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Introduction  

Active voice 

An active voice is a form or set of forms of a verb in which the subject is typically the person or 

thing performing the action. It can take a direct object.  

The writers use the active voice to provide clarity to the reader by showing who is the doer of the 

action in the sentence. Besides, the active voice stresses that the actor (or grammatical subject) 

precedes the verb. 

The order of the words in a sentence with an active voice is subject – verb – object. 

 Subject – one who does an action. 

 Verb – the action carried out.  

 Object – one who is affected by the action of the subject.  

Example: Jamyang (Subject) threw(verb) the ball(object). This sentence emphasizes on the 

subject, showing who kicked the ball. 

Some more examples: 

1. The dog bit the man. 

2. The teacher taught the lesson.  

3. Mr. Kinzang sang a song.   

Passive voice 

Passive voice is a form or set of forms of a verb in which the subject undergoes the action of the 

verb. When a verb form shows that something has been done to the subject, it is known as passive 

voice. The subject becomes the recipient of the action. 

Generally, in writing, with its emphasis on correctness and clarity, the active voice is preferred. 

However, the passive voice is acceptable in some instances, for example: 

 if the reader is aware of who the doer of the action is; 

 if the writer wants to focus on the object or the implications of the doer’s action; or 

 to vary sentence structure.   

Example: The ball (object taking the position of the subject) was thrown (past participle form of 

verb) by Jamyang (Subject in the position of object).  

 

1. Identify voice of the sentence. 

2. Change the voice of sentences from Active to Passive and 

vice versa. 

1.  
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The object of the verb takes the position of the subject. The subject of the verb in the active voice 

becomes the object and is usually preceded by the preposition ‘by’. In the passive voice, past 

participle form of the verb is used.  

Some more examples: 

1. The man was bitten by the dog. 

2. The lesson was taught by the teacher. 

3. A song was sung by Mr. Kinzang. 

Examples of Active and Passive voice in sentences. 

Tense Subject Verb Object 

Simple Present 
Active Tshering writes a letter. 

Passive A letter  is written  by Tshering. 

Present Continuous 
Active Tshering  is writing  a letter.  

Passive  A letter  is being written  by Tshering. 

Present Perfect 
Active  Tshering  has written  a letter.  

Passive A letter  has been written by Tshering. 

Simple past  
Active  Tshering  wrote  a letter.  

Passive A letter  was written  by Tshering.  

Past Continuous  
Active  Tshering  was writing  a letter.  

Passive A letter  was being written  by Tshering. 

Past Perfect 
Active  Tshering  had written  a letter.  

Passive A letter  had been written  by Tshering. 

Simple Future  
Active  Tshering  will write  a letter.  

Passive A letter  will be written  by Tshering.  

Future Perfect 
Active  Tshering will have written  a letter.  

Passive A letter  will have been written  by Tshering. 

 

 

 

 

 

 

 

 

 

 

Activity 1 

Read the following sentences carefully and change them into either active 

or passive form of voice depending on the nature of the sentence.   

1. Ms. Kezang teaches us grammar. 

2. The teacher praised Pema for the excellent work. 

3. The injured was being taken to the hospital by the fireman.  

4. The boy had eaten the cake.  

5. The letters will be brought by the postman.  

6. The dog chased the girl. 

7. Deki’s mother sent her to the town. 

8. A wonderful poem has been written by Karma.  

9. Samdrup will sing a song at the concert.  

10. She will have composed a poem by tomorrow.  
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Self-check for Learning  
Categorize the following into active and passive form of sentences. 

1. She is baking a cake for her birthday.  

2. Apples are being eaten by them.  

3. I know him. 

4. The work has been completed by him. 

5. He will have received the letter.  

 

 

Summary  

Remember the important points of Active and Passive voice. 

 Active Voice: An active voice is a form or set of forms of a verb in which the 

subject is typically the person or thing performing the action. It can take a direct 

object. Active sentences are about what people or things do. It is often a direct 

message. 

 Passive Voice: Passive sentences are about what happens to people or things. We 

often call it as the action sufferer. 

 

Self-check for Learning  

1.Active 

2.Passive  

3.Active 

4.Passive 

5.Active 
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Lesson No: 2  Subject: English      Class: 9 – 10   Time: 50 minutes 

Topic: Parts of Speech  

 

 

 

 

 

Introduction  

What are the parts of speech? 

There are thousands of words in English. Each of these words can be divided into eight groups 

according to their functions in language. These groups are called the parts of speech. The parts of 

speech indicate how the words function in meaning as well as grammatically within a sentence. 

They are: 

 

1. Use the parts of speech appropriately. 

2. Identify different parts of speech used in the sentences.  

 

 

Take some time to think and see if you can recollect what you have 

learnt earlier. 

1. How many parts of speech are there? 

2. Can you name some of them? 

 

Parts of 
Speech

Verb

Adverb

Interjection

Conjunction

Preposition

Adjective

Noun

Pronoun
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1. Noun 

Noun is the name of a person, thing, animal, place, idea, or an event.  

Examples: Dorji, cat, dog, table, tree, flower, etc.  

Nouns are further categorised into different types as stated below: 

a. Proper Noun – A proper noun is a word that refers to the specific names of a person, place, 

or a thing and it always starts with a capital letter.  

Examples: Lobzang, Thimphu, Jomolhari, Samtse, etc. 

b. Common Noun – A common noun is a name given in common to every person, or thing of 

the same class or kind.  

Examples: boy, tree, horse, king, town, country, city, etc. 

c. Countable Noun – A countable noun refers to countable things. Such a noun has a singular 

and plural form.  

Examples:  egg, ball, banana, student, book, country, doctor, etc. (Singular)  

     eggs, balls, bananas, students, books, countries, doctors, etc. (Plural) 

d. Uncountable noun – An uncountable noun refers to a noun which cannot be counted. It 

needs to have “units” to quantify such as kilogram, cup, litre, etc. 

Examples: rice, flour, oil, water, blood, milk, salt, sugar, fuel, etc. 

 A kilogram of rice. 

 A litre of water. 

e. Concrete Noun – A concrete noun refers to a noun that can be experienced physically 

through our five senses.  

Examples: car, teacher, television, table, house, animals, etc. 

f. Abstract Noun – An abstract noun is a noun which cannot be felt through our five senses. 

Examples: happiness, bravery, love, hatred, honesty, courage, sincerity, care, etc. 

g. Collective Noun – A collective noun is used for a group of objects that are a collection or a 

unit. Because there can be more than one unit, it may appear as singular or plural. 

Examples: crowd, army, team, family, assembly, committee, etc. 

2. Pronoun 

A pronoun is a part of speech which is used in place of a noun in a sentence.   

Examples: I, it, he, she, mine, his, her, we, they, theirs, ours, etc. 

 Bhutan is in Asia. It is a peaceful country. ‘It’ (pronoun) replaces ‘Bhutan’ (noun).  
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Types of Pronoun 

Pronouns are further divided into different types. For now, we will look at three different types.  

a. Personal pronouns: 

Person Singular Plural 

First Person – stands for the person 

speaking. 
I, my, mine, me we, our, ours, us 

Second Person – stands for the person 

spoken to. 
you, your, yours you, your, yours 

Third Person – stands for the person 

spoken/talked about. 

he, she, it, his, her, 

hers, its, him 

they, their, theirs, 

them 

b. Relative Pronoun: a pronoun which expresses the relation between two sentences or 

phrases.  

Examples: who, what, which, that, whose, etc.  

 I saw an old woman who was too weak to walk.  

 This is what I expected.  

c. Indefinite Pronoun: a pronoun that refers to a person or a thing without being specific. 

Examples: all, any, anyone, anything, each, everybody, everyone, everything, few, many, 

nobody, none, one, several, some, somebody, someone, etc. 

 I saw someone running by the road.  

 All in the lobby must remain seated.  

 Please take some lemons to Miss Zangmo.  

3. Adjectives 

An adjective describes a noun or a pronoun. Adjectives can specify the quality, the size, and the 

number of nouns or pronouns.  

Examples: attractive, clean, blue, absent, broken, annoying, countless, bitter, circular, deep, 

ancient, brief, first, one, etc. 

 The girl was amazed by the blue sky.  

 He designed an attractive cover for the book.  

4. Verb 

It is a word that shows an action. A verb can express: 

 a physical action (eg. swim, write, climb, etc.).  

Example: Tenzing Norgay was the first person to climb the Mount Everest.  

 a mental action (eg. think, guess, consider, etc.). 

Example: He thinks a lot before writing anything.  
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 a state of being (eg.to be, exist, appear, etc.).  

Example: A colourful rainbow appeared after the rain.  

5. Adverb 

An adverb modifies the meaning of a verb, an adjective, or another adverb.  

Examples: slowly, carefully, soon, where, several, always, seriously, very, as, therefore, well, 

few, etc. 

 The old man walked slowly.  

 He left the place a few minutes ago.  

 This is the place where the tree stood.  

6. Conjunction 

A conjunction joins words, phrases, or sentences together to form a complete sentence. 

Examples:  and, as, but, before, after, if, whether, than, when, that, though, for, as soon as, so that, 

or, because, either…or, neither…nor, etc. 

 I worked hard so that I come first.  

 He was absent because he was ill.  

 She is neither my niece nor my sister.  

7. Preposition  

A preposition is a word placed before a noun or a pronoun to show its relation to some other words 

in the sentence.  

Example: on, in, with, between, among, beside, besides, at, upon, under, etc. 

 The farm road to my village is under construction. 

 The two brothers shared the apple between themselves.  

 He plays football besides badminton. 

8. Interjection 

An interjection refers to words that express strong emotions or feelings. Since interjections are 

commonly used to convey strong emotions, they are usually followed by an exclamation mark. 

Example: ah, alas, hurray, oh, ouch, well, etc.  

 Hurrah! We won the game! (Emotion of joy) 

 Alas! I failed the exam! (Emotion of sorrow) 

 Oh! I forgot to bring my purse! (Emotion of sorrow) 

 Wow! What a beautiful car! (Emotion of surprise) 
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Summary  

Parts of speech are the basic types of words that English has. A word’s meaning and 

position in a sentence determine what part of speech it is. There are eight parts of 

speech and each of these helps to describe the job a word does in a sentence. 

a. A noun is a naming word.  

b. A Pronoun is a replacing word. 

c. An adjective is a describing word.  

d. A verb is doing word.  

e. An adverb is a qualifying word.  

f. A preposition is a relating word.  

g. A conjunction is a joining word. 

h. An interjection is an emotion expressing word.  

 

 

Activity 3 
Fill in the blanks with the appropriate parts of speech.  

……………………..…..…..(name) had a …………………………….(adjective) 

garden in ………………...…………(location). The garden had many 

……………..…(adjective)………….……(plural noun) and ….……..(noun) 

plants and ……..………(plural noun) hanging from a ……………(noun). People 

from all over ……….…… (location) came to sample some of the special 

…………. (noun) plants. Because the ……..………… (noun) plants grew so 

…………….….. (adverb) they were protected with a ………..……. (adjective) 

…………..….. (noun) to keep the ………….…….. (plural noun) away. One day 

a judge …………….…… (past tense verb) ………. (conjunction) awarded 

…………. (pronoun) with a prize for the most beautiful garden …….. 

(preposition) the town.  
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Self-check for Learning  

Read the instructions given in the brackets carefully and complete the 

following activity. 

1. I listen to music every day. (Underline the verb) 

2. The group went on a hike to Paro Taktsang. (Underline the collective 

noun) 

3. My friend drives very carefully. (Underline the adverb) 

4. She is known to write fantastic science fiction genres. (Underline the 

adjective) 

5. He went to the market but didn’t buy anything. (Underline the 

conjunction) 

6. Karma observed that everybody was listening intently to the speech. 

(Underline the indefinite pronoun) 

 

 

 

Self-check for Learning  

1.listen 

2.group 

3.carefully 

4.fantastic 

5.but 

6.everybody 
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Lesson No: 3  Subject: English      Class: 9 – 10   Time: 50 minutes 

Topic: Subject-Verb Agreement    

 

 

 

 

 

Introduction  

Take some time to reflect on what you have learnt in classes VII and VIII about Subject -Verb –

Agreement. See if you can answer the following questions. 

1. What is the subject in a sentence? 

The subject can be a noun or a pronoun.  As you learnt earlier a noun is a name of a person, place, 

thing, quality, action or an idea.   

Examples: Kezang, Dorji, Thimphu, happiness, table, books, etc. 

A pronoun is a word that is used in place of a noun.  

Examples: he, she, it, they, we, I, etc. 

Often the subject answers the ‘who’ or ‘what’ questions. See the examples below to understand 

how you can identify the subject in a sentence.  

Example 1: Dema read the book. (Who read the book? It is Dema who read the book. So, the 

subject in this sentence is Dema.)  

Example 2: The room would not become clean even after washing it twice.  (What wouldn’t 

become clean?  The room wouldn’t become clean. So, the room is the subject in this sentence.) 

2. What is a verb in the sentence? 

 A verb shows action. [Examples: jump, hop, skip, eat, play, etc.] 

 A verb may act as a link. [Examples: is, are, was, will be, etc.] 

 A verb maybe compound. [Examples: has been, will have, is going, etc.] 

 

1. Apply subject verb agreement rules to edit the sentences.  

2. Use the correct form of verbs in sentences.  

 
1. How would you define the subject of a sentence? 

2. Can you think of some examples of verb?   
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The Subject and Verb are two very important aspects of every sentence. Finding the right subject 

and verb will help you correct errors of subject-verb agreement. Make sure you fit those two 

important parts together appropriately. In a grammatically correct sentence, every subject and verb 

must agree. 

3. Singular and Plural Subject and Verb  

Subject and verb can be either singular or plural. To be able to ensure their agreement you need to 

understand the following concept.  

1. A singular subject refers to a singular noun or a pronoun. It can be a name of a person, 

place, thing or an idea or any pronoun that may replace it.  

Examples: girl, boy, cat, person, dog, he, she, etc. 

2. A plural subject refers to more than one person, place, thing, or an idea or any pronoun that 

may replace them.  

Examples: girls, boys, cats, persons, countries, they, we, etc. 

3. A singular verb is the one that ends with ‘s’.  

Examples:  talks, sings, reads, writes, sleeps, etc.   

4. A plural verb is one that remains as it is.  

Examples: talk, read, sing, write, etc. 

What are the specific rules that are applicable only in the simple present tense? 

1. If the subject is plural, you need to use a plural verb. 

 

 

 

 

2. If the subject is singular, you need to use a singular verb. 

 

 

 

 

 

 

     Lobzang writes good stories. 

 

She eats a lot of food. 

 

                          Government helps us a lot. 

takes a Singular 

Verb 
Singular Subject 

Students read books. 

 

Children love playing. 

 

takes a Plural 

Verb 
Plural Subject 
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Some simple standard rules stated below about the Subject-Verb-Agreement will help you 

understand better. 

1. Subject and Verb must agree in number. 

A singular subject takes a singular verb and a plural subject takes a plural verb. 

Examples: 

1. Pema (singular noun without ‘s’) reads (singular verb with ‘s’) a lot of books.  

2. The students (plural noun with ‘s’) read (plural verb without ‘s’) a lot of books.         

2. Subject and verb must agree in person. 

Exception to the Rules: The subject ‘I’ and ‘you’ are singulars but they don't use the singular 

verb form. Instead, they take the plural form of the verbs.  

a. Remember, for the first and the second person, whether the subject is singular or plural, 

both take plural verbs. 

 Singular Plural 

1st Person I We 

2nd Person You You 

3rd Person He, she, it They 

 

How do we make Subjects and Verbs in Singular and Plural forms? Follow easy tips! 

1. Generally, in the present tense, subjects and verbs agree in opposite ways. If your 

subject is plural, you need to add ‘s’ to show that it's plural. 

Example: The ‘dog’ becomes ‘dogs’. (The dog is the subject. We need to add ‘s’ to make 

it in the plural form.)             

2. But if your subject is already in the plural form, you don’t add ‘s’. Instead you need to 

heck the verb to ensure that it is in the plural form. 

Example: The dogs look friendly. (The subject ‘dogs’ is already in plural form. Now check 

the verb. ‘Look’ is in plural form too. So, the subject and the verb agree.) 

3. When the subject is singular, the verb needs to be singular as well and should end with 

‘s’. Through this, we come to understand that the noun and the verb agree in opposite 

ways in terms of using ‘s’. 

Example: The dog looks friendly. (The subject ‘dog’ is singular, not ending with ‘s’, while 

the singular verb, looks ends with ‘s’.) 

In short:  

  If the subject does not end in ‘s’, the verb will end in ‘s’. 

 If the subject ends in ‘s’, the verb won’t end in ‘s’. 
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1st person singular 

Example 1 

 

 

      

 

          

                   

Example 2 

 

 

 

 

 

b. The third person singular subject takes a singular verb and a plural subject takes a plural 

verb. 

Examples: 

 Jambay (3rd person singular) likes (singular verb) apples. 

 He (3rd person singular) works (singular verb) hard.  

 They (3rd person plural) sing (plural verb) rhyme so well.  

3. Compound subjects joined by “and” take a plural verb. When two singular subjects 

are joined by “and”, the subject becomes plural. Therefore, the verb needs to be plural. 

Example: Dorji and Sangay are working hard for their families.  

4. The verb is singular if the two subjects are separated by “and”  but refer to the same person 

or thing.  When the noun suggests one idea/ refers to the same person or things, the verb 

is singular.  

Example: Time and tide waits for none. (There are two subjects, time and tide but both 

refer to the same idea. Therefore, the singular verb ‘waits’ is used in the sentence.) 

5. A sentence in which singular subject is joined by coordinating conjunctions such as 

‘neither… nor’ and ‘either … or’ always take a singular verb.  

Examples:   

 Either Dema or Pema works hard. (In this sentence, the two singular subjects are 

considered as a singular subject because ‘either’ or ‘or’ gives us an option. It's one 

 

1st person plural 

Both take plural verbs I eat meat.  

We love dancing. 

 2nd person (singular 

and plural- ‘you’) 

 

A plural verb for both 

singular and plural 

subjects 

You are strong. 
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singular noun or the other.  It is one of them who works hard, not both of them. Therefore, 

it takes a singular verb that ends in ‘s’.) 

 Neither Sonam nor her friend comes to the meeting on time. (In this sentence ‘neither’ 

and ‘nor’ refer to one singular subject. Therefore, it takes a singular verb.)  

 

 

 

 

 

 

 

 

6. Sometimes the subject is separated from the verb by words such as along with, as well as, 

besides, or not. Ignore these expressions when determining whether to use a singular or 

plural verb. 

Examples:   

 

7. If all, any, some, most and none comes in front of uncountable nouns, it takes a singular 

verb. However, if they are used before countable nouns, the verb must be plural. 

Examples:  

 Some of the eggs are rotten. The plural subject ‘eggs’ in the sentence is a 

countable noun. Therefore, a plural verb is used. 

 Some of the water is gone. The subject ‘water’ in the sentence is an uncountable 

noun. Therefore, a singular verb is used in the sentence. 

 

3. The ship with its crew is lost. (The subject ‘The ship’ must agree with the verb ‘is’. 

 

4. Pema, as well as his brother likes playing football. (The subject ‘Pema’ must agree 

with the verb ‘likes’. 

 

 

5. Pema, as well as his brothers likes playing football.  

 

 

However, it takes a plural verb when the second subject in the above case is in plural form. Let 

us see the examples below: 

Example: 

1. Neither the principal nor the teachers are absent.   

 

 

2. Either the father or his sons are working on the project. 
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8. Some subjects (nouns) that are plural in form take plural verbs. Nouns like scissors, pants, 

trousers, shirts, tongs, glasses, pliers, socks, clothes and shoes take plural verbs. However, 

if such nouns are preceded by ‘a pair of’, then they take singular verbs.  

     See the differences in the Examples:  My glasses are on the table. (Plural) 

                                                                 My pair of glasses is on the table. (Singular) 

9. Some nouns which are plural in form but singular in meaning take singular verbs. Nouns 

such as economics, politics, dynamics, electronics, ethics, mathematics, news, physics, 

wage, take a singular verb. It seems plural because of the ‘s’ but we need to treat it as a 

singular noun. You need a singular verb. 

Examples: Economics is fun to learn.  

                 The news is interesting.  

10. Some collective nouns which are singular in form always take plural verbs. Nouns such as 

police, people, cattle, folk, majority, mankind, peasant, poultry, public, sentry, staff, etc. 

      Example: The police have arrested the thief.  

Note: However, when referring to just the single unit, it's a singular noun. Therefore, we need to 

use the singular verb.   See the example:  The policeman is organizing the event.  

11. Do you know what an indefinite pronoun is? They are words like: everybody, nobody, 

anybody, someone, each, one of them, every. Usually, indefinite pronouns take singular 

verbs. 

Examples:  

 Everybody wants to play football.  

 Nobody likes to be ignored. 

 

 

 

 

 

 

 

 

 

 

 

 

Activity 1 
Each of the sentences below has an error. Edit the sentence and 

rewrite it correctly in your notebook.  

1. Everyone have done the homework on time. 

2. Some of the furniture are broken. 

3. Somebody have forgotten to turn off the TV. 

4. Each of the lights in the street are replaced. 

5. The new president as well as his brother are invited to the 

meeting. 

6. Neither of the television are working. 

7. Either the principal or the teachers is visiting the class. 

8. Those pair of scissors are not mine. 

9. “Here is your glasses”, said my mom. 

10. The mother, along with her daughters, live here. 
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Summary  

 For a subject ‘noun’ to make it plural, we add ‘s’. Example: school + s = 

schools. 

 However, when we add ‘s’ to a verb, the verb becomes singular. Example: 

read + s = reads.  

 A singular subject takes a singular verb and a plural subject takes a plural verb. 

 For the first and the second person, whether the subject is singular or plural, they 

both take plural verbs. 

 The third person singular subject takes a singular verb and a plural subject takes 

a plural verb. 
 

 

 

 

 

 

 

Self-check for Learning  

Use the correct form of verbs in the following sentences. 

1. The principal together with teachers and the parents are drafting a 

school policy intended to protect students against bullying. 

2. Plenty of papayas and bananas is available in Dagana. 

3. A dictionary and an atlas is missing from the library. 

4. The leader as well as his brothers belongs to the same group. 

5. Cats and dogs plays happily. 

6.  The brothers as well as their sister is good at their studies. 

7. The student along with their teachers have gone on a picnic. 

8.  Many houses has collapsed due to the storm. 

9. The children as well as their mother is missing. 

10. A large sum of money are stolen. 

 

 

 

 

 

 

 

6.are 

7.has 

8.have  

9.are 

10.is  

Self-check for Learning  

1.are 

2.has 

3.have  

4.are 

5.is  
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Introduction  

Human as a multicellular organism has a number of organ systems. For instance, the circulatory 

system is responsible for the circulation of blood, the respiratory system is responsible for gaseous 

exchange and the excretory system is responsible for removing waste from the body. One of the 

main components of the excretory system is the urinary system. In this lesson, we will be looking 

at the topic ‘Human Urinary System’. 

Human Urinary System 

Figure 1 given below shows the human urinary system. The major organ in the urinary system is 

the kidney. Its major role is to remove unwanted substances (wastes) from our body and helps to 

clean our blood. It also helps to regulate blood volume, blood pressure, blood pH etc. In addition 

to kidneys, other parts of the urinary system include ureter, bladder and urethra. 

 

 

1.11Identify the parts of the urinary system. 

2.X Explain the steps of urine formation. 

3.    Discuss ways to maintain a healthy urinary system. 

 

 

 

 

 

 

 

What are some of the wastes produced in our body? 

 

 

 

 

 

 

 

Figure 1: Human Urinary System 
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Internal Structure of the Kidney 

The longitudinal section of the kidney shows the following parts. It has an outer part called the 

Renal cortex and inner part called Renal medulla. In the centre, there is the renal pelvis. Inside of 

the kidney is filled with blood vessels. It also consists of 6-15 renal pyramid. 

 

 

 

 

 

  

 

 

Nephron  

Cells of the kidney are called Nephrons. It is the structural and functional unit of the kidney. There 

are about 1 to 1.25 million nephrons in each kidney. The nephron is one of the most important 

parts in the kidney as urine formation takes place in it. The diagram given below is a structure of 

nephron. 

 

 

 

 

 

 

 

Activity 1 
Study Figure 1 and fill in the blanks. 

The major role of the kidney is to produce urine. Urine from the kidney is 

transported to the bladder through…………………………It is stored in the 

bladder and eventually is passed out of our body through 

…………………….. Renal artery brings blood into the kidney 

and…………takes blood away from the kidney.  

 

 

 

 

  

 

 

 

 

    Figure 2: Longitudinal Section of Human Kidney 

 

 

 

 

 

Figure 3: Structure of Nephron 
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Having learnt about parts of nephron, now let us try to understand how urine is formed. It is formed 

in the nephron through the following processes. 

i. Ultrafiltration  

ii. Selective reabsorption 

iii. Tubular secretion 

i. Ultrafiltration 

Afferent arteriole brings blood to the glomerulus and blood leaves the glomerulus through the 

efferent arteriole. An efferent arteriole is narrower than afferent arteriole which results in the 

increased in blood pressure. As a result, some of the contents of the blood are forced to pass 

through the wall of capillaries (glomerulus) into Bowman’s capsule. This process is called 

ultrafiltration. The filtrate that comes out from glomerulus is called glomerular filtrate. The 

filtrate contains both useful and unwanted substances like water, glucose, salts, vitamins, ions, 

ammonia, urea and uric acid.  

 

 

 

 

 

Figure 4: Malpighian Capsule, Site of Ultrafiltration 

 

Activity 2 
Study the structure of nephron in figure 3 and fill up the table.  

Number 1 is done for you as an example. 

Parts of nephron Description 

1. Bowman’s 

capsule 

The first region of the nephron with a network 

of blood capillaries called the glomerulus. 

2.  
It’s a U-shape through which the glomerular 

filtrate passes. 

3.  
It is highly twisted and continues to form the 

collecting duct. 

4.  
It is next to Bowman’s capsule and is highly 

convoluted 
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ii. Selective Re-absorption 

As the filtrate passes through the different parts of nephron, useful substances like glucose, amino 

acid, vitamins and some amount of water are reabsorbed. This process is known as selective 

reabsorption.  

iii. Tubular Secretion 

Substances like creatinine, histamine, potassium and hydrogen ions are added to the filtrate as it 

passes through the tubule. The remaining composition of filtrate that enters the collecting duct is 

the urine.  

 

 

 

 

What can cause kidney diseases? 

 

 

 

 

 

 

Healthy Foods for Kidney 

 

Activity 3 
List down the components of urine. 
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Unhealthy Foods for Kidney 

 

 

 

 

 

 

 

 

Self-check for Learning  

Write answers to the following questions in 

your notebook.  

1. Study the diagram and answer the 

question a, b and c.  

a. Name the part marked A and B in the 

diagram. 

b. Name the process that takes place in the 

region indicated by blue arrows. 

c. Define the process named above. 

2. If one of your kidneys is damaged or 

donated to someone. Do you think you 

can survive with one kidney? Explain. 

3. Is kidney failure preventable? How? 

4. What can a person do if both the kidneys 

fail to function? 

 

 

 

 

Summary  

 The urinary system removes nitrogenous waste from our body. 

 The structural and functional unit of the kidney is the nephron. 

 Three important processes involved in the formation of urine are ultrafiltration, 

selective reabsorption and tubular secretion. 

 High blood pressure, diabetes and obesity will cause kidney disease. 

 It is important to take care of kidneys by drinking lots of fluids, and by eating 

fruits and vegetables. 

 We should avoid eating too much salts, oils and junk food to have healthy kidneys. 
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1. 

a.Part A is Afferent arteriole and B is Efferent arteriole. 

b.Ultrafiltration 

c.Filtration taking place in glomerulus due to the development of high 

blood pressure 

2.Yes, the person can survive with one kidney, because the function of both 

the kidney is the same. 

3.Yes, by controlling blood pressure, following low salt diet and oil, no 

tobacco and alcohol, exercise regularly and by drinking lots of fluid. 

4.Either go for kidney transplant or dialysis.  

 

Self-check for Learning  
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Introduction  

There are thousands of books in a library. In spite of this, if you ask for a particular book, the 

librarian can locate it easily because the books are arranged into categories and subcategories. 

Same is the story with a large number of elements. The well-organized and tabulated classification 

of chemical elements is known as the periodic table. Elements are arranged in increasing order of 

atomic number (number of protons) in the periodic table.   

Purpose of the Periodic Table  

The purpose of the periodic table is to organize the elements in a way that can help us to study 

their properties more easily. By arranging the elements in increasing order of their atomic number, 

we can tell a lot about that element. We can tell whether the particular element is metal or a non-

metal, whether it is likely to conduct electricity and many other characteristics just by looking at 

the position of elements in the periodic table.  

Mendeleev’s Periodic Table  

Dmitri Mendeleev was a Russian scientist. In 1871, he put forward the periodic law, which forms 

the basis of the modern classification of elements into a table known as the periodic table. 

Mendeleev’s periodic law states, “The physical and chemical properties of the elements are the 

periodic function of their atomic weights.” Mendeleev’s periodic table consists of seven horizontal 

rows called periods and nine vertical columns known as groups. 

 

 

 

 

 

 

1. Classify the elements in periodic table.  

2. Mention merits and demerits of modern periodic table. 

3. Define periodicity and its causes. 

4. Explain the properties of periodicity. 
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Modern Periodic Table  

Henry Moseley put forward Modern Periodic Table in 1913. The modern periodic table is also 

known as a long form of the periodic table. Unlike Mendeleev’s periodic table, the modern periodic 

table is based on atomic number. Therefore, the physical and chemical properties of the elements 

depend on the atomic number. Modern periodic law states that “the physical and chemical 

properties of the elements are the periodic functions of their atomic numbers”. 

 

 

 

 

 

 

 

 

 

Activity 1 
Study Figure 1 and answer the questions that follow. 

 

 

 

 

 

 

 

 

 

Figure 1. Mendeleev’s Periodic Table 

 1. Name all the group 1 elements in Mendeleev’s periodic table. 

2. Name all the period 2 elements in Mendeleev’s periodic table.  
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Short Description of the Modern Periodic Table  

The elements of groups 1, 2, 13, 14, 15, 16, 17 and18 are called normal or representative elements. 

They are called so because the electrons in their valence shell are filled as per the normal rule of 

filling the electrons.  

The elements of the second and third periods are called typical elements as they represent the 

properties of their respective group. For example, Li and Na in group I represent the properties of 

other elements in group I.   

The elements of groups 3 to 12 are known as transition elements as there is a transition (change) 

from highly electropositive elements to highly electronegative elements (from left to right in the 

modern periodic table). 

Lanthanides and Actinides (two rows of elements placed at the bottom of the periodic table) are 

called inner transition elements as they lie inside the transition elements. 

 

 

Activity 2 

Refer Figure 2 and answer the questions that follow.   

 

 

 

 

 

 

 

 

 

 

Figure 2. Modern Periodic Table 

 1. How many groups are present in the modern periodic table? 

2. How many periods are present in the modern periodic table? 

3. Why do you think the Modern Periodic Table is also known as a long form 

of periodic table? 

 



  Self-Instructional Material 
 

29          Chemistry – Class 9-10 

KEY STAGE – IV  

Some Important Families of Modern Periodic Table 

1. Alkali metals: The elements of group 1 are called alkali metals as they form alkali (water 

soluble bases) with water. 

2. Alkaline earth metals: The elements of group 2 are called alkaline earth metals as they are 

usually found on the earth’s crust in the form of water-soluble bases. 

3. Coinage metals: The elements of group 11 (Cu, Ag and Au) are called coinage metals as they 

are used in making coins. 

4. Halogen: The elements of group 17 are called halogens as the name is derived from the Greek 

word halo, meaning ‘salt-forming’. These elements usually form salts such as NaCl, KBr, KI, 

etc. 

5. Noble gas: The elements of group 18 are called noble gases as they have stable electronic 

configuration due to which they do not react with other elements. The noble gas is also called 

‘inert gas’ or elements of zero group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages of Modern Periodic Table 

1. This table is based on the atomic number of the elements.  

2. It correlates the position of elements with their electronic configuration more clearly. 

3. There is complete segregation of metals and non-metals. 

4. The properties of elements can be predicted even before their actual discoveries. 

5. The arrangement of elements is easy to remember and reproduce.  

 

 

 

Activity 3 

Identify the elements. 

 

 

 

 

 

 

 
Some elements of the periodic table are represented by the letters A to E in the table 

above. Choose from A to E. 

a. A halogen _______                               b. A noble gas ____________  

c.  A transition element ________             d.  Element in 3rd period __________ 
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Disadvantages of the Modern Periodic Table 

1. The position of hydrogen (H) is not fixed in the modern periodic table. Hydrogen is non-

metal and it is placed with highly reactive alkali metals. 

2. The position of the helium is not properly placed. 

He = 2, based on the electronic configuration, the helium should be placed at 2nd group i.e. 

in s-block element. 

3. Lanthanoids and actinoids are not included in the body of the periodic table. 

Trends in the Modern Periodic Table  

Periodicity is the repetition of the similar properties of the elements after a certain regular interval 

of time in the periodic table.   

Cause of Periodicity is the repetition of the same valence shell electronic configuration.  

The elements like; Li, Na, K, are in the same group; 

          Li3= 2, 1 

          Na11= 2, 8, 1 

          K19= 2, 8, 8, 1 

1. Valence Electron 

The electrons present in the outermost or last shell are called valence electrons.   

Example:    Na11= 2, 8, 1 

         O8= 2, 6 

         Ca20= 2, 8, 8, 2 

Therefore, the valence electrons of sodium (Na), oxygen and calcium are 1, 6 and 2 respectively. 

The valence electrons decide the valency of the elements.  

Valency is the combining capacity of an element. 

Example:  H1= 1                    O8 = 2, 6 

Note: If the valence electron(s) is 1, 2 or 3; the valence electron(s) and valency will be same. 

However, if the valence electron(s) is 4 or more, valency will be 8 minus valence electron(s). 

Therefore, the valency of H is 1 and O is 2 i.e. (8 – 6 = 2). 

Trends of Valence Electrons in Modern Periodic Table 

Across the Period: As we move from left to right across the period, valence electrons of an 

element generally increase from 1 to 8. 

Variation in a Group: As we go down the group, valence electrons of elements remain the same 

due to similar electronic configuration. 

2. Atomic Size 

It is a distance between the centre of the nucleus and the outermost shell of an atom. It is also 

called an atomic radius.  
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Variation in a Period: The atomic radius in a period generally decreases from left to right due to 

the increase in its nuclear charge. 

Variation in a Group: The atomic radius down the group increases due to the increase in number 

of shells. 

3. Metallic or Electropositive Character 

The ability of atoms of an element to lose electrons and form positive ion is called metallic 

character.  

Example: Na – e → Na+ 
                          Mg – 2e → Mg2+ 

Variation in a Period: The metallic character decreases left to right across the period due to an 

increase in nuclear charge and decrease in atomic size.  

Variation in a Group: The metallic character increases down the group due to increase in atomic 

size and a decrease in the effect of nuclear charge.  

4. Ionization Energy 

The minimum amount of energy required to remove the valence electron from neutral atom to 

form ion is called ionization energy. It is also called as ionization potential or ionization enthalpy. 

It is expressed in kJ mol-1 or kcal mol-1 or eV. The greater the attraction, greater is the value of 

ionization energy. 

Variation in a Period: The ionization potential increases left to right in a period due to a decrease 

in atomic size and an increase in nuclear charge. When the atomic size is small and the nuclear 

charge is more, the force of attraction between the nucleus and valence electrons increases. 

Variation in a Group: As we move down the group, ionization energy decreases due to the 

increase in number of shells and a decrease in the effect of nuclear charge.  

Example: H=1;     Li=2, 1;      Na= 2, 8, 1;      K= 2, 8, 8, 1;  

6. Electron Affinity 

The amount of energy released when a neutral atom accepts an extra electron to form a negative 

ion is called electron affinity. It is also called as electron gain enthalpy.  

Variation in a Period: The electron affinity increases left to right in a period due to a decrease in 

atomic size and an increase in nuclear charge. When the atomic size is small and the nuclear charge 

is more, the force of attraction between the nucleus and electrons increases. 

Variation in a Group: As we move down the group, electron affinity decreases due to an increase 

in number of shells and a decrease in the effect of nuclear charge.  

Example: H=1;       Li=2, 1;       Na= 2, 8, 1;       K= 2, 8, 8, 1;  
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Self-check for Learning  

Write answers to the following questions.  

1. Name an element in the modern periodic table with:  

a. largest atomic size. 

b. highest electron affinity. 

c. lowest ionization enthalpy in group II. 

2. Which elements in the modern periodic table are in gaseous form at 

room temperature? 

3. Identify at least two factors, which influence periodic properties of 

elements in groups and periods 

 

 

 

Summary  

 The elements in the modern periodic table are arranged in order of increasing 

atomic number. 

 A period is a horizontal row of the periodic table. 

 A group is a vertical column of the periodic table. 

 Group 1 elements are called alkali metals. 

 Group 2 elements are called alkaline earth metals. 

 Group 11 (Cu, Ag and Au) elements are called coinage metals. 

 Group 17 elements are called halogens. 

 Group 18 elements are called noble gases or inert gases.  
 

 

 

 

 

 

 

1.  

a.Francium 

b.Chlorine 

c.Radium 

2. Hydrogen, Nitrogen, Oxygen, fluorine, chlorine and noble gases helium, Neon, 

Argon, Krypton, Xenon and Radon. 

3.Atomic size and ionisation potential. 

 

Self-check for Learning  
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Introduction  

The production of toxic (poisonous) waste has increased substantially over the years. The 

hazardous waste produced as a result give rise to lots of negative impact on both the living and 

non-living entities of the environment. Every day we hear about environmental problems like air 

and water pollution or the effect of pollution on the quality of life. Therefore, it is important to 

have a solution in place to solve or reduce such issues. 

The branch of chemistry that deals with the processes and products which reduce or eliminate the 

use or generation of a hazardous substance is called green chemistry. Green chemistry is also 

known as sustainable chemistry. It applies innovative scientific solutions to real-world 

environmental problems.  

The nitrogen cycle and carbon cycle are two important biogeochemical processes that help 

maintain balance in nature. Carbon and nitrogen move cyclically between the living (biotic) and 

the non-living (abiotic) components of the biosphere. This cycle helps to sustain life on Earth.  

Purpose of Learning about the Carbon Cycle and Nitrogen Cycle 

Learning about the carbon and nitrogen cycle will make us more aware of the life-sustaining 

processes happening around us. We will learn more about how human activities can lead to the 

imbalance in the cycle and the resulting negative impacts in this lesson. This will help us learn to 

live more sensibly on Earth. 

Nitrogen Cycle 

Nitrogen is a necessary constituent of all living matter. Nitrogen is the main component of amino 

acid, the building block of protein. Therefore, nitrogen assists in growth of plants and animals. 

However, plants and animals cannot assimilate (absorb or take in) the free nitrogen present in the 

atmosphere. Animals obtain their supply of nitrogen from plants and the plants derive it from 

nitrogen compound present in the soil. Thus, nitrogen forms a permanent link between the animal 

and plant kingdom. The nitrogen cycle helps in maintaining this link. 

 

1. Define green chemistry. 

2. Explain the nitrogen cycle and carbon cycle.  

3. State the importance of nitrogen cycle and carbon cycle.  
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The circulation of nitrogen through the living and non-living components of the biosphere is called 

the nitrogen cycle.  There are five stages in the nitrogen cycle as summarized in the diagram given 

in the next page. 

 

 

 

 

 

Figure: Nitrogen Cycle 

Lightning 

Fixation 
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To meet the demand of the market, farmers use fertilizers to increase their crop production. The 

use of fertilizers has helped the farmer economically but the excessive use has negative impacts 

on the environment. Eutrophication is one of the negative impacts of the excessive use of 

fertilizers. The fertilizers runoff in the nearby water bodies which leads to an algal bloom. This 

excessive growth of algae covering the surface of the water results in depletion (reduction) of 

dissolved oxygen and affecting the aquatic life (plants and animals living in water) primarily. 

 

 

 

 

 

 

 

Farmers use fertilizers in order to boost their crop production. Can you 

think of some positive and negative impacts of using fertilizers? 

1. Nitrogen fixation: It is the conversion of inert
atmospheric nitrogen into usable form of nitrogen
(NH3). Nitrogen fixation can be done with the help
of certain types of nitrogen fixing bacteria
(biological nitrogen fixation), due to the energy
from lightning (atmospheric fixation) or through
fertilizers (industrial nitrogen fixation).

2. Nitrification: It is the process of converting
ammonia (NH3) into soluble nitrates (NO3) with the
help of nitrifying bacterias.

3. Assimilation: The nitrate is absorbed through the
roots of the plants and converted into protein. Then,
the nitrogen in the form of protein enters into the food
chain through the primary consumers.

4. Ammonification: The organic matter of plant and
animal decompose, converting the nitrogenous
compounds back to ammonia with the help of bacteria
or fungi.

5. Denitrification: The denitrifying bacteria converts
the nitrates (NO3) back to gaseous nitrogen (N2) and
releases it into the atmosphere.
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Carbon Cycle 

Carbon is the primary building element of all living organisms. (All living things are made up of 

carbon.) Carbon in the form of carbon dioxide (CO2) is present in the atmosphere in a small amount 

(0.03%). Plants use atmospheric CO2 for photosynthesis to make food. The food (carbohydrates 

and fats) in green plants are utilized by the consumer. From both producers and consumers, carbon 

is returned to the atmosphere during the processes like respiration and other means (refer to the 

diagram given below on carbon cycle). The balance of carbon in the atmosphere is maintained by 

the carbon cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure: Carbon Cycle 

There are four important processes involved in the carbon cycle: 

1. Photosynthesis: Plants absorb the atmospheric carbon dioxide for photosynthesis during 

which they convert CO2 to glucose in the presence of sunlight. Oxygen (O2) is released in 

the process. The food thus prepared enters the food chain through the primary consumer. 

2. Respiration: The plants and animals respire to produce energy. During respiration, the 

food is broken down in the presence of O2, and CO2 is produced as a byproduct. 

3. Decomposition: The plants and animals die, decay and decompose. The dead remains turn 

to fossil fuels (like petrol, diesel, kerosene, etc.) over millions of years.  

4. Combustion: Fossil fuels are used for running factories and vehicles. The burning of fossil 

fuel in the presence of oxygen releases the carbon back to the atmosphere in the form of 

CO2. 
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Importance of Carbon Cycle 

The carbon cycle plays a very important role in maintaining the global temperature within certain 

bound to support life on Earth. Carbon dioxide is a greenhouse gas because it helps to retain the 

heat generated by the Sun. The carbon cycle controls the amount of carbon dioxide in the 

atmosphere to regulate the global temperature. However, the increase in human activities like 

deforestation and burning of fossil fuels have disturbed the balance between emission and 

absorption of carbon dioxide gas. This leads to an increase in the level of carbon dioxide gas in 

the atmosphere causing global warming. 

  

 

 

 

The formation of fossil fuels, diamond, and graphite is due to the carbon cycle. Fossil fuel is 

formed by the decomposition of buried dead plants and animals over millions of years. Fossil fuels 

are widely used to run machinery in factories and vehicles. Diamond and graphite are also formed 

from carbon subjected to very high temperature and pressure. Diamond and graphite are called 

allotropes of carbon. Allotropes are different forms of the same element, which might differ by 

both physical and chemical properties. Diamond is used as jewellery and also in industries to cut 

glasses. Graphite is commonly used to make batteries due to its good conductivity. Generally, 

carbon is a non-conductor of electricity. However, graphite conducts electricity due to the presence 

of free electrons. 

 

 

 

 

 

 

 

What is the difference between respiration and photosynthesis? 

 

 

Activity 1 
List down any other human activities which would lead to global 

warming. 

 

 

 

 

 

 

Summary  

 The branch of chemistry that deals with the processes and products which reduce 

or eliminate the use or generation of hazardous substance is called green 

chemistry. 

 Carbon cycle and nitrogen cycle are two important biogeochemical processes 

which show the pathways for the movement of carbon and nitrogen through biotic 

and abiotic components of the Earth. 
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Self-check for Learning  

Write answers to the following questions in your notebook.  

1. Explain carbon cycle using four important processes such as 

photosynthesis, respiration, decomposition and combustion. 

2. Write down the importance of nitrogen cycle. 

3. What are the implications of increased amount of CO2 in the 

atmosphere? 

4. Graphite conducts electricity but diamond does not. Why? 

 

 

 

 

 

 

 

 

 

 

1. 

Photosynthesis: Plants absorb the atmospheric carbon dioxide for photosynthesis 

during which they convert CO2 to glucose in the presence of sunlight. Oxygen (O2) 

is released in the process. The food, thus prepared enters the food chain through the 

primary consumer. 

Respiration: The plants and animals respire to produce energy. During respiration, 

the food is broken down in the presence of O2, and CO2 is produced as a byproduct. 

Decomposition: The plants and animals die, decay and decompose. The dead 

remains turn to fossil fuels over millions of years.  

Combustion: The fossil fuels are used for running factories and vehicles. The 

burning of fossil fuel in the presence of oxygen releases the carbon back to the 

atmosphere in the form of CO2. 

2. The nitrogen cycle shows how nitrogen moves between the atmosphere and the 

living organisms. Nitrogen is the main component of amino acid, the building block 

of protein. Protein is necessary for cell division and growth. 

3. Increased CO2 in the atmosphere leads to global warming, melting of ice caps, 

increase in the size of the water bodies, flooding, acid rain etc. 

4. Graphite conduct electricity due to presence of free electrons whereas all the 

valence electrons of diamond are covalently bonded to each other leaving no free 

electrons. 

Self-check for Learning  
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Introduction  

One of the well-known applications of density is determining whether an object will float on water. 

If the density of an object is less than the density of water, it will float and vice-versa. 

1. Density  

The density of a substance is defined as the ratio of mass to the volume of a substance.  

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑑) =
𝑚𝑎𝑠𝑠 (𝑚)

𝑣𝑜𝑙𝑢𝑚𝑒 (𝑣)
 

That is; 

𝑑 =
𝑚

𝑣
 

In short, density is defined as mass per unit volume. 

Density is another name for finding out how much mass is contained in unit of volume. 

 

 

         

 

 

 

For example, say that the mass of the above box, which is made of metre cubes (having a dimension 

of 1 m each) is 60kg and its volume is 4m × 3m × 1m. In such a case, we can easily find the 

density of the box by using the above formula. 

 

 

1. Explain what density means. 

2. State Archimedes’ principle. 

3. Determine the density of irregular solids using Archimedes’ 

principle. 

4. Solve some simple numerical problems related to the principle. 

 

1m 

1m 
1m 

3m 

4 m 



  Self-Instructional Material 
 

40          Physics – Class 9-10 

KEY STAGE – IV  

We have; 

Mass (m) = 60 kg 

Volume (v) = 4m × 3m × 1m (i.e. Volume = length × width × height) 

Volume (v) = 12m3 

We know; 

𝑑 =
𝑚

𝑣
 

That is;  

𝑑 =
60kg

12m3
 

Or 

𝑑 = 5 kg m3⁄  

This means, every 1m3 of the box contains a mass of 5kg. Therefore, in other words, density is a 

measure of the degree of compactness of a substance.  

As you might have seen, finding the density of objects with regular shapes is quite easy because 

we can easily find its mass and volume.  

 

 

 

 

2. Upthrust 

If you try to lift a weight in a bucket filled with water and then try to lift the same weight outside 

the bucket, the weight will feel much lighter when it is inside the water. This is because water 

exerts an upward force called upthrust on it. The same is the reason why a balloon filled with 

helium gas rises in the air or why a ship floats on the water.  

A buoyant force or upthrust is an upward force acting on a body when it is immersed in a fluid 

(gas or liquid). 

The Density of Irregular Objects by Archimedes’ Principle 

1. Solving for Mass - Archimedes’ Style 

The weight of the object in water (also called apparent weight) is always less than the weight of 

the object in the air (also called true weight). The difference between these two weights gives 

upthrust. This is why upthrust is also referred to as loss of weight of the object. 

That is;  

Upthrust = loss of weight of the object = True weight −  apparent weight……… . . (1)  

 

Activity 1 
1. Think of ways to measure the mass and volume of irregular objects. 
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Archimedes’ principle states that when a body is partially or wholly immersed in a fluid 

(substances that flow) it experiences an upthrust which is equal to the weight of the fluid 

displaced. 

From the principle, it is clear that; 

Upthrust =  weight of the fluid displaced…………… . (2) 

Comparing relation (1) and (2), we can conclude that; 

Upthrust =  loss of weight =  weight of the fluid displaced 

We know;  

Mass of an object (m) =  
upthrust/loss of weight/weight of fluid displaced(W)

Acceleration due to gravity (g)
 

That is; 

m =
W

g
 

This is how we find the mass. 

2. Solving for Volume - Archimedes’ Style 

Interestingly, the volume of the body immersed in the fluid is equal to the volume of the displaced 

fluid. Remember, 1mL =  1cm3 or  1000mL =  1m3 

1. We can use the measuring cylinder to find the volume of the object by finding the 

difference between the volume of water before and after immersing an object into it. 

2. Also, we can use an overflow beaker to find the volume.  

 

 

 

 

 

 

Once the mass and volume of an object are determined, use density formula to get the density of 

the irregular object. 
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Application of Archimedes’ Principle 

Archimedes’ principle is applied in building the ship, submarine, hydrometer, hot air balloon, etc. 

 

 

 

 

 

 

Solved Numerical Problems 

1. A body weighs 40 N in air and 30 N when completely immersed in water. Find: 

a. the loss in weight of the body, and 

b. the upthrust on the body. 

Solution 

Given: 

True weight (weight in air) = 40 N 

Apparent weight (weight in water) = 30 N 

a. Loss of weight of the body  

We have; 

Loss in weight of the body = true weight - apparent weight 

i.e., 

Loss in weight of the body = 40 N - 30 N 

Therefore, loss in weight of the body = 10 N. 

b. The upthrust on the body 

From Archimedes’ principle we know; 

Loss of weight = upthrust on the body 

Hence, upthrust on the body = 10 N. 

 

 

 

 

 

Activity 2 
1. Do you think it is possible to determine the density of irregular objects 

at home? Explore. 

 

 

 

 

 

Activity 3 
1. Explore how Archimedes’ principle is applied in building a ship or a 

hydrometer. 
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2. A body weighs 450 gf (where gf = gram force) in air and 310 gf when completely immersed 

in a certain fluid. Find: 

a. The loss of weight of the body 

b. The upthrust on the body 

c. The volume of the body if the volume of the liquid displaced is 140𝑐𝑚3. 

Solution 

Given: 

True weight = 450 gf 

Apparent weight = 310 gf 

a. Loss of weight of the body  

We have; 

loss of weight of the body = true weight - apparent weight 

i.e., 

Loss of weight of the body = 450 gf - 310 gf 

Therefore, loss of weight of the body = 140 gf. 

b. The upthrust on the body 

From Archimedes’ principle, we know; 

Loss of weight = upthrust on the body 

Hence, upthrust on the body = 140 gf. 

c. The volume of the body if the volume of the liquid displaced is 140𝑐𝑚3. 

From Archimedes’ principle, we know: 

Volume of the body = volume of the displaced liquid  

Hence, volume of the body = 140cm3. 

 

 

 

 

 

 

 

 

 

 

 

Summary  

 A buoyant force or upthrust is an upward force acting on a body when it is immersed 

in a fluid (gas or liquid). 

  Upthrust =loss of weight of the object =True weight - apparent weight 

  Archimedes’ principle states that when a body is partially or wholly immersed in a 

fluid (substances that flow) it experiences an upthrust which is equal to the weight 

of the fluid displaced. 

 Upthrust = loss of weight = weight of the fluid displaced 
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Self-check for Learning  

1. Why is the weight of stone different in the air and water? 

2. Calculate the upthrust acting on a body if its true weight is 550 N and 

apparent weight is 440 N. 

3. Find the apparent weight of the body placed in the water if its true weight 

is 50 gf and the upthrust experienced is 10 gf. 

 

 

 

 

 

 

 

 

1.The difference is due to the upthrust experienced by the stone when it is placed 

inside the water. 

2.110 N. 

3.40 gf. 

 

 

Self-check for Learning  
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Lesson No: 2  Subject: Physics  Class: 9 – 10   Time: 50 minutes 

Topic: Pressure in Fluids  

  

 

 

 

Introduction  

Things you should know (Prerequisite knowledge) 

The pressure is defined as thrust (which is a force acting perpendicular to a surface area) per unit 

area. In other words, it is a calculation of how much perpendicular force is acting on a unit surface 

area of the object. It can be calculated using the following formula: 

Pressure(P) =
Thrust (F)

Area (A)
 

Or; 

P =
F

A
 

The pressure is measured in pascal or it is just written as Pa. 

 

 

 

 

 

 

Pascal’s Law 

Pascal’s law states that the pressure exerted to a confined liquid is transmitted equally and 

undiminished in all directions throughout the mass of the liquid. 

Consider following syringe (such syringe is called Pascal’s syringe because he invented it) to 

understand what Pascal’s law means. The design of the syringe is such that it consists of a piston 

connected to a sphere with holes and is filled with fluid as shown in the figure.  

 

 

 

1. State Pascal’s law. 

2. Explain the application of Pascal’s law. 

3. Explain principle of hydraulic machine. 

4. Solve numerical problems related to Pascal’s law. 

 

 

Activity 1 
1. Find out the equivalent unit for Pascal or Pa. 
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When the piston plunger is pushed inward (meaning the pressure is exerted), the confined fluid 

in the sphere shoots out of the holes with equal force (meaning the pressure is transmitted 

equally) in all directions. This is a simple proof of Pascal’s law. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application of Pascal’s Law 

Some of the applications of Pascal’s law is in hydraulic machines commonly used in excavators, 

car brakes, etc. In other words, they work based on the principle of Pascal’s law.  

These machines act as force multipliers. That is, the output force is always greater than the input 

force. 

 

Piston plunger 

 

Activity 2 
If possible, create your own, kind of, Pascal’s syringe using a plastic 

bottle (preferably a disposable plastic water bottle) to confirm Pascal’s 

law by yourself. Follow the following steps. 

Step 1: Fill the water bottle up to its rim with water and close the 

bottle tightly. 

Step 2: Now, using a needle carefully puncture the water bottle to 

make a hole. Make sure the holes are of the same size. Also, make 

sure there is a good number of holes.  

Precaution: Please, be careful while using a needle to make holes. 

Step 3: Slowly open the bottle cap and notice the water coming out of 

the holes. 

1. Explore: Why do you think the water comes out of the holes only 

when the bottle caps are open and not when it is closed? 

2. Does the water coming out of the holes cover equal distances? What 

could this mean? 
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Construction and Working of Hydraulic Machines 

The diagram below represents the basic construction and working of such machines. Let us find 

out how these kinds of machines function. 

 

 

 

 

 

 

 

 

 

The blue colour in the above construction represents liquid. Notice that, the piston 1 is much 

smaller compared to piston 2 and that the force is applied to (input force) piston 1 to get the output 

on the piston 2. The areas of the pistons are coloured black. 

Say the force applied to piston 1 is F1 and its area is  A1, then the pressure (P1) exerted on the 

piston 1 is equal to  
F1

A1
.   

That is; 

P1 =
F1
A1

 

Similarly, the pressure (𝑃2) exerted on the piston 2 is equal to 
F2

A2
 

That is; 

P2 =
F2
A2

 

As per Pascal’s law, the pressure inside the confined liquid is the same. This means; 

P1 = P2 

In other words: 

P1 =
F1
A1
= P2 =

F2
A2

 

                     

                                    

𝐹1 𝐹2 

𝐴2 𝐴1 

𝑃1 = 𝑃2 

𝑃1 =
𝐹1
𝐴1

 𝑃2 =
𝐹2
𝐴2

 

INPUT 

FORCE 

OUTPUT 

FORCE 

Piston 1 Piston 2 
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Or; 

F1
A1
=
F2
A2

 

That is; 

F1 =
F2

A2
× A1   or  F2 =

F1

A1
× A2 

Or; 

F1 = P2 × A1   or  F2 = P1 × A2 

Since, P1 = P2 according to Pascal’s law (as already stated above) and from the diagram we have, 

A2 > A1 (A2 greater than A1), we can conclude that F2 is greater than F1 (F2 > F1). 

 

 

 

 

Let us explore the following example to understand better. Note that there are only four things 

that you have to remember from this exercise. 

 

 

 

 

 

 

 

 

1. Pressure at piston 1 is given by the following formula 

P1 =
F1
A1

 

That is; 

P1 =
10N

2m2
 ∴  P1 = 5N/m

2 

 

Activity 3 
1. What would happen to the output force (F2) if the area of the piston 

1 is made larger than that of piston 2? 
 

 

 

 

 

                     

                                    

𝐹1 = 10𝑁 𝐹2 = ? 

𝐴2 = 4𝑚
2 𝐴1 = 2𝑚

2 

𝑃1 = 𝑃2 

𝑃1 =
𝐹1
𝐴1

 𝑃2 =
𝐹2
𝐴2

 

INPUT OUTPUT 

Piston 1 Piston 2 
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2. According to Pascal’s law, we know; 

P1 = P2 

That is, the pressure at piston 2 (P2) is also 5N/m2 or 5 Pa. 

3. Let us calculate the output force (F2) on piston 2.  

Say that the area (𝐴2) of piston 2 is 4𝑚2.  

We know; 

P2 =
F2
A2

 

That is; 

F2 = P2 × A2 

Or; 

F2 = 5N/m
2 ×  4m2 

∴ 𝐹2 = 20N 

4. (Conclusion) If we compare the input force (10𝑁) and the output force (20𝑁), we see a huge 

difference. The output force is much greater than the input force. This is the reason why 

hydraulic machines are used as force multipliers.  

 

 

 

 

 

 

 

Self-check for Learning  

1. Calculate 𝐴2 if: 

𝐹1 = 50𝑁 

𝐴1 = 5𝑚
2 

𝐹2 = 200𝑁 
(Hint: Try to visualize the problem with an illustration as shown in the 

above example) 
 

 

 

1.𝐴2=20𝑚
2
 

 

Self-check for Learning  

 

 

 

 

 

 

Summary  

 Pascal’s law states that the pressure exerted to a confined liquid is transmitted 

equally and undiminished in all directions throughout the mass of the liquid. 

 Hydraulic machines work based upon the principle of Pascal’s law. 

 Hydraulic machines act as force multipliers. 
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Lesson No: 3  Subject: Physics  Class: 9 – 10   Time: 50 minutes 

Topic: Force and Acceleration   

  

 

 

 

Introduction  

It is highly recommended that you revisit the first lesson presented in the Self-Instructional 

Materials (SIM) Volume I. You must know the following differences as well. 

1. Scalar quantity 

Scalar quantities are those quantities that only have magnitude. In other words, it only indicates 

the amount or size. 

Example: distance, speed, mass, energy, etc. 

2. Vector quantity 

Vector quantities are those quantities that have both magnitude and direction.  

Example: displacement, velocity, weight, acceleration, etc. 

3. Difference between Distance and Displacement    

Distance Displacement 

The total length covered by a moving body. The shortest length between the initial and 

final position of a body. 

It is a scalar quantity. It is a vector quantity. 

It cannot be zero. It can be zero. 

1. Speed 

Speed lets us know how quickly an object moves from one position to another. It is equal to the 

distance covered (the actual path taken by the moving body) at any given time. In other words, 

speed is finding out how quickly an object moves by examining how much distance it has covered 

in unit time (meaning, it can be either one second, one minute, one hour, etc.).  

For example, if you want to know your speed when you walked from your class to the school 

library, you have to know the distance and the time taken to cover the said distance. Only then, 

you will be able to find the speed.  

 

 

1. Differentiate between speed and velocity. 

2. Define acceleration. 

3. Solve numerical problems related to velocity and 

acceleration. 

4. Define terminal velocity. 
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Therefore, speed can be calculated by using this formula  

𝐒𝐩𝐞𝐞𝐝 =
𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝐜𝐨𝐯𝐞𝐫𝐞𝐝

𝐓𝐢𝐦𝐞 𝐭𝐚𝐤𝐞𝐧
 

In general; 

𝐒𝐩𝐞𝐞𝐝 =
𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 

𝐓𝐢𝐦𝐞 
 

Speed can be also defined as a rate of change of distance since we divide Distance Covered by 

the Time Taken to find out the rate/amount/proportion at which the distance has been covered. 

It is clear from the formula that if we know any of the two physical quantities we can easily find 

the third one. The following triangle should help you remember the formulas.  The position of the 

physical quantities in the triangle represents its position in the formula. For example, if you want 

to find the distance, the speed should be multiplied by time and if you want to find the time, 

distance should be divided by speed. 

  

 𝐃𝐢𝐬𝐭𝐚𝐧𝐜𝐞 =  𝐬𝐩𝐞𝐞𝐝 × 𝐭𝐢𝐦𝐞    

 𝐭𝐢𝐦𝐞 =
𝐝𝐢𝐬𝐭𝐚𝐧𝐜𝐞 

𝐬𝐩𝐞𝐞𝐝
  

 

The answer to any calculation in physics should have a unit attached to it because units give 

meaning to numbers or digits.  

 

 

 

 

Unit of Speed 

Unit of speed is m s⁄  or ms−1. It is read as, metre per second.  

distance 

speed  time 

 

Activity 1 
1. Use the techniques that you learned in lesson one to find the unit for 

speed. 

 

 

 

 

  

 

 

 

 

 

What information can we derive from the above unit? 
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Say, the speed of a car is marked as 5m/s. This means the car covers a distance of 5m (is the 

distance covered) in every one second (is the time taken). That means, in two seconds the car will 

cover a distance of 10 m provided it travels at the same speed. 

Note that the units are very important in physics. It gives meaning or provides information 

regarding the magnitude of physical quantities. Speed is a scalar quantity because it only possesses 

information regarding the value (magnitude) and not the direction.  

2. Velocity 

Velocity, on the other hand, is the speed with a specific direction. Therefore, it is a vector quantity 

because it possesses information of both magnitude and direction. Velocity can be calculated using 

the following formula: 

Velocity =
Displacement 

Time 
 

Displacement is divided by time to find out the rate/amount/proportion at which the displacement 

has been covered. Therefore, velocity can also be defined as a rate of change of displacement. 

 

 

 

 

 

 

Activity 2 
1. Try it yourself: Recollect the steps used in finding the unit of speed and 

use it to find the unit of velocity. 

2. Can we draw a formula triangle for velocity? Try it yourself and see if it 

works. 

 

 

 

 

 

 

 

 

 

 

 

Speed 

1. It talks about how fast or slow a body is moving. 

2. It provides information regarding the distance travelled. 

3. It provides information regarding the total time taken to cover the said distance. 

4. Its unit is m s⁄  or ms−1. 

5. It is a scalar quantity. 

 

 

 

 

 

 

 

Velocity 

1. It talks about how fast or slow a body is moving in a particular direction. 

2. It provides information regarding the displacement travelled. 

3. It provides information regarding the total time taken to cover the said 

displacement. 

4. Its unit is m s⁄  or ms−1. 

5. It is a vector quantity. 
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3. Acceleration 

Acceleration describes how the velocity of a moving object changes in a given time. It can be 

calculated using the following formula: 

Acceleration =
Change in velocity 

Time taken 
 

i.e. 

𝐀𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐢𝐨𝐧 (𝐚) =
𝐅𝐢𝐧𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 (𝐯) − 𝐈𝐧𝐢𝐭𝐢𝐚𝐥 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 (𝐮) 

𝐓𝐢𝐦𝐞 𝐭𝐚𝐤𝐞𝐧 (𝐭)
 

Or in short: 

𝐚 =
𝐯 − 𝐮

𝐭
 

Change in velocity is divided by the time to find out the rate/amount/proportion at which the 

velocity changes, therefore, acceleration can be also defined as a rate of change of velocity. 

 

 

 

 

Unit of Acceleration 

Unit of acceleration is m s2⁄  or ms−2. It is read as, metre per second squared or metre per square 

second.  

Say the acceleration of a car is 5m s2⁄ . What this means is that the velocity of a car changes by a 

value of  5m s⁄  in every one second. So, after every one second, the velocity will either increase 

or decrease by  5m s⁄ . If the change is positive or velocity is increasing with time, it is called 

acceleration and if the change is negative or velocity is decreasing with time, it is called 

deceleration or retardation. 

 

Activity 3 

1. Try it yourself: Recollect the steps used in finding the units and use 

them to find the unit of acceleration. Find out the ways to interpret 

the units. 

 

 

 

 

 

 

 

 

 

 

 

Acceleration 

1. It talks about how fast or slow velocity 

changes in a given time interval. 

2. There are three types of acceleration - 

positive, zero, and negative acceleration. 

3. It provides information regarding the change 

in velocity. 

4. It provides information regarding the total 

time taken to change the velocity. 

5. Its unit is m s2⁄  or ms−2. 
6. It is a vector quantity. 
 

Zero acceleration 
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Numerical Problems 

Example 1: A car travels from place A to place B in 5𝑠. The initial velocity of the car is 0 𝑚 𝑠⁄  

and its final velocity is 10 𝑚 𝑠⁄ . Find the acceleration of the car. 

Solution: 

Initial velocity (u) = 0 m s⁄  

Final velocity (v) =  10 m s⁄  

Time taken (t) = 5s 

We have; 

𝑎 =
𝑣 − 𝑢

𝑡
 

i.e. 

𝑎 =
(10 − 0)m/s

5 s
 

Or; 

𝑎 =  2 m s2⁄  

Therefore, acceleration is 2 m s2⁄ . This means, the velocity of the car increases by 2 m s⁄  in 

every one second. 

Example 2: From the velocity-time graph given below, calculate the following: 

a. the velocity of the object at t = 2s, and t = 5s, 

b. the acceleration between t = 1s and t = 2s,  

c. the acceleration between t = 2s and t = 5s, and 

d. the distance covered by the moving body. 

 

 

Solution:  

a. The velocity of the object at t = 2s, and t = 5s. 

That is; 

1. When time is 2s, the velocity of the object is 20m/s.  
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2. At 5s the velocity is 0m/s or just zero. (We know this by exploring the above graph as 

presented below) 

 

 

 

 

 

 

 

 

 

 

b. The acceleration between t = 1s and t = 2s. 

Given: 

Time taken (t) = 1s (i. e. 2s −  1s =  1s) 

Again, from the graph, we know; 

1. At t = 1s, velocity is 20m/s (we will consider this as initial velocity) 

2. At t = 2s, velocity is also 20m/s (we will consider this as final velocity) 

We have; 

a =
v − u

t
 

i.e.: 

𝑎 =
20 − 20

1
 

Or; 

a = 0 

The acceleration is 0m/s2. That means, there is no change in the velocity and it is represented in 

the graph as well. 

c. What is the acceleration between t = 2s and t = 5s? 

Given: 

Time taken (t) = 3s (i. e. 5s −  2s =  3s) 

Again, from the graph, we know; 

1. At t = 2s, velocity is 20m/s (we will consider this as initial velocity) 

2. At t = 5s, velocity is also 0m/s (we will consider this as final velocity) 

We have; 

𝑎 =
𝑣 − 𝑢

𝑡
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i.e.: 

𝑎 =
0 − 20

3
 

Or; 

𝑎 = −6.67 

The acceleration is −6.67 m/s2. It means velocity decreases by a value of 6.67 m/s in every one 

second before finally coming to rest. As discussed earlier, such acceleration is called deceleration 

or retardation. 

d. Distance covered by the moving body. 

The distance covered by the moving body is equal to the area under the curve. 

 

 

 

 

 

 

 

 

 

We have; 

Distance covered = area under the graph = area of a trapezium (which is a combination of rectangle 

and right-angled triangle) 

That is; 

Distance covered = Area of trapezium = area of rectangle + area of right-angled triangle 

Hence, we have; 

Distance covered =  area of trapezium  ………….…. (1) 

Or; 

Distance covered =  area of rectangle +  area of  right angled triangle ………….. (2) 

Let us use the first formula to calculate the distance covered. 

Distance covered =  area of trapezium  

That is;  

Distance covered =  
1

2
× height × (sum of the parallel sides) 

We know from the graph: 

 Height =  20m/s 

Sum of parallel sides (represented in the graph by thick blue lines)  

=  1s +  4s =  5s 
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Substituting it in the above formula, we have; 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 =  
1

2
× 20m/s × (5s) 

i.e.;𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 =  50 m           

Therefore, the distance covered by a car in 4𝑠 is 50 m. 

 

 

 

 

 

 

4. Terminal Velocity 

When things fall purely under the influence of gravity in the air (or fluid in general) the velocity 

of the falling object increases at the rate of approximately 9.8m/s every one second. In other words, 

after every one second, velocity increases by a factor of 9.8. The falling body accelerates (there is 

a positive change in the velocity of the body).   

If the fall is from a very high height, at a certain time, the force acting downwards due to the weight 

of the body becomes equal to the air resistance (drag force) acting upwards. At this point, 

total/net/resultant force (R.F.) acting on the falling body becomes zero and the body achieves a 

maximum constant velocity called terminal velocity.  

 

 

 

 

 

 

 

 

 

 

 

 

Activity 4 
1. Calculate the distance covered using the second formula and see if 

you get the same answer. 

 

 

 

 

 

 

Activity 5 
1. What does acceleration due to gravity mean? 

2. Why do things fall at different speeds? 

 

 

 

 

 

 

Force due to weight 

Drag force 

R.F = 0,  

If force due to weight = Drag force 

 

When R.F is zero, the velocity 

attained by body is called 

Terminal Velocity 
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Self-check for Learning  

1. Study the velocity-time graph given below and answer the 

following questions. 

a. At what time does the body start moving? 

b. What is the maximum velocity attained by the moving body? 

c. At what time is the body coming to a halt? 

d. Calculate the acceleration between 3𝑠 and 5𝑠. 

e. Calculate the total distance travelled by the moving body. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.a. The body starts moving only at  3𝑠. 

b. The maximum velocity attained by the moving body is  8𝑚/𝑠. 

c. The body comes to a halt at 10𝑠. 

d. 4 𝑚/𝑠
2
 

e. 40 𝑚 

 

Self-check for Learning  

 

 

 

 

 

 

Summary  

 Speed is a scalar quantity.  

 Velocity and acceleration are vector quantities.  

 

 

 

 

 

 

 

Terminal Velocity 

1. Falling body accelerates at the rate of 9.8𝑚/𝑠 in every one second. 

2. The maximum constant velocity of a free-falling body is called terminal velocity. 

3. The net force acting on a body moving with a terminal velocity is zero. 
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Lesson No: 4  Subject: Physics  Class: 9 – 10   Time: 50 minutes 

Topic: Work, Power and Energy   

  

 

 

 

Introduction  

We need energy to perform work. Therefore, energy is broadly described as a capacity or ability 

to do work. Animals get energy from food whereas machines rely on solar energy, wind energy, 

electrical energy, fossil fuels, etc. 

Work 

The work is said to be done only when a body is displaced under the application of a force. Say, 

that a person is pulling a heavy box across a surface using a rope from position A to position B, as 

shown in the figure given below. 

The red arrow represents the direction of application of force, the green arrow represents the 

direction of displacement of the object due to the applied force, and angle theta (𝜃) represents the 

angle between the direction of applied force and displacement.  

If we join the arrow representing force with the arrow representing displacement to form a right-

angled triangle, as shown by the black dotted line above, then we can find the function of angle 

(𝜃) to be equal to the ratio of adjacent side AB (base of the right-angled triangle) to the hypotenuse 

side AC. 

 

1. Calculate the work done.  

2. Calculate the power of a machine. 

3. Calculate the efficiency of a machine as a ratio of work output 

and input. 

 

 

 

 

 

 

Direction of force (F)  

Direction of 

displacement (d) 

Position A Position B 

𝜃 
A 

C 

B 

Hypotenuse  

Adjacent 
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The amount of work done by a force on a body can be calculated using the following formula. 

𝑾𝒐𝒓𝒌 𝒅𝒐𝒏𝒆 (𝑾) = 𝑭𝒐𝒓𝒄𝒆 (𝑭) × 𝒅𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 (𝒅) ×
𝒂𝒅𝒋𝒂𝒄𝒆𝒏𝒕 𝒔𝒊𝒅𝒆

𝒉𝒚𝒑𝒐𝒕𝒆𝒏𝒖𝒔𝒆 𝒔𝒊𝒅𝒆
 

Or; 

𝑾 = 𝑭 × 𝒅 ×
𝒂𝒅𝒋𝒂𝒄𝒆𝒏𝒕 𝒔𝒊𝒅𝒆

𝒉𝒚𝒑𝒐𝒕𝒆𝒏𝒖𝒔𝒆 𝒔𝒊𝒅𝒆
 

From the formula, we can conclude that the amount of work done by a force on a body depends 

upon: 

1. The magnitude of the applied force (F), 

2. Displacement of the body (d), and 

3. The angle theta (𝜃) (which is equal to the ratio of the adjacent side to the hypotenuse side) 

at which the body is displaced by the applied force. 

 

Unit of Work done 

The work done is measured in joule (J). 

 

 

 

 

 

 

 

Now, let us explore some of the special cases to understand the work done. 

1. Case I - When the displacement is along the direction of applied force 

The figure below represents the displacement of the body in the direction of the applied force for 

example, a person pushing a box along a horizontal plane. 

 

 

 

 

 

 

In the above case, the magnitude of the force is represented as F and the magnitude of displacement 

is represented as d. Note that these symbols will be used throughout the rest of the cases. 

 

Before we discuss the value for the ratio of the adjacent side to the hypotenuse side, let us first 

explore the series of figures given below. Here, we can see that as we lower down the hypotenuse 

side of the right-angled triangle to the adjacent side, hypotenuse side decreases in magnitude and 

 
 
 
 
 
 
 
 

Activity 1 
1. Is work done a scalar or a vector quantity? 

2. Find the equivalent unit of joule. 

 

 

 

 

 

 
 
 
 
 
 
 
 

Direction of force (F)  Direction of displacement (d) 
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becomes almost equal to the adjacent side as represented by figures 1, 2, 3, 4 and 5. When they 

are finally on the same plane, as represented by figure 6, they become equal in magnitude or size. 

 

 

 

 

 

 

 

In the above case, since the applied force and displacement act along the same plane, their 

magnitudes become equal. Therefore, the ratio of the adjacent side to the hypotenuse side is equal 

to 1 when the displacement of the body is in the direction of the applied force. 

Hence, in such case, 
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
= 1, we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 𝐹𝑜𝑟𝑐𝑒 (𝐹) × 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡(𝑑) × 1 

Or; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 𝐹𝑜𝑟𝑐𝑒 (𝐹) × 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡(𝑑) 

Or, simply; 

𝑊 = 𝐹𝑑 

Conclusion: 

1. When the displacement is in the direction of the applied force, work done is equal to the product 

of force and displacement (𝑊 = 𝐹𝑑). 

2. Work done is maximum when the body is displaced in the direction of the force. 

 

 

 

 

 

 

 

2. Case II - When the displacement is perpendicular to the direction of applied force 

The figure below represents the displacement of the body perpendicular to the applied force, for 

example, a person carrying a bag with a hand and walking along the horizontal plane. 

 

 

 

 

 

 

 

Activity 2 
1. Why is work done maximum when the body is displaced in the 

direction of force? 

 

 

 

 

 

 
 
 
 
 
 
 
 

1 2 3 4 5 6 
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In this case, the bag does not displace/move from the point of application of force. In other words, 

there is no displacement. 

Once again, let us look at the figures below. From the figures below, we can see that as the adjacent 

side decreases the hypotenuse side also decreases. But when the adjacent side is equal to zero, the 

hypotenuse side still remains and becomes equal to the perpendicular side as represented by figure 

5. In such a case, the ratio of the adjacent side to the hypotenuse side is equal to zero since the 

adjacent side is equal to zero. 

 

  

 

 

 

 

 

In the above case, though there is an application of force, the body is not displaced in the direction 

of the force. Therefore, the ratio of the adjacent side to the hypotenuse side is equal to 0. 

Hence, in such case, 
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
= 0, we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 𝐹𝑜𝑟𝑐𝑒 (𝐹) × 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡(𝑑) × 0 

Anything multiplied by zero is zero, so, we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 0 

Or; 

𝑊 = 0 

Conclusion: 

When the displacement is perpendicular to the direction of the applied force, the work done is zero. 

In other words, there is no work done (𝑊 = 0). 

 

 

 
 
 
 
 
 
 
 

Direction of force (F)  

Direction of displacement (d) 
Bag  

 
 
 
 
 
 
 
 

1 2 3 4 5 
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3. Case III - When there is no displacement even when the force is applied 

The figure below represents zero displacement even when there is an application of force, for 

example, a person pushing a wall. 

 

 

 

 

 

Hence, in such case, displacement (d) = 0, so we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 𝐹𝑜𝑟𝑐𝑒 (𝐹) × 0 ×
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
 

Anything multiplied by zero is zero, so, we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 0 

Or; 

𝑊 = 0 

Conclusion: 

When an applied force does not displace a body, the work done is said to be zero, or the work is 

said to be not done. 

4. Case IV - When a body displaces without the application of force 

The figure below represents the displacement of a body along a frictionless surface without the 

application of force, for example, a ball rolling over a smooth frictionless horizontal surface. 

 

 

 

 

 

 

 

Hence, in such case, Force (F) = 0, so we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 0 × 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 (𝑑) ×
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
 

Anything multiplied by zero is zero, so, we have; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 0 

Or; 

𝑊 = 0 

Conclusion: 

When a body displaces without the application of force the work done is zero. 

 
 
 
 
 
 
 
 

Direction of force (F)  
Direction of displacement (d) = 0 

 
 
 
 
 
 
 
 

Direction of force (F) = 0 Direction of displacement (d) 
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Work done against Gravity 

The work is said to be done against gravity when a body is raised to a certain height, for example, 

lifting a box from the floor. The force of gravity of the Earth constantly tries to pull the object 

towards the centre of the Earth. The force of gravity acting on a body is referred to as the weight 

(W) of the body. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above figure represents a box being lifted from position A to position B. From Newton’s 

second law of motion, we know that 𝐹 =  𝑚𝑎. In our case here, since the box is lifted against 

gravity, the acceleration (a) is equal to the acceleration due to gravity (g). That is, 𝐹 = 𝑚𝑎 = 𝑚𝑔, 

because 𝑎 = 𝑔. 

We know; 

𝑊𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 (𝑊) = 𝐹𝑜𝑟𝑐𝑒 (𝐹) × 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 (𝑑) ×
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
 

Or; 

𝑊 = 𝐹 × 𝑑 ×
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
 

In the above case, the box is displaced in the direction of force, therefore, 
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 𝑠𝑖𝑑𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 𝑠𝑖𝑑𝑒
= 1. 

Also, 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 (𝑑) = ℎ𝑒𝑖𝑔ℎ𝑡 (ℎ) 𝑜𝑟 (𝑑 = ℎ), and we know, 𝐹 = 𝑚𝑔. Therefore, 

substituting these values in the above equation; 

We have; 

W = mg × h  Or,  W = mgh 

Where; 

 m = mass of the body 
 g = acceleration due to gravity 
 h = ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑜𝑑𝑦 𝑟𝑎𝑖𝑠𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 

 
 
 
 
 
 
 
 

Height (h) 

𝐹 =  𝑚𝑎, where 𝑎 = 𝑔 

Position A 

Position B 

𝑊 = 𝑚𝑔 
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Power 

Power describes how fast or slow work is done in a given time. It is defined as the rate of doing 

work. 

It is calculated using the following formula: 

Power (P) =
Work done (W)

time (t)
 

Or; 

P =
W

t
 

Unit of Power 

Power is measured in watt (W). 

 

 

 

 

Mechanical Energy 

Mechanical energy is the energy possessed by a body due to its motion or its position. There are 

two types of mechanical energy namely, 

1. Potential energy 

2. Kinetic energy 

Potential Energy (P.E.) 

The energy possessed by a body due to its position or state is called potential energy. 

We have; 

P. E. = mgh 

Where,  

 m = mass of the body 

 g = acceleration due to gravity 

 h = height of the body raised from the ground 

Potential energy depends upon the mass of the body, acceleration due to gravity and height to 

which the body is raised from the ground. 

 

Activity 3 
1. Find the equivalent unit of a watt (W). 
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Kinetic Energy (K.E.) 

The energy possessed by a body due to its motion is called kinetic energy. 

We have; 

K. E. =
1

2
mv2 

Where; 

 m = mass of the body 

 v = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑜𝑣𝑖𝑛𝑔 𝑏𝑜𝑑𝑦 

Kinetic energy depends upon the mass and velocity of the moving body. 

Law of Conservation of Energy 

Law of conservation of energy states that the energy can neither be created nor can it be destroyed, 

but it can be transformed from one form to another form. 

When an arrow is released from the bow, most of its potential energy is converted into kinetic 

energy while some of it is converted to sound, heat and light energy to overcome the friction. If 

we add all of these transformed energies, it will be equal to the original potential energy. 

 

 

 

 

 

Activity 4 
1. Explore more examples of the principle of conservation of energy 

seen in our everyday lives. 
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Self-check for Learning  

1. A truck of mass 8000 kg and a car of mass 1000 kg are travelling at the 

same velocity. Which one has greater kinetic energy? Why? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.We know that kinetic energy is directly proportional to the mass of the moving 

body and since they have the same velocity, a truck will have greater kinetic 

energy compared to a car because of the mass. 

 

Self-check for Learning  

 

 

 

 

 

 

Summary  

 The work is said to be done only when a body is displaced under the 

application of a force. 

 Work done (W) = Force (F) × displacement (d) ×
adjacent side

hypotenuse side
 

 The work done is measure in joule (J). 

 When the displacement is in the direction of the applied force, work done is 

equal to the product of force and displacement (𝑊 = 𝐹𝑑). 
 Work done is maximum when the body is displaced in the direction of the 

force. 

 When the displacement is perpendicular to the direction of the applied force, the 

work done is zero. In other words, there is no work done (𝑊 = 0). 
 When an applied force does not displace a body, the work done is said to be 

zero, or the work is said to be not done. 

 When a body displaces without the application of force the work done is zero. 

 Work done against gravity = mgh. 

 Power describes how fast or slow work is done. It is defined as the rate of 

doing work. 

 The energy possessed by a body due to its position or state is called potential 

energy. 

 The energy possessed by a body due to its motion is called kinetic energy. 

 Law of conservation of energy states that the energy can neither be created nor 

can it be destroyed but it can be transformed from one form to another form. 
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Lesson No: 5  Subject: Physics  Class: 9 – 10   Time: 50 minutes 

Topic: Current Electricity   

  

 

 

 

 

Introduction  

The discovery of current and electricity has transformed our lives. We cannot think of our lives 

without it. None of the electronic devices, vehicles, planes, medical equipment, and the likes would 

have existed without the discovery of charge and understating how it works. Therefore, it is 

important that we learn about it. 

 

Charge 

To understand current, first, we have to look at the atoms itself. Essentially, everything that is 

around us, the plants, rocks, Earth, Sun, moon, and even you and me, is made up of tiny particles 

called atoms. We can say that we are a bag of atoms.  

Atoms itself are made up of three subatomic particles, namely; electron, proton, and neutron.  

In an atom, a proton (which is a positively charged particle) and a neutron (which does not possess 

any charge) hold the central position. They are held together by a strong nuclear force, meaning, 

it is very difficult to break their bond under normal conditions. However, electrons (particles that 

are negatively charged) on the other hand, occupy space around the nucleus. The free/valence 

electrons (electrons in the outermost shell) of a good conductor like copper and aluminium are 

always ready to move to nearby atoms.  

Remember, it is only electrons that can move and not protons or neutrons. In solids, movement of 

free electrons carries current while in liquid and gases, both positively and negatively charged ions 

carry current. Only conductors possess free electrons. 

Let us quickly take a look at the atomic structure of aluminium. 

 

 

1. Describe the effects of potential difference (p.d) on electric 

current flow. 

2. Relate the phenomenon of electrical resistance to real life 

application of electricity. 

3. State common sources of electric current. 

4. Illustrate transmission of electricity from the source to homes. 
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The atomic number of aluminium is 13. This means it has 13 electrons and 13 protons (represented 

as 13P in the figure). Following the octet rule for electron distribution in an atom, aluminium has 

3 free/valence electrons. 

There are four important generalizations that we can make from above: 

1. Aluminium is conductor because its atom has free electrons (each atom has three electrons 

ready to move to nearby atoms).  

Generalization: In general, all conductors have free electrons. 

2. Aluminium is electrically neutral because the total number of negatively charged electrons 

and positively charged protons are equal.  

Generalization: In general, though all things are made of charges, most of the time positive 

and negative charges are balanced in an object. 

3. If aluminium atoms lose just one electron to any material in contact, it will become positively 

charged, because, in the aluminium, the total number of protons will be more than the total 

number of electrons. They will retain this charge imbalance (be positively charged). This 

kind of stationary charge is called static electricity. 

The charge imbalance in a material can be both positive and negative. 

 

 

 

 

 

 

 

 

 
Nucleus 

 

Jumping 

to a new 

material 

Neutral Charge (no. of 

protons = no. of 

electrons) 

Positive Charge (no. of 

protons > no. of 

electrons) 

Change 

to 
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Generalization: Some materials can retain charges and can be either positively charged or 

negatively charged. 

4. The static electricity is due to unbalanced positive and negative charges but when charges 

move through a conducting material it is called current electricity. For charges to move, 

we need devices like batteries, generators to do the work. The amount of work required to 

perform in carrying a charge from one point to another is called the potential difference.  

Generalization: 

Charges in a conductor cannot move without a potential difference at its two ends. 

Potential Difference 

Devices like batteries or generator (or sometimes referred to as mains supply) help create a 

potential difference at the two ends/terminals of a conductor. 

Here is how it works:  

 

 

 

 

 

 

 

 

The two sides of the battery have different concentrations of electrons. The region with a high 

concentration of electrons (marked with negative sign) is called the region of low potential and the 

region with a low concentration of electron or deficit of electrons (marked with a positive sign) is 

called the region of high potential.  

When a conductor is connected to a device like a battery, as shown above, battery creates a 

potential difference at the two ends of a conductor. The difference in the potential energies makes 

electrons move from the negative terminal (region of low potential) to the positive terminal (region 

of high potential). Though electrons or charge carriers flow from the negative terminal to the 

positive terminal, the flow of current is represented from the positive terminal (region of high 

potential) to the negative terminal (region of low potential). This is called the conventional 

(meaning it is widely accepted) direction of the current.  

The flow of electrons in a circuit is analogous to the flow of water. Water always flows from higher 

height to lower ground and the flow continues until there is a difference between the heights. 

 

Region of low potential 

(High concentration of 

electrons) 

Region of high 

potential (Low 

concentration of 

electrons) 

Conventional direction of current 

 

Direction of flow of electrons 
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Similarly, electrons will continue to flow as long as there is a difference between potentials at the 

two ends of the conductor. The potential difference is also known as voltage. The amount of work 

done in moving a unit charge from one point to another is called potential difference (p.d.). 

Voltage is measured in volt (V). A device called voltmeter measures it. 

 

 

 

 

 

 

 

 

The conductor used by the electrons as a path to travel is called a circuit.  

There are two types of potential differences: 

1. The potential difference of a cell when the circuit is open (ends of a cell are not connected) 

is called electromotive force or emf. 

2. The potential difference of a cell when the circuit is closed (both ends of a cell are connected 

with a conductor) is called terminal voltage. 

 

 

 

 

 

 

 

Electric Current 

Electric current is the measure of how much charges (or electrons) pass across any cross-section 

of a conductor in a certain given time.  

Therefore; 

Electric current (I)  =
Charge (Q)

Time (t)
 

Or; 

I =
Q

t
 

The current is measured in ampere (A) and the charge is measured in coulomb (c). It is measured 

by an instrument called an ammeter. 

 
 
 
 
 
 
 
 

Activity 1 
1. Why electrons travel from region of low potential to the region of high 

potential? 

2. Will the difference in the directions of the flow of electron and the 

conventional direction of current make a difference in what current 

does? 

 

 

 

 

 

 
 
 
 
 
 
 
 

Activity 2 
1. Which one of the two potential differences, emf or terminal 

voltage will be greater in magnitude? Why? 
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Electrical Resistance 

When a conducting wire is connected to a battery as shown in the figure below, we know that due 

to the difference in the potential, the electrons will flow from negative terminal to the positive 

terminal of the battery. 

 

 

 

 

 

The word ‘flow’ here is used lightly. In fact, electrons do not really flow. What happens here is, 

when the circuit is closed, the electrons present in the negative terminal of the battery will knock 

out or push the nearby free electrons of the atoms in the conductor. Then these free electrons will, 

in turn, knock out the free electrons of the nearby atoms and this process will continue until free 

electrons of the atoms near to the positive terminal are knocked into it. When this happens, it looks 

as if electrons are flowing.  

However, the ‘flow’ is never smooth. When the electrons are knocked out of their atoms in the 

conductor, they collide with each other giving rise to the resistance. The obstruction offered to the 

flow of electric current by the material of the conductor is known as electrical resistance. 

Resistance is measured in ohm (Ω) by a device called ohm-meter. 

The resistance of a wire depends upon: 

1. nature of the material of the conductor,  

2. length of the conductor, 

3. the thickness of the conductor, and 

4. the temperature of the conductor. 

Common Sources of Electricity 

Electricity is generated from various sources. Some of the sources are: 

1. Solar (Sun) Energy 

2. Hydro – Electricity  

3. Wind Energy 

4. Fossil Fuels – Diesel, Petrol, Natural gas, Coal, etc. 

5. Nuclear Energy 

 
 
 
 
 
 
 
 

Activity 3 
1. Find the equivalent unit for ampere. 
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Distribution of Electricity 

The electricity generated in power plants is distributed across the community or a country using a 

grid system. 

In a grid system, before the distribution of electricity, it first goes to the substation located near to 

the power generation plant where it is converted to a higher voltage using step-up transformers. 

This is done so that the electricity can travel long distances. 

When it reaches to its consumers, the voltage is decreased depending upon types of consumers 

using step-down transformers. The following figure represents how the grid system works. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Activity 4 
1. What are the sources used in our country to generate electricity? 

2. Name at least three electric power generation plants in the country. 

3. Why nuclear energy is not used in our country to generate electricity? 
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Self-check for Learning  

1. State factors affecting the resistance of a conductor. 

2. What is the reason for increasing the voltage of electricity before 

distributing it to the consumers? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.Read electrical resistance. 

2.When the voltage is increased, electricity can travel longer distances. 

 

 

Self-check for Learning  

 

 

 

 

 

 

Summary  

 The flow of current is represented from the positive terminal (region of high 

potential) to the negative terminal (region of low potential). This is called the 

conventional direction of the current. 

 The flow of electron is opposite to the conventional flow of current. 

 The amount of work done in moving a unit charge from one point to another is 

called the potential difference. 

 Electric current is the measure of how much charges (or electrons) pass across 

any cross-section of a conductor in a certain given time.  

 The obstruction offered to the flow of electric current by the material of the 

conductor is known as electrical resistance. 
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Lesson No: 6  Subject: Physics  Class: 9 – 10   Time: 50 minutes 

Topic: Reflection and Refraction    

  

 

 

 

 

Introduction  

It is important to recollect the following:  

1. Reflection of light and sound - It is the process of bouncing back of light rays or sound 

waves after striking a surface. 

2. Refraction of light and sound - It is the process of bending of light rays or sound waves 

as they travel or transmit from one medium to another medium. 

3. Light is a form of energy that gives us the sensation of sight. Some of the fundamental 

properties of light are: 

 Light always travels in a straight line. 

 In a vacuum, light travels at the speed of 3 × 108m/s. 

 Light does not need a medium for propagation (to travel). 

 Light has a different speed in a different medium. 

 Light undergoes the phenomenon of refraction and reflection. 

4. A sound is a form of energy that helps us to hear. Some of the fundamental properties of 

sound are: 

 Sound vibration travels in the form of a wave. It does not necessarily travel in a straight 

line. The energy dissipates in all the direction. 

 Speed of sound in dry air at 200C is 343m/s. 

 Sound needs a medium for propagation. 

 Sound has different speed in a different medium. 

 Sound undergoes the phenomenon of refraction and reflection. 

 

 

 

 

 

1. Define reflection and refraction in your own words. 

2. State the laws of reflection and refraction. 

3. Explain some applications of reflection of light and sound in our 

daily life 
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Reflection of Light and Sound 

1. Reflection of Light 

When a ray of light (you can imagine it as a column of light) hits a surface (a good example is a 

plane mirror) it bounces back. Let us look at Figure 1 to understand the reflection of light.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                         Figure 1 

 

A ray of light that strikes the surface is called the incident ray. The normal is a line drawn 

perpendicular (at 90 degrees to the reflecting surface) at the point of incidence. The angle between 

the incident ray and the normal is called the angle of incidence (< 𝑖). As soon as the incident ray 

hits the surface, the light bounces off into the same medium, forming reflected ray. The angle 

between the normal and the reflected ray is called the angle of reflection (< 𝑟). 

2. Reflection of Sound 

The reflection of a sound is the same as that of light except for a sound to be reflected the reflector 

should be large. 

 

            

 

 

 

 

Figure 2  Source: http://www.physics.usyd.edu.au 

 

Normal 

Reflected Ray 

Plane Mirror 

Incident Ray 

< 𝑖 < 𝑟 

 
 
 
 
 
 
 

http://www.physics.usyd.edu.au/
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The reflected sound is called echo.  

The law of reflection of light and sound states that: 

1. The incident ray, normal at the point of incidence, and reflected ray all lie on the same 

plane. 

2. The angle of incidence (< 𝑖) is always equal to the angle of reflection (< 𝑟). 

That is; 

< 𝑖 =< 𝑟 

Applications of Reflection 

1. Reflection of light 

The following are some of the applications of reflection of light. 

a. The wing and rear mirror in a car enable drivers to see objects at both sides of the car and 

things behind the car. 

b. The microscope uses a mirror to reflect light to the specimen under the microscope. 

c. Reflecting telescope uses complex arrangements of mirrors to gather light and reflect it to 

the eyepiece. 

 

2. Reflection of sound 

The following are some of the applications of reflection of sound. 

a. The distance between two distant objects can be found using the echo. 

 

 

 

 

 

 

 

 

Figure 3 

The sensation of any sound persists (or continue to exist) in our ear for about 0.1 seconds. This is 

known as the persistence of hearing.  

 
 
 
 
 
 
 
 

Activity 1 
1. Explore how the reflection of sound is used in ultrasound to image a 

fetus in the mother’s womb. 

2. Explore some more applications of reflection of light in our day-to-day 

life. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

d 

d 
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If the echo is heard within 0.1 seconds, the original sound and its echo cannot be distinguished. 

So, for an echo to be heard, the reflected sound should reach the ear after a gap of 0.1 seconds after 

the original sound dies off. This is the most important condition. 

We know; 

Speed =
distance travelled

time taken
 

We have; 

Speed of sound in air = 340m/s 

The time required to hear an echo = 0.1m/s 

Total distance travelled = 2 × d = 2d,  

Substituting the values into the above formula, we 

have; 

340 =
2d

0.1
 

i.e. 

2d = 340 × 0.1 

Or; 

2d = 34 

Or; 

d =
34

2
= 17 

i.e. d = 17m. 

We know, ‘𝑑’ represents the original distance between the sound source and the sound reflector 

and 𝑑 = 17𝑚 means, considering the persistence of human hearing, for an echo to be heard, the 

minimum distance between the sound source and the reflector should be at least 17𝑚. If the 

distance is less than 17m we cannot hear the echo. 

b. The reflection of sound is used for detecting, communicating, or navigating by ships and 

submarines in the form of SONAR (Sound Navigation and Ranging). It is also used for finding 

the depth of an ocean. 

 

 

 

 

 

Where ‘𝑑’ is the original distance 

between the sound source and the 

reflector as represented in the above 

figure. Sound has to first travel to the 

reflector and then back to the source as 

an echo covering the same distance 

twice (2𝑑). 

 

 
 
 
 
 
 
 
 

Activity 2 
Explore some more applications of reflection of sound in our day-to-day 

life. 
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Refraction of Light and Sound 

1. Refraction of Light 

When light travels from one optical medium (any material through which light can travel - air, 

water, glass, etc.) to another optical medium it changes its path (light bends). This happens because 

of the difference in the densities of the mediums. 

Let us look at the following different cases of refraction of light. 

Case I - When light travels from rarer medium to denser medium. 

 

 

 

 

                                                   

Figure 4 

When light travels from rarer medium to denser medium, as shown in the above figure, light bends 

towards the normal. 

Case II - When light travels from denser medium to rarer medium. 

 

 

 

                           

Figure 5 

When light travels from denser medium to rarer medium, as shown in the above figure, light bends 

away from the normal. 

Case III - When light travels normally 

 

 

 

                                                      

Figure 6 

 
 
 
 
 
 
 
 
    
 
 
 
 
 

Incident ray 

Refracted ray 

Air (Rarer medium compared to glass) 

Glass (Denser medium compared to air) 

 
 
 
 
 
 
 
 
   
 
 
 
 
  
 
 
 
 
 
 

 
    
 
 
 
 
 

Incident ray Air (Rarer medium compared to glass) 

Refracted  

ray 

Glass (Denser medium compared to air) 

Incident ray 

Refracted ray 

Air (Rarer medium compared to glass) 

Glass (Denser medium compared to air) 
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When light travels normally (making an angle of 90 degrees with the second medium), as shown 

above, from the first medium into the second medium, it travels without bending. 

Let us now look at how light travels through a glass slab using the knowledge learned above. 

Consider a rectangular glass slab PQRS, as shown in the figure. Let ray AE be the incident ray 

travelling from air into the glass and N1 be the Normal. The angle between the incident ray and N1 

is called the angle of incidence (< 𝑖).   

Upon entering the glass slab, it bends towards the normal N1 because the speed of light decreases 

in the glass as it is denser compared to the air. EF is called the refracted ray and the angle between 

the refracted ray and N1 is called the angle of refraction (< 𝑟).  

As the refracted ray exits the glass slab, it bends away from the normal N2 and travels along the 

path FD. The ray FD is called the emergent ray and the angle between the emergent ray and normal 

N2 is called the angle of emergence (< 𝑒). 

If we compare the incident ray with the emergent ray, emergent ray looks like an incident ray 

pushed laterally (sideways). If we extend the incident ray, as shown by the dotted line in the Figure 

7, it becomes parallel to the emergent ray. The distance between the emergent ray and incident ray 

extended is called lateral displacement. 

 

                                                            

 

 

 

 

 

 

Figure 7 

The law of refraction of light states that: 

1. The incident ray, refracted ray, emergent ray, and the normal lie on the same plane. 

2.  The refractive index (𝜇) of the medium is calculated by comparing the velocity of light in 

the first medium to the velocity of light in the second medium. 

That is, in the above case, 

μ =
velocity of light in air

velocity of light in glass
 

The refraction of light can explain some of the natural phenomena like the twinkling of stars and 

the formation of the rainbow.  
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1. Twinkling of Star 

As the light from the stars travels down the Earth’s atmosphere, it undergoes a series of refraction 

because of the different layers of air, which is always in motion. When this light reaches the 

observer, the stars look as if they are twinkling. 

2. Formation of Rainbow 

The formation of the rainbow is not entirely because of the refraction of light but it plays an 

important role in its formation.  

When the sunlight traveling through the air (rarer medium) enters into the raindrops (denser 

medium), because of series of refraction, the sunlight undergoes dispersion (splitting into seven 

different colours) creating a rainbow.   

 

 

 

 

 

2. Refraction of Sound 

Just like the light, sound also undergoes the phenomenon of refraction. The refraction is opposite 

to that of light. That is, as sound travels from a denser medium to a rarer medium, it bends towards 

the normal. This is because sound (vibrational energy) travels faster in solids (because in solids, 

atoms are closely packed hence vibration can transmit faster) compared to liquids or gases (because 

atoms are not closely packed like in the solids). 

 

            

 

 

 

 

         

Figure 8 

The refraction of the sound takes place in the atmosphere due to the difference in the temperature. 

Sound waves travel faster in warm air than in cold air because molecules of air move faster in 

warm air due to thermal (heat) energy.  

 
 
 
 
 
 
 
 

Activity 3 
Look out for other phenomena that can be explained using the refraction 

of light. 
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Self-check for Learning  

1. There is an explosion on the surface of a lake and two persons, Phuntsho 

and Nado hear its sound. Phuntsho is 150 m away on a boat and Nado is 

150 m below the surface of the water. Who would hear the sound first and 

why? 

2. How do reflection and refraction of sound affect communication? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hint: Understand how sound travels in different mediums to answer these questions. 

 

 

Self-check for Learning  

 

 

 

 

 

 

Summary  

1. The incident ray, normal at the point of incidence, and reflected ray all lie on the 

same plane. 

2. The angle of incidence (< 𝑖) is always equal to the angle of reflection (< 𝑟). 

3. The incident ray, refracted ray, emergent ray, and the normal lie on the same plane. 

4. The refractive index (𝜇) of the medium is calculated by comparing the velocity of 

light in the first medium to the velocity of light in the second medium. 

 

 
 
 
 
 
 
 
 

Activity 4 
Street dogs always seem to bark more during the night than day. Do you 

think this barking pattern of dogs can be explained with how sound travel 

in the air during day and night? Explore. 

 

 

 

 

 



  Self-Instructional Material 
 

83           Physics – Class 9-10 

KEY STAGE – IV  

Lesson No: 7  Subject: Physics  Class: 9 – 10   Time: 50 minutes 

Topic: DC Motor and AC Generator    

  

 

 

 

Introduction  

The discovery of electricity by Benjamin Franklin has changed our lives forever. We cannot 

imagine our lives without electrical appliances such as mobile phones, computers, fans, 

refrigerators, etc. The following are some of the facts worth recollecting or exploring before 

jumping to the lesson. 

1. There are two types of electric current namely; 

a. Direct current (d.c): The current (movement of electrons) flows in a single direction. 

Source: A direct current is obtained from a cell or battery. 

b. Alternating current (a.c): As the name suggests, the direction of the flow of current 

changes/alternates periodically. Source: An alternating current is obtained from the A.C. 

generator or mains. 

2. A conductor carrying a current has a magnetic field surrounding it. The direction of the 

magnetic field can be determined by Maxwell’s right-hand thumb rule. If the thumb is 

pointed in the direction of the flow of current then the curled fingers show the direction of 

the magnetic field surrounding the conductor as shown in the figure below. 

 

 

 

 

 

Source: brainly.in 

3. The magnetic field produced by a conductor due to the alternating current flowing through 

it changes/fluctuates continuously. It is the opposite of the magnetic field produced by a 

direct current. 

4. Magnetic field travels from north pole to south pole. 

 

1. Explain the working of simple d.c motors. 

2. Explain the working of simple a.c generator. 

3. Name at least four main parts of the motor and generator. 
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I. Direct Current or DC Motor 

A DC motor is an electrical device that converts electrical energy to mechanical 

(movement/motion) energy.  

 

 

 

 

It is important to understand the following concepts before we explore how DC motors work. 

1. A conductor carrying a current when placed in a magnetic field experiences a force called 

Lorentz force.  

2. The direction of the force can be determined by Fleming’s left-hand rule.  

According to Fleming’s left-hand rule, if the thumb, forefinger and second finger of the left hand 

are stretched at right angles (90 degrees) to each other such that the forefinger indicates the 

direction of the magnetic field and the second finger indicates the direction of current flowing 

through the conductor then the thumb will indicate the direction of motion of the conductor as 

represented in the figure below. 

 

 

 

 

 

 

 

 

Source: Wikipedia.com 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Activity 1 
1. Name any five electrical devices that use DC motors to convert 

electrical energy to mechanical energy. 

2. Do you think AC motors also exist? Explore. 

 

 

 

 

 
 
 
 
 
 
 
 
 

Thumb: 

Motion 

Forefinger: 

Magnetic field 

Second finger: 

Current 
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Construction and Working of a Simple DC Motor 

i. Construction 

The following figure represents a simple DC motor. In a DC motor an armature coil (a conductor 

which carries current) is placed in-between two magnets (these magnets are either electric or 

permanent magnets). In other words, the armature coil is placed in a magnetic field. The armature 

coil is connected to a DC source, a battery/cell. This means, as the current flows through the 

armature coil, it will experience a Lorentz force. The direction of motion of the armature coil due 

to the Lorentz force can be determined using Fleming’s left-hand rule. 

 

 

 

 

 

 

 

 

 

1. Working 

When the armature coil is connected to a DC source or when current flows through the armature 

coil, the part of the armature coil near to the south pole (marked ‘S’) of the magnet will be pushed 

up by Lorentz force and will, therefore, rotate in a clockwise direction. In the same manner, the 

part of the armature coil near to the north pole (marked ‘N’) of the magnet will be pushed 

downwards and will, therefore, rotate in clockwise direction thereby converting electrical energy 

to mechanical energy. The rotation will continue as long as there is a flow of current through the 

armature coil. 

II. Alternating Current or AC Generator 

An AC generator is an electrical device that converts mechanical energy into electrical energy. It 

is important to understand the following concepts before we explore how AC generators work. 

1. Scientist Michael Faraday found out that: 

a. The current starts to flow through a conductor just by changing the magnetic field passing 

through it. This is the working principle of an AC generator. 

 
 
 
 
 
 
 
 

Activity 2 

1. Use Fleming's left-hand rule to validate the direction of motion of the 

armature coil in the figure below. 
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b. The changing magnetic field produced by a conductor due to the alternating current flowing 

through it can also be used for producing current in the conductor placed near to it. This is 

the working principle of a transformer. 

In both of the above cases, the phenomenon is referred to as Electromagnetic Induction. It 

happens when a current is generated in a conductor due to change in magnetic field lines passing 

through it.  

2. The phenomenon of inducing potential difference due to changing magnetic field lines 

passing through a circuit is called electromagnetic induction. 

3. The a.c generators and transformers work on the principle of electromagnetic induction. 

4. The direction of the force can be determined by Fleming’s right-hand rule.  

According to Fleming’s right-hand rule, if the thumb, forefinger and second finger of the right 

hand are stretched at right angles (90 degrees) to each other such that the forefinger indicates the 

direction of the magnetic field and the thumb indicates the direction of motion of the conductor 

then the second finger will indicate the direction of induced current in the conductor as 

represented in the figure below. 

 

 

 

 

 

 

 

Construction and Working of a Simple AC Generator 

i. Construction 

The construction of the AC generator is almost the same as that of the DC motor except that the 

armature coil in the AC generator is connected to a turbine. The turbine is made to revolve by fast-

flowing water, gas, air or any other fluid. In our country, our hydropower station uses the energy 

of fast-flowing water to generate electricity. We also use wind turbines as well. 

 
 
 
 
 
 
 
 

Thumb: 

Motion 

Forefinger: 

Magnetic field 
Second finger: 

Current 
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ii. Working 

When the turbine rotates, the armature coil which is placed in a magnetic field also rotates along 

with it. As armature coil rotates inside a magnetic field, the total number of magnetic field lines 

passing through the coil changes rapidly. From electromagnetic induction, we have learned that 

when there is a continuous change in the magnetic field passing through the conductor, a voltage 

(or potential difference) is induced in the conductor. This induced voltage pushes the electrons 

inside the conductor generating electric current. In other words, we can say that the changing 

magnetic field lines push electrons in the conductor generating electric current. The direction of 

this induced current can be determined by Fleming’s right-hand rule. 

 

 

 

 

 

 

 

In the above two figures notice the difference in the armature coil ABCD and its connection to the 

slip rings. The rotation of the armature coil inside the magnetic field is such that part AB of the 

armature coil comes outward and part CD goes inward. Using Fleming’s right-hand thumb rule, 

the direction of induced current will be given by the second finger provided the forefinger points 

towards the direction of the magnetic field (which travels from north pole to south pole) and thumb 

to the direction of motion.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Activity 3 
1. How many hydropower stations are there in our country? 

2. In which Dzongkhags do we harness wind power?  
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The direction of the induced current in the above figure is represented by a red arrow. Notice that 

in both figures, the direction of the induced current in the armature coil near to the north pole and 

south pole is the same but the connection to the slip ring is different. This clearly shows that 

direction of the electric current generated is changing or alternates periodically. 

The current generated is maximum when the magnetic field lines passing through the armature 

coil is minimum and vice-versa. 

 
 
 
 
 
 
 
 

Activity 4 

1. Using your right-hand check whether the direction of the induced 

current represented by a red arrow in the above figure is correct or not. 

 
 

 

 

 

 

 

 

 

 

Summary  
Notice from the above comparison of Fleming’s left and 

right-hand rule that in both cases (DC motors and AC 

generators) each finger represents the same quantities.  

However, it is important to note that in DC motors 

(which convert electrical energy to mechanical(motion) 

energy), the motion of the armature coil is because the 

current is passing through it and it is placed in the 

magnetic field. While in the case of AC generators 

(which convert mechanical energy to electrical energy), 

the current is produced in the armature coil because the 

armature coil rotates in the magnetic field. 

 

 

 

 

 

 

Self-check for Learning  

1. Write at least one difference between d.c. motor and a.c. generator. 

2. In your own words, describe the working principle of d.c motor and a.c. 

generator. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.Hint: Write the function of the d.c motor and a.c generator. 

2.Hint: Lorentz force and Electromagnetic induction 

Self-check for Learning  
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Lesson No: 1       Subject: Mathematics  Class: 9 – 10   Time: 50 minutes 

Topic: Applying Trigonometric Ratios 

  

 

 

 

 

Introduction  

The word Trigonometry is derived from the Greek word Trigōnon meaning "triangle" and metron 

meaning "measure". Trigonometry means the measurement of a triangle. Trigonometry is a 

branch of mathematics that studies relationships between side lengths and angles of triangles. One 

of the most important real-life applications of trigonometry is in the calculation of height and 

distance. 
 

The properties of similar triangles can be used to determine unknown lengths and angles in one 

triangle using information about known lengths and angles in another similar triangle. 

Trigonometric ratios can be used to determine unknown lengths or angles in any right triangle. 
 

In any right triangle, the two legs of the triangle are given special names with respect to each non-

right or acute angle. The leg that is part of the angle is called the adjacent side and the leg that is 

not part of the angle is called the opposite side. The side opposite the right angle is called the 

hypotenuse. 

 

 

 

 

 

 

 

The ratios of the side lengths in any right triangle have special names, according to the acute angle 

being considered. For angle x in the triangle above, the special ratios are: 

sinx =
opposite

hypotenuse
,   cosx =

adjacent

hypotenuse
,   tanx =

opposite

adjacent
 

The ratios are pronounced "sine of x," "cosine of x," and "tangent of x," if x is the angle. They are 

called trigonometric ratios, or trig ratios (in short). 

 

1. Identify the hypotenuse, adjacent, and opposite side of an acute 

angle in a right triangle.   

2. Calculate side lengths and angles using trigonometric ratios. 

3. Apply Pythagorean Theorem to solve right triangles in applied 

problems.  

4. Solve a problem using an angle of elevation and an angle of 

depression.  
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For the other acute angle in the right triangle, angle y, the side lengths that are adjacent and opposite 

change and the trigonometric ratios are: 

 

siny =
opposite

hypotenuse
,  cosy =

adjacent

hypotenuse
,  tany =

opposite

adjacent
 

These ratios only apply to the acute angles in a right triangle. They do not apply to the right 

angle. 

The sine, cosine, and tangent ratios in a right triangle can be remembered by representing them as 

strings of letters, as in SOH-CAH-TOA. 

SOH → sinx =
opposite

hypotenuse
, CAH → cosx =

adjacent

hypotenuse
, and TOA → tanx =

opposite

adjacent
 

The reciprocals of these functions have named the cosecant (csc or cosec), secant (sec), and 

cotangent (cot), respectively. 

 The reciprocal of sine (sin) is cosecant (csc). 

 The reciprocal of Cosine (Cos) is secant (sec). 

 The reciprocal of Tangent (tan) is cotangent (cot). 

sec x =
1

cosx
  or

 hypotehuse

adjacent
    csc x =

1

sin x
 or  

 hypotehuse

opposite
       cot x =

1

tanx
 or     

adjacent

opposite
        

Six Trigonometric ratios are:  

1. Sine  2. Cosine   3. Tangent  4. Secant  5. Cosecant   6. Cotangent 

Example  

Determine all the six trig ratios for each ∠A using the given measurement. Round to two decimal places. 

 

  

 

 

 

 

 

 

 

 

 

? 

4 

3 

A 
opposite 

hypotenuse 

adjacent 

Pythagorean theorm to find one of the missing 

sides in right angled triangle 

1.  ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒 =  𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 2 + 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡2 

2..  𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 =  ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒2 − 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡2  

3. 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 =  ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒2 − 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒2 
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Solution: 

Hypotenuse =  𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒2 + 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡 2 

 = √32 + 4 2 

                     =√9 + 16 

                     =√25 

                     =5 

1. 𝑠𝑖𝑛 𝐴 =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
 =

3

5
  =  0.6    

2. 𝑐𝑜𝑠𝐴 =
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
 =  

4

5
   =  0.8 

3. 𝑡𝑎𝑛 𝐴 =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
 =  

3

4
 =  0.75 

4. csc𝐴 =
 ℎ𝑦𝑝𝑜𝑡𝑒ℎ𝑢𝑠𝑒

𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒
 = 

5

3
 =  1.7 𝑜𝑟 

1

sin𝐴
  = 

1

0.6
 =  1.7   

5. sec 𝐴 = 
 ℎ𝑦𝑝𝑜𝑡𝑒ℎ𝑢𝑠𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
= 

5

4
= 1.25 𝑜𝑟 

1

cos𝐴
 =  

1

0.8
=  1.25    

6. cot𝐴 =
𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡

𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒
  =  

4

3
=  1.33 𝑜𝑟 

1

tan𝐴
   =    

1

0.75
   = 1.33          

Trigonometric Identities 

Some equations are true for only certain values of a variable, for example, 2x = 6 is only true if x 

= 3. But other equations are true for all values of the variable in the equation, for example, 2x + 

2x = 4x is true for any value of x. Equations that are true for all values of the variable are called 

identities. 

Some equations or identities involving trig ratios are called trigonometric identities. These 

identities represent relationships among the trig ratios and are useful for finding other trig ratios if 

you know one trig ratio and for solving problems. 

Standard Trigonometric Identities 

The standard trigonometry identities are: 

1. cos (90º – x) = sin x           

Example: Complete each with an acute angle. 

cos 420= Sin ------ 

cos (90º – 480) = sin 480 

cos  420= Sin 480 

2. sin (90º – x) = cos x 

Example: Complete each with an acute angle. 

sin 370= cos ------ 

sin (90º – 530) = cos 530 

sin  370= cos 530 

3. cos2 x + sin2 x = 1              sin2 x + cos2 x = 1 

5 
3 

hypotenuse 

A 

adjacent 

4 

opposite 
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4. sin2 x = 1 – cos2 x   →   sin x = √𝟏 − 𝒄𝒐𝒔𝟐𝐱  

5. cos2 x = 1 – sin2 x   →   cos x = √𝟏 − 𝒔𝒊𝒏𝟐𝐱  

6. 𝐬𝐞𝐜 𝒙 =
𝟏

𝐜𝐨𝐬 𝒙
        

7. 𝐜𝐬𝐜 𝒙 =
𝟏

𝐬𝐢𝐧𝒙
     

8. 𝐜𝐨𝐭 𝒙 =
𝟏

𝐭𝐚𝐧𝒙
 or 𝐜𝐨𝐭 𝒙 =

𝐜𝐨𝐬 𝒙

𝐬𝐢𝐧𝒙
    

9.𝐭𝐚𝐧 𝒙 =
𝐬𝐢𝐧𝒙

𝐜𝐨𝐬 𝒙
 

How to use CALCULATOR (fx 82 or fx 100) 

You can use your calculator to calculate trig ratios, given the angles, or to calculate the angles, 

given the trig ratios. 

To calculate the sine of 30o, press the calculator button with sin symbol, then press 30 and then 

press = symbol to get the value. 

For example; sin (30) = 0.5. 

To calculate the angle for sine 0.5, we have to use the inverse function of trigonometry. The 

inverse functions are sin-1, cos-1, and tan-1 and read as, "sin inverse, cos inverse, and tan inverse". 

How to work with a calculator? 

First press shift, then press sin (you will get this display sin-1), next press 0.5 and finally you press 

= symbol to get the value (angle). 

For example; sin x = 0.5 

                            x = sin-1(0.5) 

                            x = 300 

Make sure the mode of your calculator is in DEGREE. 

For example, determine the sine, cosine, and tangent for 350. 

            (Using calculator) 

 The value of sin 350 = 0.574  

 The value of cos 350 = 0.819  

 The value of tan 350 = 0.700  

For which acute angle is each true? 

a. sin x = 0.85 

               x = sin-10.85 

                  = 58.20 

b. cos x = 0.24 

               x = cos-10.24 

                  = 76.10 
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c. tan x = 0.2 

               x = tan-10.2 

                  = 11.30 

Applying Trigonometric Ratios: Calculating Side Lengths and Angles 

The properties of similar triangles can be used to determine unknown lengths and angles in one 

triangle using information about known lengths and angles in another similar triangle. 

Trigonometric ratios can be used to determine unknown lengths or angles in any right triangle. 

Example 1: An unknown side length is found using trig ratios and known side lengths. 

∆ ABC is a right triangle. You can determine the length of d using the known side lengths and the 

sine or cosine ratio for the known angle 35°: 

  
    
 
 
 
 
 
 
 

 

 

 

 

 

Solution 1: Using the known side length and the angle 

Known side length = 7 cm (opposite), known angle = 35o 

Calculate side length d (hypotenuse) 

We can use sine ratio to the length because we are using opposite and hypotenuse. So, 

sin x =
Opposite

Hypotenuse
  

sin35° =
7

d
  (cross multiply) 

dsin35° = 7  

d =
7

sin35°
  

d =
7

0.574
 ≈ 12.20     𝐝 ≈ 𝟏𝟐. 𝟐𝟎 𝐜𝐦 

Solution 2: You can use cosine ratio if you are using 10 cm (adjacent) as known side length. The 

value of d varies slightly because the side measurements are approximation (not accurate). Here, d 

will be about 12.21 cm.  (d=≈ 𝟏𝟐. 𝟐𝟏 𝐜𝐦) 

Note: You could also use Pythagorean theorem to find d. 
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Example 2: An unknown angle measure is found using trig ratios and known side lengths. 

∆ DEF is a right triangle. You can determine the measure of angle D using the sine ratio and the 

known side lengths. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Example 3: Solving a Problem using Trigonometric Ratios 

Vishnu leaned a 10 m ladder against a building at an angle of 70°. How high up the building does 

the ladder go? 

Solution: 

 

 

 

Solution 1: Using the known side lengths 

Note: Side lengths are labelled from the angle D perspective. 

Known side length = 2 cm (opposite) and 9 cm (hypotenuse) 

Calculate the angle D. 

We can use sine ratio to the length because we know opposite and hypotenuse. So, 

sin𝐷 =
𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
  

sin𝐷 =
2

9
  

sin𝐷 ≈ 0.222 (inverse function) 

D ≈ sin-1(0.222) (to use inverse function, first press shift and   

                             then sine button in your calculator) 

D ≈12.83o  

∴ ∠𝑫 ≈ 𝟏𝟐. 𝟖𝟑° 

 

 

  

 
Explanation 

 I drew a picture and labelled it with the 

information to help me visualize. 

 I knew that I wanted to find h, the side 

length opposite the 70° angle. 

 Since I knew the hypotenuse, 10 m, and 

wanted to know the opposite side, I used the 

sine ratio. 

 I used my calculator to get the value of sin 

70° and substituted it into the equation. 

Then I solved the equation. 
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sin 𝑥    =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
  

sin 70˚ =
ℎ

10
  

0.940   =
ℎ

10
 (cross multiply) 

h          = 0.940 × 10  

h          = 9.4 𝑚    

The ladder goes about 9.4 m up the wall. 

Angles of Elevation and Angles of Depression 

Two special angles are often used to solve trigonometry problems. 

If someone is looking at something up high, the acute angle formed by the horizontal and the line 

of sight is called the angle of elevation. 

 

 

 

 

 

 

 

If a person is looking down at something low, the acute angle formed by the horizontal and the 

line of sight is called the angle of depression. 

 

 

 

 

 

 

 

 

For example, to determine the height of a tall 

building, b: 

 measure the angle of elevation of your line 

of sight, e 

 measure your distance from the building, d 

 use the tangent ratio of ∠e to calculate the 

height of the building above your eye, h 

 add h to your height up to your eye, p 
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Example 1 Using an Angle of Elevation 

Dawa stood 12.0 m from a prayer flag pole and looked up to the top of the pole at an angle of 40°. 

Dawa’s eyes are 1.5 m above the ground. How tall is the pole? 

Solution: 

 

tan 𝑥 =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
  

tan 40˚ =
𝑠

12
  

0.839 =
𝑠

12
 (cross multiply) 

𝑠 = 0.839 × 12 

𝑠 = 10.068 

𝑠 ≈ 10.1 𝑚 

10.1 m + 1.5 m = 11.6 m 

Therefore, the flag pole is 11.6 m tall. 

Example 2: Using an Angle of Depression 

A plane is landing. It is a horizontal distance of 347 m from where it will touch down. The angle 

of depression is 3°. At what altitude is the plane currently flying? 

Solution: 

 

 

 

 

 

 

 

 tan 𝑥 =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
 

tan 3˚ =
𝑎

347
  

0.052 =
𝑎

347
 (cross multiply) 

𝑎 = 0.052 × 347  

𝑎 = 18.044  

𝑎 ≈ 18.0 𝑚  

The plane is flying at an altitude of 18 m. 

Explanation 

 I drew a diagram and labelled it with the 

information I knew. 

 I saw that I could use the tangent ratio for 40º 

to figure out the height of the pole above 

Dawa’s eyes, s. 

 I remembered to add s to the height of Dawa 

(1.5 m) to find the height of the pole, p. 

Explanation 

 I drew a diagram and labelled it with the 

information I knew. 

 I saw that I could use the tangent ratio for the 3º 

angle to figure out the altitude, a. 
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Example 3: Solving a Problem Using Two Angles of Elevation 

Dendup and Karma are both looking at the top of a 100 m high hill. Both boys are standing on flat 

ground. Their eyes are 1.4 m above ground level. Dendup is 200 m from the centre of the hill and 

Karma is 300 m from the centre of the hill but on the opposite side. At what angle of elevation is 

each boy looking up at the hill? 

Solution: 

 
 
 
 
 
 

 

 

tan 𝑥 =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
  

tan 𝑑 =
98.6

200
= 0.493, 𝑠𝑜 𝑑 ≈ 26.24°          

tan 𝑘 =
98.6

300
= 0.329, 𝑠𝑜 𝑘 ≈ 18.19°  

Therefore, Dendup is looking up at an angle of 26°, and Karma is looking up at an angle of 18°. 

 

 

 

 

 

 

Explanation 

 I made a sketch of the situation and labelled 

it with what I knew — I subtracted 1.4 m from 

100 m for the height of the hill above the boys' 

eyes. 

 I used tan to figure out angles d and k, since I 

knew the opposite and adjacent side lengths. 

 It made sense that Karma's angle of elevation 

was smaller than Dendup's, since Karma is 

farther away. 
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. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 

Solve the questions given below in your notebook. 

1. Determine all the six trig ratios for each ∠𝐷 using the given 

measurement. Round to two decimal places. 
 

 

 

 

 

2. Calculate the values of x, y, and z for each right triangle, without 

measuring. 

 

 

 

 

3. A ladder leaning against a wall forms a 25° angle with the wall at 

the top of the ladder. If the ladder reaches 2.8 m up the wall, how 

long is the ladder? 

4. Pema’s eyes are 1.5 m above ground. He is looking at the top of an 

18.6 m high tree that is 27.5 m away. He and the tree are on level 

ground. At what angle is he looking up? 

 

5.  

6.  

7.  

D 
15 

17 
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Summary  

 Trigonometry means measurement of triangle.  

 Trigonometric ratios can be used to determine unknown lengths or angles in 

any right triangle. 

 In any right triangle, the two legs of the triangle are given special names with 

respect to each non-right, or acute angle. 

 The leg that is part of the angle is called the adjacent side and the leg that is 

not part of the angle is called the opposite side. The side opposite the right 

angle is called the hypotenuse. 

 The ratios of the side lengths in any right triangle have special names, 

according to the acute angle being considered such as: 

𝑠𝑖𝑛𝑥 =
𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
, 𝑐𝑜𝑠𝑥 =

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡

ℎ𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
, 𝑡𝑎𝑛𝑥 =

𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡
 

 The ratios are pronounced "sine of x," "cosine of x," and "tangent of x," if x 

is the angle. They are called trigonometric ratios, or trig ratios (in short). 

 These ratios only apply to the acute angles in a right triangle. They do not 

apply to the right angle. 

 Equations that are true for all values of the variable are called identities. 

 Some equations or identities involving trig ratios are called trigonometric 

identities.  

 Two special angles often used to solve trigonometry problems are an angle 

of elevation and depression. 

 If someone is looking at something up high, the acute angle formed by the 

horizontal and the line of sight is called the angle of elevation. 

 If a person is looking down at something low, the acute angle formed by the 

horizontal and the line of sight is called the angle of depression. 
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1.24.03 square units  

2.12.1°      

3.48.94 m 

 

Self-check for Learning  

 

 

 

 

 

 

Self-check for Learning  

Solve the questions given below in your notebook. 

1. Calculate the area of this triangle. 

                          
2. Maya is standing at the window of a tall building. Her eyes are 12.6 m 

above the ground and she is looking down at an object that is a 

horizontal distance of 59 m away from the base of the building. What 

is the angle of depression? 

3. Two students, whose eyes are about 140 cm above ground, are standing 

150.2 m apart, looking at the top of a hill from opposite sides. One is 

looking at an angle of 30° and the other at an angle of 35°. How high 

is the hill? 
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Lesson No: 2       Subject: Mathematics Class: 9 – 10   Time: 50 minutes 

Topic: Areas of Polygons 

  

 

 

 

 

Introduction  

Trigonometric ratios are useful for calculating the areas of triangles, parallelograms, and regular 

polygons whose height is not mentioned. Before we use trig-ratios to calculate the areas of the 

polygons, let us recall a few fundamentals of a polygon. 

A polygon is defined as a 2-dimensional shape with straight sides and the shape is "closed" (all 

the lines connect up). Polygon comes from Greek. Poly- means "many" and gon means "angle". 

Polygons are of two types: Regular polygon and Irregular polygon. 

Regular Polygon: A regular polygon has all angles equal and all sides equal. 

Examples of the regular polygon: 

Irregular Polygon: A polygon whose sides lengths are not same or whose interior angles do not 

have the same measures. 

Examples of the irregular polygon 

 

1. Apply trigonometric ratios to calculate the areas of triangles, 

parallelograms, composite shapes and regular polygons. 

2. State the formulas and procedures for calculating the areas of 

polygons. 

 

 

 

 

 

 

 

Equilateral Triangle Square 
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Non- examples of polygon 

Names of polygons  

 

 

 

 

 

 

 

Not a Polygon 

(Has a curve) 

Not a Polygon 

(Open, not connected) 

 

 

 

 

 

Triangle [3 sides] 

Quadrilateral [4 sides] 

Pentagon [5 sides] Hexagon [6 sides] 

Heptagon [7 sides] 

Octagon [8 sides] 

Nonagon [9 sides] Decagon [10 sides] 
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Let us see how to find the area of polygons: 

 

Example 1 

 

 

 

 

 

 

  Solution:   A = bh 

                      = 5×3 

                      = 15cm2 

But if you only know two side lengths and the angle between them you can still calculate the area 

of a parallelogram using the trigonometric ratio.                                                                                                 

A = absinx, where a and b are side lengths and x is the angle where they meet. 

Example 2 (Using trigonometric ratios) 

 

 

 

 

 

 

Solution:  

 𝐀 =  𝐚𝐛𝐬𝐢𝐧 𝐱  

     =  2 × 4 × sin 63°  

     =  2 × 4 × 0.891 

     = 7.128 square units 

 
(take x= 63° ) 

      
 

 

 

 

 

 

 

 

 Area of a Parallelogram    
 

 

 

 

 

                                              
The formula for the area of a parallelogram is A= b×h 

where b is the base and h is the height. 
 

5 cm 

3 cm 
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Example: 

 

 

 

 

 

 

 

 

                  

 

 

 

4cm

m 

5cm 

 A = 
𝒃𝒉

𝟐
     

                       

        =  
𝟓×𝟒

𝟐
        

                          

            = 10 cm2 

 

 

 

 

 

 

 

 Area of a Triangle   
 

 

 

 

 

                                              
 

 

Area of Triangle = 
𝑏ℎ

2
 , where b is the base and h is the height.  

[Area of triangle is half the area of the related parallelogram since two congruent 

triangles form a parallelogram] 
 

b 

h 

 

 

 

 

 

 

To find the area of a Triangle using Trigonometric Ratio 

 

 

 

 

 

                                              
 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 (𝐴) =
𝑎𝑏𝑠𝑖𝑛 𝑥 

2
  

Where ‘a’ and ‘b’ are two side lengths and ‘x’ is the angle where they meet. 
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Example:  

 

 

 

 

 

 

 

                 (Measurements in cm, take  a = 4cm) 

Solution:  

𝐴𝑇𝑟𝑖𝑎𝑛𝑔𝑙𝑒 =
𝑎𝑏𝑠𝑖𝑛 𝑥 

2
 

                   =
4×7×𝑠𝑖𝑛 73° 

2
 

                =
4×7×0.956 

2
 

                =
26.768

2
 

                     = 𝟏𝟑. 𝟑𝟖𝟒 𝒄𝒎𝟐 

The Area of a Composite Shape 

For example: The trapezoid below is made up of a triangle and a parallelogram. Find the area of 

the trapezoid. 

 

 

 

 

 

 

Solution: 

 

 

 

 

 

 

 

𝐀𝐫𝐞𝐚 𝐨𝐟 𝐭𝐡𝐞 𝐩𝐚𝐫𝐚𝐥𝐥𝐞𝐥𝐨𝐠𝐫𝐚𝐦  

A =  absin x     [a =  25,  b =  10,  x is 60°]  

     =  25 × 10 × sin 60°  

     =  25 × 10 × 0.866 
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     ≈  216.5 square units  

𝑨𝒓𝒆𝒂 𝒐𝒇 𝒕𝒉𝒆 𝒕𝒓𝒊𝒂𝒏𝒈𝒍𝒆   

A=
𝑎𝑏𝑠𝑖𝑛 𝑥 

2
     [a =  10,  b =  10,  x is 60°]  

   =
10×10×𝑠𝑖𝑛 60° 

2
  

   ≈ 86.603 square units 

Area of the trapezoid = area of triangle +  area of parallelogram                               

                                     = 216.5 + 86.603  

                                          = 𝟑𝟎𝟑. 𝟏𝟎𝟑 𝐬𝐪𝐮𝐚𝐫𝐞 𝐮𝐧𝐢𝐭𝐬  

The Area of a Regular Polygon 

Each regular polygon can be divided into congruent triangles that are always isosceles and 

sometimes equilateral. The area of the polygon is the sum of the areas of the triangles. The area of 

each triangle can be found using trigonometry.  

A regular hexagon is made up of six equilateral triangles with side lengths (s) and angles of 60°. 

Area of a triangle =
absin x 

2
 

                              =
s × s × sin60° 

2
 

                              = 0.433 s2 square units 

Area of a hexagon = 6 × area of one triangle 

                                = 6 × 0.433s2 

                                    = 𝟐. 𝟔𝟎𝒔𝟐 square units 

   

        OR 
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Use the formula of the equilateral triangle since regular hexagon is made up of six equilateral 

triangles. [This will work only for regular Hexagon] 

Area of equilateral triangle = 
√3

4
𝑎2, where a is the the side of a triangle. 

Area of one triangle = 
√3

4
𝑎2 

                                 = 
√3

4
𝑠2 

                                 = 0.433s2 square units 

Therefore, area of hexagon = 6 × area of one triangle 

                                            = 6 × 0.433s2 

                                                 = 𝟐. 𝟔𝟎𝒔𝟐 square units 

For other regular polygons, the area is still the total of the areas of the congruent triangles. The 

number of triangles in each polygon and their angles vary. If we know the side length of a regular 

polygon, we know one of the side lengths of each triangle. We can use the tangent ratio to find the 

height. 

For example:  

A regular pentagon has a side length of 20 cm. What is its area? 

 

 

 

 

 

 

 

 

 

                    

 

 

Solution: 

Top angle or Each central angle =
360°

(n)
 , where ‘n’ is the number of sides of a polygon.             

                                                       = (
360°

5
) = 72°       [3600  is the total central angle at the centre]    

Base angle = 
180° − top angle

2
   

                  = (
180°− 72°

2
) = 54°    [Isosceles Triangle] 

 

 

20 cm 

10 

cm 

10 cm 

72° 
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The height of the triangle:  

                          tan 54° =
height

base
   

                         1.376 =
h

10
  

                                 h = 1.376 × 10     

                                 h = 13.76  

Area of one  triangle =
bh

2
  

                                    =
20 × 13.76

2
   

                                    =
275.20

2
 

                                       = 137.60 cm2 

 

Area of pentagon =  total no of triangle × area of one triangle   

                              =  5 × 137.60 cm2  

                              = 688 cm2 

Explanation 

 A regular pentagon is made up of five congruent 

isosceles triangles. I planned to find the area of one 

triangle and then multiply by 5. 

 I knew the triangle's base was 20 cm because it's the 

same as the side of the pentagon, so all I needed was 

its height. 

 To calculate the height, I wanted to use the tan ratio, 

so I needed to know the angle opposite the height. I 

calculated all the angles: 

 The top angle was 72° (360° ÷ 5). 

 Each other base angle is 54° since they're equal, 

and the sum of the angles in a triangle is 180° 

[(180 – 72) ÷ 2 = 54], 

 I used tan 54° to find the height, and then the formula 

𝐴 =
𝑏ℎ

2
 to find the area of triangle. 

 I multiplied by 5 since there are five of these triangles 

in the pentagon. 
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Summary  

 Trigonometric ratios are useful for calculating the areas of triangles, 

parallelograms, and regular polygons whose height is not known.  

 A polygon is defined as a 2-dimensional shape with straight sides and the shape 

is "closed" (all the lines connect up).  

 Polygon comes from Greek. Poly- means "many" and -gon means "angle". 

 A regular polygon has all angles equal and all sides equal, otherwise it 

is irregular. 

 Each regular polygon can be divided into congruent triangles that are always 

isosceles and sometimes equilateral. 

 The area of regular polygon is the sum of the areas of the congruent triangles. 

 The number of triangles in each polygon and their angles vary.  

 If we know the side length of a regular polygon, we can use the tangent ratio to 

find the height. 

 



  Self-Instructional Material 
 

110           Mathematics – Class 9-10 

KEY STAGE – IV  

 

 

 

  

 

 

 

 

 

 

 

 

 

Self-check for Learning  

Solve the questions given below in your notebook. 

1. Calculate the area of a rhombus with side length of 20 cm and angles 

of 600 and 1200 

2. Calculate the area of regular decagon with a side length of 10 cm. 

3. Each of the shapes below has a perimeter of 60 cm. Calculate the area 

of each shape.  

a) a square            

b) a regular pentagon                               

c) a regular hexagon  

d) a regular decagon  

 

 

 

 

 

 

 

 

1.About 346.41 𝑐𝑚
2
 

2.About 770 𝑐𝑚
2
 

3. 

a)225 𝑐𝑚
2
 

b)247.68 𝑐𝑚
2
 

c)259.8 𝑐𝑚
2
 

d)276.99𝑐𝑚
2
 

. 

 

Self-check for Learning  

[Hint: To find each side length 

you need to divide perimeter by 

number of sides] 
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Lesson No: 3      Subject: Mathematics  Class: 9 – 10   Time: 50 minutes 

Topic: Solving Quadratic Equations by Factoring 

  

 

 

 

 

Introduction  

When two variables or two sets of values are connected in some way, you can often find a 

relationship between them. The property that connects one set of values to another is called a 

relation. 
 

Relations are often named according to the type of algebraic expression used to describe them. 

Form of Expression Type of relation Example 

𝑎𝑥 + 𝑏 Linear 𝑦 = 2𝑥 + 1 

𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄 Quadratic 𝒚 = 𝟓𝒙𝟐 + 𝟐𝒙 + 𝟏    

𝑎𝑏𝑥 + 𝑐 Exponential 𝑦 = 3𝑥 + 4 

Quadratic Equation  

A quadratic equation is any equation that can be expressed  using degree 2 single variable  

polynomial (highest power of variable is 2). The standard form is ax² + bx + c = 0 with a, b, and 

c being constants, or numerical coefficients, and x is an unknown variable. One absolute rule is 

that the first constant "a" cannot be a zero. 

Note: a is coefficient of degree 2 polynomial, b is coefficient of degree 1 polynomial and c is 

constant. 

Example: 

7x2 + 4x − 10 = 0 

a= 7, b= 4, c = −10 

8y2 − y + 5 = 0 

a = 8, b = −1, c = 5 

In standard form, the degree 2 polynomial can have one, two or three terms. 

Example: 

2x² – 4x + 10 = 0   

a = 2, b = – 4, c=10 

    

x² – 7x = 0    

a = 1, b = – 7, c = 0 

3x² = 0  

a = 3, b = 0, c = 0 

 

 

1. Explain zero product rule. 

2. Determine factors of quadratic equations using algebra 

tiles, algebraic model or decomposition method. 

3. Solve quadratic equation by factoring. 

 

http://www.yourdictionary.com/quadratic
http://www.yourdictionary.com/quadratic
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A quadratic equation can sometimes be written in factored form: 

ax² + bx + c = 0 → (ax + b) (cx + d) = 0 

Example 

𝑥2 + 3𝑥 + 2 =0→ (𝑥 + 2)(𝑥 + 1 ) =0 

We can solve quadratic equations by factoring, drawing graph and by using formula. In this 

lesson let us learn how to solve quadratic equation by factoring. 

To solve quadratic equation problems, we can factor quadratic equations: 

1. Using algebra tiles  

2. Using the algebraic model.  

3. Using Decomposition method 

1. Using Algebra Tiles  

We can use algebra tiles to represent a quadratic equation. 

 

 

 

 

Create a rectangle using the tiles to represent the quadratic equation, dimensions will represent 

the factors. For example: 𝑥2 + 3𝑥 + 2 

Create a rectangle using the algebra tiles.  

 

 

 

 

 

 

Dimensions are (𝑥 + 2)(𝑥 + 1). 

Therefore, the factors of  𝑥2 + 3𝑥 + 2 are (𝑥 + 2)(𝑥 + 1). 

Similarly, how would you make a rectangle if you have some negatives involved in your quadratic 

equation? 

 
𝑥 + 1 

𝑥 + 2 

𝑥2 + 3𝑥 + 2 

 

 

x x2 1 -x2 -x -1 
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When negatives are involved, sometimes we have to add tiles to make rectangle. To do this 

without changing the value of the polynomials, you have to add positive and negatives tiles of 

equal value (Zero principle). 

Let us try to factor 𝑥2 + 𝑥 − 2. Try to create a rectangle using this.  

 

 

 

 

 

This is still not a rectangle. To make this shape a rectangle, we need to plug in a positive 𝑥 -tile 

and a negative 𝑥 - tile.  

 

 

 

 

 

 

 

 

 

 

Adding negative 𝑥-tile and a positive 𝑥-tile does not change our quadratic expression as −1𝑥 +

1𝑥 = 0 (Zero principle).  

Now, the dimensions of the rectangle formed are the factors of our quadratic equation which is 

(𝑥 + 2)(𝑥 − 1).  

Therefore, the factors of  𝑥2 + 𝑥 − 2 are (𝑥 + 2)(𝑥 − 1) 

2. Using the algebraic model.  

What do you think is an algebraic model? Let us create an algebraic model here! 

Quadratic equation in a form 𝑎𝑥2 + 𝑏𝑥 + 𝑐 can be written as (𝑎𝑥 + 𝑏)(𝑐𝑥 + 𝑑) in factored form. 

 

𝑥2 + 𝑥 − 2 

 

 

𝑥 − 1 

𝑥 + 2 

𝑥2 + 𝑥 − 2 

 

-1𝑥 + 1𝑥 = 0 
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These factors (𝑎𝑥 + 𝑏)(𝑐𝑥 + 𝑑) are unknown, so represent them as a dimension of the rectangle.  

Create a model by multiplying the factors: (𝑎𝑥 + 𝑏)(𝑐𝑥 + 𝑑) = 𝑎𝑐𝑥2 + (𝑎𝑑 + 𝑏𝑐)𝑥 + 𝑏𝑑  

Now we use this model to factorize. 

Let us now try to factor 𝑥2 + 2𝑥 − 3 using this model.  
 

Step 1: Compare 𝑥2 + 2𝑥 − 3 to 𝑎𝑐𝑥2 + (𝑎𝑑 + 𝑏𝑐)𝑥 + 𝑏𝑑 to find the value of 𝑎𝑐 and 𝑏𝑑. 

If 𝟏𝑥2 + 2𝑥 − 𝟑 = 𝒂𝒄𝑥2 + (𝑎𝑑 + 𝑏𝑐)𝑥 + 𝒃𝒅, then 𝑎𝑐 = 1 and 𝑏𝑑 = −3. 

Step 2: Find possible values for 𝑎 𝑎𝑛𝑑 𝑐, and for 𝑏 𝑎𝑛𝑑 𝑑: 

If 𝑎𝑐 = 1, then the possible pairs of values are: 

𝒂 𝒄 𝒂𝒄 

-1 -1 1 

1 1 1 

If 𝑏𝑑 = −3, then the possible pairs of values are: 

𝒃 𝒅 𝒃𝒅 

1 -3 -3 

-1 3 -3 

-3 1 -3 

3 -1 -3 
 

Step 3: Compare 𝑥2 + 2𝑥 − 3 to 𝑎𝑐𝑥2 + (𝑎𝑑 + 𝑏𝑐)𝑥 + 𝑏𝑑 to find the value of 𝑎𝑑 + 𝑏𝑐. 

If 𝑥2 + 𝟐𝑥 − 3 = 𝑎𝑐𝑥2 + (𝒂𝒅 + 𝒃𝒄)𝑥 + 𝑏𝑑, then 𝑎𝑑 + 𝑏𝑐 = 2. 

Step 4: Plug in or substitute the possible values of a, c, b, and d into 𝑎𝑑 + 𝑏𝑐 = 2 to find a 

combination that works. 

Let us try with 𝑎 = 1, 𝑐 = 1, 𝑏 = −1, 𝑑 = 3. 

It works because ad + bc = (1)(3) + (–1) (1) = 2, ac = (1)(1) = 1, and bd = (–1) (3) = –3. 

BINGO, this combination works! 

Step 5: (𝑎𝑥 + 𝑏)(𝑐𝑥 + 𝑑) represents factor.  

Now replace the values of 𝑎, 𝑏, 𝑐, 𝑎𝑛𝑑 𝑑  into (𝑎𝑥 + 𝑏)(𝑐𝑥 + 𝑑)  to create the factors. We have 

𝑎 = 1, 𝑐 = 1, 𝑏 = −1, 𝑎𝑛𝑑 𝑑 = 3. 

So, (𝑥 − 1)(𝑥 + 3) are the factors of 𝑥2 + 2𝑥 − 3. 

 𝑎𝑐𝑥2 

𝑏𝑐𝑥 

𝑎𝑑𝑥 

𝑏𝑑 

    c𝒙       +     𝒅 

𝒂𝒙  

  

+ 

 𝒃 
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3. Using Decomposition Method 

Let us try to factor 2𝑥2 + 𝑥 = 6. 

Now, write this quadratic equation in a standard form that is 𝑎𝑥2 + 𝑏𝑥 + 𝑐 form.  

So, 2𝑥2 + 𝑥 − 6.  

Identify coefficients 𝑎, 𝑏 𝑎𝑛𝑑 𝑐.  

𝑎 = 2, 𝑏 = 1, 𝑐 = −6  

We need to find out two numbers whose product is  𝑎 × 𝑐 and the sum equals to b.  

𝑝𝑟𝑜𝑑𝑢𝑐𝑡 = 𝑎 × 𝑐 

               = 2 × − 6 = −12 

      𝑠𝑢𝑚 = 𝑏 

               =1  

The two numbers, 4 𝑎𝑛𝑑 − 3 satisfies the condition. 

 2𝑥2 + 𝑥 − 6 

 = −2𝑥2 + 4𝑥 − 3𝑥 − 6 →break 

1𝑥 (
𝑚𝑖𝑑𝑑𝑙𝑒 𝑡𝑒𝑟𝑚 
𝑖𝑛𝑡𝑜 𝑡𝑤𝑜 𝑡𝑒𝑟𝑚𝑠

) into 4𝑥 − 3𝑥. 

 = 2𝑥(𝑥 + 2) − 3(𝑥 + 2) →take out 

common factors from each pair. 

 = (𝑥 + 2)(2𝑥 − 3)  → take out common 

factors 

Hence factors are (𝑥 + 2)(2𝑥 − 3). 
 

Zero Product Rule 

 The zero product rule states that, if a product of factors is zero, then at least one of the factors 

must be zero. So, it makes sense that (ax + b) (cx + d) = 0 when ax + b = 0 or cx + d = 0. 

 The solutions of the equation (ax + b) (cx + d) = 0 will be the solutions of the equations                 

ax + b = 0 and cx + d = 0. 

Example: 

 (x – 5) (x – 2) = 0 

 x – 5 = 0 or x – 2 = 0, so x = 5 or 2 

 (2x – 5) (x + 3) = 0 

 2x – 5 = 0 or x + 3 = 0 

 So, x = 2
1

2
 or –3 

 You can model a real-world problem situation using a quadratic equation - one or both 

solutions of the equation will help you solve the problem. Even though mathematically both 

solutions are possible, in real-world applications, often only one of the solutions makes sense. 

 The solutions of a quadratic equation are sometimes called the roots or zeros. 

 If you were to graph the quadratic equation ax2 + bx + c = 0, you would discover that the 

solutions of the equation are the x-intercepts of the parabola. 

Possible values or numbers 

 

𝑎 
 

𝑐 
𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑆𝑢𝑚 (𝑏) 

 

Remarks 
(𝑎 × 𝑐) 𝑏 = 𝑎 + 𝑐 

1 -12 -12 -11  

-1 12 -12 11  

2 -6 -12 -4  

-2 6 -12 4  

3 -4 -12 -1  

-3 4 -12 1  
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Solving Quadratic Equations by Factoring 

You can use algebra tiles, algebraic model or decomposition method to factor quadratic equations 

Example: Now let us try to solve  𝑥2 + 10 = 7𝑥 

Step 1: Write the equation in 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 form. 

          ⇒ 𝑥2 − 7𝑥 + 10 = 0  

Step 2: Use factoring strategies to factor the equation (use any strategy). 

          ⇒   𝑥2 − 7𝑥 + 10 = 𝑥2 − 2𝑥 − 5𝑥 + 10 = 0                              

                                       = 𝑥(𝑥 − 2) − 5(𝑥 − 2) = 0                          

                                       = (𝑥 − 2)(𝑥 − 5) = 0                                            

Step 3: Use a zero-product rule. 

              (𝑥 − 2) = 0 or (𝑥 − 5) = 0 

Step 4: Set each factor equal to zero and solve for the variable. 

If (𝑥 − 2) = 0, then 𝑥 = 2 and if (𝑥 − 5) = 0, then 𝑥 = 5.  

Therefore, the solutions are 𝑥 = 2 and 𝑥 = 5.  

These two solutions are sometimes called roots or zeros. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
Study the notes and examples provided and then solve the questions 

given below in your notebook. 

1. Factor 6x² – 13x – 5.        

2. Solve 6x² + 5x – 6 = 0.  

3. Factor and then solve each equation. 
a) 2𝑥2 − 5𝑥 − 25 = 0 

b) 8𝑥2 + 2𝑥 − 1 = 0 

c) 2𝑥2 + 5𝑥 − 3 = 0 

d) 6𝑥2 − 6𝑥 − 12 = 0 
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Summary  

 The property that connects one set of values to another is called a relation. 

 A quadratic equation is an equation of the second degree, meaning it contains at 

least one term that is squared (power 2). 

 The standard form is ax²+ bx + c = 0 with a, b, and c being constants, or 

numerical coefficients, and x is an unknown variable. 

 One absolute rule is that the first constant "a" cannot be a zero. 

 The zero product rule states that, if a product of factors is zero, then at least one 

of the factors must be zero 

 Before you can solve a quadratic equation this way, you need to change it to ax² 

+ bx + c = 0 form. 

 You can model a real-world problem situation using a quadratic equation - one 

or both solutions of the equation will help you solve the problem. 

 Even though mathematically both solutions are possible, in real-world 

applications, often only one of the solutions makes sense. 

 The solutions of a quadratic equation are sometimes called the roots or zeros. 

 If you were to graph the quadratic equation ax² + bx + c = 0, you would discover 

that the solutions of the equation are the x-intercepts of the parabola. 

 To solve quadratic equation problems, we can factor quadratic equations: 

1. Using algebra tiles  

2. Using algebraic model 

3. Using Decomposition method 

 

 

 

 

 

 

 

Self-check for Learning  

Solve the questions given below in your notebook. 

1. Use algebra tiles to factor 𝑥2 − 2𝑥 − 3. 

2. Solve: 

a) (𝑥 − 4)(𝑥 − 2) = 0      

b) b) 𝑥2 + 8𝑥 + 15 = 0      

c) c)   2𝑥2 + 5𝑥 = −3  

3. Explain zero product rule. 

 

 

http://www.yourdictionary.com/quadratic
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1. 

 
2. 

a)𝑥=4 𝑎𝑛𝑑 2    b) 𝑥=−3 𝑎𝑛𝑑−5    c) 𝑥=−1 𝑎𝑛𝑑−
3

2
  

 

3. [Sample Response] 

The zero product rule states that, if a product of factors is zero, then at least 

one of the factors must be zero. So, it makes sense that (ax + b) (cx + d) = 0 

when ax + b = 0 or cx + d = 0. 

The solutions of the equation (ax + b) (cx + d) = 0 will be the solutions of the 

equations ax + b = 0 and cx + d = 0. 

 

Self-check for Learning  
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Lesson No: 4      Subject: Mathematics  Class: 9 – 10   Time: 50 minutes 

Topic: Data Involving One Variable 

  

 

 

 

 

Introduction  

A type of data which consists of observations on only a single characteristic or attribute (one 

variable-one type of data) is called, “Data Involving One Variable”. The common term used in 

statistics is univariate. 

A simple example of data involving one variable would be the salaries of workers in the factory, 

travel times and weight of puppies. 

Data 

Information gathered in a survey, in an experiment, or by observing is called data. Or simply, the 

observations collected after an experiment is called data. Data can be in words like a list of 

students’ names, in numbers like quiz marks, or in pictures like drawings of favorite pets. 

Data are of two types, namely discrete data and continuous data. 

Discrete Data 

The data in which the observations take only whole number values are called discrete data. For 

example, the number of students in a class, week number, and the number of teachers in a school 

etc. 

Continuous Data 

The data in which the observations take any value between an interval is called continuous data. 

For example, the height of a tree, the length of a table, and the weight of a person, etc. 

The data is often expressed in graphical form for the easiest understanding and to draw conclusions 

about the data distribution. The various types of graphical representations are: 

1. Stem and Leaf Plots 

2. Histogram 

3. Box and Whisker Plots 

4. Frequency Polygon  

5. Frequency Curve 

 

 

1. Create stem and leaf plot. 

2. Organize the data in a frequency table and create a histogram. 

3. Calculate the 5-number summary. 

4. Construct a box and whisker plot. 
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Mean 

The ratio of the sum of the observations to the number of observations is called a mean. OR  

The mean is the average of the numbers. It is easy to calculate: add up all the numbers, then divide 

by numbers of data. In other words, it is the sum divided by the count. It’s denoted by Q2. 

𝑀𝑒𝑎𝑛 =
𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎𝑠
  

Median 

The median is the middle number of the data set when in order from least to greatest. 

Mode 

The mode is the number that occurred the most often in the data set. 

Range 

The range is the difference between the highest and lowest values. 

Range = Maximum value − Minimum value  

Bin 

An interval of data values used in frequency tables and histograms. Bins are always of equal size, 

called the bin width. 

Frequency 

The number of times a data value or range of data values occurs in a data set is called a frequency. 

Histograms and Stem and Leaf Plots 

Stem and Leaf Plots 

Some important points to consider while creating a stem and leaf plot: 

 When you have large quantities of data, it is convenient to organize the data into intervals, 

sometimes called bins, to make it easier to draw conclusions. 

 Stem and leaf plots and histograms can be used to graph the organized data. 

 In both cases (stem and leaf plot and histogram), you create bins of equal width. The number 

of pieces of data in each bin, called the frequency, is represented by the number of leaves. 

 The bins for stem and leaf plots are based on place value. The bin sizes are always power 

often, but you can usually choose how many digits to use for the "stems" and "leaves." 
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Note 

The first and foremost thing that we need to do is arrange the numbers in ascending order to create 

a stem and leaf plot. 

For example, in the stem and leaf plot to the right, data about 

heights of Class X girls (in cm) has been grouped into bins 

(intervals) of size 10, with two digits in the stem and one digit 

in the leaves. 

The bins (intervals) are 120 to 129, 130 to 139, 140 to 149, and 

so on. 

With the 20 data values organized in seven bins, 

the data set is manageable for drawing conclusions 

about how it is distributed. 

 

 

 

 

 

 

 

 

 

 

 

The minimum value is 127. The maximum value is 181. So, the range is 181 – 127 = 54. 

Histograms use a series of connected bars to represent the frequency of continuous data, often 

measurements, organized into equal bins (intervals). You usually create a frequency table first 

and then construct the histogram. 

To make a histogram, follow these steps: 

1. On the vertical axis, place frequencies. Label this axis "Frequency". 

2. On the horizontal axis, place the lower value of each interval. 

3. Draw a bar extending from the lower value of each interval to the lower value of the next 

interval. 
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For example, in Sonam's histogram below, the bars are connected to show the data is continuous. 

 

 

 

 

 

 

 

 

 

Example 

This data set shows the value of purchases, in ngultrums by 30 tourists at the market. 

420 1295 875 600 780 1110 

595 960 1030 775 680 1450 

935 795 840 680 570 860 

1150 945 855 670 990 1225 

995 480 650 1000 1135 865 

Create a frequency table and a histogram for the data. 

Solution: 

Minimum value= 420 

Maximum value = 1450 

Range = 1450 - 420 = 1030 

Bin width = 
𝑅𝑎𝑛𝑔𝑒 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑛𝑠
=
1030

5
 = 206, or about 200. [I wanted about five bins, since the range 

was 1000] 

Note: Minimum number of bins should be 5 and maximum number of bins should be 12. 

Ages of Residents in Sonam's 

Community 

Age Frequency 

0-11 50 

11-22 300 

22-33 250 

33-44 400 

44-55 550 

55-66 430 

66-77 270 

77-88 340 

88-99 100 

Value of Tourist Purchase 

Value of groceries 

(Nu) 
Tally Frequency 

400-600 |||| 4 

600 – 800 ||||  ||| 8 

800 – 1000    |||| |||| 10 

1000 – 1200 |||| 5 

1200 – 1400 || 2 

1400 – 1600 | 1 
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Example   

Choden’s teacher recorded the test scores of her students. He wanted to see how the results were 

distributed so that he would know how well the class had performed. 

a) Create a stem and leaf plot 

b) Use your intervals in the stem and leaf plot to create a histogram. 

Test Scores: 73, 64, 93, 67, 76, 82, 48, 38, 55, 94, 78, 65, 36, 47, 95, 33, 88,72, 66, 58 

Solution: 

a) Create a stem and leaf plot 

Step 1: Determine the smallest and largest number in the data. 

             33 36 38 47 48 55 58 64 65 66 67 72 73 76 78 82 88 93 94 95 

Looking at the test scores, we see the scores range from a low of 33 to a high of 95. So, the smallest 

is 33 and the largest is 95. 

Step 2: Identify the stems. 

For any number, the digit to the left of the right-most digit is a stem. For example, the number 33 

has a stem of 3, while the number 95 has a stem of 9. A one-digit number like 4 has a stem of 0. 

Think ''04'' for 4. 

“33” is split into “3” (stem) and “3” (leaf). 

“95” is split into “9” (stem) and “5” (leaf). 

Based on the range of 33 to 95, we need stems of 3, 4, 5, 6, 7, 8, and 9. 

Step 3: Draw a vertical line and list the stem numbers to the left of the line.      

 

 

 

 

 

 

Step 4: Fill in the leaves. 

The first data value or test score is 73. The stem is on the left. The leaf is on the right. 

Let's enter the first test score. The stem is 7 and the leaf is 3. 

 

 

 

 

 

 

 

First test score is 73 and 73 means stem is 7 and leaf is 3. 

Second test score is 64 and 64 means stem is 6 and leaf is 4. 

93 means stem is 9 and leaf is 3. 

67 means stem is 6 and leaf is 7. 

Likewise, you can do for the subsequent test scores. 
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Let us fill in the leaves of all the test scores: 

         

 

 

                                          OR          

 

 

 

Step 5: Sort the leaf data. 

The stem-and-leaf plot is easier to interpret when each row's leaves are sorted from low to high. 

 

 

 

 

 

 

 

Note: 

 A Stem and Leaf Plot is a special table where each data value is split into a "stem" (the first 

digit or digits) and a "leaf" (usually the last digit). 

 The "stem" values are listed down, and the "leaf" values go right (or left) from the stem 

values. 

 The "stem" is used to group the scores and each "leaf" shows the individual scores within 

each group. 

b) Use your intervals in the stem and leaf plot to create a histogram. 

Each stem forms an interval. The intervals in this plot are 30 to 39, 40 to 49, 50 to 59, 60 to 69, 70 

to 79, 80 to 89, and 90 to 99 and  number of leaves that corresponds to each interval represents 

frequency.[You can directly create histogram using interval of stem and leaf plot without having 

to make frequency table with tally]  

Test Scores Frequency  

30 - 40  3 

 40 - 50 2 

50 - 60 2 

60 - 70 4 

70 - 80  4 

80 - 90  2 

90 - 100 3 
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Box and whisker plots, sometimes called box plots, are designed to show how the values in a 

data set relate to the median. The data is always grouped into four intervals, which are centred 

around the median. Although the intervals for stem and leaf plots and histograms are equal, the 

intervals for box plots are usually not equal. However, the number of data values in each interval 

is always the same. 

The four intervals in a box plot each contain 25% of the data and are separated by these three 

numbers: 

1. The lower quartile, or Q1, is calculated by determining the median of all the data from the 

minimum value to the median. 

2. The median, or Q2, is the middle value of the whole data set. 

3. The upper quartile, Q3, is calculated by determining the median of all the data from the 

median to the maximum value. 

The values for Q1, Q2, and Q3, along with the minimum and maximum values, in order from least 

to greatest, is called the 5-number summary for a data set and is used to frame the construction 

of the box and whisker plot. 

 

 

 

 

 

 

 

Figure: Box and Whisker Plot 

Steps to Create a Box and Whisker Plot 

Step 1: Put the data in order from least to greatest. 

Step 2: Find the 5-number summary. 

             (median (Q2), lower quartile (Q1), and the upper quartile (Q3), minimum and maximum). 

Step 3: Use Q1, Q2, and Q3 to draw the box and locate the median. 

 Draw a number line or scale that includes the least and greatest values. 

 Find the lower quartile, the median, and the upper quartile on the scale. 

 Draw a rectangular box above the scale. The left side should be above the lower quartile 

and the right side should be above the upper quartile. You can make the box of any 

height. 

 Draw a vertical line inside the box above the median. 

Step 4: Use the least and greatest values to draw the whiskers: 

 Make a dot outside the box at the least and greatest data values. Join each side of the box 

to one of the dots. 
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Note: 

 For data sets with an odd number of values, some people do not include the median when 

calculating Q1 and Q3. When the data set is large, it makes very little difference to the 

results whether or not you include the median. However, when the data set is small, your 

decision can influence the results. It is more mathematically sound to include the median 

when calculating Q1 and Q3 (and this is what has been done throughout this lesson unless 

otherwise indicated). 

Solved Examples 

Example 1 

Observe the following data set below that shares a basketball player points scored per game over 

a seven-game span: 10 17 5 32 16 18 22 

a) Estimate the 5-number summary. 

b) Construct a box and whisker plot. 

Solution 

Step 1: Put the data in order from least to greatest. 

             5 10 16 17 18 22 32 

Step 2: Find the 5-number summary. 

5      10      16      17      18      22      32 

 

 

 

 

 

 

The minimum or the smallest value is 5. 

The maximum or the greatest value is 32. 

The Q2 or median (middle of the data set) is 17. 

The lower quartile (Q1) data is from 5 till 17, as shown:  

 

The lower quartile means the median of the lower half of the data. Since it is an even data, there 

will be two medians so, the final median value will be the average of the two values as shown 

below: 

Lower quartile data: 5   10   16   17 

 

Lower quartile (𝑄1) =
𝑆𝑢𝑚 𝑜𝑓 𝑡𝑤𝑜 𝑚𝑖𝑑𝑑𝑙𝑒 𝑣𝑎𝑢𝑒𝑠

2
 

                                =
10+16

2
 

                                =
26

2
= 13         ∴ lower quartile (𝑄1) 𝑖𝑠 13. 
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Likewise; 

The upper quartile (Q3) data is from 17 till 32, as shown:  

 

The upper quartile means the median of an upper half of the data. Since it is an even data, there 

will be two medians so, the final median value will be the average of the two values as shown 

below: 

Upper quartile data: 17   18   20   32 

                                 

 

 

 

Upper quartile (𝑄1) =
𝑆𝑢𝑚 𝑜𝑓 𝑡𝑤𝑜 𝑚𝑖𝑑𝑑𝑙𝑒 𝑣𝑎𝑢𝑒𝑠

2
 

                                =
18+22

2
 

                                =
40

2
= 20 

∴ upper quartile (𝑄3) 𝑖𝑠 20. 

Hence, the 5-number summaries are: 

1. Minimum value = 5 

2. Lower quartile (Q1) = 13 

3. Median (Q2) = 17 

4. Upper quartile (Q3) = 20 

5. Maximum value = 32 

Step 3 and 4: Use Q1, Q2, and Q3, minimum and maximum values to draw the box and locate it. 

 

 

 

 

 

 

 

 

 

Example 2 

An oil refinery conducted 40 daily measurements of the carbon monoxide (CO) levels emitted by 

one of its stacks, measured in parts per million (ppm). 

Daily Carbon Monoxide Measures (ppm) 

4  30  52  85  12  34  55  86  15  36  58  86  15  37  58  99  20  38  58 102  20  40  59  102  20  42  

63  110  21  43  63  125  25  43  71  132  30  45  75  141 

a) What is the 5-number summary?  b) Create a box plot. 
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Solution: 

Step 1: Put the data in order from least to greatest. 

4 12 15 15 20 20 20 21 25 30 30 34 36 37 38 40 42 43 43 45 52 55 58 58 58 59 63 63 71 75 85 86 

86 99 102 102 110 125 132 141 

Step 2: Find the 5-number summary. 

The minimum is 4 ppm. 

For Q2 (Median): 

Since the total number of data is 40, it’s an even data. So, there will be two medians (Q2) values. 

The final median value would be the average of these two data as shown below: 

Q2 = 
𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎

2
 

     = 
45+52

2
 

     = 
97

2
= 48.5       ∴ Q2 = 48.5 ppm. 

For Q1 (lower quartile): 

The lower quartile is the lower half of the data which starts from 1st data till 20th data, that is, from 

4 to 45.  Since the total number of data in the lower half is 20, it’s an even data. So, there will be 

two lower quartiles (Q1) values. The final lower quartile value would be the average of these two 

data as shown below: 

Q1 = 
𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎

2
 

     = 
30+30

2
 

     = 
60

2
= 30       ∴ Q1 = 30 ppm. 

For Q3 (upper quartile): 

The upper quartile is the upper half of the data which starts from 21st data till 40th data, that is, 

from 52 to 141.  Since the total number of data in the upper half is 20, it’s an even data. So, there 

will be two upper quartiles (Q3) values. The final upper quartile value would be the average of 

these two data as shown below: 

Q1 = 
𝑇ℎ𝑒 𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎

2
 

     = 
75+85

2
 

     = 
160

2
= 80       ∴ Q3 = 80 ppm. 

Maximum is 141 ppm. 

The 5-number summaries are: 

1. The minimum is 4 ppm. 

2. Q1 is 30 ppm. 

3. Q2 is 48.5 ppm. 

4. Q3 is 80 ppm. 

5. The maximum is 141 ppm. 
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Step 3 and 4: Draw the box, locate the medians, and draw the whiskers. 

 

 

 

 

 

 

 

 

Example 3 (Creating Histogram and the Box Plot above the Histogram) 

An oil refinery conducted 40 daily measurements of the carbon monoxide (CO) levels emitted by 

one of its stacks, measured in parts per million (ppm). 

Daily Carbon Monoxide Measures (ppm) 

4  30  52  85  12  34  55  86  15  36  58  86  15  37  58  99  20  38  58 102 20 

40  59  102  20  42  63  110  21  43  63  125  25  43  71  132  30  45  75  141 

a) Create a frequency table. Use the intervals 0 – 15, 15 – 30, 30 – 45..., 

b) Create a histogram on the same scale. 

c) What is the 5-number summary? 

d) Create a box plot above the histogram. 

Solution:  

Note: Once you have understood the steps of creating histogram and box plot, you can do this way 

as shown below:  

a) (4 12 15 15 20 20 20 21 25 30 30 34 36 37 38 40 42 43 43 45 52 55 58 58 58 59 63 63 71 

75 85 86 86 99 102 102 110 125 132 141)     

CO Emissions (ppm) Frequency  

0-15 2 

15-30 7 

30-45 10 

45-60 7 

60-75 3 

75-90 4 

90-105 3 

105-120 1 

120-135 2 

135-150 1 

Note: Put 15 in 15-30 not in 0-15, 30 in 30-45 not in 15-30 and so on... 
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b) The 5-number summaries are: 

1. The minimum is 4 ppm.  2. Q1 is 30 ppm.  3. Q2 is 48.5 ppm.   4. Q3 is 80 ppm.   5. 

Maximum is 141 ppm. 

c)  

 

 

. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
Solve the questions given below in your notebook. 

1. One week after planting, the heights of 30 bean plants were 

measured (cm). 

5     25   22   32   10   25   21   27   29   39   37   18   10   36   11 

33   48   16   24   36   45   38   7     26   15   37   17   22   25   13 

a. Create a stem and leaf plot for the set of data. 

b. Use the stem and leaf plot to create a histogram with the 

same interval size. 

c. Find the 5-number summary. 

d. Create a box and whisker plot. 

2. This stem and leaf plot below show the number of days each 

member of a running club ran with the club in May. 

 
a. Construct a histogram. 

b. What is the 5-number summary? 

c. Construct a box plot above the histogram. 

d. Compare how the two graphs show how the data is 

distributed. 
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Summary  

 A type of data which consists of observations on only a single characteristic or 

attribute (one variable-one type of data) is called, “Data Involving One 

Variable”.  

 Information gathered in a survey, in an experiment, or by observing is called a 

data. Or simply, the observations collected after an experiment is called data. 

 The data in which the observations take only whole number values are called 

discrete data. 

 The data in which the observations take any value between an interval is called 

continuous data. 

 The ratio of sum of the observations to the number of observations is called a 

mean. 

  The median is the middle number of the data set when in order from least to 

greatest. 

 The mode is the number that occurred the most often in the data set. 

 The range is the difference between the highest and lowest values. 

 An interval of data values used in frequency tables and histograms is called a 

bin. 

 Bins are always of equal size, called the bin width. 

 The number of times a data value or range of data values occurs in a data set is 

called a frequency. 

 The first and the foremost thing that we need to do is arrange the numbers in 

ascending order to create stem and leaf plot. 

 To make a histogram, follow these steps: 

Step 1: On the vertical axis, place frequencies. Label this axis "Frequency". 

Step 2: On the horizontal axis, place the lower value of each interval. 

Step 3: Draw a bar extending from the lower value of each interval to the lower 

value of the next interval. 

 The values for Q1, Q2, and Q3, along with the minimum and maximum values, 

in order from least to greatest, is called the 5-number summary for a data set 

and is used to frame the construction of the box and whisker plot. 

 Steps to Create a Box and Whisker Plot: 

Step 1: Put the data in order from least to greatest. 

Step 2: Find 5-number summary.  

Step 3: Use Q1, Q2, and Q3 to draw the box and locate the median. 

Step 4: Use the least and greatest values to draw the whiskers: 
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Self-check for Learning  

Solve the questions given below in your notebook. 

1. The list below gives the age in months of 30 snow leopards tagged in 

Jigme Dorji National Park. 

47 28 31 41 39 25 21 29 26 23 34 25 33 37 28 45 18 36 54 40 33 47 42 29 

37 22 42 37 48 64 

a. Create a histogram for this data set. 

b. Find the mean, median, and mode. 

c. How likely is it that a snow leopard that is caught and tagged will be 

less than 50 months old? 

2. Use the stem and leaf plot to answer the questions below.  

 
a. How many vehicles had their speeds measured? 

b. How many vehicles were travelling under 90 km/h? 

c. If the maximum speed limit was 90 km/h, how many vehicles were 

exceeding the limit? 

d. What was the range of speeds? 

e. What was the median speed? 
 

 



  Self-Instructional Material 
 

133           Mathematics – Class 9-10 

KEY STAGE – IV  

 

 

 

 

 

 

 

 

1. 

    

b) Mean: about 35.37 months. 

    Median: 35 months. 

    Mode: 37 months. 

 

c) Very likely, since 28 out of the 30 leopards were under 50 months old. 

 

2. 

a)37 
b)11 

c)26 

d)29 km/h 

e)96 km/h 

 

 

Self-check for Learning  
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Lesson No: 1  Subject: Geography  Class: 9 – 10   Time: 50 minutes 

Topic: Agriculture – Part I 

  

 

 

 

 

 

Introduction  

The term agriculture is derived from two Latin words ‘Ager or Agri’ meaning soil and ‘cultura’ 

meaning cultivation. Therefore, agriculture means the cultivation of land. Agriculture refers to the 

art and science of cultivating crops and raising of animals. 

It is the most basic and widespread activity of all human activities and has been the main 

occupation of our early inhabitants. The process of growing crops and raising livestock is called 

as farming.  

Agriculture is one of the important mainstay of Bhutanese economy as it employs about 69.1% 

(Population and Housing Census of Bhutan, 2005) of the rural population. People depend on 

agriculture as a source of livelihood, employment and income.  

 

1. Explain the importance of farming in Bhutan. 

2. Distinguish between subsistence and commercial nature of 

farming. 

3. Explain the meaning of farming system. 

4. Distinguish different production system. 

5. Define the term mixed farming. 

6. Differentiate Agro Ecological Zones of Bhutan. 

 

 

 

 

 

 

 

What do the majority of people do in the rural areas?  
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Realizing the importance of agriculture, our government came up with agricultural development 

policies and programmes right from the First Five Year Plan (1961). The focus was given mainly 

on sustainable use of renewable resources linking environmental conservation and biodiversity 

protection. The attention was given on the following; 

i. Introduction of new crop varieties and new breeds of animals. 

ii. Inputs like crop seeds, fertilizers, animal breeds, fodder seeds and health care of 

animals were subsidized. 

iii. Establishment of research and extension centres for the development and delivery of 

new technologies. 

iv. Sustainable land management programme that focuses on conserving and promotion of 

production potential of our land was also given special attention. 

v. Adoption of new technologies for increasing yield and quality. 

vi. Development of access to market both externally and internally. 

All of these proactive developmental undertakings have enhanced the pace and process of 

evolution of farming practices from subsistence to active market-oriented farming.  

Types of Farming  

1. Subsistence Farming 

Farming was and is a way of life and livelihood for many people. In the past farming practices 

were rather a culture inherited from generations. In subsistence farming, farmers grow to meet the 

needs of the family members using traditional tools and methods on a small scale. They use farmyard 

manures, indigenous seeds and simple tools.  

2. Commercial Farming 

Commercial Farming is the system where farmers carry out agricultural activities mainly for sale 

using modern tools and techniques on a large scale. This type of farming uses the large size of 

land, labourers and machineries.  
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Farming and animal husbandry has been the main occupation of our early inhabitants. After 

realizing the importance, our government came out with the agricultural development policies and 

programmes during the 1stfive year plan in 1961focusing mainly on sustainable use of renewable 

resources linking with environmental conservation and bio-diversity protection. 

Sustainable land management program is one good example which focuses on conserving and 

promoting of production potential of our land through proper land management system including 

various erosion control methods. You can see the bamboo plantation and bamboo used in the 

picture below.  

Landscape and Perspectives 

Bhutan is located in the eastern Himalayas at a longitudinal range of 88°7’E to 92°15’E and 

latitudinal range of 26°7’N to 28°4’N. Thus, Bhutan lies within the aerial distance of 

approximately 172 km from north to south and about 336 km from east to west. Thus, the area 

occupied is very less.  

However, the altitude ranges from 200 metres to 7500 metres above sea level at an average. This 

vast variation in altitude establishes a great variation in climatic conditions ranging from hot and 

humid sub-tropical conditions in the south to tundric conditions in the north creating a unique 

ecology. Unique ecological condition has given the Himalayas fantastic opportunity in producing 

a great diversity of both flora and fauna. This also means that it favours the growth of all crop 

varieties and can raise all kinds of livestock 

To safeguard and promote the rich diversity of flora and fauna, under the nature conservation 

programmes, the Government has set aside 26.23% of the total land area under protected area 

system and 9% under biological corridors. 

 

 

 

 

 

 

Name some flora and fauna found in your community. Which of them are 

endangered? How can we protect them? 
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In addition, the constitution of the Kingdom of Bhutan mandates that 60% of the total land area 

under forest cover for all times to come. 

Farming System in Bhutan 

Farming system is defined as a unique arrangement of farming enterprises that a household 

manages in response to physical, biological and socio-economic environment and as per household 

goals, preferences and resources. It is also defined as managing the farm resources in a profitable 

and sustainable way under the given conditions by a farm household. 

The main components of farming system are shown in the diagram below. 

Figure: Components of farming system 

The farming system in Bhutan is highly integrated, subsistence-oriented mixed farming that is 

typically characterized by the presence of three main components as crops, livestock and forest 

resources. 

It also includes the farm household and the environment under which the household functions. The 

environment includes socio-cultural and administrative environment and bio-physical 

environment includes the landscape, soil and climatic conditions. All these factors make the 

farming system. 

Forest plays an integral part within our mixed farming system. It connects livestock to crop through 

providing fodder and leaf litters that are used as manures. In addition, people also depend on forests 

for timbers, fuelwood and NTFPs (Non-timber forest products). Water resources are also directly 

connected to the sustainable utilization of the forest resources. 
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Production Systems in Bhutan 

Within a farming system, more than one production systems are operating. For example: a farmer 

in warm temperate zone cultivates on wet land, some on dry land, some grow orchard and some 

rear livestock and use forest resources. Based on land use and purpose, there are six production 

systems.  

1. Wet land production system (WPS): In this system, the paddy land is irrigated, remains 

flooded for most of the growing season as shown in picture A. 

2. Dry land production system (DPS): The land may be irrigated or rain fed, but does not 

remain flooded in this system as shown in picture B 

3. Pastoral production system (PPS): In such system rearing of livestock predominates with 

huge area under pasture as shown in picture C 

4. Orchard/plantation production system (OPS): People grow orchard/plantation as a 

source of income as shown in picture D. 

5. Tseri production system (TPS): It is also called as shifting cultivation. People clear and 

burn bushes and young trees to cultivate for 2 to 3 years. They leave it fallow for few years 

and cultivate again. The picture E represents shifting cultivation. 

6. Forest production system (FPS): People use fodder, fuel, timber and non-timber products 

from the forest as a part of mixed farming. Examples of non-timber products are shown in 

picture F. 

 Picture A      Picture B     

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
Interview a person from a farming background; 

i. Collect information on the crops grown for his own consumption.  

ii. Crops grown for commercial purpose.  

iii. Collect the names of some NTFPs a person depends on forest.  
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Picture C 

             Picture D            Picture E 

 

 

 

 

 

Picture F 

 

In a mixed farming system, there could be a combination of production system with a 

predominance of one or few production systems depending on its location and climatic conditions.   

 

 

 

 

 

 

 

 

Activity 2 

Identify the non-timber products shown in picture F? 
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Agro-Ecological Zonation (AEZ) 

Based on altitude, rainfall and temperature, six agro-ecological zones are identified in Bhutan. 

Different agro-ecological zones have the dominance of particular production system determined 

by the agro-ecological conditions and topographic features. 

Agro-ecological zones Altitude Range Area (hectare) Area (%) 

Wet subtropical  100-600 214,918 5.60 

Humid subtropical  600-1200 392,700 10.23 

Dry subtropical  1200-1800 503465 13.11 

Warm temperate 1800-2600 714,554 18.61 

Cool temperate 2600-3600 917,155 23.89 

Alpine 3600-7500 1,096,618 28.56 

Total  3,839,409 100.00 

Source: RNR statistics 2015, MoAF, Bhutan 

1. Alpine Zone 

 This zone lies at an altitude range of 3600 - 4600 metres above sea level. It has an annual 

rainfall of less than 650 mm with a mean temperature of 5.5°C. 

 Pastoral production system dominates with yak rearing as the main source of livelihood to 

semi-nomadic people. 

 Only high altitude barley, buckwheat, mustard and few vegetables like turnip, radish, 

potato, cabbage and cauliflower are grown. Herders either barter or sell their yak products 

to people in the lower altitude areas. 

 The main areas include Laya and Lunana (Gasa), Merak and Sakteng (Trashigang) and 

Soe, Naro and Lingshi (Thimphu). 

2. Cool Temperate Zone 

 It lies between 2600 – 3600 metres above sea level. It has annual rainfall ranging  from 650 

– 850 mm, with a maximum temperature of 22.3°C and minimum of 0.1°C. 

 Farmers rear both cattle and yaks besides other livestock like sheep and horses. Buckwheat, 

barley, mustard and wheat are some traditional crop grown but potatoes and apples have 

become an important cash crop recently.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 3 

Answer the following questions. 

1. Name the production system where rice is grown? Name any two places 

in Bhutan where rice is grown in plenty.  

2. Which type of production system does your nearby community follow? 
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 Most crops are grown in kamzhing (dry land) but buckwheat and barley are also grown in 

pangzhing where crops are grown after fallow a period of about 2-8 years. Most of the 

lands are used for grazing during the fallow period. 

 The main areas include Haa, Bumthang and Gasa 

3. Warm Temperate Zone 

• It lies in the altitude range of 1800 – 2600 metres above sea level and has annual rainfall 

ranging between 650 – 850 mm with a maximum temperature of 23.3°C and minimum 

temperature of 1°C.  

• With most favourable conditions, it is the most productive zone in the country. A wide 

variety of crop is grown from paddy in irrigated areas to barley and potatoes on dry land. 

Fruits like apple, pears and peaches and vegetables like cabbage, cauliflower, chili, 

broccoli, tomatoes, etc. are also grown.  

• Farmers in this zone use farm machinery and chemical fertilizers beside using livestock as 

the main source of drought power and manure. 

• The main areas in this zone include Paro, Thimphu, Parts of Mongar and Trashiyangtse. 

4. Dry Sub-Tropical Zone 

• Zone lies at an altitude between 1200 – 1800 metres above sea level. It has annual rainfall 

about 850 -1200 mm with a maximum temperature of 28.7°C and a minimum of 3.1°C. 

• Most important cereal crop is maize followed by millet and pulses. Recently cultivation of 

fruits and vegetables are gaining importance.  

• Lemon grass harvesting is an important source of income. Cattle, pig and poultry rearing 

are also common. 

• Main areas include Punakha, Wangdi Phodrang, Trashi Yangtse, Trashigang, Lhuentse and 

Mongar. 

5. Humid Sub-Tropical Zone 

• It lies in the altitude of 600 – 1200 metres above sea level. It has a minimum temperature 

of 4.6°C and a maximum of 33°C with the annual rainfall between 1200 – 2500 mm.  

• Mustard, wheat, pulses and vegetables are grown in rotation with rice. People also grow 

mandarin orange and cardamom as the main cash crops. Cattle rearing is also common as 

fodder is available in abundance. 

• The main areas are Tsirang, Trashigang, Pema Gatshel, Samtse, Sarpang and Chukha. 

6. Wet Sub-Tropical Zone 

• This zone lies in the lower altitude between 150 – 600 metres above sea level. It receives 

maximum rainfall of about 2500 – 5500 mm with the temperature ranging between 11.6°C 

to 34.6°C. 

• Here paddy is the main cereal crop with a number of tropical fruits like mandarin orange, 

mango, pineapple, banana, guava, etc. Areca nut is also grown as a cash crop. Vegetables 



  Self-Instructional Material 
 

142           Geography – Class 9-10 

KEY STAGE – IV  

are grown in autumn or early spring with irrigation. Livestock like cattle, sheep and goats 

are common.  

• The main areas are Samtse, Phuntsholing, Gelephu and Samdrupjongkhar.  

Challenges and Opportunities in Agricultural Development  

Challenges Opportunities 

 Rugged terrain and undulating farm 

areas 

 Small-land holdings of farmers 

 Agriculture is rain-fed and depended on 

monsoon 

 Lack of technology and know-how and 

poor farmers 

 Most of the farmers are illiterate 

 Human-wildlife conflict 

 Lack of market for far-flung areas 

 Take advantage of diverse climatic 

conditions 

 Potential of multiple cropping. 

 Promotion of an intensive subsistence 

agriculture system through the optimal 

use of basic resources 

 Promotion of Climate Smart and 

Sustainable Agriculture, Sustainable 

Land Management Technologies and 

organic agriculture 

 Cooperative farming/marketing 

 

 

 

 

 

 

 

 

Self-check for Learning  
Answer the questions given below in your notebook. 

1. Identify the most prevalent farming system in your village and discuss the 

nature of the farming system practised. 

2. Discuss the opportunities and challenges in agricultural development in 

Bhutan. 

3. Elaborate on the interdependence of farming and protection and 

conservation of an ecosystem. 

 

 

 

 

 

 

 

 

Summary  
 Majority of people in Bhutan depends on Agriculture. 

 Farmers practice subsistence, commercial and mixed farming. They also practice 

livestock rearing. 

 There are six production systems identified in Bhutan based on the use of land. 

 Based on altitude, rainfall and temperature, six agro-ecological zones are identified 

in Bhutan. 

 Most farmers face challenges that should be treated as stepping stones for 

opportunities 
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1.Open ended 

2.Challenges and opportunities in agricultural development in Bhutan are:  

Challenges Opportunities 

•Rugged terrain and 

undulating farm areas 

•Small-land holdings of 

farmers 

•Agriculture is rain-fed and 

depended on monsoon 

•Lack of technology and 

know-how and financially 

weak. 

•Most of the farmers are 

illiterate. 

•Human- wildlife conflict 

•Lack of market for far flung 

areas. 

•Take advantage of diverse 

climatic conditions 

•Potential of Multiple Cropping 

•Promotion of an intensive 

subsistence agriculture system 

through the optimal use of basic 

resources 

•Promotion of Climate Smart and 

Sustainable Agriculture, 

Sustainable Land Management 

Technologies and organic 

agriculture 

•Cooperative farming/marketing  

3.Farming and conservation of ecosystem is interlinked. Human and the farming 

system is a part of the ecosystem.  

If a farming practice is sustainable and managed properly it can protect and lead to 

conservation of an ecosystem. For instance, by sustainably harvesting non-wood 

forest products such as mushroom, ferns, cane (patsha), Chinese caterpillar, desho 

paper (daphne plat), wood, fodder (for cattle) etc., we are contributing to the 

protection of the forest ecosystem. Similarly, when farmers practice sustainable and 

organic agriculture by using less or no chemicals (pesticides, weedicides and 

fertilizers) we are conserving the soil.  

When farmers manage their farmlands by making terraces, planting fodder trees and 

mixed cropping, they are managing their soil and land for sustainability. This 

practice helps in sustainable land management and help the down-stream 

communities thus contributing to a larger cause of ecosystem management.  

 

Self-check for Learning  
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Lesson No: 2  Subject: Geography  Class: 9 – 10   Time: 50 minutes 

Topic: Agriculture – Part II 

  

 

 

 

Introduction  

In our previous lesson on agriculture, we have learnt the background of agriculture, farming system 

and agro-ecological zones of Bhutan. In this lesson, we will learn different crops grown in Bhutan, 

cropping pattern, the difference between traditional and modern farming practices and the 

challenges to farming in Bhutan. 

Major Crops of Bhutan 

The crops grown in our country can be broadly categorized into four. 

a) Cereals: Rice, Maize, Wheat, Barley, Millets and Oats. 

b) Legumes and oilseeds:  Peas, Beans, Soya bean, Mustard, Perilla seeds. 

c) Vegetables:  Potato, Chili, Cabbage, Cauliflower, Carrot, Radish. 

d) Fruit trees: Apple, Citrus, Areca nut, Mango, Guava, Plum, Peach. 

Among the cereals, rice and maize are the most dominant crops grown in Bhutan. Potato and chilli 

dominate as cash crop for our farmers. Citrus is grown widely in the sub-tropical climatic 

conditions while apple predominates in the temperate regions. 

 

 

1. List major crops grown in Bhutan. 

2. Explain cropping pattern.  

3. Differentiate between traditional and modern farming practices.  

4. Explain the challenges of farming in Bhutan. 
 

 

 

 

 

 

 

Can you recollect the topic covered in the last lesson on agriculture chapter? 

List them.  

 

 

 

 

 

 

 

Do you think farmers grow the same variety of crop or vegetables 

throughout the year? 
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Cropping Pattern 

Cropping pattern is the distribution or cultivation of crops in time and space. In other words, it is 

the arrangements or patterns of crops grown to maximize the production from a unit of land. 

In time In space 

When crops are grown one after the other 

spread over time, it is referred to as in-time 

cropping pattern. 

 Example - Vegetable after rice. 

In space refers to growing either single or 

varieties of crops together in a vast land.  

Example - Only maize over the entire land or 

maize along with beans and potato. 

In the arable agriculture sector, there are two predominant production systems: 

1. The wetland production system: The prevalent cropping pattern here is rice based where 

rice is the main crop. 

2. The dry land production system: In dry land production system, maize based cropping 

pattern is the most predominant where maize is the main crop. 

Table 1 shows other types of rice-based cropping patterns where combinations of crops are grown 

in different altitude zones: 

Table 1 

For High Altitude Areas For Mid-altitude Areas For Low Altitude Areas 

  a. Rice – Vegetables 

  b. Rice – Potato 

  c. Rice – Fallow 

a. Rice – Mustard 

b. Rice – Vegetables 

c. Rice – Chilli/Fallow 

a. Rice – Rice 

b. Rice – wheat 

c. Rice – chilli/legumes 

Table 2 shows other types of Maize-based cropping patterns where combinations of crops are 

grown in different altitude zones: 

Table 2 

For High Altitude zones 

(Drepong, Mongar) 

For Mid-altitude Zones 

(Chaskar, Yadi, Mongar) 

For Low Altitude Zones 

(Udzrong, T/Gang) 

a. Maize – Fallow 

b. Maize – Barley 

c. Maize – Mustard 

a. Maize/Potato – Mustard 

b. Maize – Rajma beans. 

c. Maize/Legume –Mustard. 

a.   Maize – Legume (Rajma) 

b.   Maize/Millet – Legumes 

c.   Maize - Maize 

To intensify the land use, various companion crops are also grown along with the 

orchard/plantation crops as these crops take more than a growing season. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
What do you understand by farming practices? List down some examples. 
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Farming Practices 

Generally, at a broader level farming practices include various types of farming that involve the 

use of agricultural resources (land, water, soil and inputs like seeds or animal breeds, fertilizers, 

etc.) to enhance production. Farming practices could be distinctly grouped into four. 

a) Livestock Farming: Domesticated animals raised in an agricultural setting to produce 

labour and commodities such as meat, egg, milk and wool.  

b) Organic Farming: Farming carried out depending on the forest and its products like 

medicinal herbs, aromatic plants and other NTFPS or farming done without using 

chemicals fertilizers. 

c) Conventional Crop Production: A new farming practices (including horticulture and 

cereals crops). 

d) Aquaculture: Farming done in relation to the water (includes fish farming and farming of 

aquatic plants). 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 2 
In future, if the situation demands which of the above farming practices 

would you like to take-up. Give three reasons for choosing a particular 

farming practice. 
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At a micro level, which is within a farming system, we could see two different farming practices.  

Difference between Traditional and Modern Farming 

Traditional Paddy Farming Modern Paddy Farming 

• Uses farmyard manure. 

• Labour-intensive (more labour) 

• Animals (draught animal power - DAP) 

are used for ploughing. 

• Depends on seasonal rainfall for 

irrigation. 

• Yield/Production is less but the quality 

of the crop is good. 

• Uses traditional knowledge and 

practices to grow crops. 

• Need not follow good agriculture 

practice (GAP) principles. 

 

• Uses chemical inputs (fertilizers, 

pesticides, weedicides). 

• Fewer farm labours & mechanized 

farming. 

• Tractors and power-tillers are used for 

ploughing. 

• Well managed irrigation system and 

limited dependence on seasonal rainfall. 

• Yield/Production is more but the crops 

are of less quality. 

• Uses scientific methods and advisories to 

grow crops. 

• Need to follow good agriculture practice 

(GAP) principles. 

 

Since you are aware of traditional and modern farming practices, to understand better, let us now 

see how paddy cultivation is carried out in two different ways. 

 

 

 

 

 

 

 

Observe the given Picture A and Picture B below. Do you see the 

differences between modern farming and traditional farming? Analyse. 

Picture A 

 

 

 

 

 

Picture B 
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Challenges of Farming 

Considering the geophysical features of Bhutan, there are both strength and weakness related to 

agricultural production. There are many challenges faced by Bhutanese farmers while carrying out 

their farm work, be it in small or large-scale. Let us discuss some of the major limitations. They 

are broadly classified as: 

a) Socio-cultural limitation. 

b) Technological limitation. 

c) Institutional limitations. 

d) Farm labour issue or rural to urban migration. 

e) Limited environment awareness or human-made disaster. 

A. Socio-cultural Limitations 

i. Low level of literacy 

Farmers are not able to take risks in adopting new technologies. Through the improvement in 

literacy level, their risk-bearing capacity, awareness and want for information will increase. 

 

 

 

 

 

 

 

 

What are some of the challenges of farming? 
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ii. The subsistence nature of farming 

Resources at the farm are allocated for various and varied activities due to the subsistence nature 

of farming limiting focused production in a particular commodity. 

iii. Inheritance system with regard to land 

This leads to land fragmentation reducing the size of land. Commercial agriculture is not possible 

due to small landholding. 

B. Technological Limitations 

i. Options available to farmers in various ecological-zones 

Developing a technology suited for the particular locality is the biggest challenge as technology 

generation is time-consuming and resource required is extensive.  

ii. Adoption of technological packages 

Recommended technological packages for production of crop or rearing livestock are rarely taken 

up by farmers in totality due to low level of literacy and awareness. 

iii. Pest causing damages and losses 

Maximum damages and losses of crops are caused by pests and diseases. Ways and means of 

managing such problems are often beyond the affordability of farmers. Credit or lending schemes 

are not favourable for farmers to make borrowing in time and for taking timely management 

actions. 

C. Institutional Limitations 

i. Availability and access to agricultural inputs 

The population is spread over mountainous terrain. Due to this, the delivery and distribution of 

agricultural inputs such as seeds, fertilizers, chemicals, tools and implements are a huge challenge. 

This has delayed in reaching the required input in remote rural areas on time. 

ii. Access to the market for the surplus produce  

Market and market networks (both for internal and external) are still at infancy. Farm road 

construction and maintenance is a big task. Fund mobilization is also a difficult task. 

D. Farm Labour Issue or Rural to Urban Migration 

Rural to urban migration has made the younger generation to move to urban areas leaving behind 

only those aged parents who cannot work. Rural areas need to be developed into a “life and living 

friendly” environment. 

E. Limited Environmental Awareness 

i. Human-made disaster 

Environmental awareness amongst the general public is low and much lower in the rural areas 

given their low literacy rate. More landslides and soil erosion are caused due to over-grazing, 

timber extraction and improper farming practices by these farmers. 
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Cooperative Marketing Societies 

It is a society or group of farmers who can come together to sell or market their produce. Since our 

farmers are mostly illiterate and have limited marketing and organizational skills, cooperative 

marketing societies will provide a platform to organize amongst the farmers, share knowledge and 

skills, avail loans and subsidies and market their product together thereby reducing transportation 

cost. Government is also encouraging cooperative formation in the country with lots of technical 

support, capacity development support and subsidies in the form of loans, farm inputs and 

organizational development. This is going to help our farmers in different ways. 

 

 

 

 

 

 

Summary  

 Important crops grown in Bhutan are rice, maize, potato, buckwheat, millet, mustard 

among others. 

 Four farming practices are livestock farming, organic farming, conventional crop 

production and aquaculture. 

 Farmers have adopted modern farming over traditional farming as the former entails 

less labour, enhances productivity, reliable and saves time. 

 Challenges of farmers are associated with limitations in terms of low literacy, 

technological know-how, environmental awareness, institutional and labour issues.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 3 
Mr. Karpo Tashi, a 55-year-old farmer from a remote village in Dorokha, 

Samtse is uneducated. All his children; two sons and two daughters are 

helping him with his farm work. He divides his 4 acres of land with his four 

children equally. 

What key challenges will Mr. Karpo Tashi’s children face to carry out 

farming? List out as many farming challenges as possible based on the 

scenario. 

 

 

 

 

 

 

 

 

 

 

Self-check for Learning  
Answer the questions given below in your notebook. 

1. Elucidate the main differences between traditional and modern farming 

practices in paddy cultivation. 

2. How is the inheritance system of land a constraint to agricultural 

development in Bhutan? 

3. Are cooperative marketing societies applicable and helpful to our 

farmers? How? 
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1.Differences between traditional farming and modern farming are: 

Traditional farming Modern farming 

1.Uses draught animal power 

(DAP) to plough and prepare 

paddy fields. 

2.Sowing and transplanting rice 

seedlings are conducted 

manually by humans. 

3.Traditional tools such as sickle 

are used to harvest the rice 

stalks. 

1.Uses farm machineries such as 

power tillers and tractors to 

plough and prepare paddy 

fields. 

2.Adopts modern methods of 

sowing and planting rice 

seedlings using rice trans-

planters. 

3.Rice stalks are harvested using 

harvesters 

2.The inheritance system of land is a constraint to agriculture development in 

Bhutan because: 

a.Through land inheritance system, landholdings of a family are broken down 

to smaller sizes as it is transferred from parents to children and further down 

the generation. This leads to farmland fragmentation reducing the actual 

land available for farming. 

b.Because of the inheritance system, new family and household emerge, 

requiring separate houses and other properties which are built on productive 

land. Thus, productive land is damaged.  

c.Since, land fragmentation would mean smaller land holding per family, 

many landowners with different cropping patterns and fenced land parcels, 

it will hamper commercial farming. 

3.Cooperative marketing societies will be applicable to our farmers in the 

following manner: 

a.Since our farmers are mostly subsistence farmers with limited land and small 

surplus, the farmers can come together to sell their produce.  

b.Since our farmers are mostly illiterate and with limited marketing and 

organizational skills, cooperative marketing societies will provide a 

platform to organize amongst the farmers, share knowledge and skills, avail 

loans and subsidies and market their product together thereby reducing 

transportation cost. 

c.Government is encouraging cooperative formation in the country with lots 

of technical support, capacity development support and subsidies in the form 

of loans, farm inputs and organizational development. 

 

Self-check for Learning  
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Lesson No: 3            Subject: Geography  Class: 9 – 10   Time: 50 minutes 

Topic: Climatic Zones of Bhutan  

  

 

 

 

 

 

 

Introduction  

Read the telephonic conversation between two friends below: 

Subash Rai:       “Hi, how is the weather today over there”?  

Singye Wangmo: “Ooh! it has been a cloudy day! I guess it may rain or even snow towards the 

afternoon. The past week has been unusually cold here in Bumthang. In fact, 

the weather has been quite erratic”. 

Subash Rai:           “Yes, I agree with you. I have been watching the daily weather forecast on 

Bhutan Broadcasting Service (BBS). I have heard that winter in Bumthang 

wasn’t severe in the past few years. Is it true?”. 

Singye Wangmo: “Yes, that’s true. We don’t see snow-capped mountains throughout the year as 

we used to experience in the past. It could be due to climate change. Don’t you 

think so? 

Definition of Weather and Climate 

Weather is the day-to-day condition of the atmosphere in a given time of a particular place. 

Climate is the average weather conditions of a place observed over a long period of time. 

 

1. Differentiate between weather and climate. 

2. List different climatic zones of the world. 

3. Identify different climatic zones in Bhutan and describe their 

characteristics. 

4. List the factors affecting climatic zones of Bhutan. 

5. Identify places and Dzongkhags located in particular climatic 

zones within Bhutan. 

6. Relate how animals, birds and plants adapt and respond to 

climate. 

 

 

 

 

 

 

 

Did you get any idea about the weather and climate from the above 

conversation? 
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 Differences between Weather and Climate 

Weather Climate 

 Weather is the condition of the 

atmosphere of a specific place at a given 

point of time; these atmospheric 

conditions may take place on day-by-

day, minute-by-minute or seasonal 

basis. 

 The weather may involve just one 

condition of the atmosphere. 

 Weather occurs in a place within a short 

period. 

 Weather is what you get on a daily basis. 

 Weather changes within a short time. 

 The scientific study of weather is called 

as meteorology and meteorologists 

studies weather. 

 Climate is the average weather conditions of 

a place observed over a long period of time. 

 Climate includes all the conditions of the 

atmosphere such as temperature, 

precipitation, wind, humidity, cloud and 

pressure. 

 Climate takes place over a long period of 

time. 

 Climate is what you expect over a long 

period of time. 

 The overall changes and variations of a 

climate are very stable and may take 

decades or centuries to occur. 

 The scientific study of climate is called as 

climatology and climatologists studies 

climate. 

Climatic zones 

Let us learn about the climatic zones. 

Climatic zones are the areas with distinct climates, that occur latitudinally around the Earth, and 

is classified using different climatic parameters such as temperature, precipitation and long-term 

weather patterns of an area. There are four major climatic zones in the world: 

Sl. No Climatic Zones Degrees 

1 Tropical Zone 0 degree to 23.5 degree 

2 Sub-tropical Zone 23.5 degree to 40 degree 

3 Temperate Zone 40 degree to 60 degree 

4 Polar Zone 60 degree to 90 degree 

 

 

 

 

 

 

 

How was the weather yesterday and how is it today? Did you observe any 

changes? 
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Climatic Zones of Bhutan 

The factors such as latitude, altitude, prevailing wind direction, orientation of mountain ranges and 

valleys have determined different climatic zones of Bhutan. According to climatologists, Bhutan 

can be divided into four different climatic zones. 

1. Sub-Tropical Monsoon Zone: This zone lies within the altitude of about 200 to 2000 metres 

above the mean sea level along the southern foothills of Bhutan. The mean monthly temperature 

ranges from 15 degrees Celsius in winter to 30 degree Celsius in summer. The total annual 

rainfall is usually above 2000 mm. Temperature and rainfall vary from valley to valley in the 

interiors. It enjoys cool moderate temperature and relatively dry weather during winter. During 

summer, the monsoon wind brings moisture that gives rise to cumulo-nimbus clouds, that brings 

heavy showers creating high atmospheric humidity. Moisture and heat contribute to the rapid 

growth of weeds and the creation of wet ground, where mosquitoes breed. Most parts of Samtse, 

Chhukha, Sarpang, Samdrup Jongkhar and lower valleys of Wangdue Phodrang, Punakha, 

Zhemgang and Trongsa are located in this zone. 
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                           Pictures showing the examples of sub-tropical zone 

2. The Temperate Zone: It lies between 2000 m to 3000 m just above the subtropical zone. The 

average daily temperature during winter varies between 5 and 15 degree Celsius while the 

average daily temperature in summer ranges from 15 to 30 degree Celsius. The total annual 

rainfall varies from 1500 mm to 2000 mm. The winter in this zone is marked by cold winds, 

low temperature at night, the moderate temperature during the day, cloudiness, light shower 

and snowfall. The monsoon rain in this zone comes at the same time as that of the subtropical 

zone. Lightning and thunder, cumulo-nimbus clouds and light showers dominate the weather. 

Because of the general north-south orientation of the mountains ranges, monsoon winds reach 

the inner valleys, that provide a passage for moist winds.  Mountain ranges also stand in the 

way of approaching moist winds, creating windward and leeward sides affecting the 

vegetation grown there as shown in the diagram below. Paro, Thimphu, Wangdue Phodrang, 

Trongsa, Mongar, Bumthang and Trashigang fall under this zone. 

Diagram showing how mountain acts as a barrier for the moisture-laden winds 

3. Sub-Alpine Zone: It lies between 3000 m to 4000 m of altitude. The total annual rainfall 

varies from 1000 mm to 1500 mm while the temperature is around 8 degree Celsius. The 

weather is marked by mist and fog, cold winds and light rain during short summer and snows 

in winter. Winter is quite harsh for both humans and animals, so they migrate to low altitude 

valleys. Places such as Laya, Lingzhi, Lunana, Gogona, Busa, Sephu, Dur, Ura, Merak and 

Sakteng are located in this zone. 
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                          Pictures showing the examples of the subalpine zone 

4. The Alpine Zone: It is located above 4000 m above the mean sea level. Alpine refers to 

climate or vegetation found on high mountain peaks. Because of the very low temperature and 

freezing conditions, trees cannot grow in this zone. The popular herbal and aromatic plants 

such as balu and sulu, used for making incense are found on the high mountain meadows. The 

permanent snowline is found at approximately 4800 meters above sea level. Snow-laden 

winds called blizzards and occasional snow avalanches occur at this height. High mountain 

peaks such as Jowo Durshing, Jomo Lhari, Jichu Drake, Masangang and Gangkar Puensum 

are located in this zone. 

                                                     Pictures showing the examples of alpine zone  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
Which climatic zone does your place or Dzongkhag fall under? Give three 

reasons to justify your answer. 

 

 

 

 

 

 

 

 

 

 

 

Is there any relationship between climate, humans, plants and animals? 

How?          

 

Jichu Drake 
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Climate and Humans 

The settlement patterns and work habits of humans are greatly influenced by natural conditions 

such as the slope of the land, altitudes, temperature and rainfall. Extreme conditions of these factors 

tend to have a negative influence on the settlement patterns. 

For example, in Bhutan, the sub-alpine zone is sparsely populated whereas the settlements are 

crowded in the flat areas where the climatic conditions are moderate and favourable. 

In many parts of the world, humans have modified architectural designs for buildings and invented 

methods and equipment to heat and cool their dwellings over the limitations imposed by nature. 

The climate has its influence on housing types, ways of dressing and pattern of cultivation in the 

regions falling under different climate zones.  

In terms of animals and birds, they respond to climate through various adaptations and by 

migration. For example, yaks have developed larger hearts and lungs since the level of oxygen is 

very low in high mountains, blue sheep have specialized hooves, that allow them to grip rocks and 

climb steep hills and rocks, Himalayan black bear hibernates in winter. 

Climate is an Important Factor in Determining the Growth of Trees and other 

Plants 

Different plants respond to different types of climatic conditions. The plants in the alpine zones 

are small-leafed shrubs and are short. This allows them to bear strong winds. The soil quality is 

also poor due to the slow rate of decomposition owing to low temperature. Whereas, it is just 

opposite in the southern foothills of Bhutan where it is warm and the rate of decomposition is high 

making the soil fertile. In such places, trees and plants grow tall and have broad leaves due to 

abundance of sunshine and rain. 

It is through the knowledge of the types of climate and altitudes that potential farm sites are 

selected and cultivated, thus forming new settlements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Why do yaks have thick coat of hair or fur? 

2. Why do the majestic Black-necked cranes visit Bhutan from Tibet 

(China) in winter? 
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Activity 2 
Study picture A and B given below and find out three things on how 

animals, human and plants adapt to climatic condition. 

Use these key points to construct sentences: treeline, shrubs, barren, 

fur, growth, stunt, cultivation, yak, thick, sparse, water, snow, 

fertile, decomposition, forest, rain 

 

 

 

 

 

Summary  

 Weather is the daily weather condition of the atmosphere while climate is the 

average weather conditions of a place observed over a long period of time. 

 There are four major climate zones in the world.  

 The factors such as latitude, altitude, prevailing wind direction, the orientation 

of mountain ranges and valleys have determined different climatic zones of 

Bhutan. 

 Climate also determines the housing type, lifestyle and food habits of human.  

 Even animals, birds and plants respond and adapt to suit a particular climate.  
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Self-check for Learning  

Answer the questions given below in your notebook. 

1. Analyse the impact on people if there is only one climatic zone in 

Bhutan. 

2. Identify major factors that determine climatic zones in Bhutan. 

3. How do animals and birds respond to climatic conditions? Give any two 

examples each. 

 

 

 

 

 

 

 

Self-check for Learning  

1. If there is only one climatic zone in Bhutan, there will be same type of food crops 

and fruits grown across the country with limited choice for the people. The types of 

houses and food culture would be very similar. 

2. The major factors determining the climatic zone of Bhutan are altitude, 

orientation of mountain ranges, valleys, temperature and rainfall. 

3. Animals and birds respond to climatic conditions by migrating between warm 

and cold places according to season, hibernating in winter, growing furs/hair and 

modifying their body parts. 

Example:  

1. Black- necked crane migrates from Tibet (China) to Bhutan in Winter.       

2. Himalayan black bear hibernates in winter. 
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Lesson No: 3  Subject: Geography  Class: 9 – 10   Time: 50 minutes 

Topic: Trade, Transport and Communication  

  

 

 

 

 

Introduction  

Before our country was introduced to the modern trade system, the traders in the past traded certain 

goods with its neighbouring countries. Bhutan’s trading partner was limited then. It was during 

those times there existed the exchange of their goods with goods. 

It is very difficult to produce all the good that we require. Similarly, a country cannot produce all 

the goods that a country requires. Those goods that we require but cannot be produced has to be 

depended on others. Most of our people depend on their neighbours for the goods we could not 

produce ourselves. These exchange of goods resulted in a trade system that existed for many 

centuries.   

However, there is a vast difference between the trade in the past and modern trade. Transport of 

goods in the past was done with the use of mule caravans and mostly people had to carry on their 

back and walk on foot. At times, that took them a month to make a round trip. Similarly, the sharing 

of information from place to place was also done by humans and the use of animals. This system 

of sharing information was very slow. Bhutan is now being introduced to the modern trade system.  

 

 

 

 

 

 

1. Define trade, transport and communication.  

2. Distinguish between ancient and modern trade. 

3. Explain the needs for trade. 

4. Write at least TWO advantages and TWO disadvantages of trade, 

transport, and communication.  

5. Establish a link between trade, transportation and communication. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
Answer the following questions in your notebook. 

1. What do you understand by ‘barter system’? 

2. Name some items that were traded with Tibet and India in the past.  

3. What challenges did our traders in the past faced while trading with 

Tibet in the North and India in the South? 

 

 

 

 

 

 

 

 

 

 

Why do you think people in the past exchanged their goods with goods? 
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What do you mean by trade? 

Trade is a basic economic concept which mean the system of exchanging goods with goods or 

goods with money. Trade simply means buying and selling of goods. However, trade for Bhutanese 

in the past was limited to Tibet in the North and India in the South.  

Salt at times was quite expensive in olden days, so our traders had to exchange rice at par with 

salt. The items brought from Tibet were either raw materials for the manufacturing of goods or 

personal consumption.   

 

 

 

 

 

 

 

 

What could be some of the items traded with India and Tibet? 

 

 

 

 

 

 

Items taken to Tibet 

 
 
 
 
 
 
 

          Rice         Wheat flour           Desho  Dried Fruit 

 

 

 

 

 

 

Items brought from Tibet 

 
 
 
 
 
 
 
 

          Brocade     Jewels           Silk         Brown salt 



  Self-Instructional Material 
 

162           Geography – Class 9-10 

KEY STAGE – IV  

 In the south, Bhutanese traded handicraft items in exchange to soaps, utensils and others  

The mode of trade in the past was mainly the barter system, a system of exchange of goods with 

other goods.  

Although our traders in the past had only two trading partners, transporting goods was very 

difficult. In the north, the continuous snowfall during winter sealed the path, while robbers instilled 

a sense of fear in our traders during other parts of the year.  

Similarly, with India in the south, traders had to cross hot and humid conditioned jungles. These 

jungles are infected with malaria and posed a high risk to the traders. Some of the other routes had 

the problems of leeches and wild animals for the travelers.  

Modern Trade 

Unlike a trade in the past, modern trade is a complex one. It involves exchanging of goods in larger 

quantities involving many countries using a complex network of interactions. Modern trade is 

dominated by the developed countries that have made progress in manufacturing goods and have 

efficient transport and communication network systems. These countries earn more income by 

exporting ready-made goods.  

 

 

 

 

 

 

Items Bhutan traded with India 

 
 
 
 
 
 
 

          Soap             Metal Utensils         Sugar 

 

 

 

 

Picture showing 

some ready-made 

goods. 
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In contrast, the developing countries do not have efficient manufacturing systems and are 

compelled to export raw materials and agricultural goods at lower rates than imported items. The 

exported goods include fruits and vegetables, dairy and poultry products, timbers, and grains.  

Bhutan’s Modern Trade 

India has remained Bhutan’s main trading partner since its introduction to modernization. Bhutan 

mostly imported finished goods instead of exporting manufactured goods. Thus, there was always 

a balance of trade resulting in the balance of payments. Bhutan’s balance of payment has been 

always negative or deficit indicating imports of more goods than exports. We mostly import those 

goods that we cannot produce such as, fuels, electrical goods, medicines, machinery and motor 

vehicles.  

Transport Networks in Bhutan 

Transport is a network system where passengers and goods move from one place to another. There 

are three modes of the transport system in the world. These are land, air and water transport. 

Bhutan, being a mountainous country with rough terrain and fast-flowing rivers, water transport is 

 

 

 

 

 

 

Advantages of trade 

1. Trade can increase competition and lowers market prices. 

2. Quality of good and services will increase. 

3. Create employment opportunities. 

4. Every country can get goods and services they need.  

 
 
 
 
 
 
 

 

 

 

 

 

 

 

Disadvantages of trade 

1. Unemployment: When goods are produced at cheaper prices in other countries, 

workers at home country will lose their job.  

2. Certain industries do not get a chance to grow because goods are produced at 

cheaper rate in other countries. 

3. Cheaper goods from well-established industries will hamper the sales of local 

products. 

4. May become dependent. 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

What should Bhutan do to improve the balance of trade/payment? 
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not feasible. Land or road transport and air transport are the only two types of transport system 

used in Bhutan. 

The most common form of transport network in our country is the land or road transport network. 

All road networks in Bhutan are connected with Indian roads in the south. Four commercial hubs 

are closer to India and serve as entry point for both trade and transportation. These commercial 

towns include Phuentsholing, Gelephu, Samdrup Jongkhar, and Samtse.  

Roads from these nodes (towns) proceed into the interior of the country. They follow the river 

valleys and connect most of the settlements and districts. Through these road networks, Bhutan 

transports goods to all other towns and settlements.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages of transportation 

1. Saves time and reach in short period of time. 

2. Carry and transport heavy goods. 
3. Travel to many places as we wish. 

 
 
 
 
 
 

 

 

 

 

 

 

 

Disadvantages of transportation 

1. Accidents may cause deaths and injuries. 

2. Causes traffic jam and pollution. 

3. Expensive to buy cars as our country does not produce it. 

 
 
 
 
 
 

 

 

 

 

 

 

 

What do you know about communication? Which mode of communication 

do you use to talk with your friends in other places? 
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Communication  

Communication means sending or receiving of information through various modes. Prior to the 

modernization period in Bhutan, exchange of information depended on humans and animals, 

which was a slow process. The revolution of communication was improved with the introduction 

of a wireless communication system. It was established in 1955 and was the first means of sending 

information.  

Wireless Communication is a method of transmitting information from one point to other, 

without using any connection like wires, cables or any physical medium. 

Later in early 1960s, Bhutan was introduced to telephone after the completion of the first motorable 

road. Subsequently, by mid 1960s, various offices in the country got connected to each other via 

telephone. The messages and information from one place to another was passed through telephone. 

With the modernization and advancement in technology and telecommunication devices, Bhutan 

got introduced to telegraph in 1969. The introduction of the telegraph in the country enhanced 

communication. Until the 1980s, wireless, telephone and telegraph were the only fastest means of 

communication within Bhutan. The mode of exchanging information with other countries was 

mainly done through postal services by then. Four years later, in 1984, Bhutan was connected with 

other countries through Indo-Bhutan microwave communication via India.  

It was only in 1986 when Bhutan got introduced to telex, a system of sending and receiving typed 

messages electronically. Telex is primarily a point-to-point system that uses a keyboard to transmit 

typed text over telephone lines. 

In 1988, the satellite Earth station was commissioned in Thimphu giving us more access to the rest 

of the world. The digital micro-wave system installed in Thimphu marked a revolution in the 

history of communication in Bhutan. People in Bhutan can now communicate directly with many 

countries in the world.  

In August 1993, the internal telephone network got expanded. First, it was established in Thimphu 

but slowly it expanded and almost every place got connected to each by telephones. Now the entire 

kingdom is connected by telephone. The Internet Service and National Television started in Bhutan 

on 2 June, 1999.  

Bhutan Telecom is a telecommunications and Internet services provider in the Kingdom of Bhutan. 

It is the sole fixed-line telephony provider in the country. It also operates the B-Mobile mobile 

service and the DrukNet Internet service.  

 

 

 

 

 

 

Who invented telephone? 

Alexander Graham Bell invented the telephone in 1867.  
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Tashi InfoComm Limited is the first private cellular company in Bhutan. The company launched 

its GSM services on April 6, 2008, under the brand name "TashiCell".  

Mass Communication 

It is a type of communication network that can spread information quickly among the masses 

across the globe. The news and information of the world can be informed to the masses of the 

world through the form of media called mass media (Reaches wide audiences). Some of the 

examples of mass media are: 

Mass media spreads information quickly from its point of broadcast or publication to its audience. 

Importance of Mass Communication 

1. It helps us to understand the world around us. 

2. It informs and advises people about new techniques in farming, raising livestock and health 

care. 

3. It provides us with up-to-date news. 

4. It provides us with an enjoyable form of entertainment. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

Mobile phones          Radio   Newspaper 

 

 

 

 

 

 

 

 

Television                  Internet 

 

 

 

 

 

 

Advantages of communication 

1. Pass message in short period of time. 

2. Time saving. 

3. Quick feedback. 

4. Money saving. 
 
 
 
 
 
 

 

Disadvantages of communication 

1. Misunderstanding. 

2. Miscommunication. 

3. No emotions expressed. 

4. Risk of leak of secret information. 
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Trade transport and communication are interlinked 

 

 

 

 

 

Situation: 

Ap Dorji is a businessman, a trader from Wangdue. He communicates with Ap Karma, another 

trader in Thimphu and seeks information on the demand and supply of local vegetables in the 

market. After knowing the need of local vegetables, Ap Dorji hires a taxi and takes his vegetables 

to Thimphu.  

From the above situation created, we can conclude that trade, transport, and communication are 

interlinked. Ap Dorji exchanging information with Ap Karma about demand and supply of local 

vegetables though a mobile phone is one form of communications. After knowing the need for 

vegetables in the market, Ap Dorji takes his vegetables to sell in the market. This is an example of 

a trade. To transport his goods to market, he then hires a taxi. So, transportation is involved. 

Therefore, trade, transport, and communication are closely interlinked 

 

 

 

 

 

 

Summary  

 Trade is a system of exchanging goods with goods or goods with money. In 

ancient times, Bhutan traded with Tibet in the north and India in the south. 

 Transport is a network system where passengers and goods move from one place 

to another. In Bhutan, we have only road and air transport.  

 Communication means sending or receiving information through different 

modes.  

 Trade, transport, and communication are interlinked as one cannot function well 

without the other two.  

 

 

 

 

 

 

Self-check for Learning  

Answer the questions given below in your notebook. 

1.Define the following terms: 

a. Trade    

b.Transport     

c. Communication 

2. What are some of the items traded by our country with Tibet and India in 

olden days? 

3. What are some of the problems faced by Bhutanese traders in the past? 

4. Write TWO advantages and disadvantages of trade, transportation, and 

communication? 
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1.   a.   Trade means exchange of goods with goods or goods with money.  

b.Transport is a network where it carries goods or people from one place to 

another by means of vehicle, aircraft, railways or ship.  

c.Communication means of sending or receiving information, such as 

telephone lines or computers. 

2.In the olden days, traders from our country traded their goods with Tibet in the 

north and India in the south. With Tibet, Bhutan traded rice, wheat flour, desho, 

dried fruits and barley flour. In return, they brought silk, brocades, brown salt, 

and jewels. With India, Bhutan traded handicraft items with sugar, soap and 

metal utensils.  

3.Before the modern transport system was introduced in our country, transporting 

of trade goods was very difficult for our traders. Only few used mule caravans 

to transport their goods. Many carried their goods on their back and had to walk 

which took a month to make a round trip.  

Towards the north, due to continuous snow fall, the trade paths were sealed by 

snow fall during winter. Other times of the year, the robbers instilled fear in our 

traders.  

Similarly, in the south, due to the hot and humid conditioned jungles that were 

infected with malaria imposed a risk to our traders. The leeches and the wild 

animals posed live threat to our traders. So trading was very difficult due these 

challenges.  

4.The advantages and disadvantages of trade are: 

Advantages of trade Disadvantages of trade 

1.Trade can increase competition 

and lowers market prices 

2.Quality of good and services 

will improve 

3.Create employment 

opportunities and enhance 

professionalism 

4.Every country can get goods 

and services they need.  

1.Certain industries do not get a 

chance to grow because goods 

are produced at cheaper rate in 

other countries. 

2.Cheaper goods from well-

established industries will 

hamper the sales of local 

products. 

 

 

Self-check for Learning  



  Self-Instructional Material 
 

169           Geography – Class 9-10 

KEY STAGE – IV  

 

 

 

 

 

 

 

 

 

 

 

4.The advantages and disadvantages of transport are: 

Advantages of transportation Disadvantages of transportation 

1.It saves time- reach in a short 

period of time. 

2.Transport heavy things and 

machineries. 

3.Travel and transport goods and 

people to many places as 

desired 

1.Causes traffic congestions and 

occupies huge areas. 

2.It causes pollution- air and 

noise  

3.Deaths and injuries associated 

with road accidents and other 

transportation system. 

 

 

The advantages and disadvantages of communication are: 

Advantages of communication Disadvantages of communication 

5.Transfer of messages and 

communication materials 

swiftly. 

6.It is time saving and affordable 

(economical.) 

7.It can reach to large group of 

people or targeted group of 

people instantly.  

8.It enhances business and 

improve access to information 

(education, security, science 

etc.) 

 

1.If misused, users can commit 

crime such as cyber-fraud, 

cyber-bullying, hacking. 

2.Customers are misled and 

lured to buy duplicitous goods 

and services.  

 

 

 

Self-check for Learning  
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Lesson No: 1  Subject: History  Class: 9 – 10   Time: 50 minutes 

Topic: Art and Architecture 

  

 

 

 

 

Introduction  

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

1. Define art and architecture. 

2. State the importance of art and architecture. 

3. Explain the features of Bhutanese art and architecture.  

4. Discuss the different forms of Bhutanese art and architecture. 

5. Write down ways to preserve and promote Bhutanese art and 

architecture. 

 

 

 

 

 

 

 

What do you know about art and architecture? Are they same or 

different? 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 1 
Look at the following images carefully and answer the questions given 

below. 

. 

 

 

 

 

 

 

1. Using the given image numbers, categorize in the table given below. 

Art Architecture 

  

2. Define art and architecture in your own words.  

 

1 2 3 

4 5 
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What is Art and Architecture? 

Art is any kind of visual work such as painting, sculpting, drawing created through application of 

creative skills and imagination that express important ideas, values or feelings. It is a medium of 

communication created by artists without words.   

Architecture is defined as the art of designing and constructing buildings and other physical 

structures such as houses, temples, churches, mosques, etc. The architecture provides a space for 

different kinds of human activities.  

 

 

                       

 

Importance of Art and Architecture 

Bhutan’s rich tradition of art and architecture form an integral part of the history, culture and 

identity of the Bhutanese people. They reflect the rich customs, traditions, culture, religious beliefs 

and social values of Bhutanese people. They are a source of pride to the nation and her people. 

The works of art are seen in the temples, monasteries, dzongs and even at private houses 

throughout the country. Bhutanese art and architecture were greatly influenced by religion. The 

Bhutanese culture is portrayed through the construction of dzongs, lhakhangs, monasteries and 

other architectural buildings. The preservation of our unique tradition of art and architecture is 

vital for us to maintain our religious and cultural identity. 

Salient Features of Bhutanese Art  

 Bhutanese art is based on the tradition of Buddhism. It is considered as a religious tool used 

to convey the profound teachings of Buddhism. Thus, Bhutanese art depicts mostly the divine 

figures and religious themes intended to teach spiritual values. 

 Bhutanese art is anonymous. What does it mean? It means that one will never know who had 

done the art since there is no name of the artist inscribed on the art. The identity of artists is 

not very important in Bhutanese art tradition. Instead, the name of the Jinda is sometimes 

written on the art. Jinda refers to a person who has sponsored the art. However, it is believed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 2 
Is it important to have our own tradition of art and architecture? Why? 

 

 

 

 

 

 

 

In what ways do you think is Bhutanese art unique?  
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that the contribution of both the donors and artists is considered an act of religious devotion 

and both will gain spiritual merits. 

 Bhutanese art is not subject to the artist’s creativity and self-expression. The artistic 

creativity and aestheticism play a secondary role in the Bhutanese form of art. The artist must 

follow a set of written rules called iconography. A slight deviation from these prescribed 

rules is believed to nullify the merit and it is considered sinful. 

Differences between Western Art and Bhutanese Art 

 

The Origin of Bhutanese form of Art and Architecture  

Due to lack of information on the origin of Bhutanese form of art, it is difficult to discern when 

the artistic tradition started in Bhutan. However, it is believed that Bhutanese art tradition or culture 

might have started with the construction of Jampa Lhakhang in Bumthang and Kyichu Lhakhang 

in Paro in the 7th Century A.D. These two temples are the oldest temples in Bhutan believed to 

have been built by the Tibetan King Songtsen Gampo (617-698 A.D) as part of his scheme of 

constructing 108 thadul-yangdul temples to subdue the demoness. The original paintings in most 

of the temples have been damaged due to renovations carried out at different periods.  

Over the centuries, many great Tibetan lamas and scholars visited Bhutan. Some of them settled 

in Bhutan and established several temples, monasteries and dzongs (fortresses) in the country. The 

interior part of the walls of these architectural buildings were decorated with the paintings of the 

great saints, Buddhist masters and other images bearing the elements of Buddhism. Some of these 

lamas were accomplished artists who had made immense contribution in the field of art and 

architecture. A native Bhutanese treasure discoverer Pema Lingpa (1450-1521) is one of the best 

Bhutanese Art Western Art 

 Religious in nature. 

 The artist is anonymous. 

 The artist must abide by iconography. 

 The artist does not have much room to 

express feelings, emotions, thoughts, 

etc.    

 Aestheticism is given due 

importance. 

 Name of the artist is reflected on the 

art.  

 The artist does not have to follow 

strict rules.  

 There is freedom of expression. 

 

 

 

 

 

 

1. Which feature of the Bhutanese art is most striking to you? Why? 

2. Do you have any idea when the Bhutanese form of art and architecture 

originated in Bhutan? 
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examples. He was a renowned artist who could paint, sculpt and cast metal. He is said to have 

introduced the Bhutanese form of arts in the 15th century.  

With the arrival of Zhabdrung Ngawang Namgyal in Bhutan in 1616 A.D, there was a 

promulgation of Bhutanese form of art. Lam Gyalwa Lhanangpa introduced dzong system in 

Bhutan in the 12th century. It was in the 17th century that Zhabdrung Ngawang Namgyal made the 

dzongs the centre of administration. He built many dzongs in Bhutan which served as the centres 

of religious and political administrations. These dzongs housed the paintings of eminent Buddhist 

saints such as Buddha Shakyamuni, Chenrizig, Jampelyang, Drukpa Kuenley, Phajo Drugom 

Zhigpo, Tertoen Pema Lingpa, Zhabdrung Ngawang Namgyal among others. After the unification 

of the country under the Drukpa rule, the monastic community played a significant role in the 

commissioning of the art works such as paintings and sculpting. Realizing the importance of a 

unique cultural identity, Zhabdrung Ngawang Namgyal took a great initiative of creating a unique 

Bhutanese form of art. He invited great artisans from Tibet, Nepal and Ladakh to Bhutan to train 

the local artists. This could be one reason why the Bhutanese art from the 7th to the 17th century 

became a blend of Tibetan, Indian and Nepalese traditional styles. However, with the passage of 

time, Bhutanese artists acquired profound skills and they began to produce their own exquisite 

works which were unique in the country.  

It is said that Bhutanese rulers including the Druk Desis and the Je Khenpos considered it as their 

obligation to construct the country’s dzongs, lhakhangs, goenpas and chortens. The work of 

construction and renovation of these religious buildings and decorating them with religious 

paintings was considered as an act of piety and devotion. As a religious obligation for the rulers, 

many Desis, Poenlops and Dzongpons became the patrons of Bhutanese art. They have either 

constructed new dzongs and commissioned new religious works or repaired and restored the old 

ones under their patronage. For example, the fourth Desi Gyalse Tenzin Rabgye (1680–94) added 

a golden dome to the central structure of Punakha Dzong in 1676 A.D. Moreover, he is said to 

have formally categorized the Bhutanese arts into thirteen traditional arts and crafts known as 

Zorig Chusum, that helped in the preservation and promotion of the Bhutanese art.  

With the establishment of monarchy in 1907, the Royal Family emerged as an important patron of 

art. Druk Gyalpo Jigme Dorji Wangchuck was aware of the necessity to preserve the Bhutanese 

traditional art. His Majesty realized that this could be achieved only if a strong and adequate 

patronage existed in the country. There are numerous lhakhangs, monasteries, chortens and other 

religious institutions established across the country under the Royal patronage.  

 

 

 

 

 

 

What do you understand by the term Zorig Chusum? 

Zo means “to make””, rig “science” and chusum “thirteen” 
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Different Forms of Bhutanese art 

There are thirteen types of arts and crafts in Bhutan which are collectively known as Zorig Chusum 

that is deeply rooted in Buddhism. It was the fourth Druk Desi Tenzin Rabgye (1680-1694) who 

is credited to have formally classified these different arts into the following categories:  

1. Art of Calligraphy (Yigzo) 

2. Art of Painting (Lhazo) 

3. Art of Sculpting (Jimzo) 

4. Art of Metal Casting (Lugzo) 

5. Arts of Gold & Silver Crafts (Troezo) 

6. Art of Woodcrafts (Shing zo)  

7. Art of Embroidery (Tshemzo) 

8. Art of Paper Making (Shogzo) 

9. Art of Masonry (Dozo) 

10. Art of Carving (Parzo) 

11. Art of Textiles (Thagzo) 

12. Arts of Cane & Bamboo Weaving (Tsharzo) and  

13. Art of Blacksmithy (Garzo). 

You will learn about all these arts and crafts in detail in the higher class. In this lesson, you will 

learn about the art of painting. 

Art of Painting 

The Bhutanese art of painting is categorized into three major types. They are: statue painting, wall 

painting and thangka (scroll) painting. 

Raw Materials for Making Paints 

Bhutanese painters make paints from the materials such as soil, minerals and vegetables. They are 

made into powder and then mixed with chalk, water and cattle hide glue. The four basic/primary 

colours used in Bhutanese paintings are white, yellow, red and grey. They are obtained from 

different parts of the country. For example, white soil is obtained from Paro, yellow soil from Gasa 

and Bumthang, red soil from Trashigang and Wangdi Phodrang, and grey soil from Phuentsholing. 

Secondary colours are prepared by mixing these primary colours. In recent years, painters have 

started using imported chemical paints called zangtshoen. They are preferred because of their easy 

preparation and use.  

Paint brushes are made from bamboos, twigs and animal’s hair. Thicker brushes are made from 

pig’s hair and thinner brushes are usually made from cat’s fur. Nowadays, painters can easily get 

imported brushes of various kinds made from synthetic materials. 
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1. Statue Painting 

 Statues of all shapes and sizes are seen in temples, monasteries, dzongs and private houses. 

 These statues are made from different materials. Most of them are made of clay and some 

are made from metals such as bronze, brass and silver.  

 Clay statues are fully painted once they are properly dried as shown in Figure1.  

 The statues made from bronze and other metals are painted only on the face and hands 

mainly to highlight details of the eyes, mustaches and headdress.                

  

 

 

 

 

   

 

 

                                                

Figure 1     Figure 2                                                                                                                                                                          

2. Wall Painting  

It is the painting done on the interior walls of temples, monasteries and dzongs. It is also known 

as debri painting (frescoes). In most of the wall paintings, a principal figure is seen occupying the 

centre position surrounded by other minor figures as shown in Figure 2. Some of the principal 

figures seen on the paintings particularly scroll painting include Lord Buddha, Chenrizig 

(Avalokiteshvara), Guru Rinpoche, Tertoen Pema Lingpa, Zhabdrung Ngawang Namgyal among 

others.   

Procedure of Wall Painting                                                                                                                                                                                                                                                               

 First of all, the surface of the wall is made smooth by applying a thin                     

coat of plaster.  

 Once the plaster is fully dried, a thin canvas is pasted on the surface with glue prepared from 

wheat flour and pepper powder which is used to protect the canvas from woodworms. 

 The canvas should be pasted properly in such a way that it becomes indistinguishable from 

the wall surface. 

 The wall is then painted once the canvas is dried. In some cases, canvas is not used and the 

wall is directly painted after the clay plaster is dried. 
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3. Scroll Painting (Thangka Painting) 

Scroll paintings are those paintings executed on scrolls. There are two types of scroll paintings- 

thangka or kuthang and throngdroel. They are some of the most important sacred treasures 

preserved in temples, monasteries and dzongs in Bhutan. Thangka is the painting executed on 

small size scroll (Figure 3). Besides temples, monasteries and dzongs, thangkas are seen displayed 

on the walls in private houses and even in some offices. The painting executed on larger size scroll 

is called the thongdroel which literally means ‘liberation at sight’. It is displayed to the public only 

on important occasions such as Tshechus, Dromchoes, Zhabdrung Kuchoe, Lord Budhha’s 

Parinirvana, etc. Hundreds and thousands of people gather during such occasions to see and get 

blessings from thongdroel. It is believed that the mere sight of the thongdroel will cleanse the 

viewer of his/her sins and he/she can be liberated from samsara/hell realm. Both thangkas and 

thongdroels may have images of different Gods, deities and religious saints occupying the central 

position. For instance, thongdroels (Figure 4 and Figure 5) have images of two different religious 

figures occupying the centre space. Can you identify these two main figures? 

    Figure 3: Thangka                  Figure 4: Thongdroel                          Figure 5: Thongdroel                                                                                                                                                                                                                                                                                                                        

Scroll Painting Techniques 

There are different ways of making thangkas. The art of embroidery locally known as Tshem 

Drup is one method of scroll painting. This is an art in which threads with different colours are 

used for stitching on cloth piece to get the patterns. Since this method is quite expensive and time 

consuming, people prefer to use the art of applique which in Dzongkha is termed as Lhem Drup. 

In this method, the required designs are cut from cloth of different materials such as cotton, silk, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 3 
Observe carefully the image given in Figure 2 and write the answers to the 

following questions:  

1. Identify the main figure in this painting. Why do you think it has taken 

central position?  

2. How important is the image given above for Buddhist country like 

ours? 

 

 

https://www.bhutanacorn.com/wp-content/uploads/2017/10/Guru-Thongdrel-Paro-Tshechu-810x540.jpg
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canvas and they are stitched together on the main background cloth. In some cases, xylographic 

block is used in thangka painting. It is a wooden block where the required design or image is 

engraved. In this method, the cloth is pressed against the wooden block and the design is 

transferred to the cloth for painting. Pounce or spray pattern is another technique used in 

Thangka paintings. The desired image is drawn on the paper with pin pricks and charcoal powder 

is sprayed to produce the dotted image on the cloth. 

Figure 6: Embroidery          Figure 7: Applique       Figure 8: Xylographic block  Figure 9:Spray pattern 

              

 

 

 

Bhutanese Architecture 

Bhutanese architecture is as old as the Bhutanese art. It dates back to the 6th and 7th centuries, when 

the buildings such as Lhakhang Karpo and Lhakhang Nagpo in Haa, Kyichu Lhakhang in Paro 

and Jampa Lhakhang, Konchosum Lhakhang and Gayney Lhakhang in Bumthang were built. They 

are said to be the first recorded buildings in Bhutan. As G. N. Mehra puts it, “Bhutanese 

architecture is best reflected in its dzongs, lhakhangs and chortens.” Bhutanese architecture is 

known for its originality, harmonious proportions and adaptation to the landscape. It is 

characterized by the restriction of nail use, no planning and designing on paper prior to the 

construction of building, which make the architecture of Bhutan different from other countries. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Activity 4 
1. If you were the painter, which one of these techniques would you use 

and why? 
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Figure 10: Characteristics of Bhutanese Architecture 

Figure 11: Dovetail technique                    Figure 12: Trefoil shaped windows and 

their number increasing with storeys                           
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You must have travelled to different places in Bhutan. Think for a while 

on the types of buildings or houses you have seen in our country. Do all 

the houses or buildings have same architectural design? 
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Different Types of Buildings in Bhutan and their Features  

Buildings Features 

Lhakhangs 

(Temples) 

 Lhakhang literally means a temple or house of 

God. 

 Lhakhangs are usually a single or two storied 

structure with a red stripe at the upper level of the 

walls.  

 They have a small courtyard enclosed by walls 

with the Lama’s residence attached in most cases.  

 The space inside the lhakhang is divided into a 

shrine and antechamber with walls decorated with 

paintings of religious figures and other images 

with religious themes. 

 They have sertog (gold pinnacle) on the roof top 

as shown in the picture on the left.  

 They are found in almost every village as it is a 

place for worship and performance of rituals. 

Goenpas 

(Monasteries) 

 

 There are two types of monastery: cluster type 

and dzong type. 

1. Clustered type has one or two temples housed in 

a building surrounded by clusters of small houses 

used by monks for living or meditation. 

Dzongdrakha in Paro, Dodedra, Phajoding and 

Chari in Thimphu, Kuenzangdra and Tharpaling 

in Bumthang are some examples of the cluster 

type. 

2. Dzong type is like fortress with a main tower, 

housing temples and surrounding outer structure 

which provide accommodation for the monks. 

Some examples of this type are Tango in 

Thimphu, Talo in Punakha and Drametse in 

Mongar.  

 All religious buildings such as monasteries and 

lhakhangs will have elaborately decorated altar 

called choeshom where statues of saints and 

other religious figures are installed.  
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Dzongs 

(Fortresses) 

 Dzongs are usually huge, splendid and ancient 

structure with massive walls and elegant 

woodwork. They are some of the most 

impressive forms of architecture in Bhutan. 

 Like any other structures, the dzongs are usually 

built of mud, stones and timbers.  

 A separate tower called utse is located in the 

centre of the courtyard where the main temples 

are usually located.   

 The courtyard is surrounded by an outer structure 

of buildings used as monk residences, 

administrative offices, store rooms and kitchen. 

 In the past, many dzongs were built as defensive 

fortresses at strategic locations such as mountain 

spur or hilltop. 

Chortens 

(Stupas) 

 Chortens are receptacles of worship where the 

sacred relics of Buddha and other religious 

figures are kept. It has a square base, on which 

the main structure rises with diminishing 

breadth. 

 There are several chortens in Bhutan and their 

architectural styles vary. They serve as sacred 

objects for veneration. People circumambulate 

them in order to gain merit. 

 Some chortens are built in memory of eminent 

lamas or historical figures, while some are built 

to trap evil spirits or to protect against them.  

 They are usually located at places such as 

crossroads, river confluence, high mountain 

passes, landslide and accident-prone areas.  

 A carved wooden pole called a sogshing and 

other elements called zungs are placed inside the 

chorten. However, it becomes sacred object only 

after a consecration ceremony is performed.  

 Chortens are categorized into three types based 

on their construction styles as huge stone 

chortens, stone chortens resembling the Tibetan 

style, chortens of a purely Bhutanese style. 

https://en.wikipedia.org/wiki/Merit_(Buddhism)
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Mani Dangrim 

(Mani Walls) 

 

 Mani walls are stone walls that supports a 

number of stones carved with sacred images of 

great Buddhist saints and mantras or prayers of 

Bodhisattvas inscribed on them. One of the 

mantras commonly inscribed on mani walls is 

Om Mani Padme Hung, a mantra of Chenrizig 

(Avalokiteshvara), that have a deep mystic and 

religious meaning.  

 A constant chanting of sacred mantras is believed 

to help the person in the attainment of the 

Nirvana or absolute salvation.   

Phodrangs  

(Palaces) 

 Palaces are the grand residences of a ruler such 

as a king, queen, emperor, or any head of the 

state. They are usually large and highly decorated 

buildings known for their beauty and grandeur. 

 Some of the palaces in Bhutan were built during 

the reign of First and the Second Druk Gyalpos. 

They include the Lami Goenpa, Wangdicholing, 

Ugyen Choling and Domkhar in Bumthang; 

Kuenga Rabten, Samdrup Choling and 

Thruepang in Trongsa.  

 Dechencholing and Samtenling Palaces in 

Thimphu were built during the reign of the Third 

and the Fourth Druk Gyalpos.    

 Royal Palaces were mostly located in Bumthang 

and Trongsa regions as these two regions were 

the centres of administration during the reign of 

the First and the Second Druk Gyalpos.  

 The basic pattern of palace is similar to dzongs. 

The central building is the residence of master 

with the upper floor used as the private chapel. It 

is surrounded by a courtyard enclosed by an outer 

structure where the servants’ quarters and the 

kitchens are located. 
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Yue Chims 

(Village houses) 

 Bhutanese village houses locally known as yue 

chims are rectangular shape with two to three 

storeys. The traditional houses are usually built 

of mud, stone, timber and bamboo. 

 The architectural designs and materials used 

differ from one region to another. However, they 

have retained the uniform distinctive features 

like the trefoil shaped windows, pitched roof, 

lavish use of wood and painted motifs of 

religious and symbolic elements.  

 The upper floors are almost entirely constructed 

with lavish use of wood and plastered bamboo 

panels. Most houses have wooden shingle roofs 

weighted down with stones as shown in the 

picture on the left. This type of roofing is 

becoming a thing of the past as it is now replaced 

by corrugated galvanized iron (CGI) in almost all 

houses.  

 The upper floor is generally used as living space 

consisting of living rooms, a kitchen and an altar 

(chapel) room. The chapel room locally known 

as choesham houses thangkas, statues and 

religious books. 

 In the traditional houses, the ground floor was 

used for keeping domestic animals but today 

people do not keep animals as it is unhygienic 

practice. 
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Self-check for Learning  

Answer the questions given below in your notebook. 

1. Why do you think that wall painting is very complex form of painting? 

2. “Bhutanese architecture is very unique.” Evaluate this statement. 

3. Architectural styles differ from one region to another. In your opinion, 

what could be some of the determining factors making this difference? 

4. Will you take the work of artist as your profession? Why? 

5. As responsible citizens of Bhutan, what should we do to preserve and 

promote the tradition of art and architecture? Suggest some measures. 

6. Carry out a short interview with your parents and complete the following 

table.  

Questions Answers 

1. What type of art work did they do?  

2. From whom did they learn the skills?  

3. What benefits did they get from this     

    work? 

 

4. What challenges did they face in      

    doing this work? 

 

 

5. What advice would they give to    

    the younger generation? 

 

 

 

 

Summary  

 Bhutanese art and architecture have it root in Buddhism.  

 Bhutanese art has a didactic function that intends to teach people moral values and 

ethics.  

 The building and restoration of temples, lhakhangs, dzongs and historical 

monuments with the painting of religious and historical figures are considered a 

pious act.  

 Bhutanese art serves as a visual aid for understanding to some extent the Buddhist 

philosophy, religious beliefs, social and cultural life of people. 

 Bhutanese art and architecture display Bhutan’s rich cultural identity. 

 The tradition of art and architecture is an essential part of Bhutanese life. 

 Art and architecture are interrelated in many ways.  
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1.Wall painting is very complex form of painting because most of the paintings 

are religious in nature. They are the interpretation of religious philosophy, 

beliefs and Buddhist concepts. Thus, religious motifs and images of 

Bodhisattvas and great saints dominate most of the Bhutanese wall paintings. 

The painters cannot paint these images at his/her own discretion. They must 

strictly follow certain rules and procedures. Wall painting is not only complex 

but also time consuming and very expensive task.    

2.Bhutanese architecture is unique in many ways: 

There is no planning and designing on the paper. The chief carpenter has 

everything such as the size, layout and structure in his mind. 

Dovetail technique is used to assemble the woods. Nails are not used.  

There is a lavish use of wood. 

Use of wooden shingles for roofing 

Window size increases with the increase in number of storeys. 

Bhutanese architectures have trefoil shaped windows. 

3.Some of the factors that determine the architectural styles are given below: 

Availability of building materials 

Physical and climatic conditions 

Social and economic development 

Religious and cultural traditions 

 

Self-check for Learning  
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གནས་རིམ་ ༤ པ། 

འཆར་གཞི་ཨང་ ༡        ཆོས་ཚན་ རྫོང་ཁ།        སྫོབ་རིམ་ ༩-༡༠       དུས་ཚྫོད་ སྐར་མ་༥༠          

དྫོན་ཚན་ ཡིག་འགྲུལ།     ནང་གསེས་དྫོན་ཚན་ སྙན་གསྫོལ། 

ངོ་སྫོད། 

༉ སྙན་གསྫོལ་ཟེར་མི་འདི་ རང་གི་དབང་ཚད་ལས་ལྷག་སྟེ་ ལཱ་འབད་དགོཔ་དང་ ཡང་ན་ དམིགས་བསལ་གྱི་ལས་རིམ་འགོ་
འདྲེན་འཐབ་དགོཔ་རེ་ འཐྫོན་པའི་སྐབས་ རང་གིས་ཐག་གཅད་མ་ཚུགས་པར་ དམིགས་བསལ་ གནང་བ་ཞུ་ནི་གི་ཡི་གུ་ལུ་
སབ་ཨིན། (སྐད་ཡིག་དང་ཡི་གུའི་སྫོར་བ། སྫོབ་རིམ་༡༠ པ། ཤྫོག་༦༥)  

སྙན་གསྫོལ་འདི་ ཡིག་ཚང་དང་འབྲེལ་བའི་ལཱ་ཚུ་ ཕན་ཐྫོགས་དང་ དགོས་པ་ག་ཅི་བཟུམ་ར་ཡྫོད་རུང་ རང་གི་དབང་ཚད་ལས་ 
ལྷག་སྫོ་པ་ཅིན་ དབང་ཚད་ཅན་གྱི་མི་ངོ་གཅིག་ལས་ གནང་བ་ཞུ་ནི་དང་ རྒྱབ་སྐྱོར་ལེན་ཏེ་འབད་ནིའི་དྫོན་ལུ་ ཡིག་ཐྫོག་ལུ་སྙན་
གསན་ཕབ་སྟེ་ གནང་བ་ཞུ་དགོ་པའི་ཡི་གུ་འབད་བྲིཝ་ཨིན། 

སྙན་གསྫོལ་བྲིཝ་ད་ཚང་དགོཔ།  
སྙན་གསྫོལ་བྲིཝ་ད་ སེམས་ཁར་བཞག་དགོཔ་དང་ དེ་ནང་ཚུད་དགོ་པའི་ཁྱད་རྣམ་ཚུ་ ག་ཅི་ར་ཨིན་ན་ འྫོག་ལུ་བཀོད་དེ་ཡྫོད། 
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སྙན་གསྫོལ་གྱི་དཔེ་ དང་པ། 

སྙན་གསྫོལ་ནང་ཚུད་དགོཔ།
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ཚུ་དང་ སྫོབ་གྲྭའི་བཟའ་ཚང་ཡྫོངས་ཀྱི་ཁ་ཐུག་ལས་ ཞལ་འདེབས་གང་དྲག་ཕུལ་ཏེ་ཡྫོད། མ་དངུལ་དེ་ཚུ་གིས་ བཅའ་
སྒྲིག་གི་ཅ་ཆས་དང་ ཉམས་བཅོས་དུམ་གྲ་རེ་འབད་ནིའི་དྫོན་ལུ་ ཟད་གྲོ་བཏང་ཚར་ཏེ་ཡྫོད་ཞུ། རྒྱུ་མཚན་དེ་ལུ་བརྟེན་ཏེ་ 
དུས་སྫོན་བརྩི་སྲུང་གི་ཉིན་མར་ སྐུ་མགྲོན་གྱིས་གཙྫོས་པའི་ བཅའ་མར་གཏྫོགས་མི་ཡྫོངས་བསྫོམས་ མི་གྲངས་༡༠༠༠༠ 
དེ་ཅིག་ལུ་ ངལ་སངས་ཞལ་ཟས་དང་ ཉིན་མའི་གསྫོལཝ་གི་དྫོན་ལུ་ མ་དངུལ་མེདཔ་ལས་བརྟེན་ཏེ་ སྫོབ་གྲྭའི་དུས་
སྫོན་དང་དགའ་སྫོན་འཆར་དངུལ་ལས་ དངུལ་ཀྲམ་ཡྫོངས་བསྫོམས་༡༥༠༠༠༠/- (གཅིག་འབུམ་ལྔ་ཁྲི་) ལག་ལེན་
འཐབ་ཆོག་པའི་ གནང་བ་ཞུ་ནི་ཨིན་ལགས། 

 

  དབུ་འཛིན།              འཆར་དངུལ་འགོ་དཔྫོན།           དྲག་ཤྫོས་རྫོང་རབ།                  

་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་            ་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་           ་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་                    
 



       རང་ཉིད་སྫོབ་སྫོན་མཁོ་ཆས།  
 

187           རྫོང་ཁ། སྫོབ་རིམ་༩-༡༠ པ།  

གནས་རིམ་ ༤ པ། 

སྙན་གསྫོལ་གྱི་དཔེ་ གཉིས་པ། 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

སྙན་གསྫོལ་གྱི་



       རང་ཉིད་སྫོབ་སྫོན་མཁོ་ཆས།  
 

188           རྫོང་ཁ། སྫོབ་རིམ་༩-༡༠ པ།  

གནས་རིམ་ ༤ པ། 

 

 

 

 

 

 

 

 

 

 

 

སྫོང་ལཱ་༡ པ། 
ཁྱོད་ སྫོབ་དབུ་འཛིན་ཨིན་པའི་དབང་དུ་གཏང་སྟེ་ རྫོང་ཁག་ནགས་ཚལ་འགོ་དཔྫོན་ལུ་ སྫོབ་གྲྭའི་
མཐའ་འཁོར་ལུ་ཡྫོད་པའི་ ཤིང་སྫོམ་ཚུ་བརྡབ་ཆོག་པའི་ གནང་བ་ཞུ་ནིའི་དྫོན་ལུ་ སྙན་གསྫོལ་ ཡི་
གུ་ཅིག་བྲིས། 
 

 

 

 

 

 

 

སྫོང་ལཱ་༢ པ། 
སྫོང་ལཱ་བཅད་ཐིག་༡ པ། སྫོང་ལཱ་བཅད་ཐིག་༢ པ། 

སྫོང་ལཱའི་བཀོད་རྒྱ། 
 

སྫོང་ལཱ་ཚུ་རང་སྫོའི་འབྲི་དེབ་ནང་ལུ་བྲི་
ནི། 
 
དྲན་གསྫོ། 
སྙན་གསྫོལ་བྲི་བའི་ནམ་དུས་ལུ་ སྫོབ་དེབ་
ངེས་པར་དུ་ ལྷན་ཐབས་འབད་དགོཔ་
སེམས་ཁར་ངེས། 

༡༽ སྙན་གསྫོལ་ནང་ལུ་ ཚུད་དགོ་པའི་ཁྱད་རྣམ་ཚུ་ 
ཚངམ་འབད་ བྲིས། 

༢༽ སྙན་གསྫོལ་གྱི་ཡིག་རིགས་འདི་ མང་ཤྫོས་ར་ 
ག་ཅི་གི་སྐབས་ལུ་ ལག་ལེན་འཐབ་ཨིན་ན? 
ཁུངས་དྫོན་བཙུགས་ཏེ་བྲིས།  

༣༽ སྫོབ་དབུ་འཛིན་མཆོག་ལུ་ ཁྱོད་རའི་སྫོབ་ཁང་
མཛེས་ཆ་ལྡན་ཏྫོག་ཏྫོ་དང་ དཔེ་ཆ་ལྷབ་དགོ་
མནྫོ་སི་སི་འབད་ བཟྫོ་ནིའི་དྫོན་ལུ་ མ་དངུལ་
གྱི་རྒྱབ་སྐྱོར་ མཛད་གནང་དགོ་པའི་སྐོར་ལས་ 
སྙན་གསྫོལ་ཅིག་བྲིས།    

 



       རང་ཉིད་སྫོབ་སྫོན་མཁོ་ཆས།  
 

189           རྫོང་ཁ། སྫོབ་རིམ་༩-༡༠ པ།  

གནས་རིམ་ ༤ པ། 

 

 

 

 

 

 

 

 

བཅུད་བསྡུས།  

 སྙན་གསྫོལ་གྱི་གོ་དྫོན། 
 སྙན་གསྫོལ་ནང་ལུ་ ཚང་དགོ་པའི་ཁྱད་རྣམ། 
 སྤྱིར་བཏང་ སྙན་གསྫོལ་འབྲི་ཐངས། 

 

 

 

 

 

 

 

 

རང་ཉིད་ལྷབ་སང་ དབྱེ་ཞིབ།  
༡༽ ཁྱོད་རའི་སྫོབ་དེབ་ནང་ལུ་ཡྫོད་པའི་ སྙན་གསྫོལ་གྱི་དཔེ་ཚུ་ ལེགས་ཤྫོམ་འབད་ ལྷག། 

༢༽ གོང་ལུ་བཀོད་དེ་ཡྫོད་པའི་ དཔེ་ཚུ་ལུ་བལྟ་སྟེ་ ཁྱད་ཆོས་དང་ལྡན་པའི་ སྙན་གསྫོལ་བྲི་ནིའི་  

སང་བ་འབད།  

 

 

 

 

 

 


