOI ~ ~ ~ iA(41'3"1 

(1~11'3~ 

• ~ Q)i'.fil~+il fl1m ~ 
Q)i'.fil~6~$1 qfu:ql"1 1fif ~i'.fil'drt 

• 4*11f.:li'.fi liM4"1iilic f.:lllC'.f>ISfi'.fi1 ~ 
~~~~~~ 

c-. ~ 

• ~~a~ fa1':>1e;~rtl 

4~fi'11"1iilic 'dN~ ~4f'li'.fi(Oj6~rtl 

Q)iifi~q a 1 ~ +11 ~rn 1 t¥I Q)i'.fil~6~rtl 

fc411~~01ii112 'aj'iij" 1fif ~ ~ 

~ 'aj'iij" ~ ~ ~ ~I 

1fif (1~11'3~ (~ v2= u2+2as 't¥I" 
~ fc41!~tt 0 1 'RT m2s-2 =m2s-2+ 
m2s-2 ~, ~ 'lll" ~4fli'.fi(Oi+il 

Q)iifi~qa1a"{'lll"~~1) 

~ ~. ~ iif1q6~ ~. ~ 111->iei6~rtl q~ffiifi(Oj • qfT.J ~ ~~ iiflq6~rtl • q"1~fa~"<"~ ~ 

~ 't¥I" q /ff iifi(OI (qf:q- "'111'Rf q ~ffiifi(Oj r¥I 'i'1<1 G{Ri ~ '11 ~I q:rA q ~ff iifi(OI t¥I 
~~) • q"1~fui'.fil "14:!)"116~ (6~~4+1, ~~~ 

~.~ i'.1'1~fu 11PIC(iA ~~q+i ~~il'1 qr f"'l(1~1a) • f.:rmfta lf'l I 'S(1 +i I 

q~ffiifi(OI atei~li'.fi'1 ~ q"1~fa '11~1C(*I ~' ~ fufq'1j'1 

(~111'1~+:+ii'.fil ~~111a1 ~fli111'1 "i'.fiT fc4~1~a16~ ~ 1fif "<"~~!ffOTm 

"<" '3Gi6(016~) ('l~ll'd~, '3)(1Cf'l(1 ~ lf;f~m~ 

- ~ fufq 111 '1 • ~ ~~ at"*1~iaiifi1 '3Gi6(Ui6(ii\ ~ 

~an~~*1 q ~i~ Ai t¥I ~~ei1e:~ err f-€1~6~ err~ ~ 



~~ ~ rc-111qq~ ~ ijij\iftifi(Ulifil ij+tilrc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~1q~ ~~~ t.fOCr 

q/fiq;<o1, ~!flt\lau::<"' < 31qt'1"'1*'1 ~ ~ q•[6<6\q)I • ~' ~Sll(*'1 < 
'3~rn< 0 16(& Pst~lt\1<116<"1 ~ 1T<f (1•11'3~, '1 I +U(*'1~~<1 

';(.';(~\il~I~ Cll~fiqi(OI Ql1q'l(1 1A" < ~ 1T<f t't~ll'd~ Cll~'ffqi(OI 1T'<f ~ 

(q:; I ~t't +I~ +q q;1 • ~ fji~lq)('tlq+11"6<1 q'1~fa • '1flCll6<"1r¥1 

~~'1<116<"1 < \l1•1i:'(¢'1 q•'ffqi(Ol('tl~ q-q ~ tfA q•'ffqi(Ol'Ef•I 

'3~16(016(&) • Cll'1~~ \il~l((¢'1 Cll•'ffqi(Olr$1 T.ITi 'li +I fil q; I ij cffl 

- ijiijl:Jil~t't+I '+lfl~C:lcffl ~ 1T<f ~ q)!ITT+JT ~ 1T<f ij ~ "f.ICfil 6'fftm 
~lij~+qq)I q•'ffqi(OI, t't•ll'd~ ~~~ 

~!flrrn16<"' < • f}sj(ic@(PS' ij(*t1'1 lffi 5ciff<~+1 f'1 iii~ tRT&lllT ~ 
'3~16(016(& ~ ~ 1T<f (1•11'3~ • ~effqfy q)!ITT+JT ~ 

~.~ '1flq5(PS'r$1 Cll•'ffqi(Ol'Ef•I • ~~ q1~q1t'1'I gifl•l~llt'tl+U ~ ~~lq)('tjqJ11 

'li+1~*1~r¥1 ~ ~ \l1<'@<"1r¥l '1'j'116<"' (musium ~ ~61ll~l<11r¥1 

specimen) 31Cllt'1l*'1 ~ < +(~1(*'1 ~ 

Fa<fi6<"'r¥1 m ~ ~ ~ • ~~~~ 

"tM6<"1r¥1 'Tilr < ~~ ~ 6~~~+1r¥1 31qt'1")1*'1 < 
t't•ll'd~ tRT&lllT ~ 

• ~~~~lffi • ~~~ 
~ c&te~ll ~ 1FitTr lffi ~ g l(I ~ ii t"I * CfiTlf 

'S1•1i:'(*I ~ ij+jJicffl ~~ < 31Clt'1l*'1 < ~~1~'1@1 
\31%16(016(& W'll:Jit't ~ ~I 

• ~ "11!'11 \l1 <'@(PS'qil ~~")I 'I <'1I6<61 

31Cl~q)'1q)I amm111 ~ 'S1•1((¢'1 

Cll•'ffqi(OI 1T'<f ~q)l\3~ < g~q;r$1 
~~ < '3~16(016<"' W'll:Ji~ 1R" 

• ~ l;IJ~lq.;1 Cl•fiqi(OI ~ ~ 



~~ ~ ~ .. q."l ~ ijglifti¥i(Oii¥11 ij+\4i~d +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

1fif wnl CfilffilIT ~ t'1 ~ I I \3 t:\ 

• ') ~ '11ICl~~-1 q ~ff r.J>(Cj r.J>i am:m+11 
~let~~~ li!r.J>l~hfl+ir.J>I arITTrr 
W't'ht"I ~ {fqf '*ict~~~ 

ct~ffr.J><a14'~1 ii+ifclr.J>I~~ ~ 

~~ 

• ') ~ '111'4~~-1 q~ffr.J>(Claj'~j ii+ili!r.J>i~r.6'1 

~~~ CiITT+rr ~ ~ i.'1~11\3~ 

~.~ l '11~ q '1 'i'Hfi • JSIOQ';Ot4 ~ ~ ~ ~ • ~ ') '111 Cl '1'€1 iii.f'I '( 

~ ~ ') - '111 q '1 :q 'lfl ~IC4'1'qiir.6'1 ~ 31'H~l~{&r.6'1 :q (a I ~ {PS' r¥I O!:ITT9ltT 1rf 
-~ \34ll.,l~ldl 31ct«ir.J>'1 ~ I ~ dlraH+ii ~ 

~ '11')1Cl'1'€1iir.J>I ~ • '+i1'lCf '11')1 Cl '1 +i I ~ 

31ctf""ll~~*' CiITT+rr Qt"l'ht"I TA' ... ~ 
'3'F~i-ldl ~Al'f.lln" 

• flfq Q)~ fitfufSI I l mfr ~ ~ ~~Q)r.J>I ~ '4fr~ 
') ~ '+i1'lCf '111Cl'1+il "' 'hi~C::lii~r.J>I 1ITT 

CiITT+rr ~ W't'ht"I ~J • ~~ fSl'11Q)r.J>I 

fu~~~TA' '1'!'11r¥1 3lct~'ir.J>1 r 

• ~ r '+i1'lCf '11')1 Cl '1 +i I ~ trtT~ 1ITT 
\34ll'i~ldlr.J>i CiITT+rr ~ ~ • CfilffilIT ~~ 
t"l~li'd~ smffet r¥I +r~ l(Cf5'1 

• ~~~fl41t'1'1 
f, ., 

~nQ)ctil 1ITT 
m ~ amTI"<llT +nfr ~ r 

~ '34ll~~ldir.J>i CiITT+rr ~ 
i:lfa~c::o:i "d'1lR 1fif t'1~11:a~ r ~ 
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~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

~ fctq;~Ujq)j r.f)j'(Uj;i ~ ~ ~ ~~~ 

~~"{~rR • ~ \3Nl~'1$1 ~ 
.,~ qi1 ., ;i • l51Clli{l21 CfT +11 ~ I ~6lll41 a.c «id6<'i' 

~/\Sl~'11+1.,lr¥1 '$l1f ~ ('11(1fct~ m 
~rR ~ ~ q I '1f;4 'qc:() ~ 

• '11 (iifqaqCL m ~ <" "' 'irc. '#!CL ~l+il'""l~ 

~ «id6(!:'+il ~"~2.:<r.i?I ~ ~1'''41 i'ffr ~ Ill II '1 t\(ii 

~ ~ ~ \3Nl~'1 rR 'd'l2:f ~J ~~'11'i~* 
~ ~ q I ('1 +i I 1ft' ~~ <1 t\(ii r¥I 'CJ1im g R1 ~ ~'1 "dllR 1frf 
~kl'U+il ~ ~ rRJ ~ ~ ~ 

~~~~1Jl{UT • ?l~'"h4<r¥1 ~ 

~ Gf'1l'Cf2:, * 14fct fu" "{ 
• ~ fqaq<f!ll \3qr.f)'(Ul~lt ~ ~ srdT\3"'1" Cf~ 

~ 'ifl~'11qil 311Cll!l14dl ~Cf~ Np/Ns = Vp/Vs 

~ or-!+iT \3N1 Ra fq '#!Cl~ 1 t film ~klotft ~ ~ 

~~~~~ 1frf~ I 

ffinIT qttf ~ m ~ 'd'l2:f 

~~~~ 
311ql!lJ4(11 Gft!f ~ 

• l5I Cll i{lSZI ~I +i ~ r¥I 'CJ1im lffi 
?l~'"h4<r¥1 ~ ~J '*"'"h(ii 

~ 1 ~ ~ qrq{ ~~Ill</ 

~ "Sfi-1111~2'< ~ ~ ?1%4< 
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~(~,~'(" ~I '+t~~tlli~ \A~'1':>1'd< 
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(fqf (fqy~ - F-<; f\Jj (!(ii ~' file '(" \3~16(016(61 ~ ~ f'-'!lf\Jjf'e~ ~,~, 

~ ~ Gll~<!et?I ~ ~·11~et?I ~AA ~111•1a1, f'6F-ila~ 
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~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

'°lilt!~, ~':{~di "{ • ~~~:11*1 ;aq~~cffl 'dllJ1f()fi+:t ~ block "{ p-block ci;f 

~~lldi ~ Yi(+:tiUi~ij; ~ ~o ~ atqt:m'€1 ~ 

d 1"CI 5 ~cN ~~~'1~~ ~~~ 

d1"Cl5~cN ~ ~lli\3'1 ~411\3~ I • Yl<+:tl'll~* 3tiij;i(ij;i 

dil11ij;i+:ti ~ ~ ~ 3tlf.ll(+:tl~~ 

41f<CJ;cN ~' '¥14i~ ~ ~~ 

• ~~~'1 ~ "{ ~ ~(&liij;i f.l I qt:~fci4 '€1 ~ qr 

amm+:ti ~ ~ a1qt1<6cN ~ (i~ilifo:tij; 

~ <l~illfo:t* ij~lldi "{ ~ ij~llaicN ~ 1l"f 

~ ~ <F~11llf"'1* ~ 

~~lldiii41~ ij;j(Uj~~d ~ • "fllt mt~ 
~ 3ff.liqcN ~qr 

• ~ felf{ll'S+:ti ii41lliil412' Glllidch ~ (iijllifo:tij; 

~ ~ q(+iillffi<6cN 3Wm" "{ ij~lldicN ~ 1l"f 
~':{~di+il ~ qf<:qd'1~ (i~illf.lij; ~I 

~~lldi+:ti ~ ~ ij;j(Uj~~d 

~~I 

~~. ~~.~ <I ij I llfo:t qi <Afti~ ll I *I • <I ij I llfo:t qi <Afti~ ll I cN atCff.I I (Oil cN • ~ fcfi~+:tij;i 

' (lijiljf.lij; f'4>~+:t5~ 'j'1<1~ ~ ~ '3«15(015~ (i~llif.lij; 

gf'a~lll - ~·lllli1'1, ~llJ1'1, ~ mt gf'a~lll(d ~~ "{ gf'af'.Jilllt:~ ~' 

~"{~&Tl( \3i;<ii~d ~~ Y~'€11'1 1l"f ~~11'3'°1 ~ < '3«15(015<6 

(jijjljfo:tij; gfu~lll5~ • \3Y':{CR'I analogy(~ Gf2"if, ~ ~wr~ 
~!(. ~ (jijjljfo:tij; gf'a~lllcffl ~ *~+15~) GJTe ~ fcfi~+:tij;i • (i~llifo:tij; gf'a~lllcffl 

~ (lijiljfo:tqi gfti~lli5<6 (~illl1J1'1, ~ qfhiit!i ~ 

fcr+lllJ1'1, fct~IY'1 "{ ~ ~) qi) ~ 
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ftfiq1•t•uq~ ~~ QO'ZT 

-~ 'l1A ~ . ., &ICff.11(011 ~ : ~41\11"11*)1 • (l~lqf.:tq; gfa~lll1*>1 

- ~~'11A ~~after~~~ ~ 311Cl~ll1*> 

a ~ 6 (!:\ ('(t'Tq', "C(l'q', CllC!'16(1:\ ~ "(' fll~(Wll~ ~ ~ 31 Cl ~ 16 (!:\ ~ +al ?Cfl-

~,~"(' • 44l\11"1, fc.~l\11"1, fi4~1q"1 "(' ~ SPt"11'd< 1ft{ 

~d6*' ~) ~ S1R1fiilll6(1:\1*>I \3<=:16'(016(1:\ ~ • <l~lllf.:t1*> 'llRi~lll*' 

1Tfr ~ 4~¥.11'1 1f;:f ~~ii\3T:I ~~'11A 

• ~iwor err :a<=:16<016'&' ~ a~ 6(1:\*' m 1ff 
YRifiilll<d tr<=:rm 'di;<'ll~d ~I 

tr<;;T~ qf{oRf ~ ~ ~ 

<1~1llf.:t1*> <AR1fiill1*' ~ qfhuftta 
1f,f 

• (l~lllf.:ti.i> yfflfiilll1*>1 ~ ~lq'('4i./) 

~ 31Cl~l6(1:\ (~ ~ ~. 
<ARlfiilll'(d tr<;;T~ ~ 

~~~~.~ 
qldlCI <ofl ll ~ ~) @;i'ICfl(Wj 1f,f 

• fi4i#.114f(Wll~ ~ /~ 31Cl~l1*>1 

<l~lllP-ii.i> tro¥f, \3~(q>q;) ~I 

Y41~1~"11, 'A1*>1~1q,l :aq~fa I 

y *I~ I~ '1 I I ~ '(1Tq" I Gffr '(1Tq" ~ 

~l+U yfafiilll*' ~ 'iqf1i+11'1 

wf (WI I ~ii \3 ;i, {'ll ~ q fQ ~!WOT 'd'qf 

~ 1Tfr 6lCT ~~Cfii.'1"1 1Rl{ ~ 
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flrlq11fi~lq~ ~~~ t.fOCr 

(iijll4fili.i> gfafiil41r¥1 ~ ~ 

qA- (h''iil6<C' ('ffi"q", T{l'q", ~. 

~ '(" ijd6r¥1 ~) tifft 
i./>l(Clijfi:d ~ 1A" 

9~. 
.. 

9~. 
.. 

'lllfHPtll('ti+U ~ Sll"31<R11~s 'lllfl41!(11(11+il ~ H1iij6<C\ 4l41ij6<C\ • • c; 

9~.9 ~ Sll"d1<R11~s < ~ ~ d11Cl!tl4i.i> ijl+Bfls<C'qil 61131CR11~:S ~ 

., f. .. 
({+11 '1 "41 4"4 I ij 6<C' 31ctt'1.,li./>'1 1R1l ~ lT't (1411'3~ '(" Q)+1lf'1l41 ~ ~ 

- ., ~ 'll4141!(11(11 ~ r;i+1fa1r$1 ~ Cfqf 311ct:tl44> iji+ifi6<C' 

- ~(~Cfqf ijlctt11rf11111~ qaf;; 1l'fr ~ ij(45(1'1 1l'fr ~ 

(lijil41f'14>l Sll"3t<R11~s ~ ~ ~ 1A" ~ 31ctt'fli.i>'1 

;aqqj~l('ll ~ 4l4jijr$1 trtf&111T 1A" 1ffi -

9~. ~ 6~(1416 ~ : • ~ (flfl'(" ~ 4l4fiji.j)j ~ • 'lllfl41!(11(11+il ~ 

- ~ ~ 31ctt'1li./>'1 1R1l (iijil4f.:t4> 61131CR11~:S ~ 

- 3l'W 
~ (l'eil4f'11'.f> 'e'1"1i.j)(Clijfi:(1 Q)+1lf'1l41 ~ ~ 

'"\ '1"1 4> <a I 4> I "3"trTlf 
OlITT9lIT 1A" ~ <e+ifi6<C' - n 'f. .. ~~r-vr 

1~." ~w: • 'll4 41!tll('ti+U Q)+11'"1l41 TI:ITTf ~ 

311ct:tl44> 'e I +i fl 6<C'r¥1 dlCll."l.,14>'1 "i./));f '(" ~ 
- ~ (C02 "<" 502 

~ ~ lT't ~411'3~ (" ~ (i'ell4f.:t4> 'llRtri1l41q)J 
~ (l'ell4fili.i> 

fi1+1fa1r$1 ~. Cfqf ijlilltli'1"11111~ ijJ.i"li.j)(CI ~ ~ 
'llfM~l41 lW-fl 

qaf;; 1l'fr l{+fl f.:t l4 I ~ ~ ~ 61131CR11~s '(" • - ~ ~ ~ n1j;eq)J trtl"&lOl 1Fl" .., r. ~Cl6<C\q)J 
') ~ 

Q)+11 '1l41i./>I 
- '"\ '1 I 4> <a I I "3"trTlf ~ (flfl'(" ~ 4l4i<ei.i>i ~ ~ll't~ • 

~ 31ctt'fli.i>'1 ~ (iijil4f.:t4> • q1C1<tti~;::c ~ 

~ (l'eil4f.:t4> ij'°1~i./)(Cjijfi:(1 ') ~ 'll~{lii./>(OI I 

OlITT9lIT 1A" 31 ctt'1l i./>'1 1ffi 
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• ~ ~dl<R11~6 ~ ({+1ifri<H • 5f{a~15 'll$11Cll'.fil 
~ .,~ ~ nm11'.fi1 ;aql41ildlti'{\ii\ ~ '1'.fiR11T, 3fm ~ 

>51~c;>~ll ~ CfT ~=:i~fih1c.A "'\'1'>11'.fi(Oll'.fil Jqjlj5'{\ii\ 

l'.fili1111i ~ml ;aq?04j~l<"ll5'{\ii\ m~ 

ClflW ~ • ~ ~ '1'.fiR11T, 

• ~ ~ if1fIT ~ TrtT ~, "'\'1'>11'.fi(Oll'.fil 

1q+ifflic<c¥i ~51llldltWl ~ ~ "{ ;aq1l15'{\ii\$i ~ 

~I~< $i ¢11q9i +i +rfCfif lffi ~ ~~I 

f1i"1¢11$i l'.fil(01~~¢1 ClITT9llT ~ 

• ~ ~ (Yl~fal'.fl, ~) "c.A" 

~.~~3fm"{~~ 
'> ~ 3fm "{'111'.fi(Ojl'.fij Jqjljf;(iil~I 

\l11'11'.fii~ ~ 

• Cll'3)+106i.'1+11 ~ ~ f*i41~~¢1 

~~qf{'$1illll~ 

• ~ ~ 'l'.fiR1IT ~ ~ 
~ ~=:t5'{\ii\ w1c:Tm- ~ 
~ 

• ~~~~~ 
yfaf'o:t~+ii.'11'.fi fi':l';ii5'{\ii\ (~ ~ 

~ ~ ~ +:q ~I e\'{\ii\$i T.{lfl'.fl") 

~ ml ~ ~' "{'1ll'.fi(Oll'.fil 

:aq14~1"{ ID'lq:lt'I ~ 

• ~11!)1'.fl ~ ~ ~ 3fm ~ 

~~~~ml 
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~~ ~ ~ .. q."l ~ ijglifti¥i(Oli¥11 ij+\41~<1 +{~ l'(..,'1i¥11 ~ 1'iTtt 
ftfiq1•t•uq~ ~~ QO'ZT 

~(~~ filt11effi'l ~ ~ f3i'dllqflii'.f) ij+:alf.:u si~.,1=a< m 
~ <fHij"'i < n- +tl61.'11.'11~ ~ ~ l.'1~11'3~ • flf~,i~,~< 
butane ~ l{l?I") • Gftm ~~I'd~ Lewis dot ~ ~.,ct?I \3 q ltlilldl 

- flf~, l~, ~ "{ 'j/HI cffel 1lt f.ntfuT ~I~ ~Cf>I Gl"d'T'd"f ~ 

;qa 1 cA \3 q ql 1l 1<"11 51~~i'.Pl4'1Cfil '11_"115(6 'iifT 31101fi!Cfi • 31~51.'1C4'il ~ 

1c;.~ dl~61.'1 ~ ~ 1Pft1T llft ~ ~~ 

- ~ 51~~i'.Pl4'1 310]5(6+il ~-i'.Pl4'1Pil"'I • flfm, im, 
- Functional group ~~~<'1~'1~~. ~1.11~ct?li1 < 

(~dl<R'tl~'S) ~~~~~~~<'1~'1 fl1.1f1(11.1ct?I ~ < 
31 ~ 51.'1 Sl"Cfi"R "{ ~~lfl ~"{~~~~ 'fl - '13qltlldl ~ 

~ ~<'1~1 m~~1fl ~ llft ~ ~I \3 ~15<01 

(~dl<R'tl~:Sct?I ~ ~C!l41'd'1 l.'1~11\3~ I 

ij(€l41Cfil ~ l{l?I") jb.,"15(61.11~ ~ ~. ~ < 

- flfm, ,m, 31~1~'1 ~l~~Cfil6if'1i'.PI ~ fq'11\3rt 

~i'll~ct?ll.'1 "{ fl1.1ij(l(.'tct?I • ~ 51~~Cf>l4'1<HI~ ~ 

~ ~ < '13qq1fl1a1 51~~i'.Pl4'1 "{ ~ (fifr 31~1~'1 

51~~i'.Pl4'1<HI~ 31~<{1{1 51~~'1Cfil4'1i'.PI 

~q~'iil~d~ 

• ~ ~ 51~~Cfil'sl'1ct?I '3~15<01 ~ 
11t ~ ~ ~ 8i'1~++i "{ 

n-butane 61~~Cf>l4'1ct?I ~ ~ "{ 

IUP AC "1'T+i" ~ i'1 ~II \3 ~ 

• flf~, i~, ~ "<" n-butane Cf>T 

'd q l(I ~ 16 (C\ ij "41 rtl +i I W't \{H't TR 
• ~l'ii~131~1~6ct?I ~~'lli'11"fl( 311!11<'ll 



~~ ~ rc-111qq~ ~ ijij\iftifi(Uiifil ij+tiirc-d +{~ l'(lfi"lifil ~ 1'i11f 
flrlq11fi~lq~ ~~~ t.fOCr 

31~6 t1 Cf>I VCf>'R ~ 1A° 
• cf>tr 31 ~ 6 (1 (flJ~, l~, 

4(11\p.f)'l(ii < ~(ii'('l~j(ii) ~ ~ ~ 1 
IUPAC "1'lf ~ ~Cf)l'3'l 

• flf~, l~ ~~H1<1t1Cf>I 

Jql.il416~iill~ 't9.~q:>(>1 1A° I 

tt~.~ tt ~ ('('I I q '16(i' • ~ ~q'1Cf>I '3Gl6(016(i' ~ ~ • ~ ~ 1irlftlT ~ ' '11"1 q '1 +1 I ~~.~~~ ~ f911tfilil11i.lil ~I lffl°rq < ~ 
1irlftlT ~ ~,~< 31 ~1<6 (i'i.fil '('I +iii ?Cf+1T 31 '"~Hf9ti q I 1A° '('I +iii ?6l+rr ~ 

('('llq'16(i\ 31~1<6(i' • q '<'1 FW I fl (i\qlJT '('IM q:> I ~Cf)I mftr mT 111 I '1 Cf) I fl ~ 

~~.~ '('l'('('lq:)l~+111irlftlr"B 1irlftlT "B ~I ~I Cj)j41a"ji.fil ~~ 

('('llq'16(i\i.fil ~I f.k1f.:'1ti' ~ ~ ~ q(+tHl41fl • ~ (l'('llqf.:!Cj) 

~ < 31'('1(6(i\ < ~ '('l('('l'hl~ a:t~l'('l~"Cj ~ w~fa~i.lil ~ 

l ~. ¥ ~'l I~ ':!<Ki ('('llll'16(i\ 1Ft ~lil4161il "B 
- ~4!f.+c!:'('I I 'a6'('1, • ~ (i\qlJT 1irlftlT mtt ~ 61f.1Cf>i(Cj) dj'('l(6(i\ 

q~'('ll~~~. f'Gt<Jl"i!i.lil ~ \llttl41611c -B ~~ 

(l~f'rc'('ll~6~ ~ < 61f.1 Cf>I (Cf) 31'('1<6~ '3~16(016(i''('l~fl • ~~ 
ifi'1"'1~'1i.lil ~o:~mo1 < '<9,~'h(1 1Ft ~Ri~~'1i.lil "ffi< 

1il"lftlT T[zj- 31 q '1 I '3 'lq ~ • q(+:q(Pld (i\qlJT ~ wm 4i (Wll I (Cfl '1 1ffi I 
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