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i. The lessons on English, Dzongkha, and Mathematics subjects are meant for all the students 

of classes XI and XII, regardless of their stream. 

ii. The lessons for Science, Arts, and Commerce streams are provided in separate sections for 

students to choose depending on their areas of study.  

iii. The answers to questions that students need to solve in each activity are provided in the 

last section on ‘Answers’. 

iv. Each lesson is designed for fifty-five minutes. 
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1. Sonnet 

 

 

 

 

 

Introduction 

We know that there are various types of poem and we have already studied about some of them 

in our lower classes.  

Can you recall few types of poem? 

Few examples: lyric, ballad, narrative, free verse, dramatic monologue, etc. 

What is a sonnet?  

The word sonnet is derived from the Italian word “sonetto” which means a “little song” or small 

lyric. In poetry, a sonnet has 14 lines, and is written in iambic pentameter. Each line has 10 

syllables. 

Types of Sonnet: Sonnets can be categorized into six major types: (Display the chart with 

different types of Sonnet) 

1. Italian Sonnet 

2. Shakespearean Sonnet 

3. Spenserian Sonnet 

4. Miltonic Sonnet 

5. Terza Rima Sonnet 

6. Curtal Sonnet 

Let us look at Shakespearean sonnet, also known as English or Elizabethan sonnet. 

In his life time Shakespeare wrote 154 sonnets that were all published together in a quarto in 

1609; however, there are six additional sonnets that he wrote and included in his plays. These 

154 sonnets can be further divided in to three categories based on the subject of the poem as 

discussed below:  

i. Sonnet 1-126 – Fair Youth 

ii. Sonnet 127-152- Dark Lady 

iii. Sonnet 153-154 Rival Poet – this is just for additional information for you. 

  

 

 

 

• Define sonnet. 

• Identify the features of an English or Shakespearian sonnet. 

• Apply the features of sonnet in the given text.  
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Features of the Shakespearean Sonnets 

a. Rhyme Scheme 

The rhyme scheme for Shakespearean sonnets is different from the traditional Petrarchan and 

English sonnets. Shakespeare used the rhyme scheme abab cdcd efef gg. This means the ending 

sound of the first line matches with the third. In the same way, the ending sound of the second 

line matches with the fourth.  

b. Structure 

Like a traditional sonnet, the Shakespearean sonnet too, consists of 14 lines. These lines are 

constructed with three quatrains i.e. three stanzas of four lines each. These three quatrains have 

similar rhyme schemes. The last two lines in a fourteen-lined sonnet are called a couplet. Those 

two lines share a rhyme scheme, which is different from the quatrains.  

Shakespeare used this structure to establish an idea, and then, twist it to surprise the readers. He 

would state and establish a particular idea in the three quatrains. However, he would use the 

couplet to take a totally different take on the established idea.  

c. Meter 

Shakespeare has written his sonnets predominantly in iambic pentameter, which was his favorite. 

In this meter, the syllables are divided into five pairs in each line. In one pair, an unstressed 

syllable is followed by one stressed syllable. 

d. Theme 

Most of Shakespeare’s sonnets deal with the theme of romantic love. Sometimes he mocks at 

love while at other times he praises it. Time is also another theme in his sonnets.  

1. Review the poem and complete the table given. 

Class XI: Sonnet 18 Class XII Sonnet 29 

Shall I compare thee to a summer’s day?  

Thou art more lovely and more temperate  

Rough winds do shake the darling buds of 

May, 

And summer’s lease hath all too short a date:  

Sometime too hot the eye of heaven shines, 

And often is his gold complexion dimm’d; 

And every fair from fair sometime declines,  

By chance, or nature’s changing course, 

untrimm’d;  

But thy eternal summer shall not fade  

When, in disgrace with fortune and men’s 

eyes,  

I all alone beweep my outcast state,  

And trouble deaf heaven with my bootless 

cries,  

And look upon myself, and curse my fate,  

Wishing me like to one more rich in hope,  

Featur’d like him, like him with friends 

possess’d,  

Desiring this man’s art and that man’s 

scope,  

 ACTIVITY 1 
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Nor lose possession of that fair thou ow’st; 

Nor shall Death brag thou wander’st in his 

shade,  

When in eternal lines to time thou grow’st;  

So long as men can breathe or eyes can see, 

So long lives this, and this gives life to thee. 

With what I most enjoy contented least;  

Yet in these thoughts myself almost 

despising,  

Haply I think on thee, and then my state,  

Like to the lark at break of day arising 

From sullen earth, sings hymns at heaven’s 

gate;  

For thy sweet love remember’d such 

wealth brings  

That then I scorn to change my state with 

kings.  

 

Questions 

Class XI 

Answer box 

Class XII 

Answer box 

1. Jot down the rhyming scheme of the 

poem.  

  

2. How many lines does the poem have?   

3. Identify the couplet in the given poem 

and rewrite it in the answer box 

  

4. What theme is reflected in the poem?    

• A sonnet is a 14-line poem written in iambic pentameter. 

• Sonnets written by Shakespeare are known as Shakespearean or English sonnet. 

• Shakespeare has written 154 sonnets published together in 1609 and six additional 

sonnets for his plays. 

• Shakespearean sonnets are written in three quatrains and a rhyming couplet with the 

rhyme scheme abab cdcd efef gg. 

Answer the following questions in your notebook.  

1. Define sonnet. 

2. How does the given poem fulfil the features of Shakespearean sonnet?  

 

 Summary 
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2. Tenses 

 

 

 

 

 

Introduction 

This lesson is a basic overview of the verb tense system in English. We have already studied the 

three main tenses in the lower grades.  

Let us recapitulate:  

• Verb tenses tell us how an action relates to the flow of time. 

• There are three main verb tenses in English: present, past and future. 

• The present, past and future tenses are divided into four aspects: the simple, 

progressive/continuous, perfect and perfect progressive/continuous. 

The chart below will help you revise your tenses quickly!! 

The chart shows all of the 12 tenses – the THREE tenses and the FOUR aspects.  

Now, let us look at the tenses by representing it on a timeline. 

Present Simple  

I drink tea every day. As shown in the 

timeline, this expresses a routine/habit that 

happens regularly. 

 

• Complete the exercises on tenses and its four aspects correctly. 

• Apply the structure/form of each aspect of the tense accurately with 

proper understanding of its usage in both written and spoken 

discourse. 
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Present Continuous Tense  

I am drinking tea now. This means that I am 

doing this action (drinking tea) at this moment. 

Present Perfect Tense  

I have drunk tea. It focusses on the completion 

of the action and does not mention the exact 

time. But it is understood that I have drunk the 

tea perhaps just a few minutes ago. 

Present Perfect Continuous Tense  

I have been drinking tea for half an hour. This 

means that I have not finished drinking the tea 

yet. I started half an hour ago and I am still 

drinking. 

Past Perfect Tense  

When my mother came home, I had drunk tea. It 

means that first I finished drinking tea and after 

that my mother came home. 

Past Simple 

I drank tea yesterday. It means that I drank my tea 

yesterday not today. 

Past Continuous Tense 

I was drinking tea when my mother came home. 

Here we can see two actions. One is an unfinished 

continuous action (was drinking tea) and in the 

middle of that, something happened (mother came home). 

Past Perfect Continuous Tense 

When my mother came home, I had been drinking 

tea for half an hour. Here, my mother came at 

some point in the past, half an hour, before that I 

started drinking the tea and I was still doing that when my mother came home.  

Let us review future tense now. 

• We use ‘going to’ to talk about plans and intentions. 

We are going to buy a car.  

• We use ‘will’ for three main purposes: to express instant decisions, to make offers and to 

make promise.  

I will have tea with snacks (instant decision). 

I will help you solve that problem (offer help). 

I will surely get back to you tonight (make a promise). 
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• We can use both ‘will’ and ‘going to’ to make predictions. 

• If the prediction is based on our opinion, knowledge, or experience, we use ‘will’  

I think school will reopen by the first week of June. 

• If the prediction is based on something we can see right now, we can use ‘going to’ 

Looking at the weather forecast, I think it is going to rain. 

1. Fill in the table. 

Verb Tenses Present Past Future 

Simple I do my homework.  1.  2.  

Continuous  3.  
I was doing my 

homework. 
4.  

Perfect simple 
I have done my 

homework. 
5.  6.  

Perfect continuous 7.  8.  
I will have been 

doing my homework. 

2. Fill in the blanks with suitable tense.  

i. My car .......(break) down when I ..........(drive) home from work. 

ii. This exercise is challenging. I ......(help) you do it.  

iii. My best friend and I ........... (know) each other for 15 years. 

iv. We ..............(finish) the work by Monday.  

v. I ........(sleep) when the fire broke out. 

vi. My dad .........(fly) home from Bangkok today. 

vii. While he .........(wait) for the train, there was a robbery at his house.  

viii. It is a beautiful drive. I am sure you .........(enjoy) the scenery.  

ix. She .........(play) PUBG since six in the morning. 

x. I ......(watch) a terrifying movie yesterday.  

• Verbs come in three tenses: past, present, and future.  

• The past is used to describe things that have already happened (e.g. earlier in the day, 

yesterday, last week, three years ago).  

• The present tense is used to describe things that are happening right now, or things that 

are continuous. 

• The future tense describes things that are yet to happen (e.g. later, tomorrow, next week, 

next year, three years from now). 

 

 ACTIVITY 1 

 Summary 
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1. Read the essay below. Identify the tenses used and write it down in your notebook.  

Covid-19’s Brunt to the Education System? 

The conventional, classroom-centered education in Bhutan is under an assault. But not the 

education system as a whole. The virtual learning system that the ministry of education espouses 

may be a temporary measure, but this is not altogether a new thing. We are in Information 

Technology age. Continued learning is a feature of modern lives. Classroom education is 

important for a wholesome experience of education, but learning is no more confined to 

classrooms alone. It is about time students learned in a flexible environment and reflect on the 

fundamental things they learned in schools privately. 

Schools have been closed for the last two months. The government worries parents are burdened 

and students aren’t getting adequate lessons.  Parents worry about their work, the virus, and the 

children at home. They worry, might mobile phones do more harm than benefit through online 

learning? They worry about their graduations and entry into the world of work. 

Debates on social media are divided. Some think what the government is doing is the right thing, 

while others think prolonged closure of schools is not wise. The later believe it is safe to resume 

classes as long as we don’t have local transmission. Some worry that a prolonged lack of social 

experience might have a psychological impact on young people. Some are worried children are 

getting too much free time for roaming instead of studying. These worries are understandable, 

but they also expose the shortcomings of our approach to education.  

Worrying about mobile phones doing more harm than good to the students is rather misplaced. 

We cannot escape its influence. Children know the world of the internet; they are digital natives. 

It is us the digital immigrants who almost mindlessly associate IT with negative impacts and bad 

influences only. Of course, I am not suggesting the character of the IT age is sagacious and 

saintly. It has a negative side. And especially in this age of over information, safely navigating 

through the internet is quite like navigating across a river full of deadly aquatic beasts. My point 

here is, we have no alternative B. IT has become a part of our lives, from the breakfast table to 

the bed. It is a part of our culture, like it or not. 

The worry, I believe, partly originates in our reluctance to accept IT as a part of a common good. 

Of course, we will have challenges initially, but we must learn to live with it. Educated parents 

can monitor their kids for now because city kids are more likely vulnerable to the negative 

influences of IT. But in time, all of us have to come to terms with IT. The educational 

establishment must consider teaching how to learn, that is, how to be responsible digital citizens.  

Information Technology is an indispensable tool for a 21st-century knowledge worker. Lessons 

from school only form foundations. Keeping up with innovation and discoveries is an individual 

responsibility.  So should we perhaps expect our education system to helps us make ourselves 

confident autodidacts? The nature of jobs is changing so much so that what we know today 

 Self-check for Learning 



 

  SELF-INSTRUCTIONAL MATERIALS 
 

 
8   English-Classes XI&XII         
  
 

might perhaps slip into obsolescence in ten years.  A continuous process of unlearning and 

relearning will define a competent modern worker. Although it sounds alarming, we are not 

caught off guard, however. Learning and acquiring new skills was never easier than it is today. 

At a click of the mouse, we have access to an endless repository of knowledge. You no more 

have to go to Massachusetts Institute of Technology to attend Professor Gilbert Strang’s amazing 

classes on calculus, for example – you’re only a will away from it. Take your laptop or phone 

and you’re in his class! 

Our notion of education should shift from reading books and passing examinations to facing 

unpredictable situations with tact and confidence, to becoming resilient.  The focus should be 

more on general life skills rather than the traditional system of summative assessment, which 

highlights a learner’s retention power and ignores the application aspect. In the face of the 

change, the best investment one can make is to teach oneself to learn outside the supervision of 

an inflexible system. 

Source: Kuensel Corporation Ltd.  May 26, 2020 
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3. Active and Passive Voice 

 

 

 

 

Introduction 

Look at the following sentences:  

i. Sonam wrote a letter.  

ii. A letter was written by Sonam.  

What difference can you see in the sentence? Does it convey the same meaning? 

Let us break the sentence and see:  

1.  

 

2.  

 

 

 

The first sentence is an active voice and the second sentence is a passive voice.  

Let us explore further to get more insights on active and passive sentence.  

What is a voice? 

A voice is the form of a verb which shows whether the subject of the verb is the doer of the 

receiver of the action. We can begin a sentence either with a subject or an object. This fact 

decides whether a sentence is active or passive. 

Both sentences mean the same thing.  But in the first sentence, Sonam (the subject) is the doer of 

the action(helped) and is active as it does something. Whereas, in the second sentence, Jigme 

(the subject) is the receiver or sufferer of the action (was helped) and does nothing but passively 

allows something to be done to him. 

The choice of voice you choose to write in depends on what you want to emphasize – If the 

subject (the doer) is important, use the active voice, and if the action (deed) is important, use 

the passive form. 

 

Sonam wrote  a Letter.  

Subject Verb Object 

A  letter  was written  by Sonam. 

Object verb   Subject 

 

• Differentiate active and passive voice. 

• Identify the voice of the verb in each sentence. 

• Rewrite the sentence correctly as per the instructions. 
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Let us look at these two sentences: 

i. Sonam helped Jigme. 

ii. Jigme was helped by Sonam. 

How do we formulate the passive voice? 

i. Put the object of the verb at the beginning of the sentence. 

ii. Conjugate the verb ‘to be’ in the same tense as the active sentence [see table below]. 

iii. Put the main verb in the past participle form. 

Now, let us go through the table below: 

Tenses Active Form Passive Form 

Simple Present Pema saves the girl. The girl is saved by Pema. 

Present Continuous Pema is saving the girl. The girl is being saved by Pema. 

Present Perfect Pema has saved the girl. The girl has been saved by Pema. 

Simple Past Pema saved the girl. The girl was saved by Pema. 

Past Continuous Pema was saving the girl. The girl was being saved by Pema. 

Past Perfect Pema had saved the girl. The girl had been saved by Pema. 

Simple Future Pema will save the girl. The girl will be saved by Pema. 

Imperative mood Save the girl. Let the girl be saved. 

Voice

Active

Subject is the doer of the action.

When a verb form shows that the 
subject has done something, it is 
known as active voice. 

Eg. Dorji painted the entire house. 

Passive 

Subject is the receiver of the action.

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

Eg. The entire house was painted by 
Dorji. 



 

  SELF-INSTRUCTIONAL MATERIALS 
 

 
11   English-Classes XI&XII         
  
 

1. Rewrite the sentences as per the instructions given in brackets.  

i. Who did this? (Begin: By whom …) 

ii. We are cutting the wood. (Begin: The wood …) 

iii. Pema cooked the rice. (End with …Pema)  

iv. The police will catch the thieves. (Rewrite in passive form) 

v. The field is being dug by the farmers. (Change it into active form) 

vi. He photographed the flowers. (End with ….him) 

vii. Who taught you such tricks as these? (Begin: By whom…)   

viii. Show the right path. (End with… shown)  

ix. Avoid easy solutions. (End with… avoided) 

x. Get out. (End with … out) 

• In nutshell, a sentence can be in the form of an active or passive voice.  

• Rules of conversion from Active to Passive Voice: 

✓ Identify the subject, the verb and the object: S+V+O. 

✓ Change the object into the subject. 

✓ Put the suitable helping verb or auxiliary verb. 

✓ Change the verb into past participle form of the verb. 

✓ Add the preposition “by”. 

✓ Change the subject into object.  

Answer the following questions in your notebook.  

1. Change the sentence as per the instruction in the bracket.  

i. The wind blew down the trees. [change into passive voice] 

ii. Tobden posted the letter. [change into passive voice] 

iii. We were received by the manager. [change into active voice] 

iv. The king is signing the treaty. [change into passive voice] 

v. The instructions will be given by the principal. [change into active voice] 

2. Identify these sentences into active or passive voice. Change them into active or passive 

voice. 

i. He was writing a letter. 

ii. We had cleaned the room. 

iii. This story can be written by you. 

iv. My pen has been taken by someone. 

v. The whole cake was eaten by my sister. 

 ACTIVITY 1 

 Summary 

 

 Self-check for Learning 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
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གནས་རིམ– ༥ པ།  

རློང་ཁ།  

 

 

 

 

 

 

ངོ་སློད།  
སྲུང་འབྲི་ནི་འདི་ གསར་རྩལ་ཅན་གྱི་རིག་རྩལ་ཅིག་ཨིན། དེ་འབདཝ་ལས་ འློག་ལུ་བཀོད་དེ་ཡློད་པའི་གནད་དློན་ཚུ་གིས་ 
སྲུང་ལེགས་ཤློམ་འབྲི་ནི་ལུ་ལྷན་ཐབས་འབདཝ་ཨིན། 

• འགྲེལ་བཤད་རྐྱབ་ནི་ཚུ་ གང་ཟག་༡ པ། གང་ཟག་༢ པ། གང་ཟག་༣ པ་གང་རུང་ཅིག་ཚུད་དགོ། 
• སྲུང་ནང་ལུ་བཟློ་བཀོད་དེ་ ངེས་པར་འློང་དགོ། 
• དུས་ཚློད། ས་གནས། སྐབས་དློན་དང་ གནས་ཁམས་འདི་ཚུ་སློས་བཏགས་ཏེ་ འགྲེལ་བཤད་རྐྱབ་དགོ། 
• ཧ་གོ་ཚུགས་པའི་བློ་ཚིག་ཚུ་ ལག་ལེན་འཐབ་དགོ། བློ་ཚིག་ཚུ་ཡང་ ཚློར་བའི་རྣམ་པ་ཐློག་ལུ་འློང་དགོ། 
• འཁྲབ་རྩེདཔ་ཡང་ ༢ དང་༣ འདི་ གཙློ་བློ་དང་ ཟུར་རྩེད་འཁྲབ་རྩེདཔ་དག་པ་ཅིག་ཡང་ སྲུང་ནང་ཚུད་དགོ། 

སྲུང་ལྷབ་སྦྱང་གི་དློན་ལུ་ འློག་གི་གནད་དློན་ཚུ་ སེམས་ཁར་བཞག་དགོཔ་ཨིན། 
• སྲུང་སྤྱིར་བཏང་གི་ ངོ་སློད་ཚུ་ ལེགས་ཤློམ་འབད་ ལྷབ་སྦྱང་འབད། 
• སློབ་དེབ་ནང་གི་སྲུང་ཚུ་ ལློག་ཅི་ར་ལྷག་སྟེ་ ཚིག་མཚམས་ རྗོད་མཚམས་བཅད་དེ་ ལེགས་ཤློམ་འབད་ལྷག་

ཚུགསཔ་བཟློ། 
• སྲུང་ནང་ལག་ལེན་འཐབ་ཡློད་པའི་ མིང་ཚིག་ག་ར་གི་ གོ་དློན་དང་ ཡིག་སྡེབ་ཚུ་ རང་གིས་ཤེསཔ་འབད་བཟློ། 
• སྲུང་འདི་གི་སྐོར་ལས་ དྲི་བ་དྲིས་ལན་བཟློ་སྟེ་ལྷབ། 
• སྲུང་འདི་ལེགས་ཤློམ་འབད་ དབྱེ་བ་དཔྱད་དེ་ བཟང་ངན་གྱི་ཁྱད་ཆོས་ག་ཅི་འདུག་ག་ དབྱེ་བ་དཔྱད། 
• སྲུང་འདི་ལུ་གཞི་བཞག་སྟེ་ རང་གིས་ཡང་ སྲུང་བྲི་ནིའི་སྦྱང་བ་འབད། 
• སློབ་དེབ་ནང་གི་ སྲུང་གིས་མ་ཚད་པར་ སྲུང་དེབ་གཞན་ཚུ་ ལྷག་ནི་ལུ་ཡང་སློ་བ་བསྐྱེད་དགོཔ་ཨིན། 

 
 

 

• སྲུང་ལྷབ་སྦྱང་ལས་ཤེས་དགོ་པའི་གནད་དློན་ཚུ་ ངོས་འཛིན་འབད་ཚུགས། 
• སྲུང་གི་ཆ་ཤས་ཚུ་ ཉམས་བཙུགས་ཏེ་ འབྲི་སབ་ཀྱི་སྦྱང་བ་འཐློབ་ཚུགས། 
• སློས་ཉམས་ཚུ་གནས་སངས་དང་བསྟུན་ཏེ་ ལག་ལེན་འཐབ་ཚུགས། 
• འགྲོས་རིས་དང་མཐུན་པའི་ སྲུང་ཐུང་ཀུ་ཅིག་བྲི་ཚུགས། 

 

ལས་དློན།
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གནས་རིམ– ༥ པ།  

སྦྱློང་ཚན་གཉིས་པ།  
སྲུང་ཉམས་བཙུགས་ཏེ་ ཡློད་མི་དང་ མེད་མི་ཅིག་ དཔེ་སློན་འབད་དེ་ ཁྱད་པར་ཧ་གོ་བཅུག་ནི། བུམློ་མཁའ་འགྲོ་དང་ བུཚ་
བསློད་ནམས་གཉིས་འཁྲབ་རྩེད་འབད་བཅུག་ནི། 

དེ་ལས་ འཁྲབ་རྩེད་འདི་ ཡིག་ཐློག་ལུ་ ཉམས་མ་བཙུགས་པར་ བྲིས་ཡློད་མི་ཅིག་དཔེ་སློན་འབད་ནི། དཔེར་ན།  
བསློད་ནམས་ དཔེ་དེབ་ཅིག་ལྷག་སྟེ་སློདཔ་ད་ རྒྱབ་ཁ་ལས་ མཁའ་འགྲོ་གིས་ ཡ་ ནངས་པ་ལས་ འཕྱད་གེ་རྨེ། ཟེར་སབ་
སྟེ་འགྱོ་ནི་འབདཝ་ད་ བསློད་ནམས་ཀྱིས་ དབའེ་ མཁའ་འགྲོ། ཁྱོད་ཙིགཔ་མ་བཟའ་རྨེ། ད་རེས་ང་མ་པ་ལས་མ་ཁོམ། ཟེར་
སབ་ནུག། དེ་ལས་མཁའ་འགྲོ་གིས་ ཁྱོད་ལུ་ཁོམ་པས་ཟེརཝ་ནམ་ཡང་མིན་འདུག། ཡར་སློ་ཡི་རྨེ། ཟེར་སབ་སྦེ་ ཐློན་ཡར་སློ་
ནུག། 

ཉམས་བཙུགས་ཏེ་ཡློད་མི་ཅིག་དཔེ་སློན་འབད་ནི། དཔེར་ན།  
བསློད་ནམས་ དཔེ་དེབ་ཅིག་ལྷག་སྟེ་སློདཔ་ད་ རྒྱབ་ཁ་ལས་ མཁའ་འགྲོ་གིས་ ལགཔ་གཡློནམ་དེ་གིས་ མློ་རའི་སྐྱ་ འཇམ་
ལྕུག་ལྕུག་འདི་ རྒྱབ་ཁ་ཐུག་ཚར་གཅིག་གཞློང་། ལགཔ་གཡསཔ་འདི་གིས་ བསློད་ནམས་ཀྱི་ཕྱག་ལྟག་གུ་ སྐྱབ་སྐྱབ་ཚར་
གཅིག་འབད་ཞིནམ་ལས། ཡ་ ནངས་པ་ལས་ འཕྱད་གེ་རྨེ། ཟེར་སབ་སྟེ་འགྱོ་ནི་འབདཝ་ད་ བསློད་ནམས་ གདློང་མློ་གི་ཁ་
ཐུག་བསྒྱིར་ཞིནམ་ལས་ ལགཔ་གཡསཔ་གིས་ མགུ་ཏློ་ཚར་གཅིག་ཀྲེག་ མིག་ཏློ་སྤྲིངས་སུ་ཅིག་འབད་ དབའེ་ མཁའ་འགྲོ། 
ཁྱོད་ཙིགཔ་མ་བཟའ་རྨེ། ད་རེས་ང་མ་པ་ལས་མ་ཁོམ། ཟེར་སབ་ནུག། དེ་ལས་མཁའ་འགྲོ་གིས་ བེག་འདི་ཡང་གཡའ་བར་
བཀལ། མློ་རའི་མིག་ཤེལ་འདི་ཡང་ དཔྱལ་བ་ལས་ཕབ་སྟེ་ མིག་ཏློ་ཁར་བཀལ་སྦེ་ ཁྱོད་ལུ་ཁོམ་པས་ཟེརཝ་ནམ་ཡང་མིན་
འདུག། ཡར་སློ་ཡི་རྨེ། ཟེར་སབ་སྦེ་ རྐངམ་རྡིག་རྐྱབ་སྟེ་ ཙིགཔ་བཟའ་སུ་ཅིག་འབད་ ཐློན་ཡར་སློ་ནུག། 

དྲན་གསློ། 
གནས་སངས་འདི་ སྲུང་རྩེད་པའི་རྣམ་འགྱུར་ལུ་ ཉམས་བཙུགས་ཏེ་ བྲིས་བྲིཝ་དང་ མ་བཙུགས་པར་བྲིས་ཡློད་པའི་ཁྱད་པར་
ཨིན་དློ་བཟུམ་ སྲུང་རྩེདཔ་དང་ ས་གནས་ དུས་ཚློད་ ཚུ་ལུ་ཡང་ ཉམས་བཙུགས་ཏེ་བྲི་དགོཔ་ཨིན་པའི་སྐོར། 

སྦྱློང་ཚན་གསུམ་པ། 
སྲུང་གི་ཆ་ཤས་ཚུ་རིམ་པ་བཞིན་དུ་ གོ་དློན་གསལ་བཤད་ དཔེ་དང་བཅས་འབད་ནི། 

• སྲུང་གཞི། 
• གནས་དུས། (བཟློ་བཀོད།)  
• སྲུང་རྩེདཔ།  
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གནས་རིམ– ༥ པ།  

• རྙོགས་གཞི།  
• ཚློར་ཤུགས།  
• ཞི་ཐབས། 
• བརྗོད་དློན། 

སྲུང་བྲིཝ་ད་ སྲུང་ནང་ ཚུད་དགོ་པའི་ ཁྱད་ཆོས་ཚུ། 

སྲུང་རྩེདཔ། 
སྲུང་རྩེདཔ་ཚུ་ ག་ར་ འཆར་སྣང་ཙམ་ཅིག་འབད་ བཟློ་བཟློཝ་ཨིན། སྲུང་ རྩེདཔ་ཚུ་ མང་ཤློས་ར་ མི་ཨིན་རུང་ སེམས་
ཅན་ ཡང་ན། སློག་ཅན་གྱི་ཚབ་འབད་ ཤིང་དང་ རློ་ ལ་སློགས་པ་ ཡང་ ཚུདཔ་ཨིན། 

• སྲུང་དེབ་ལྷག་མི་ སློ་བ་འཕེལ་ཐབས་ལུ་ སྲུང་འབྲི་མི་འདི་གིས། སྲུང་ནང་གི་ སྲུང་རྩེདཔ་ཚུ་གི་ བཟློ་རྣམ་ ཁ་སབ་
ཐངས་ ཚློར་སྣང་ཚུ་གི་ བཤད་པ་རྐྱབ་དགོ། དེ་སྦེ་ བཤད་པ་མ་རྐྱབ་པ་ཅིན་ སྲུང་རྩེདཔ་འདི་ཚུ་གི་ མནློ་ཐངས་དང་
བསམ་ཚུལ་ཚུ་ ག་དེ་སྦེ་ཨིན་ན? ཧ་གོ་མི་ཚུགས། དཔེར་ན། དབང་མློ་འདི་ མི་གནགཔ་ ཉམ་ཆུང་ཅིག་ཨིན། ཟེར་
བ་ཅིན། ལྷག་མི་གིས། དབང་མློ་འདི་ མི་གནགཔ་ རྒྱུ་ཅ་ལ་མེད་མི་ དབང་ཆུང་ཅིག་ ཨིནམ་འབད་ ཧ་གོ་ནི་མ་
གཏློགས། མློ་གི་བཟློ་རྣམ་ ལློའི་རྒན་གཞློན་གཤིས་རྒྱུད་ བློ་སབ་ཐངས་ ག་ཅི་བཟུམ་ཅིག་ཡློད་ག? ཧ་གོ་མི་ཚུགས། 
དེ་མེན་པར། སྲུང་འབྲི་མི་གིས། དཔེ་འབདན། དབང་མློ་འདི་་་ 

• དཀྱི་ར་ དྲེག་པའི་བཀྱག་ཁོག་ཁོ་ མཐའམ་རལ་རལཝ་ཅིག་དཀྱིས། མགུ་ཏློ་གི་སྐྱ་ཚུ་ཡང་ གནམ་ཁར་ཟིང་། སློད་
གོ་ སེར་ཧུ་ཧུ་འདི་གི་ ཨེ་ཙེ་འློག་ལས་བེད་བེདཔ། ཕུ་དུང་གི་སློ་ གཉིས་ ཆ་ར་ ཟད་ཟདཔ་ཅིག་ གྱོན། གདློང་



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

15   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

ལས་ རྔུལ་རྣག་གི་ དྲེག་པ་གིས་གང་། ལག་པའི་མཛུབ་ཅུང་ཚུ་ཡང་ རྩུབ་ཧྲལ་ཧྲལ་ཐལ་སྦེ་ སློད་མི་ཅིག་ཨིན། 
ཟེར་བྲིས་ཏེ་ཡློད་པ་ཅིན། 

• མི་ཚུ་གིས་ དབང་མློ་ངོ་མ་འབད་མ་མཐློང་རུང་ མཐློང་མཐློང་བཟུམ་གྱི་ ཚློར་སྣང་ཚུ་འབྱུང་ནི་ཨིནམ་ལས་ གློག་
བརྙན་ལྟ་དློ་བཟུམ་ར་སློ་བ་ཚུ་འབྱུང་ཚུགས། 

ས་གནས་དང་དུས་ཚློད།   

སྲུང་གི་འབྱུང་རིམ་འདི་ ས་གནས་དང་ དུས་ཚློད་ག་ཅི་བཟུམ་ཅིག་ནང་ འབྱུངམ་ཨིན་ན་ སློན་མི་ལུ་གོཝ་ཨིན། དཔེར་ན། 
མློ་དྲན་པ་ཟུན་ཏེ་བལྟ་བའི་བསྒང་ལས་ ཉལ་ཁྲི་པ་ཏྲ་ཅནམ་ཅིག་གི་ཐློག་ཁར་ གདན་བློང་ཆི་ཆི་དང་ བལ་གྱི་མལ་ཆ་ ག་ནི་བ་དྲློ་
ཏློག་ཏློ་ཅིག་བཀབ་སྦེ་ཉལ་ཡློད་པའི་གུ་ ལའི་རྩེ་ལས་ཤར་བའི་ ཉི་མའི་འློད་ སེར་དིང་དིང་འབད་ མློ་གུ་ཕློག་སློད་ནུག་ཟེར་
ཨིན་མས། མློ་དེ་འཕྲལ་ལས་ལློང་སྟེ་ ག་ཏེ་ཨིན་ན་ཟེར་མནློ་  སྒོ་ཅུང་ནང་ལས་ བལྟ་བའི་བསྒང་ལས་ སྤང་ག་ར་ ཁཝ་གིས་
སྐྱ་དུང་དུ་ཐལ། ཤིང་ག་ར་ ཁཝ་གི་ལྗིད་ཀྱིས་ ཞལ་ལག་ས་ཁར་གུག།  ན་གཞློན་བུ་དང་བུམློ་ཚུ་ གོ་ལ་དྲློ་ཏློག་ཏློ་རེ་གྱོན་ 
ལག་པར་ལག་ཤུབས་རེ་བཙུགས་ཏེ་ ཁྱིམ་གྱི་མཐའ་འཁོར་ལུ་ ཁཝ་གི་རྩེདམློ་རྩེ་སར་མཐློང་ནུག། ཟེར་བ་ཅིན་ ས་གནས་དང་ 
དུས་ཚློད་ཚུ་ བཤད་པ་ལེགས་ཤློམ་འབད་ རྐྱབ་ཡློད་པའི་ བར་སློན་ཚུགས་དློ་བཟུམ་ཨིན། 

བརྗོད་དློན་/གཞུང་དློན།  

སྲུང་འདི་ ག་ཅི་གི་སྐོར་ལས་བཤདཔ་ཨིན་ན? བཅུད་བསྡུ་བའི་གནད་དློན་འདི་ལུ་ བཅུད་དློན། ཟེར་སབ་ཨིན། འཕྲལ་འཕྲལ་
སྐབས་སུ་ སྲུང་གི་མིང་འདི་ བཅུད་དློན་འབད་ བཏགས་ཏེ་འློངམ་ཨིན། སྲུང་གི་བརྗོད་དློན་ ལེགས་ཉེས་ལུ་བལྟ་སྟེ་ སྲུང་ལུ་
སློ་བ་བསྐྱེད་དློ་ཡློདཔ་ལས་ སྲུང་གི་བརྗོད་དློན་འདི་ རྒྱལ་ཁབ་ཀྱི་ སྲིད་བྱུས་དང་ མི་སྡེ་དང་ལུང་ཕྱློགས་ཀྱི་ ལམ་སློལ་བརྩི་
མཐློང་ཚུ་དང་འཁྲིལ་ཏེ་ སྤང་བང་གི་བསབ་བྱ་ལེགས་ཤློམ་སློན་ཚུགསཔ་ཅིག་འློང་ཚུགས་པ་ཅིན་ལེགས་ཤློམ་ཨིན། 

སྲུང་གཞི།  
སྤྱིར་བཏང་སྲུང་གཞི་ཟེར་མི་འདི་ བརྗོད་དློན་ཅིག་སློན་ནིའི་དློན་ལུ་ གནས་སངས་ག་ཅི་བཟུམ་ཅིག་བཟློ་སྟེ་སློན་ནི་ཨིན་ན་ དེའི་
འཆར་གཞི་ལུ་གོཝ་ཨིན། སྲུང་ནང་འབད་བ་ཅིན་ སྲུང་འདི་ བརྗོད་དློན་ག་ཅི་སློན་ནི་ཨིན་ན། བརྗོད་དློན་འདི་སློན་ནིའི་དློན་ལུ་ 
སྲུང་རྩེདཔ་ག་ཅི་བཟུམ་ར་དགོ་ག། སྲུང་འདི་ འགོ་ག་དེ་སྦེ་བཙུགས་ནི་ཨིན་ན། ས་གནས་དང་དུས་ཚློད་གནས་སངས་ཚུ་ ག་དེ་
སྦེ་བཙུགས་ནི་ཨིན་ན། བར་ན་ལུ་ དགའ་བ་དང་སྐྱོ་བ་ འཁྲུལ་སྣང་གི་ ཉམས་ཚུ་འབྱུང་བཅུག་ནིའི་དློན་ལུ་ རྙོགས་གཞི་དཀའ་
ངལ་ཚུ་ ག་དེ་སྦེ་ར་བཙུགས་ནི་ཨིན་ན?  མཐའ་མཇུག་ལུ་ དཀའ་ངལ་ཚུ་གི་ ཞི་ཐབས་ག་དེ་སྦེ་སློན་ནི་ཨིན་ན་གི་ སྲུང་གི་
འཆར་གཞི་ཅིག་ལུ་གོཝ་ཨིན། སྲུང་གཞི་འདི་ ལེགས་ཤློམ་འབད་བཀོད་དེ་ཡློད་པ་ཅིན་ སྲུང་འདི་ བྲི་བའི་སྐབས་ གནས་སངས་



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

16   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

གཞན་ཁ་ལུ་མ་འགྱོ་བར་ ལམ་ཕྱློགས་གཅིག་ལུ་གཙ་བློ་བཏློན་ཏེ་བྲི་ཚུགས་པའི་ ཁེ་ཕན་ཚུ་ཡློད། 

སྲུང་གི་རྙོགས་གཞི། 
སྲུང་གི་རྙོགས་གཞི་ཟེར་མི་འདི་ སྲུང་ནང་ལུ་ སབས་མ་བདེ་བའི་ དཀའ་ངལ་ལུ་སབ་ཨིན། དཔེར་ན་ དགའ་མཐུན་གྱི་སྲུང་
ཅིག་ཨིན་པ་ཅིན་ དེ་ལུ་བར་ཆད་རྐྱབ་མི་ཅིག་འཐློན་དློ་བཟབ་མི་ཅིག་འཐློན་དློ་བཟུམ་ཨིན། སྲུང་གི་འབྱུང་རིམ་ཚུ་ལུ་ སབས་མ་
བདེ་བའི་རྙོགས་གཞི་ཅིག་མ་བཙུགས་པ་ཅིན་ སྲུང་འདི་ སློ་བ་ཆེ་ཏློག་ཏློ་ཅིག་འབད་བཟློ་ཚུགས་པར་ལཱ་ཁག་ཡློད། དེ་འབདཝ་
ལས་ རྙོགས་གཞི་ཚུ་ ཐབས་ཤེས་སྣ་ཚློགས་ཀྱི་ཐློག་ལས་བཙུགས་དགོཔ་འདི་ཁག་ཆེ། 

ཞི་ཐབས། 
ཞི་ཐབས་ཟེར་མི་འདི་ དཀའ་ངལ་རྙོགས་གཞི་ཚུ་ མཐའ་མཇུག་ལུ་ སེལ་ཐབས་འབད་མི་ཅིག་ལུ་གོཝ་ཨིན། རྙོགས་གཞི་ལེ་ཤ་
བཟློ་བཞག་སྟེ་ སེལ་ཐབས་ཅིག་མ་སློན་པ་ཅིན་ སྲུང་ལྷག་མི་ཚུ་ སེམས་མ་བདེ་བ་ར་ལུསཔ་ཨིན། ཞི་ཐབས་སློན་ཐངས་འདི་
ཡང་ གནས་སངས་འློས་འབབ་ལྡནམ་འབད་བཟློ་སྟེ་བཙུགས་དགོཔ་དང་ དེ་མེན་པར་ འློས་འབབ་དང་མ་ལྡནམ་འབད་བཟློ་བ་
ཅིན་ སྲུང་འདི་དགོད་བྲ་བའི་གཞི་ལུ་འགྱུརཝ་ཨིན། 

ཚློར་ཤུགས། 
ཚློར་ཤུགས་ཟེར་མི་འདི་  སྲུང་གི་ དགའ་བ་དང་སྐྱོ་བའི་གནས་སངས་དང་འཁྲིལ་ཏེ་ ལྷག་མི་གི་སེམས་ལུ་ དགའ་བ་དང་སྐྱོ་
བ་ འཁྲུལ་བའི་ཚློར་སྣང་འབྱུང་མི་ལུ་གོཝ་ཨིན། སྲུང་ནང་ལུ་ ཚློར་ཤུགས་མ་འདྲཝ་འབྱུང་བཅུག་ནིའི་དློན་ལུ་ གནས་སངས་ཚུ་ 
གཅིག་འབད་ར་མེན་པར་ གནས་སངས་སྤེལ་ཡི་ར་བཙུགས་པ་ཅིན་ སྲུང་འདི་ སློ་བ་ཆེ་ཏློག་ཏློ་འབད་འློངམ་ཨིན། 

སྲུང་གི་ཆ་ཤས་ཚུ་ཚངམ་འབད་བྲི་དགོ་པའི་དགོས་དློན། 
འཛམ་གླིང་ནང་གི་ སྲུང་འབྲི་མི་མང་ཤློས་ར་ མིང་གཏམ་དེ་སྦེ་ཐློན་མི་འདི་ སྲུང་བྲི་བའི་སྐབས་ སྲུང་གི་ཆ་ཤས་ཚུ་ ལེགས་
ཤློམ་འབད་བཤད་པ་རྐྱབ་སྟེ་ བཙུགས་ཡློད་མི་ལུ་བརྟེན་ཏེ་ཨིན། 

 

 

 

 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

17   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

• སྲུང་གི་སྐབས་ལུ་ སྲུང་འབྲིཝ་ད་ ནི་ནང་ལུ་ཚུད་དགོ་པའི་ཁྱད་རྣམ་/ཆ་ཤས་དང་ སྲུང་ལས་བརྟེན་པའི་རྩློམ་རིག་གི་
རིག་རྩལ་ཡར་རྒྱས་བཏང་ནི་ དེ་ལས་ གསར་རྩལ་ཅན་གྱི་ཐློག་ལས་ འབྲི་ནིའི་རིག་རྩལ་ཚུ་ལུ་ལྷན་ཐབས་འབདཝ་
ཨིན། 

• སློབ་དེབ་ཀྱི་སྲུང་ཚུ་ ལྷག་སྟེ་ མིང་ཚིག་ཧ་མ་གོཝ་རེ་ཡློད་མི་ཚུ་གི་གོ་དློན་ ཚིག་མཛློད་ནང་ལུ་བལྟ། 
• སྲུང་དེ་ཚུ་གི་ནང་ལུ་ སྲུང་གི་བརྗོད་དློན་ག་ཅི་ཨིན་ན་ སྲུང་རྩེདཔ་ག་ར་འདུག་ག? རྙོགས་གཞི་ག་ཅི་ཨིན་ན?  

ཚུ་ ངོས་འཛིན་འབད། 
• ཁྱེད་ར་གིས་ཡང་ སྲུང་ཐུང་ཀུ་ཅིག་ བྲི་ནིའི་སྦྱང་བ་འབད། 

སྦྱློང་ལཱ་བཅད་ཐིག་༡ པ། སྦྱློང་ལཱ་བཅད་ཐིག་༢ པ། 
སྦྱློང་ལཱའི་བཀོད་བྱ། 
 
༡༽ སྦྱློང་ལཱ་ཚུ་རང་སློའི་འབྲི་དེབ་ནང་ལུ་བྲི་
ནི། 
 
 
 

༡༽ སྲུང་ཐུང་འབྲི་ནིའི་རིག་རྩལ་འདི་ རིག་རྩལ་ག་ཅི་ན་ཚུད་ནི་  
   མས་གོ? ཁུངས་བཀལ་ནི། 
༢༽ སྤྱིར་བཏང་སྲུང་ཐུང་སྐབས་ལུ་ སྲུང་གི་འགྲོས་རིས་འདི་  
   ཁག་ཆེ་ག? ག་ཅི་འབད? ཁུངས་བཀལ་ཏེ་བྲིས།  
༣༽ སྲུང་འབྲི་སྟེ་ རང་གི་མི་ཚེ་སྐྱོང་ཚུགས་པའི་འློས་འབབ་འདུག་ 
   ག? ག་དེ་སྦེ? ཁུངས་དློན་མཚམས་གཅིག་བྲིས། 
༤༽ ནད་ཡམས་ ཀོ་བིཌ་-༡༩ (COVID-19) འཛམ༌གླིང༌ 
   ནང༌ལུ༌དར༌ཁྱབ༌སློང༌ཡློད༌པའི༌གནས༌སངས༌ལུ༌གཞི༌བཞག༌ 
   སྟེ༌ ཁྱད་ཆོས་ལྡན་པའི་སྲུང་ཐུང་ཅིག་བྲིས། 

 སྦྱློང་ལཱ་ ༡ པ།  

 

 བཅུད་བསྡུས།  

 རང་ཉིད་ལྷབ་སྦྱང་ དབྱེ་ཞིབ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

18   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

 

 

 

 

ངོ་སློད།  
ཡིག་འགྲུལ་ཟེར་མི་འདི་ མི་དང་ཡིག་ཚང་ཚུ་གི་བར་ན་ གཞུང་དློན་དང་སྒེར་དློན་ ག་ཅི་ར་ཨིན་རུང་ གཅིག་གིས་གཅིག་ལུ་ 
འཕྲལ་ཕུགས་ཀྱི་དློན་ལུ་ བར་དློན་ཁ་གསལ་སློད་དགོ་པའི་ གནད་དློན་ཚུ་ ཡིག་ཐློག་ལུ་བཀོད་དེ་ རྒྱུན་འབྲེལ་འཐབ་ནིའི་ 
ཡིག་རིགས་འབྲི་ཐངས་ཀྱི་ ལམ་ལུགས་ཅིག་ལུ་ ཡིག་འགྲུལ་ཟེར་གོཝ་ཨིན། 

དློན་ཚན་ངོ་སློད། 
གཏང་ཡིག་དང་ ཞུ་ཡིག་གི་ སྤྱིར་བཏང་འབྲི་བཀོད། 

ཡིག་འགྲུལ་སྐབས་ གཏང་ཡིག་དང་ ཞུ་ཡིག་གི་ སྤྱིར་བཏང་འབྲི་བཀོད། 
• སྔར་སློལ་ལམ་ལུགས་ཐློག་ལས་ འབྲི་ཐངས། 
• དེང་རབས་ལམ་ལུགས་ཐློག་ལས་འབྲི་ཐངས།  

སྔར་སློལ་དང་ དེང་རབས་གཉིས་ ས་སྲེ་འབད་ འབྲི་ཐངས། 
ཞུ་ཚིག་དང་ བཤེར་ཡིག་གི་རིགས་ཚུ་འབད་བ་ཅིན་ སྔར་སློལ་ལམ་ལུགས་ཐློག་ལས་ར་ བྲི་ནི་མ་གཏློགས་ དེང་རབས་ལམ་
ལུགས་ཐློག་ལས་ འབྲི་སློལ་མེདཔ་ཨིན། 

ཡིག་འགྲུལ་གྱི་དཀའ་ངལ་ངོས་འཛིན། 
དེང་རབས་ལམ་ལུགས་ཀྱི་ འབྲི་བཀོད་ནང་ བྱུང་པའི་དཀའ་ངལ་ཆེ་ཤློས། 
༡- མགོ་རྒྱན་འཐློབ་ལམ་ཡློད་མེད། 
༢- དློན་མཚམས་ནང་འདྲེན་ཡློད་མེད་སྐབས་འབྲི་ཐངས། 
༣- མཇུག་ལུ་ མིང་རྟགས་ཁ་བྱང་ ཕྱློགས་ག་ཏེ་བྲི་ནི་ཨིན་ན། 
༤- གྱལ་ས་སློང་བཞག་ཐངས། 

 
 

 

• ཡིག་འགྲུལ་གྱི་ གོ་དློན་ལེགས་ཤློམ་འབད་ཧ་གོ་ཚུགས། 
• ཡིག་འགྲུལ་གྱི་ དབྱེ་བ་དང་ འབྲི་ཐངས་ཚུ་ཧ་གོ་ཚུགས། 
• གཏང་ཡིག་དང་ ཞུ་ཡིག་གཉིས་ཀྱི་ཁྱད་རྣམ་ཚུ་ ལག་ལེན་འཐབ་སྟེ་ བྲི་ཚུགས། 

 

ལས་དློན།



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

19   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

དཔེར་ན། 

དཀའ་རྙོགས་ཞི་ཐབས། 

དེང་རབས་ལམ་ལུགས་ནང་ མགུལ་རྒྱན་བྲི་བའི་སྐབས་ ཡུལ་ཆེ་འབྲིང་ཆུང་གསུམ་ག་ལུ་བྲིས་རུང་ དང་པ་ར་ མགོ་རྒྱན་བྲི་
དགོ། དེ་ཡང་ མགོ་རྒྱན་གྱི་འཐློབ་ལམ་བཤད་པའི་སྐབས་ ཡིག་རིགས་ག་ཅི་ར་བྲིས་རུང་ མགོ་རྒྱན་གྱི་འཐློབ་ལམ་ཡློདཔ་འབད་ 
གསུངས་ཡློདཔ་དང་། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

20   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

མགོ་རྒྱན་འདི་གིས་ ཡུལ་ཆེ་འབྲིང་ཆུང་གསུམ་ ག་ལུ་གཏངམ་ཨིན་ན་ སློན་ཚུགས་པའི་ ཁེ་ཕན་ཚུ་ཡློདཔ་དང་། སྒོ་གསུམ་
གུས་པའི་ གུས་རྟགས་མཚློན་པའི་ ཁྱད་ཆོས་ཚུ་ཡང་ཡློདཔ་ལས་བརྟེན་ཏེ་ཨིན། དཔེར་ན། 

➢ ࿐ རྒྱལ་ཡློངས་ཚློགས་འདུའི་འཐུས་མི་ཡློངས་ལུ། 
➢ ༊ ཡློངས་ཁྱབ་མདློ་ཆེན་མཆོག་ལུ། 
➢ ࿑ བརྩེ་གདུང་ཅན་གྱི་ཆ་རློགས་ཀུན་བཟང་ལུ། 
➢ ༈ ངེའི་ཧིང་གི་ནློར་བུ་མཛེས་ལྡན་ལྷ་མློ་ལུ། 
➢ ༉ བྱམས་བརྩེ་ཅན་གྱི་སྙིང་གྲོགས་བདེ་ཆེན་དབང་མློ་ལུ། 

མགུལ་རྒྱན་གྱི་ས་སློང་དང་ རིམ་པ་སྒྲིག་ཐངས། 

མགོ་རྒྱན་གྱི་ཤུལ་ལས་ ཡིག་འབྲུ་གཅིག་ དེ་ཅིག་གི་ས་སློང་བཞག་སྟེ་ མགུལ་རྒྱན་བྲི་ནི་འགོ་བཙུགས་དགོ། དེ་ལས་ གོ་གནས་
ཀྱི་འློག་ལས་ ༡-ལས་ཚན་ ༢-ལས་ཁུངས་དང་ ༣-ལྷན་ཁག། ༤-ས་གནས་ཀྱི་མིང་ཚུ་ བྲི་བའི་སྐབས་ འགོ་བཙུགས་ས་འདི་ 
མགོ་རྒྱན་འབྲི་ས་ལས་འཕྲང་སྟེ་ འགོ་བཙུགས་དགོཔ་ཨིན།  



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

21   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

        དཔེར་ན།              
 ༊ གཙློ་འཛིན་མཆོག་ལུ། 
ཤེས་རིག་ལྟ་ཞིབ་སྡེ་ཚན། 

   སློབ་གྲྭའི་ཤེས་ཡློན་ལས་ཁུངས། 
                          ཤེས་རིག་ལྷན་ཁག། 
                          ཐིམ་ཕུག། 
 
གནད་དློན་དང་ དློན་མཚམས། 
གནད་དློན་ངོ་མ་འདི་ བལྟཝ་ཅིག་ཧ་གོ་ཐབས་ལུ་ ཧིང་སང་ས་འབད་བཞག་དགོཔ་ཡློདཔ་ལས་ གྱལ་གོང་འློག་ས་སློང་རེ་བཞག་
ཐློག་ལས་ སྦུག་ལུ་བཙུགས་ཏེ་ གནག་ཡིག་དང་ གཡློ་ཡིག་ནང་བྲི་དགོཔ་དང་། ཡང་ན་ ཞབས་ཐིག་འཐེན་ཏེ་ བཞག་དགོཔ་
ཨིན། གནད་དློན་ངོ་མ་འདི་ དློན་མཚམས་ནང་འདྲེན་འབད་དེ་བྲི་བའི་སྐབས་ གནད་དློན་དེ་ ནང་འདྲེན་མ་འབད་བར་བྲི་དགོཔ་
དང་། དློན་མཚམས་ ནང་འདྲེན་མ་འབད་བར་བྲི་བའི་སྐབས་ གནད་དློན་འདི་ཡང་ ནང་འདྲེན་མ་འབད་བར་བཞག་དགོཔ་
ཨིན། 
དཔེར་ན། 

༡༽ དློན་མཚམས་ནང་འདྲེན་ འབད་ཡློདཔ། དློན་མཚམས་ནང་འདྲེན་འབད་བའི་སྐབས་ རང་གི་ཁ་བྱང་གཡས་ཕྱློགས་ལུ་བྲི་
དགོ། 

 

 

 

 

 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

22   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

  སྤྱི་ཚེས་ ༧/༨/༢༠༢༠  

༊ དྲགོས་རློང་བདག་མཆོག་ལུ། 
རློང་ཁག་བདག་སྐྱོང། 

 ཀྲོང་གསར། 

རྩ་དློན:- སྐུ་མགྲོན་གཙློ་བློ་འབད་འབྱློན་དགོ་པའི་སྐོར། 

ཞུ་དློན། ནངས་པ་གནངས་ཚེ་ རེས་གཟའ་པ་སངས་ སྤྱི་ཚེས་༣༠/༨/༢༠ ལུ་ ང་བཅས་ཀྱི་སློབ་གྲྭ་ནང་ 
སློབ་གྲྭའི་དུས་སློན་ཅིག་བརྩི་སྲུང་ཞུ་ནི་ཨིན། བརྩི་སྲུང་འདི་གི་དློན་ལུ་ སློབ་གྲྭའི་སློབ་དཔློན་དང་ སློབ་ཕྲུག་ཚུ་གི་
ཧློངས་ལས་ སྐུ་མགྲོན་གཙློ་བློ་འབད་ དྲགོས་རློང་བདག་མཆོག་ འབྱློན་གནང་ཟེར་ཞུ་ནི་ཨིན་ལགས། 

ང་བཅས་ཀྱི་ དུས་སློན་ལས་རིམ་འདི་ནང་ རང་ལུགས་ཀྱི་ལྟད་མློའི་རིགས་དང་ སྙན་ཆ་ དེ་ལས་ ཏམ་
ཁུ་བཀག་ཆ་ འབད་དགོ་པའི་སྐོར་ལས་ འཁྲབ་སློན་ཐུང་ཀུ་ཅིག་ཡང་སློན་ནི་ཨིན། དེ་ཚུ་ག་ར་བརྩིཝ་ད་ དུས་ཡུན་
ཚུ་ཚློད་གཅིག་དང་ ཕྱེད་ཀྱི་ལས་རིམ་ཨིན། ལས་རིམ་ཚུ་ ཟུར་སྦྲགས་སྤྱན་འབུལ་ཕུལ་ཡློདཔ་ལས་ དྲགོས་མཆོག་
གིས་ ང་བཅས་ཀྱིས་ཞུ་བ་འདི་ལུ་ ངོས་ལེན་མཛད་དེ་ འབྱློན་འློང་མནློ་བའི་རེ་བ་སློམ་ཡློད།  

 བཀའ་དྲིན་ཆེ།  

ཀརྨ་རློ་རྗེ།) 
                                               སློབ་གྲྭའི་དབུ་འཛིན། 

ཤེས་རབ་གླིང་འབྲིང་རིམ་སློབ་གྲྭ་འློག་མ། 
 

 

 

 

 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

23   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

༢༽ གནད་དློན་དང་ དློན་མཚམས་ ནང་འདྲེན་མ་འབད་བར་བཞག་ཡློདཔ། དློན་མཚམས་ནང་འདྲེན་མ་འབད་བའི་སྐབས་ 
རང་གི་ཁ་བྱང་ གཡློན་ཕྱློགས་བྲི་དགོ།  

  སྤྱི་ཚེས་ ༧/༨/༢༠༢༠ 

༊ དྲགོས་རློང་བདག་མཆོག་ལུ། 

རློང་ཁག་བདག་སྐྱོང། 

ཀྲོང་གསར། 

རྩ་དློན:- སྐུ་མགྲོན་གཙློ་བློ་འབད་འབྱློན་དགོ་པའི་སྐོར། 

ཞུ་དློན། ནངས་པ་གནངས་ཚེ་ རེས་གཟའ་པ་སངས་ སྤྱི་ཚེས་༣༠/༨/༢༠ ལུ་ ང་བཅས་ཀྱི་སློབ་གྲྭ་ནང་ སློབ་གྲྭའི་
དུས་སློན་ཅིག་བརྩི་སྲུང་ཞུ་ནི་ཨིན། བརྩི་སྲུང་འདི་གི་དློན་ལུ་ སློབ་གྲྭའི་སློབ་དཔློན་དང་ སློབ་ཕྲུག་ཚུ་གི་ཧློངས་ལས་ 
སྐུ་མགྲོན་གཙློ་བློ་འབད་ དྲགོས་རློང་བདག་མཆོག་ འབྱློན་གནང་ཟེར་ཞུ་ནི་ཨིན་ལགས། 

ང་བཅས་ཀྱི་ དུས་སློན་ལས་རིམ་འདི་ནང་ རང་ལུགས་ཀྱི་ལྟད་མློའི་རིགས་དང་ སྙན་ཆ་ དེ་ལས་ ཏམ་ཁུ་བཀག་ཆ་ 
འབད་དགོ་པའི་སྐོར་ལས་ འཁྲབ་སློན་ཐུང་ཀུ་ཅིག་ཡང་སློན་ནི་ཨིན། དེ་ཚུ་ག་ར་བརྩིཝ་ད་ དུས་ཡུན་ཚུ་ཚློད་གཅིག་
དང་ ཕྱེད་ཀྱི་ལས་རིམ་ཨིན། ལས་རིམ་ཚུ་ ཟུར་སྦྲགས་སྤྱན་འབུལ་ཕུལ་ཡློདཔ་ལས་ དྲགོས་མཆོག་གིས་ ང་བཅས་
ཀྱིས་ཞུ་བ་འདི་ལུ་ ངོས་ལེན་མཛད་དེ་ འབྱློན་འློང་མནློ་བའི་རེ་བ་སློམ་ཡློད།  

 བཀའ་དྲིན་ཆེ། 

      (ཀརྨ་རློ་རྗེ།) 

    སློབ་གྲྭའི་དབུ་འཛིན། 

   ཤེས་རབ་གླིང་འབྲིང་རིམ་སློབ་གྲྭ་འློག་མ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

24   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

སྔར་སློལ་ལམ་ལུགས་ནང་ཡློད་པའི་ འབྲི་བཀོད་དབྱེ་བ། 

 

 

 

 

 

 
 

 

 

 

རང་གི་མིང་ གུག་ཤད་ནང་ཙུགས་དགོཔ། 
• གཞུང་འབྲེལ་ཐློག་ལས་ གོ་གནས་ཅན་གྱི་མི་ཚུ་གིས་ རང་གི་གོ་གནས་དང་ ལཱ་འགན་དང་འབྲེལ་བའི་ ཡིག་

རིགས་ཚུ་ གཏངམ་ད་ ཡི་གུ་གཏང་མི་ མི་འདིའི་མིང་འདི་ གུག་ཤད་ནང་བཙུགས་དགོ། 
         དཔེར་ན།    
 
 
 

• ཨིན་རུང་ གོ་གནས་ཅན་གྱི་མི་ཚུ་གིས་ རང་གི་གཉེན་བཤེས་ཚུ་ལུ་ སྒེར་དློན་ཡི་གུ་ཅིག་གཏང་ནི་ཨིན་པ་ཅིན་ རང་
གི་གོ་གནས་འདི་ གུག་ཤད་ནང་བཙུགས་དགོ།  

     དཔེར་ན། 

                  

 

 

 

ས་བཅད་ དབྱེ་བ་༡༡ གི་ཐློག་ལས་ འབྲི་ཐངས།

ས་བཅད་ དབྱེ་བ་བདུན་གྱི་ཐློག་ལས་ འབྲི་ཐངས།

མིང་ ཕུལ་ཕབ་ནང་བཙུགས་ཏེ་ འབྲི་ཐངས། 

མིང་ གུས་ཕབ་ནང་བཙུགས་ཏེ་ འབྲི་ཐངས། 

        ༼ཀརྨ་ཚུལ་ཁྲིམས།༽ 
          ལྷན་ཁྲི་འཛིན། 
     རྒྱལ་གཞུང་ཞི་གཡློག་ལྷན་ཚློགས། 

         པདྨ་དབང་མློ། 
         ༼དབུ་འཛིན།༽ 
     ཆུ་ཁ་འབྲིང་རིམ་སློབ་གྲྭ་གོང་མ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

25   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

འབྲི་ཤློག་གི་མཚན་ཉིད། 

ཡིག་འགྲུལ་གྱི་དཔེ་དེབ་ཚུ་ནང་ འབྲི་ཤློག་གི་མཚན་ཉིད་ བཤད་པའི་སྐབས་ གཡས་གཡློན་འདི་ རང་གི་གཡས་གཡློན་མེན་
པར་ འབྲི་ཤློག་གི་གཡས་གཡློན་འབད་ ཆ་བཞག་དགོཔ་འདུག། 

གྱལ་ཕབ་ཐངས་ཚུ་ གྱལ་རིམ་གཉིས་ གསུམ་ བདུན་རེ་ཕབ་དགོཔ་འབད་འཐློན་ནི་འདུག། ཨིན་རུང་ སྔོན་མ་གི་འབྲི་ཤློག་
སློམ་ཆུང་དང་། ད་རེས་ནངས་པའི་འབྲི་ཤློག་སློམ་ཆུང་མི་འདྲ་ནི་ཨིནམ་ལས་ དེ་ཚུ་ག་ཨིནམ་ལག་ལེན་འཐབ་ནི་མེན་པར་ ཕབ་
ཐངས་ཀྱི་འློས་འབབ་རང་གིས་བལྟ་སྟེ་ ལག་ལེན་འཐབ་དགོཔ་ཁག་ཆེ་བས།  
མཇུག་རང་ས་འདི་ཡང་ ནེ་ཅིག་ལས་བརྒལ་ཞུ་ནི་མེད་ཟེར་བའི་བར་ལུ་ ས་སློང་ཉུང་སུ་བཞག་དགོཔ་འབད་ཐློན་ནི་འདུག། དེ་གི་
ཐད་ལུ་ཡང་ རང་གི་ཁ་ཐུག་ལས་ ཞུ་ནི་ར་རློགས་སློ་པ་ཅིན་ ས་སློང་མ་བཞག་པར་ཐབས་ར་མེདཔ་ལས་ མཇུག་ལུ་ ས་སློང་
ལུས་པར་ ཁྱད་མེདཔ་ཨིན། 
ཡློངས་འབྲེལ་འཕྲིན་ཡིག་སྐོར། 
 
 
 
 
 
 
 
 
 
 
 
 
 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

26   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

 
སྦྱློང་ལཱ་བཅད་ཐིག་༡ པ། སྦྱློང་ལཱ་བཅད་ཐིག་༢ པ། 
སྦྱློང་ལཱའི་བཀོད་བྱ། 
 
༡༽ སྦྱློང་ལཱ་ཚུ་རང་སློའི་འབྲི་དེབ་
ནང་ལུ་བྲི་ནི། 
 
 
 

༡༽ ཡིག་འགྲུལ་ཟེར་བའི་གོ་དློན་བྲིས། 
༢༽ ཡིག་འགྲུལ་ལུ་དབྱེ་བ་ཚུ་ ག་སྦེ་ར་ཡློདཔ་སློ? རེ་རེ་བཞིན་་བཀོད་ནི།  
༣༽ སྔར་སློལ་དང་ དེང་རབས་ཀྱི་ཡིག་འགྲུལ་ལམ་ལུགས་གཉིས་ ལག་ལེན་
འཐབ་ད་ ག་འདི་སབས་བདེ་བས་གོ? ག་ཅི་སྦེ? 
༤༽ ཁྱོད་རའི་དགའ་མཐུན་དྲན་པའི་གཏང་ཡིག་ཅིག་བྲིས། 
༥༽ ཤེས་རིག་དྲུང་ཆེན་ལུ་ གནས་སྐབས་ཀྱི་ལཱ་གཡློག་ཅིག་དགོ་པའི་སྐོར་ལས་ 
གནད་དློན་བཙུགས་ཏེ་ ཞུ་ཡིག་ཅིག་བྲིས། 

• སྤྱིར་བཏང་ཡིག་འགྲུལ་གྱི་དློན་ཚན་ལེ་ཤ་ཡློདཔ་ཨིན། ད་རིས་ཀྱི་དློན་ཚན་གཙློ་བློ་ར་ གཏང་ཡིག་དང་ ཞུ་ཡིག་གཉིས་ཀྱི་
འབྲི་བཀོད་སྐོར་ལས་དང་ དེ་ལས་ དུས་རབས་༢༡ པའི་ནང་ ཡློངས་འབྲེལ་གྱི་མཐུན་རྐྱེན་འདི་ཚུ་ཡང་ རྒྱ་ཆེ་དྲག་
འབད་ར་འགྱུར་བ་འགྱོ་དློ་ཡློདཔ་ལས་ འཕྲིན་ཡིག་འབྲི་བཀོད་གཞི་རྩ་ལམ་ལུགས་ཚུ་ཡང་ གལ་ཆེཝ་ཨིན་ཤེས་ཏེ་ འདི་
ཚུ་གི་རིག་རྩལ་ལྷབ་སྦྱང་འབད་ནི་ལུ་ བརྩློན་ཤུགས་བསྐྱེད་དགོཔ་ སེམས་ཁར་ངེས་གནང་། ཡིག་འགྲུལ་རིག་རྩལ་ 
ཡར་རྒྱས་གཏང་དགོ་པ་ཅིན་ དུས་རྒྱུན་འབྲི་ནིའི་གོམ་སྦྱང་ཚུད་བཅུག་ནི་འདི་ གལ་ཅན་ཅིག་ཨིན།         

༡༽ ཡིག་འགྲུལ་ལས་བརྟེན་པའི་ལཱ་གཡློག་ནང་ལུ་ ཕན་ཐློགས་ཚུ་ག་དེ་སྦེ་ར་འབྱུང་དློ་ཡློདཔ་ཨིན་ན་གི་སྐོར་ལས་ དློན་ 
   མཚམས་ཅིག་བྲིས།  

 ༢༽ ཡིག་འགྲུལ་གྱི་དཔེ་དེབ་དང་ གཞུང་འབྲེལ་ཡིག་རིགས་ཚུ་ དཔེ་སློབ་འབད་དེ་ལྷབ་སྦྱང་འབད་ནི། 
 ༣༽ རང་སྦྱློང་འབད་དེ་ཡློད་པའི་ལཱ་ཚུ་ ལློག་སྟེ་རང་སློའི་སློབ་གྲྭ་ན་ལྷློདཔ་ད་ ཆོས་ཚན་སློབ་དཔློན་ལུ་སློན་ནི་སེམས་ལས་ 
    བརྗེད་མ་སློ། 

 སྦྱློང་ལཱ་ ༡ པ།  

 

 བཅུད་བསྡུས།  

 རང་ཉིད་ལྷབ་སྦྱང་ དབྱེ་ཞིབ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

27   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

 

 

 

 

 
ངོ་སློད།  
ཀ༽ གྲོས་གཞི་དང་ གྲོས་ཆོད་ཟེར་བའི་གོ་དློན། 
གྲོས་ཆོད་ཟེར་མི་འདི་ ག་ཅི་བཟུམ་ཅིག་ལུ་ སབ་ནི་སློ? ཟེར་བ་ཅིན། གྲོས་གཞི་དང་འཁྲིལ་ ཞལ་འཛློམས་ནང་ གསུང་གྲོས་
གནང་མི་གི་ གནད་དློན་ཚུ་ བཅུད་བཏློན་ཏེ་ ཡིག་ཐློག་ལུ་ བཀོད་བཞག་མི་འདི་ལུ་ གྲོས་ཆོད་ཟེར་སབ་ཨིན།  
ཁ༽ གྲོས་གཞི་དང་ གྲོས་ཆོད་ཀྱི་དགོས་པ། 
ཞལ་འཛློམས་ནང་ གྲོས་ཆོད་ཀྱི་ དགོས་པ་ག་ཅི་རང་ཡློདཔ་སློ? ཟེར་བ་ཅིན། 

• ཞལ་འཛློམས་ནང་ གསུང་གྲོས་གནང་མི་ཚུ་གི་ བཅུད་དློན་བཏློན་ཚུགས།  
• ཤུལ་ལས་ལཱ་ཚུ་འབད་བའི་སྐབས་སུ་ གྲོས་ཆོད་འདི་ལུ་ གཞི་བཞག་ཚུགས། 
• གྲོས་ཆོད་དེ་ལུ་གནས་ཏེ་ ཤུལ་ལས་ ལཱ་ཚུ་འབད་བའི་སྐབས་ལུ་ སབས་མ་བདེཝ་ མི་འཐློན། 
• འབྲེལ་བ་ཡློད་མི་ཚུ་ལུ་ དྲན་གསློ་དང་ རྒྱབ་སྐྱོར་འབད་ཚུགས། 
• ལམ་ལུགས་ཀྱི་ཡིག་ཆ་ཅིག་ལུ་ འགྱུར་ཚུགས། 
• འཐུས་མི་གེ་ར་གིས་ བརྩི་འཇོག་འབད་ཚུགསཔ་ཨིན།  
• ལཱ་འབད་མི་ཚུ་ལུ་ བྱ་སབས་བདེ་ཏློག་ཏློ་འློང་ཚུགས། 

ག༽ གྲོས་གཞི་དང་ གྲོས་ཆོད་ཀྱི་དབྱེ་བ། 
• གཞུང་འབྲེལ་གྱི་དློན་ལུ། ཚློང་འབྲེལ་གྱི་དློན་ལུ་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ།  
• རྒྱལ་ཁབ་དང་ རྒྱལ་ཁབ་ཀྱི་བར་ན་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ།  
• རྒྱལ་ཡློངས་ཀྱི་གནས་ཚད་ལུ་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ།  
• ལྷན་ཁག་གི་གནས་ཚད་ལུ་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ།  

 
 

 

• གྲོས་གཞི་དང་ གྲོས་ཆོད་འབྲི་ཐངས་ཀྱི་སྐོར་ལས་ ཧ་གོ་ཚུགས།  
• གྲོས་གཞི་དང་ གྲོས་ཆོད་འབྲི་ཐངས་ཀྱི་ ཁྱད་རྣམ་ཚུ་ མ་འཛློལ་བར་བྲི་ཚུགས། 
• གྲོས་གཞི་དང་ གྲོས་ཆོད་འབྲི་ཐངས་ཀྱི་སྐོར་ལས་ དབྱེ་བ་ཚུ་ སབ་ཚུགས།  
• རང་སློབས་ཀྱིས་ཐློག་ལས་ གྲོས་གཞི་དང་ གྲོས་ཆོད་ཅིག་བྲི་ཚུགས། 

 

ལས་དློན།



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

28   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

• རློང་ཁག་གི་གནས་ཚད་ལུ་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ། 
• ས་གནས་གཞུང་ རྒེད་འློག་གི་གནས་ལུ་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ། 
• ཡིག་ཚང་དང་གཙུག་སྡེ་ཚུ་གི་གནས་ཚད་ལུ་ གསུང་གྲོས་གནང་ནིའི་དློན་ལུ།  

ང་༽ གྲོས་གཞི་དང་ གྲོས་ཆོད་ལུ་ཁྱད་རྣམ་ཚང་དགོཔ། 
• ཞལ་འཛློམས་ག་ཅིའི་ གྲོས་ཆོད་ཨིན་ན་ ཁ་གསལ་འབད་བཀོད་དགོ། 
• ཞལ་འཛློམས་གནང་བའི་ ཚེས་གྲངས་དང་ ས་གནས་ཚུ་བཀོད་དགོ།  
• འཐུས་མི་ཚུ་གི་མཚན་ཐློ་བཀོད་དགོ། 
• ཞལ་འཛློམས་ཁྲི་འཛིན་གྱི་གསུང་བཤད་ཚུ་བཅུད་བསྡུས་ཏེ་ཚུད་དགོ། 
• གྲོས་གཞི་དང་འཁྲིལ་ཏེ་ གསུང་གྲོས་གནང་ཞིནམ་ལས་ ཐག་བཅད་ཡློད་པའི་ གནད་དློན་ཚུ་བཀོད་དགོ། 
• གྲོས་ཆོད་གུ་ འཐུས་མི་ཚུ་གིས་ ཕྱག་རྟགས་བཀོད་དགོ། 
• གྲོས་ཆོད་འབྲི་མི་དང་ ཁྲི་འཛིན་གྱི་ མཚན་རྟགས་བཀོད་དགོ། 

ཅ༽ གྲོས་གཞི་དང་ གྲོས་ཆོད་ཀྱི་བཀོད་རིས། 
• ཞལ་འཛློམས་ཀྱི་མིང་། 
• ཚེས་གྲངས།    
• ས་གནས།  
• ཁྲི་འཛིན་དང་འཐུས་མིའི་མཚན་ཐློ།   
• གྲོས་གཞི་དང་འཁྲིལ་བའི་གྲོས་ཆོད།       
• འཐུས་མི་གི་མིང་རྟགས།   

གྲོས་ཆོད་ཀྱི་དཔེ། 
༆ གྲོས་ཆོད་ཟེར་མི་འདི་ ཞལ་འཛློམས་སྐབས་ གྲོས་གཞི་དང་འཁྲིལ་ཏེ་ གསུང་གྲོས་གནང་ཞིནམ་ལས་  ཐག་བཅད་
གནང་མི་ དློན་ཚན་ཡིག་ཐློག་ལུ་བཀོད་བཞག་མི་ལུ་སབ་ཨིན། དེ་ཡང་གྲོས་ཆོད་འབྲི་བའི་སྐབས་ལུ་ཞལ་འཛློམས་གནང་སའི་ 
ས་གནས་ ཆུ་ཚློད་ འགོ་བཙུགས་ མཇུག་བསྡུ་ གནམ་ལློ་ཟླ་ཚེས་ ཞལ་འཛློམས་གཙློ་ཁྲིད་འབད་མི་དང་ འཐུས་མི་ཚུ་གི་མིང་ 
གསུང་གྲོས་ཀྱི་དློན་ཚན་རེ་རེ་བཞིན་ གྲོས་ཐག་བཅད་ཡློད་མེད་ཀྱི་གྲོས་བཅུད་ཚངམ་འབད་བཙུགས་དགོ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

29   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

གྲོས་ཆོད་བྲི་ནི་ལུ་ ལྷམ་པ་གཉིས་འབད་ཡློད་མི་འདི་ཡང་ གཅིག་གྲོས་ཐློ་དང་ གཅིག་གྲོས་ཆོད་འབད་བྲི་ནི་འདི་ཨིན། གྲོས་ཐློ་
འབྲིཝ་ད་ ཞལ་འཛློམས་ནང་ གནད་དློན་གཅིག་གི་སྐོར་ལས་ འཐུས་མི་ཚུ་གིས་ བསམ་འཆར་འདྲ་མིན་བཀོད་ཐློ་དང་ གྲོས་
སྡུར་འབད་མི་ཚུ་ ག་ར་བྲིས་ཞིནམ་ལས་ མཇུག་ལུ་ཚློགས་དམངས་ཀྱི་ གྲོས་ཆོད་ག་ཨིན་མི་འདི་ བཀོད་དགོཔ་ཨིན། 
གྲོས་ཆོད་འབད་འབྲི་བ་ཅིན་ བསམ་འཆར་དང་གྲོས་སྡུར་ཚུ་ ག་ནི་ཡང་བཀོད་མ་དགོཔ་འབད་ གྲོས་གཞི་ནང་ཡློད་མི་གི་ 
གནད་དློན་གོ་རིམ་དང་འཁྲིལ་བའི་ གྲོས་ཆོད་རྐྱངམ་གཅིག་བཀོད་པ་བཏུབ། འློག་ལུ་གྲོས་ཆོད་ཀྱི་དཔེ་བཀོད་དེ་ཡློདཔ་ལས་ དེ་
དང་རིགས་བསྒྲེས་ཏེ་ གྲོས་ཆོད་འབྲི་ཐངས་ སྦྱང་བ་འབད་དགོཔ་ཨིན། 
༼གྲོས་གཞི་དང་ གྲོས་ཆོད་ ངོ་མ༽ 
ཚློགས་པའི་འཐུས་མི་ཚུ་གིས་ གྲོས་གཞི་དང་འཁྲིལ་ཏེ་ གྲོས་བསྟུན་འབད་བའི་ཤུལ་ལུ་ གཤམ་གསལ་གྱི་གྲོས་ཆོད་ཚུ་ ཆ་
འཇོག་གྲུབ་ཅི། 
༡༽ ཨིང་ལིཤི་ལྷག་དེབ་ཀྱི་འབྲི་བཀོད་བསྒྲིག་ནི། 
ཨིང་ལིཤ་ལྷག་དེབ་ཀྱི་འབྲི་བཀོད་བཟློ་ནི་འདི་ སྤྱི་ཟླ་འདི་གི་ཚེས་ ༡༠ གྱི་ནང་འཁོད་ལུ་ འབད་དགོཔ་ཨིནམ་ལས། མདློ་ཆེན་
འློག་མ་དང་ ཀུན་བཟང་ལྷུན་གྲུབ་གཉིས་ཀྱིས་ འགོ་འདྲེན་ཐློག་ པར་སྐྲུན་བཀོད་རྒྱ་ཚུ་ཡང་ ཟླཝ་འདི་གི་ཚེས ༣ ལས་ མ་
འགྱངས་པར་ སློད་དགོཔ་འབད་ གྲོས་ཆོད་གྲུབ་ཅི། 
༢༽ དཔེ་མཛློད་ཀི་དེབ་ཀྱི་སྐོར། 
སློབ་གྲྭའི་དཔེ་མཛློད་ཀྱི་ དཔེ་དེབ་མ་ལང་མི་ཚུ་ ཐློ་བཟློ་སྟེ་ རིན་སྡུར་གསལ་བསྒྲགས་ལློག་སྟེ་ འབད་དགོཔ་དང་། ད་ལྟློ་ལྷློད་
ཡློད་པའི་ རིན་སྡུར་ཡི་གུ་ཐིའུ་ཅནམ་ཚུ་ ཚེས ༡༤ གཟའ་ལྷག་པ་ལུ་ ཁ་ཕྱེ་ནི་ཨིནམ་ལས་ ཁྲི་འཛིན་མཆོག་ལུ་ སྔ་གོང་ལས་
སྙན་འབུལ་ཞུ་སྟེ་ བཞག་དགོ་པའི་ གྲོས་ཆོད་གྲུབ་ཅི། 
༣༽ པར་རིས་བྲི་ནི། 
སློབ་གྲྭའི་ཆོས་ཚན་དཔེ་དེབ་ཚུ་ནང་ པར་རིས་འབྲི་དགོཔ་ཡློད་མི་ཚུ་ ག་ར་སྡེབ་གཅིག་ཁར་འབག་འློང་སྟེ་ དུས་ཚློད་ཁར་ཚུད་
མ་ཚུགས་པའི་དཀའ་ངལ་ཚུ་ མི་འབྱུང་ནིའི་དློན་ལུ་ ཆོས་ཚན་འགོ་དཔློན་ཚུ་གིས་ དཔེ་དེབ་གསར་རྩློམ་དང་ བསྐྱར་ཞིབ་ཚུ་
ནང་ པར་དང་རི་མློ་ཚུ་ ག་ཅི་ར་འབྲི་དགོཔ་ཡློད་རུང་ ཐློ་བཟློ་ཞིན་ན་ དུས་ཚློད་དང་སྦྲགས་ཏེ་ སྤྱི་ཟླ ༡ པའི་ཚེས ༡༥ ནང་
འཁོད་ འཇིགས་མེད་བློ་གྲོས་ལུ་ སློད་དགོ་པའི་གྲོས་ཐག་བཅད་ཅི། 

 

 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
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གནས་རིམ– ༥ པ།  

༤༽ ལས་རིམ་འཆར་གཞི། 
འཆར་གཞི ༨ པའི་འཆར་ལློ་འདི་ འགོ་བཙུགས་ནི་རན་ཆིཝ་ལས་ ཆོས་ཚན་རང་རང་སློ་སློའི་སྡེ་ཕྲན་ནང་ལུ་ འཆར་གཞི ༨ 
པའི་ལློ ༥ འི་ནང་འཁོད་ ལས་རིམ་ག་ཅི་ར་བརྩམ་སྟེ་ ལག་ལེན་འཐབ་ནི་ཨིན་ན་ ལས་རིམ་དང་བསྟུན་པའི་ འཆར་དངུལ་
སྔོན་རྩིས་ཚུ་ཡང་བཏློན་ཞིན་ན་ དབྱིན་ཚེས ༣༡/༥/༡༩༩༦ གི་ ནང་ཞུགས་ཞལ་འཛློམས་ནང་ སྤྱན་ཞུ་འབད་དགོ་པའི་ཆ་
འཇོག་གྲུབ་ཅི། 
༥༽ པར་སྐྲུན། 
ཡུ་ནི་སེཕ་གི་ མ་དངུལ་གྲོགས་རམ་གྱི་ཐློག་ པར་བཏབ་དགོ་པའི་དཔེ་དེབ་ཚུ་ ག་ཅི་ར་ཨིན་ན་མ་དངུལ་གྱི་གནས་རྩིས་ཚུ་ 
དཔེ་དེབ་ཀྱི་ཐློ་དང་སྦྲགས་ཏེ་ དབྱིན་ཚེས་༡༧ གྱི་ནང་འཁོད་ལུ་ཡུ་ནི་སེཕ་ཡིག་ཚ་ནང་ སློད་དགོཔ་འབད་ ཁ་སབ་ཅི།   
ཞལ་འཛློམས་འདི་ ཆུ་ཚློད་༤ .༣༠ ལུ་ ཁྲི་འཛིན་གྱིས་ བཀྲིན་དགའ་ཚློར་དང་བཅསཔ་འབད་ མཇུག་བསྡུ་གནང་ཡི།  

གྲོས་ཆོད་ཟིན་བྲིས་བཏབ་མི།        བདེན་སྦྱློར་མཛད་མི། 
       བཀྲ་ཤིས་རློ་རྗེ།                  ཁྲི་འཛིན། 

སྤྱི་ལློ ༡༩༩༦ ཟླ་ ༥ པའི་ཚེས ༡ གི་ཉི་མ་ ཆུ་ཚློད་ ༢ .༠༠ ལུ་  ཞལ་འཛློམས་ནང་ བཅའ་མར་གཏློགས་མི་ཚུ་གི་
མཚན་ཐློ། 
ས་གནས། ཀེབསི་གི་ཞལ་འཛློམས་ཁང་ནང་། 
༡. པདྨ་འཕྲིན་ལས། རྩ་ཁྲིམས་མདློ་ཆེན།        ཁྲི་འཛིན། 
༢. ཕུརཔ་རིན་ཆེན། རྩ་ཁྲིམས་མདློ་ཆེན་འློག་མ།       འཐུས་མི། 
༣. ཚེ་རིང་བསན་འཛིན། མཐའ་འཁོར་ཤེས་ཡློན་ཆོས་ཚན་འགོ་དཔློན།     འཐུས་མི། 
༤. རྣམ་རྒྱལ་འབྲུག་པ། འབྱུང་རབས་དང་མི་སྡེའི་ཆོས་ཚན་འགོ་དཔློན།     འཐུས་མི། 
༥. སྨིན་དྲུག་རྒྱལ་མཚན། རྩིས་རིག་ཆོས་ཚན་འགོ་དཔློན།      འཐུས་མི། 
༦. ཚེ་རིང་། རློང་ཁའི་ཆོས་ཚན་འགོ་དཔློན།       འཐུས་མི། 
༧. ཀུན་བཟང་ལྷུན་གྲུབ། དཔེ་མཛློད་འགོ་དཔློན།       འཐུས་མི། 
༨. དབང་པློ་བསན་འཛིན། ཚན་རིག་ཆོས་ཚན་འགོ་དཔློན།      འཐུས་མི། 
༩. འཇིགས་མེད་བློ་གྲོས། པར་རིས་འགོ་དཔློན།       འཐུས་མི། 
༡༠. དགའ་ལེགས་རློ་རྗེ། མཐློང་ཐློས་ལས་རིམ་མཉམ་འབྲེལ་པ།     འཐུས་མི། 
༡༡. བཀྲ་ཤིས་རློ་རྗེ། རློང་ཁའི་ཆོས་ཚན་འགོ་དཔློན།       ལས་དྲུང་། 

  



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
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གནས་རིམ– ༥ པ།  

    ༡༽ གྲོས་གཞི་ཟེར་མི་དང་ གྲོས་ཆོད་ཟེར་མི་ ༢ ཀྱི་ ཁྱད་པར་བྲིས། 

༢༽ གྲོས་གཞི་ནང་ལུ་ ཚང་དགོ་པའི་ ཁྱད་རྣམ་ ཉུང་ཤློས་གསུམ་བྲིས། 
༣༽ གྲོས་ཆོད་ནང་ལུ་ ཚང་དགོ་པའི་ ཁྱད་རྣམ་ ཉུང་ཤློས་གསུམ་བྲིས།  

༡༽ སློབ་རིམ་ ༡༡ དང་ ༡༢ པའི་སློབ་ཕྲུག་ཚུ་གིས་ ཁྱོད་ར་གིས་ (སློབ་གྲྭ་ནང་ལུ་ལློ་བསར་རྩེད་རིག་གི་འགྲན་བསྡུར་
འགོ་འདྲེན་འཐབ་ནི་ཨིན་པའི་སྐོར་ལས) ཞལ་འཛློམས་ཅིག་ཚློགས་ཡློད་པའི་ གྲོས་ཆོད་ཅིག་ རང་སློབས་ཀྱིས་འབྲི་སྟེ་ 
སྦྱང་བ་འབད།  

• གྲོས་ཆོད་ཟེར་མི་འདི་ ག་ཅི་བཟུམ་ཅིག་ལུ་ སབ་ནི་སློ? ཟེར་བ་ཅིན། གྲོས་གཞི་དང་འཁྲིལ་ ཞལ་འཛློམས་ནང་ 
གསུང་གྲོས་གནང་མི་གི་ གནད་དློན་ཚུ་ བཅུད་བཏློན་ཏེ་ ཡིག་ཐློག་ལུ་ བཀོད་བཞག་མི་འདི་ལུ་ གྲོས་ཆོད་ཟེར་སབ་
ཨིན།  

༡༽ གོང་གི་དློན་ཚན་མ་འདྲཝ་ ༥ ཡློད་མི་གི་ནང་ལས་ ཁྱོད་ཀྱིས་འབད་བ་ཅིན་ དློན་ཚན་ག་འདི་འཇམ་ཏློང་ཏློ་ཚློར་
ཡི? ག་ཅི་སྦེ་ ཁུངས་ཟངས་ཏེ་ དློན་མཚམས་ཐུང་ཀུ་ཅིག་བྲིས། 

༢༽ གོང་གི་དློན་ཚན་ཚུ་ ལེགས་ཤློམ་སྦེ་ལྷག་ཞིནམ་ལས་ གྲོས་གཞི་དང་ གྲོས་ཆོད་གཉིས་ནང་ལུ་ ཁྱད་ཆོས་དང་ 
ཁྱད་རྣམ་མ་འདྲཝ་ ག་ཅི་རང་ཚང་དགོཔ་འདུག་ག? དབྱེ་བ་དཔྱད་དེ་ གྲོས་གཞི་དང་ གྲོས་ཆོད་ཅིག་བྲི།     

 

 

 

 བཅུད་བསྡུས།  

 
སྦྱློང་ལཱ་ ༡ པ།  

 

 སྦྱློང་ལཱ་ ༢ པ།  

 

 རང་ཉིད་ལྷབ་སྦྱང་ དབྱེ་ཞིབ། 
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གནས་རིམ– ༥ པ།  

 

 

 

 

ངོ་སློད།  
བྱ་ཚིག་ཟེར་མི་འདི་ བྱ་ལས་སློན་པའི་ཚིག་གེ་ར་གི་སྤྱི་མིང་ཨིན་རུང་ བྱ་ཚིག་དང་བྱེད་ཚིག་གི་དབྱེ་བ་ཕྱེ་སྟེ་ བཤད་པའི་སྐབས་ 
བྱ་ཚིག་ཟེར་མི་འདི་ བྱ་བའི་ཡུལ་གཙློ་བློར་བཏློན་ཏེ་ སབ་མི་ཅིག་ལུ་གོ་ནི་ཨིན།  

བྱ་ཚིག་དུས་གསུམ་ལུ་ འཇུག་པའི་དབྱེ་བ། 
ཀ༽ ཡིག་སྡེབ་འགྱུར་བ་ཡློད་མི། ཁ༽ ཡིག་སྡེབ་འགྱུར་བ་མེད་མི། 

མ་འློངས་པ ད་ལྟ་བ འདས་པ བསྐུལ་ཚིག མ་འློངས་པ ད་ལྟ་བ འདས་པ བསྐུལ་ཚིག 
བཟླློག་ ཟླློག བཟླློགས བཟླློགས བཀག བཀག བཀག བཀག 
བྲི འབྲི བྲིས བྲིས འཚའ འཚའ འཚའ འཚའ 
འཐློབ འཐློབ ཐློབ འཐློབ འཁལ འཁལ འཁལ འཁལ 
གསུང་ གསུང གསུངས གསུངས དབུར དབུར དབུར དབུར 

དྲན་གསློ།  
     ཀ༽ དུས་གསུམ་དང་འཁྲིལ་ཏེ་ ཡིག་སྡེབ་ཡང་སློར་ཏེ་བྲི་དགོ་ནི་དེ་གིས་ དཀའ་ངལ་ཨ་ཙི་རེ་ཡློད། 
     ཁ༽ ཡིག་སྡེབ་འགྱུར་བ་མེད་ནི་འདི་གིས་ ཡིག་སྡེབ་ར་ཤེས་པ་ཅིན་ བྲི་ནི་ལུ་དཀའ་ངལ་མེད།   

བཀོད་རྒྱ། 
• དང་པ། སྡེབ་ལུ་འགྱུར་བ་ཡློད་མི་ ༼བྱ་ཚིག་༽ ཚུ་ཤེས་དགོཔ་འདི་ ཁག་ཆེ་ཤློས་ཅིག་ཨིན།   
• གཉིས་པ། བྱ་ཚིག་དེ་ཚུ་དང་གཅིག་ཁར་འཇུག་མི་ ༼འདྲེན་ཚིག་༽ ཚུ་ ཤེས་དགོཔ་དེ་ཡང་ཁག་ཆེ་ཤློས་ཅིག་ཨིན།  

འདྲེན་ཚིག་དང་ བྱ་ཚིག་གཉིས་ཀྱི་སྦྱློར་ཚུལ་སྐོར། 

 
 

 

• བྱ་ཚིག་ སྡེབ་འགྱུར་བ་ཡློད་མི་དང་ མེད་མི་གཉིས་ ངོས་འཛིན་འབད་ཚུགས། 
• དུས་གསུམ་གྱི་ འདྲེན་ཚིག་ ངོས་འཛིན་འབད་ཚུགས། 
• དེ་ཚུ་ འདྲེན་ཚིག་དང་གཅིག་ཁར་ བྱ་ཚིག་སྦྱློར་ཚུལ་ སྦྱང་བ་འཐློབ་ཚུགས། 

 

ལས་དློན།



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

33   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

དུས་གསུམ་གྱི་འདྲེན་ཚིག་དང་འཁྲིལ་ཏེ་ བྱ་ཚིག་སྦྱློར་ཚུལ། 
    མ་འློངས་པའི་བྱ་ཚིག་གི་འདྲེན་ཚིག་ ཟེར་མི་འདི་ འློག་ལུ་ཡློད་མི་ཚིག་ཚུ་ཨིན། ཚིག་འདི་ཚུ་གིས་ ཚིག་དང་བསྟུན་པའི་       
    བྱ་ཚིག་གཞན་ འདྲེན་ཚུགས་པའི་ནུས་པ་ཡློད་ནི་འདི་གིས་སབ་ཨིན། 
 

ཀ༽  མ་འློངས་པའི་བྱ་ཚིག་གི་འདྲེན་ཚིག།  
དགོ། ཆོག། ཚུགས། བཅུག། ཤེས། སྲིད། བཏུབ། ནི། འློང་། གེ།  

མ་འློངས་པའི་བྱ་ཚིག། 
བྲི། གཏང་། འློང་། འབད། སབ། བསྐྱལ། ལྷབ། འགྱོ། བསྒྲུབ། བཤད། 
 

མ་འློངས་པའི་བྱ་ཚིག་དང་ འདྲེན་ཚིག་ ༢ སྦྱློར་ཚུལ། 
  བྲི་དགོ།  གཏང་ཆོག། འློང་ཚུགས། འབད་བཅུག། སབ་ཤེས། བསྐྱལ་བཏུབ། ལྷབ་ནི། འགྱོ་འློང། བཤད་གེ།   
ཟེར་དློ་བཟུམ་ མ་འློངས་པའི་བྱ་ཚིག་གི་འདྲེན་ཚིག་ (དགོ) ཟེར་མི་འདི་གིས་ བྱ་ཚིག་ (བྲི) ཟེར་མི་འདི་འདྲེན་ཚུགས་ཡློད་ནི་
འདི་གིས་ འདི་བཟུམ་མའི་རིགས་ལུ་ བྱ་ཚིག་གི་འདྲེན་ཚིག་ཟེར་སབ་ཨིན། 
འདི་ལས་རིགས་བསྒྲེས་ཏེ་ འློག་ལུ་ཡློད་མི་ ད་ལྟ་བ་དང་ འདས་པ་ ༢ ཀྱི་བྱ་ཚིག་གི་འདྲེན་ཚིག་ཡང་ ལག་ལེན་འཐབ་ཤེས་
དགོ། 

ཁ༽  ད་ལྟ་བའི་བྱ་ཚིག་གི་འདྲེན་ཚིག། 
དློ། དེས།  ཐབས།  ལུགས། སློལ། མཁན།  མི།  
ད་ལྟ་བའི་བྱ་ཚིག། 
འབྲི། སྒྱོམ། སྒྲུབ། སློད། ལྟབ། རབ།  

ད་ལྟ༌བའི་བྱ་ཚིག་དང་ འདྲེན་ཚིག་ ༢ སྦྱློར་ཐངས་ཀྱི་དཔེར་བརྗོད། 
 འབྲི་དློ། སྒྱོམ་དེས། སྒྲུབ་ཐབས། ལྟབ་མཁན། རབ་མི།ཟེར༌དློ༌བཟུམ༌ཨིན། 

ག༽  འདས་པའི་བྱ་ཚིག་གི་འདྲེན་ཚིག། 
༼ཅི། ཆི། ཡི།  ནུག༽ ༼ཆི་ ད་ སློ༽   

འདས་པའི་བྱ་ཚིག། 
བསྒྲུབས། དཔག། བྲིས། བསབས། འབད། ཤེས། བསྐམས།  



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

34   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

འདས་པའི་བྱ་ཚིག་དང་ འདྲེན་ཚིག་གཉིས་ཀྱི་ སྦྱློར་ཚུལ། 
དཔེར་ན། བསྒྲུབས་ཅི། དཔག་ཆི། བྲིས་ཡི། བསབས་ནུག། འབད་ཆི་ཡི། ཤེས་ད་ནུག། བསྐམས་སློ་ནུག། ཟེར་དློ་ 
བཟུམ་ཨིན། 

༼འཁྲུལ་སྤློངས༽ 
རློགས་ཀྱིས་བྲིས་ཡློད་མི་ ཡིག་ཆ་ཚུ་ནང་ཡང་ དབྱེ་བ་དཔྱད་དེ་བལྟ་དགོ། དཔེ་འབད་བ་ཅིན། 
(བཏང་དགོ) ཟེར་བྲིས་ཏེ་ཡློད་པ་ཅིན་ ༼བཏང༽ ཟེར་སྔོན་འཇུག་ བ་ ཡློད་མིའི་ (བཏང) འདི་ དུས་འདས་པའི་བྱ་
ཚིག་དང་། (དགོ) ཟེར་མི་འདི་ མ་འློངས་པའི་ བྱ་ཚིག་འདྲེན་བྱེད་ཀྱི་ ཚིག་འབད་ནི་འདི་གིས་ ༼བཏང་དགོ་༽ ཟེར་
བྲིས་མི་འདི་ འཛློལ་བ་ཨིན། འདི་ཚུལ་མཐུནམ་འབད་ བྲི་དགོ་པ་ཅིན། ༼གཏང་དགོ་༽  ཟེར་ མ་འློངས་པའི་བྱ་
ཚིག་བྲི་དགོཔ་ཨིན། 
དེ་ལས་༼སློ་༽ ཟེར་མི་འདི་ དུས་འདས་པའི་འདྲེན་ཚིག་དང་ ༼འཐློན༽ ཟེར་མི་འདི་ མ་འློངས་པའི་ བྱ་ཚིག་ཨིནམ་
ལས་ ༼འཐློན་སློ་ནུག༽ ཟེར་བྲིས་ཏེ་ཡློད་པ་ཅིན་ འཛློལ་བ་ཨིན། 
དེ་འབད་ནི་འདི་གིས་ འདི་ཚུལ་མཐུནམ་འབད་ བྲི་དགོ་པ་ཅིན་ ༼ཐློན་སློ་ནུག༽ ཟེར་ དུས་འདས་པའི་བྱ་ཚིག་བྲི་
དགོཔ་ཨིན། 

འློག་གི་སྒྲོམ་ནང་ལུ་ བྲིས་ཏེ་ཡློད་མི་བྱ་ཚིག་དང་ འདྲེན་ཚིག་ཚུ་ དུས་འདས་པ་ མ་འློངས་པ་ ད་ལྟ་བ་ ཚུ་ ག་ཅི་ 
རང་ཨིན་ན་ ངོས་འཛིན་འབད་དེ་བྲིས། 

དམག་མིའི་ཟད་འགྲོ་ཡང་སློམ་འབད་བཏང་ དགོཔ་ འཐློན་ སློ་ ནུག། འབྲུགཔ་ཚུ་ བང་བཙློངས་ཏེ་ བདའ་བཏངམ་
ལས་ འབྲུག་པའི་རྒྱ་གཞིས་ སྤ་ས་ཁ་དང་ དྷ་ལི་ཀོཊི་ (Dalimkot) ལུ་ཡློད་པའི་ དགྲ་རློང་གཉིས་ཡང་ ཁོང་
གིས་འཕྱློག་ཆི་ནུ། ས་ཁྲ་ནང་བལྟཝ་ད་ གཙང་ཆུ་འདི་ ཤར་ལས་ནུབ་ཁ་ནུག་འཚམས་འབད་འབབ་སྟེ་ཡློད་རུང་གང་
འཚམས་ཅིག་ལས་ཆུ་ལྷློ་ཁ་ཐུག་འགྱུར་ཏེ་ ཀུཅ་བྷི་ཧར་ (Cooch Behar) ལས་འབད་ རྒྱ་མཚློ་ནང་འབབ་ཨིན་
མས། 
ཀུཅ་བྷི་ཧར་འདི་  (Cooch Behar) འདི་ད་རེས་ནངས་པ་ ནུབ་བེང་གཱལ་ (West Bengal)  གི་མངའ་
འློག་ལུ་ཚུདཔ་ཨིན།  
དཔློན་སློབ་ཚུ་གིས་ བདག་སྐྱོང་གི་དབང་ཚད་བཟུང་སའི་ ས་གོའི་བགོ་བཤའ་ཡང་ བྱང་ཁ་ཐུག་ལས་འབད་ ལྷློ་ཕྱློགས་
ཁ་ཐུག་བདའ་སྟེ་ མཐའ་འཚམས་ཀྱི་ས་གོ་ནང་ཚུན་འགྱོཝ་ཨིན།  



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

35   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

ཡིག་སྡེབ་འཛློལ་བ་ཡློད་མི་འདི་ བྱ་ཚིག་དང་ འདྲེན་ཚིག་གི་ཐློབ་ཐངས་དང་འཁྲིལ་ཏེ་བྲིས། 
ཀ༽ ཁྱིམ་རྐྱབ་ས་ལུ་ ལྟ་སློདཔ་ད་ སེམས་ཅན་བསད་སར་མཐློང་སྟེ་ ཐུན་བཏང་པར་ གཏང་ནུག།  
ཁ༽ ཅ་ལ་ཁུངས་མེད་མི་ཚུ་  བརླགས་ བཅུག། ཟེར་ མནློ་བསམ་ གཏང་ ཤེས་པས། 
ག༽ ཡི་གུ་ཅིག་ཡང་  འབྲིཝ་མས། ཟེརན།   བྲིས་མི་འདི་   སྐྱེལཝ་ར་མས།  
ང་༽   འདྲི་ཡང་   དྲི་ཡི། ཟེརན།   སྐྱེལ་ར་ མ་ སྐྱེལ་ བས།    

སྦྱློང་ལཱ་བཅད་ཐིག་༡ པ། འློག་གི་མིང་ཚིག་ཚུ་གི་ནང་ལས་ འདྲེན་ཚིག་ཚུ་ངོས་འཛིན་འབད་དེ་བྲིས། 
སྦྱློང་ལཱའི་བཀོད་བྱ། 
 
༡༽ སྦྱློང་ལཱ་ཚུ་རང་སློའི་འབྲི་
དེབ་ནང་ལུ་བྲི་ནི། 
 
 

▪ འདྲི་ནི་ ཟེར་རུང་ འདྲི་མི་དགོ། ཟེར་སབ་དེས། 
▪ བྱློནམ་ད། བསྒྲིགཔ་ལས། ལྟཝ་ཅིག། དྲིཝ་བཤློལ། ལྟ་ནི་འདིནི་ བལྟ་དློ།  
▪ གསིགན་ བསིག་མི་ཅིག་ འློངས་ར་འློང་། 
▪ ཁོ་གིས་འབད་རུང་ འབད་ཆོག། ཟེར་སབ་དེས། 
▪ ཁུར་ཆ་ལེ་ཤ་བསྐྱལ་རུང་ འབག་ཚུགས་ནུག་ཟེར་ཨིན་པས། 
▪ གཞན་གྱི་བསབ་རུང་ བསབས་བཅུག་ཟེར་མནློཝ་མས།  
▪ ཡི་གུ་བྲིས་ཏེ་བསྐྱལ་རུང་བསྐྱལ་བཏུབ་ནི་མས།  

• བྱ་ཚིག་ཟེར་མི་འདི་ བྱ་ལས་སློན་པའི་ཚིག་གེ་ར་གི་སྤྱི་མིང་ཨིན་རུང་ བྱ་ཚིག་དང་བྱེད་ཚིག་གི་དབྱེ་བ་ཕྱེ་སྟེ་ བཤད་པའི་
སྐབས་ བྱ་ཚིག་ཟེར་མི་འདི་ བྱ་བའི་ཡུལ་གཙློ་བློར་བཏློན་ཏེ་ སབ་མི་ཅིག་ལུ་གོ་ནི་ཨིན།  

༡༽ དུས་གསུམ་གྱི་ བྱ་ཚིག་དང་ འདྲེན་ཚིག་ ༢ ཀྱི་དབྱེ་བ་ཕྱེ་སྟེ་ ཁུངས་བཀལ་ཏེ་བྲིས། 
༢༽ མ་འློངས་པའི་འདྲེན་ཚིག་ ༢ དེ་ཅིག་ གདམ་འཐུ་འབད་ཞིནམ་ལས་ བྱ་ཚིག་དང་གཅིག་ཁར་སྦྱར་ཏེ་ རྗོད་ཚིག་
བཟློ། 

 
སྦྱློང་ལཱ་ ༡ པ།  

 

 སྦྱློང་ལཱ་ ༢ པ།  

 

 བཅུད་བསྡུས།  

 རང་ཉིད་ལྷབ་སྦྱང་ དབྱེ་ཞིབ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

36   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

 

 

 

 

 

ངོ་སློད།  
སྤྱིར་བཏང་ མིང་ཟེར་མི་འདི་ མི་དང་སེམས་ཅན། དངོས་པློ་དང་ས་གནས་ཚུ་གི་མིང་རྐྱང་མ་གཏློགས་ བྱེད་ལས་ག་ཅི་ཡང་མ་
སློན་མི་ཅིག་ལུ་སབ་ནི་དང་ བྱ་ཚིག་ ཟེར་མི་འདི་ རྣམ་འགྱུར་དང་བཅས་པའི་སྒོ་ལས་འབད་བའི་ལཱ་ཅིག་ལུ་གོ་ནི། ཕལ་སྐད་ 
ཟེར་མི་དེ་ཡང་ གང་ཟག་དཀྱུས་མ་ལུ་རང་བཞིན་གྱིས་འབློ་ཡློད་པའི་མིང་ཅིག་ཨིན།  ཞེ་ས་ཟེར་མི་འདི་ གང་ཟག་དཀྱུས་མ་
མེན་པར་ ཡུལ་གོང་མ་ཚུ་ལུ་ བསློད་པའི་ཚིག་གིས་ གུས་ཞབས་ཀྱི་ཐློག་ལས་འབད་ ཞུ་མི་གི་ཚིག་ཅིག་ལུ་སབ་ཨིན། 

མིང་ཟེར་བའི་གོ་དློན།  
མིང་ཟེར་མི་འདི་ མི་དང་སེམས་ཅན། དངོས་པློ་ ས་གནས་ཚུ་གི་མིང་ རྐྱངམ་གཅིག་སློན་མི་ལུ་ སབ་ཨིན།  

 

དཔྱེ་འབད་བ་ཅིན། 
བཀྲ་ཤིས། རློ། བྱི་ལི། ཤིང་། སློབ་དེབ། སློབ་ཁང་། སློབ་གྲྭ། ཟེར་དློ་བཟུམ་ཨིན། 

བྱ་ཚིག་ཟེར་བའི་གོ་དློན།  
བྱ་ཚིག་ཟེར་མི་འདི་ གང་ཟག་དང་ དངོས་པློ་ཚུ་གིས་ ལཱ་འབད་བའི་ཚིག་ཅིག་སབ་ད་ལུ་ རྣམ་འགྱུར་དང་བཅས་པའི་སྒོ་ལས་ 
སབ་མི་གི་ ཚིག་ཅིག་ལུ་སབ་ཨིན།  

 

དཔྱེ་འབད་བ་ཅིན། སློད། ཉན། འཐུང་། སབ། བཟའ། མཆོང་། འབྲི། སློང་། གྱོན། ཟེར་དློ་བཟུམ་ཨིན། 
 

ཕལ་སྐད་ཟེར་བའི་གོ་དློན། 
ཕལ་སྐད་ཟེར་མི་འདི་ རང་དང་མཉམ་མིའི་ གང་ཟག་དཀྱུ་མ་དང་ སེམས་ཅན་ཚུ་ལུ་སྤྱིར་བཏང་ལུ་ ལག་ལེན་འཐབ་མི་གི་ཚིག་
ཅིག་ལུ་ སབ་ཨིན།  

དཔེར་ན། ལགཔ། རྐངམ། ཁ། ཆུ། རྣམ་ཅོ། མགུ་ཏློ། མིག་ཏློ། ལྷམ། བགོ་ལ། ཟེར་དློ་བཟུམ་ཨིན། 
 

 
 

 

ལས་དློན།  • སྤྱིར་བཏང་ མིང་དང་བྱ་ཚིག་གི་གོ་དློན་ ཉན་སབ་འབད་ཚུགས། 
• ཞེ་ས་དང་ ཕལ་སྐད་ཀྱི་གོ་དློན་ སབ་ཚུགས། 
• མིང་དང་ བྱ་ཚིག་ལུ་ ཞེ་ས་སྦྱར་ཏེ་ བྲི་ཚུགས། 
• ཞེ་ས་དང་ ཕལ་སྐད་ངོས་འཛིན་འབད་དེ་ རྗོད་ཚིག་ནང་བཙུག་སྟེ་བྲི་ཚུགས། 
 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

37   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

ཞེ་ས་ཟེར་བའི་གོ་དློན།  
ཞེ་ས་ཟེར་མི་འདི་ ཡུལ་གོང་མ་དང་ རང་ལས་རྒན་ཤློས་ཚུ་དང་འབྲེལ་བའི་ དངོས་པློ་གི་མིང་དང་ ལཱ་ཚུ་ལུ་ རང་བཞིན་ཕལ་
སྐད་ཀྱི་ ཚིག་གིས་མེན་པར་ བསློད་པའི་ཚིག་གིས་འབད་ གུས་ཞབས་ཀྱི་སྒོ་ལས་ ཞུ་བའི་ཚིག་ཅིག་ལུ་སབ་ཨིན། 
དཔེར་ན། ཕྱག། ཞབས། ཞལ། སྙན། དབུ་སྐྲ། སྤྱན། གསློལ་ཆུ། ཞབས་ལྷམ། ཟེར་དློ་བཟུམ་ཨིན། 
 

༼མིང་གི་ཕལ་སྐད་དང་ཞེ་ས།༽ 

ཕལ་སྐད། ཞེ་ས། 
མིག་ཏློ། སྤྱན། 
ལགཔ། ཕྱག། 
ཨ་པ། ཡབ། 
ཨའི། ཡུམ། 
རྐངམ། ཞབས། 

 
 

བྱ་ཚིག་ལུ་ཕལ་སྐད་དང་ཞེ་ས། 
ཕལ་སྐད། ཞེ་ས། 
སློད། ཞེ་ས། 
སློང་། འབྱློན། 
བཟའ། བཞེས། 

 
              

བརྗོད་ཚིག་གི་ཐློག་ལས་ མིང་དང་བྱ་ཚིག་ལུ་ ཞེ་ས་ལག་ལེན་འཐབ་ཐངས། 
ཕལ་སྐད། ཞེ་ས། 
རྩ་བར་སློད།                                
ཨའི་ཉལ་ད་ནུག།                              

ཁྱོད་ཀྱི་མིག་ཏློག་ཁར་ མིག་ཤེལ་མ་བཙུགས་པས།             
ལགཔ་དང་རྐངམ་ འཁྱུ་བར་འགྱོ།                      

ཁྱོད་ཀྱི་ཨ་པ་གིས་ ང་ལུ་ཏི་རུ་བྱིན་ཡི།                

རྩ་བར་བཞུགས། 
ཡུམ་གཟིམ་ད་ནུག། 
ནཱ་གི་སྤྱན་གུ་ སྤྱན་ཤེལ་མ་བཞེས་པས། 
ཕྱག་དང་ཞབས་ བསིལ་བར་འབྱློན། 
ནཱ་གི་ཡབ་ཀྱིས་ ང་ལུ་ཏི་རུ་གནང་ཡི། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

38   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

 

• མིང་ཟེར་མི་འདི་ མི་དང་སེམས་ཅན། དངོས་པློ་དང་ས་གནས་ཚུ་གི་མིང་རྐྱང་མ་གཏློགས་ བྱེད་ལས་ག་ཅི་ཡང་མ་སློན་
མི་ཅིག་ལུ་སབ་ནི་དང་ བྱ་ཚིག་ ཟེར་མི་འདི་ རྣམ་འགྱུར་དང་བཅས་པའི་སྒོ་ལས་འབད་བའི་ལཱ་ཅིག་ལུ་གོ་ནི། ཕལ་
སྐད་ ཟེར་མི་དེ་ཡང་ གང་ཟག་དཀྱུས་མ་ལུ་རང་བཞིན་གྱིས་འབློ་ཡློད་པའི་མིང་ཅིག་ཨིན།  ཞེ་ས་ཟེར་མི་འདི་ གང་
ཟག་དཀྱུས་མ་མེན་པར་ ཡུལ་གོང་མ་ཚུ་ལུ་ བསློད་པའི་ཚིག་གིས་ གུས་ཞབས་ཀྱི་ཐློག་ལས་འབད་ ཞུ་མི་གི་ཚིག་
ཅིག་ལུ་སབ་ཨིན། 

༡༽  ཁྱོད་ཀྱིས་ གོང་གི་ལྷག་དེབ་འདི་ནང་ལས་ མིང་ཟེར་བའི་གོ་དློན་དང་ བྱ་ཚིག་ཟེར་མིའི་གོ་དློན་ ཕལ་སྐད་དང་ཞེ་ས་ 
ཟེར་མི་འདི་ ག་ཅི་བཟུམ་ཅིག་ཨིན་ན་ ཤེས་ཚུགས་དགོཔ་ཨིན། འདི་ཚུ་ཤེས་ནུག་ག? མ་ཤེས་པས་ག? དབྱེ་ཞིབ་
འབད་དེ་བལྟ།  

 
 
 
 

སྦྱློང་ལཱ་བཅད་ཐིག་༡ པ། སྦྱློང་ལཱ་བཅད་ཐིག་༢ པ། 
སྦྱློང་ལཱའི་བཀོད་བྱ། 
སྦྱློང་ལཱ་ཚུ་རང་སློའི་འབྲི་དེབ་ནང་ལུ་བྲི་ནི། 
 
 
 

▪ ཕལ་སྐད་ནང་ཡློད་མི་ཚུ་ ཞེ་སའི་ནང་ བཟློ་ནི། 
▪ སློབ་དཔློན་གྱིས་ ལགཔ་མ་འཁྱུ་བར་ མིག་ཤེལ་ བཙུགས་དེས། 
▪ ཨ་པ་ ཉིན་མའི་ལྟློ་ བཟའ་ནི་འབད་དེས། 
▪ རྐངམ་དང་ལགཔ་གི་ སེན་མློ་བཏློག་དགོ། 
▪ མགུ་ཏློ་གུ་སྐྱ་མེད་པ་ཅིན་ ཞྭམློ་བཙུགས་དགོ། 
▪ སློབ་དཔློན་གྱིས་ ང་ལུ་ ཁྱིམ་ལཱ་བྱིན་ཡི།  

 སྦྱློང་ལཱ་ ༡ པ།  

 བཅུད་བསྡུས།  

 

རང་ཉིད་ལྷབ་སྦྱང་ དབྱེ་ཞིབ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

39   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

 

 

 

 

 

ངོ་སློད།  

ཞུ་ཚིག་ཟེར་མི་འདི་ རང་ལུ་ཁེ་རྒུད་མ་བཏུབ་པར་ སབ་གཞི་དང་རྩློད་གཞི་ཕྱེ་ནིའི་དློན་ལུ་ ཁྲིམས་ཁང་ནང་ལུ་ཕུལ་མིའི་ ཡི་གུ་
འདི་ལུ་ སབ་ཨིན། འདི་ལུ་ མིང་གི་རྣམ་གྲངས་ བཤེར་ཡིག་ཟེར་ཡང་སབ་ཨིན། 

ཞུ་ཚིག་བྲི་བའི་སྐབས་སུ་སེམས་ཁར་བཞག་དགོཔ། 
• མི་ཁུངས་ངོ་སློད་ལག་ཁྱེར་གྱི་ཨང་དང་ ཁྲིམས་རྟགས་འདི་ ཨིན་ཅི་མིན་ཅི་དགོཔ་ཨིན། 
• ཚིག་གཞི་བདེ་ཏློག་ཏློ་དགོ་པའི་ཁར་ ཚིག་ཉུང་སུ་འབད་བྲི་ཞིནམ་ལས་ གནད་དློན་དེ་ཚུ་ གོ་རིམ་ལེགས་ཤློམ་འབད་ 

བསྒྲིག་ཞིནམ་ན་ རྒྱབ་ཁུངས་དང་སྦྲགས་ཏེ་ ཁ་གསལ་འབད་བཀོད་དགོ། 
• ཞུ་ཚིག་བྲིཝ་ད་ཡང་ ཞུ་ཡིག་འབྲི་དློ་བཟུམ་ གཞི་བཀོད་དང་ ཁྱད་རྣམ་ཚུ་ཡློདཔ་ལས་ འདི་དང་འཁྲིལ་ཏེ་བྲི་དགོ། 
• ཞུ་ཚིག་འདི་འབྲིཝ་ད་ སྔར་སློལ་གྱི་ལམ་ལུགས་དང་འཁྲིལ་ཏེ་བྲི་དགོཔ་མ་གཏློགས་ དེང་སང་གི་ལམ་ལུགས་ནང་ 

འབྲི་སློལ་མེད། 
• ཞུ་ཡིག་དང་ཞུ་ཚིག་གི་རིགས་ ཤློག་ཀུ་ཐིག་མེད་མི་ཚུ་ནང་བྲི་དགོ། 

 

ཞུ་ཚིག་འབྲིཝ་ད་གི་ཁྱད་རྣམ། 
▪ མགོ་རྒྱན། མགུལ་རྒྱན། 
▪ ཞུ་བ་ཕུལ་མིའི་ངོ་སློད། 
▪ གནད་དློན་ངོ་མ། 
▪ མཇུག་དློན། 
▪ མིང་དང་ ཁྲིམས་རྟགས། 

༡ . མགོ་རྒྱན། 
▪ མགོ་རྒྱན་འདི་ ༼༊༽ འ་ནཱི་འཐློབ་ཨིན། དེ་ཡང་ ཡུལ་གོང་མ་ལུ་ ལུས་ངག་ཡིད་གསུམ་ གུས་པ་དང་

བཅས་པའི་སྒོ་ལས་ པུས་མློ་ས་ཁར་བཙུགས་ཏེ་ ཕུལ་བའི་བར་མཚློན་ཅིག་ཨིན། 

 
 

• ཞུ་ཚིག་གི་གོ་དློན་ཚུ་ མ་འཛློལ་བར་སབ་ཚུགས། 
• ཕློ་མློ་གཉིས་ཀྱི་བར་ན་ སྒྲིག་མ་ཚུགས་པའི་གནད་དློན་ཅིག་བཙུགས་ཏེ་ ཞུ་ཚིག་

བཞེངས་ཚུགས། 
• ཞུ་ཚིག་གི་ཁྱད་རྣམ་ཚུ་ ལག་ལེན་འཐབ་སྟེ་ ཞུ་ཚིག་ཅིག་བྲི་ཚུགས། 

 

ལས་དློན།  



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
 

 

40   རློང་ཁ། སློབ་རིམ་ ༡༡-༡༢ པ།   

གནས་རིམ– ༥ པ།  

▪ ཞུ་ཚིག་ཕུལ་སའི་ཡུལ་གོང་མ་དང་འཁྲིལ་ བསློད་པའི་ཚིག་གི་རྒྱན་ཏེ་འབྲི་དགོ དེ་ལས་རློང་ཁག་ག་ཏེ་ལུ་ཕུལ་ནི་
ཨིན་ན་ རློང་ཁག་གི་མིང་འབྲི་དགོ། 

༢. མགུལ་རྒྱན། འབྲི་ཐངས། 
▪ ལེགས་ཉེས་ཁྲིམས་ཀྱི་ཤན་འབྱེད་རློང་ཁག་ཁྲིམས་ཀྱི་འདུན་སའི་ དྲགོས་དྲང་དཔློན་མཆོག་གི་དྲུང་དུ། 
▪ ལུགས་གཉིས་ཁྲིམས་ཀྱི་བདག་ཉིད་ ་་་་་་རློང་ཁག་ཁྲིམས་འདུན་གྱི་ཁྲིམས་ཁྲིའི་དྲུང་དུ། 

༣ . ཞུ་ཚིག་ཕུལ་མིའི་ངོ་སློད། 
རྩློད་རྩ་དང་ རྩློད་ཟླ་གི་གནས་ཚུལ་ ཁ་གསལ་བྲི་དགོ། 
༡. ་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་རློང་ཁག།  
༢. ་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་རྒེད༌འློག།  
༣. གཡུས་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་། 
༤. ངོ་མིང་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་། 
༥. མི་ཁུངས་ངོ་སློད་ལག་འཁྱེར་ཨང་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་་། 

༤. གནད་དློན་ངོ་མ།  
▪ གནད་དློན། 
▪ རྒྱབ་ཁུངས། 
▪ ཞུ་ཚིག་ཕུལ་དགོ་པའི་ གནད་དློན་ངོ་མ་ ག་ཅི་ཨིན་ན་ དློན་མཚམས་བཟློ་སྟེ་བྲི་ནི་དང་། 
▪ རྒྱབ་ཁུངས་ཚུ་ལེགས་ཤློམ་འབད་གཟང་སྟེ་བྲི་དགོ། 

༥. མཇུག་དློན། 
ཁྲིམས་ཁང་ལས་ ཁྲིམས་ཀྱི་ཞབས་ཏློག་ག་ཅི་དགོཔ་ཨིན་ན་བྲི་དགོ།   
དཔེར་ན། རྩློད་རྩ་འདི་ཁྲིམས་འདུན་ལུ་བཀུག་སྟེ་ སྐྱིན་ཚབ་ལེན་གནང་ཐབས་ཀྱི་རྒྱབ་སྐྱོར་ཞུ་བ། 

༦  .ཟླ་ཚེས་དང་ ཁྲིམས་རྟགས་ས་ཡིག 
▪ ཞུ་ཚིག་འདི་ནམ་ཕུལཝ་ཨིན་ན་ ཕུལ་བའི་གནམ་ལློ་དང་ ཟླ་ཚེས་ཚུ་བཙུག་དགོ། 

རང་ལུགས་གནམ་ལློ་ ལྕགས་ཕློ་བྱི་ལློ་ རང་ཟླ་ ༢ པའི་ཚེས་ ༣ ལུ་་་  
▪ ཁྲིམས་རྟགས་དང་ ས་ཡིག་ ཨིན་ཅི་མིན་ཅི་སྦྱར་དགོ་ མེད་པ་ཅིན་ཞུ་ཚིག་དེ་ལུ་ ངོས་ལན་མི་འབད། 

 
 
 
 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
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གནས་རིམ– ༥ པ།  

 
 

༼ཞུ་ཚིག་གམ་བཤེར་ཡིག་གི་དཔེ༽ 
 

     
༊ དྲང་པློར་སྨྲ་བའི་དབང་ཕྱུག་ རློང་ཁག་ཁྲིམས་ཀྱི་འདུན་སའི་དྲག་ཤློས་དྲང་དཔློན་མཆོག་གི་ཞབས་དྲུང་དུ། 

           
           
           གུས་ཀྲོང་གསར་རློང་ཁག་ 
ནུབ་སྦི་རྒེད་འློག་ གཡུས་ དཀར་གཞློང་ལས་ ངོ་མིང་རློ་རྗེ་བུ་དར་ ངོ་སློད་ལག་ཁྱེར་ཨང་ ༡༧༨༥༠༠༠༠༤༥༦༧ ཅན་མ་གིས་   
ཞུ་དློན། གུས་རང་ བུམ་ཐང་སང་ལས་ ཨཔ་དློན་གྲུབ་ཀྱི་བུ་ སངས་རྒྱས་དང་གཅིག་ཁར་ གཉེན་གྲོགས་བསློམས་ཏེ་ ལློ་ངོ་གཅིག་
སློང་བའི་ཤུལ་ལུ་ ཁོ་གིས་ ཨམ་སྲུ་གཞན་མི་ཅིག་ བརྟེན་ཆིཝ་ལས་ ང་བཅས་བཟའ་ཚང་གཉིས་ མ་འགྲིགསཔ་བྱུང་ཡི་ལགས། 
དེ་ཡང་ རང་སློབ་གྲྭ་ནང་དཔེ་ཆ་བལྟ་འཕྲློ་ལས་ ཁོ་དང་གཅིག་ཁར་གཉེན་རྐྱབ་གེ་ཟེར་ ངེ་གི་ཨ་པ་དང་ཨའི་ལུ་ བསྟུན་གྲོས་འཚློལ་ཏེ་ 
ཐློན་འློངམ་ལས་ ཁོང་ཕམ་གཉིས་ མི་གནགཔ་ཨིན་པའི་ཁར་ རང་ཨམ་སྲུ་གི་སེམས་འབདཝ་ལས་ ཁོ་དང་གཅིག་ཁར་གཉེན་
བསློམས་ཏེ་ ལློ་ངོ་གཅིག་ལངས་ཡི་ཟེར་ཞུ་ནི་ཨིན་ལགས། 
ད་རེས་འབདཝ་ད་ ཁོ་གིས་ཨམ་སྲུ་གཞན་མི་གཅིག་བརྟེན་ཏེ་ ཁྱིམ་ནང་རྩ་ལས་ལློག་འློང་མ་བཏུབ་ལས་ ནཱ་ཁྲིམས་ཀྱི་འདུན་ས་ལུ་ 
མ་བཅར་ཐབས་མེད་སློང་ཡློད། དེ་ཡང་ དང་པ་ལུ་ ང་ར་ སློབ་གྲྭ་ནང་དཔེ་ཆ་བལྟ་འཕྲློ་ལས་ ཁོ་གིས་གཉེན་རྐྱབ་གེ་ཟེར་ 
སློབ་རིམ་ ༡༡ པ་ལས་ འཕྲློ་མཐུད་དཔེ་ཆ་བལྟ་མ་ཚུགས་པའི་ཁར་ གཉིས་པ་ལུ་ གཟུགས་སློ་ཁོག་ཐལ་ཏེ་ ཟླ་ངོ་ ༣ དེ་ཅིག་འགྱོ་
ཡི་ཟེར་ཞུ་ནི་ཨིན་ལགས། 
ཁོ་གིས་ བཅུད་ཅན་གྱི་བཞེས་སྒོ་བྱིན་ནི་ཕར་ར་བཞག་ རང་གི་ཕམ་དང་སྤུན་ཆ་གིས་ ལེགས་ཤློམ་འབད་ བཤད་དེ་སབ་རུང་    
ཡ་འབད་མ་བཏུབ་མ་ཚད་ ངེ་གི་ཨ་པ་ལུ་ཡང་ ལགཔ་བཀལ་ནིའི་རྩིས་རྐྱབ་ཡློདཔ་ལས་ འདི་ནཱ་ཁྲིམས་ཀྱི་འདུན་ས་ལུ་ མ་ཞུ་ཐབས་
མེད་སློང་ཡི་ཟེར་ཞུ་ནི་ཨིན་ལགས། 
དེ་ཡང་ རང་སློབ་གྲྭ་ནང་དཔེ་ཆ་བལྟ་འཕྲློ་ལས་ ཁོ་དང་གཅིག་ཁར་གཉེན་རྐྱབ་གེ་ཟེར་ ངེ་གི་ཨ་པ་དང་ཨའི་ལུ་ བསྟུན་གྲོས་འཚློལ་ཏེ་ 
ཐློན་འློངམ་ལས་ ཁོང་ཕམ་གཉིས་ མི་གནགཔ་ཨིན་པའི་ཁར་ རང་ཨམ་སྲུ་གི་སེམས་འབདཝ་ལས་ ཁོ་དང་གཅིག་ཁར་གཉེན་
བསློམས་ཏེ་ ལློ་ངོ་གཅིག་ལངས་སློང་ཡི། 
ཞེས་རང་ལུགས་གནམ་ལློ་ ས་ཕློ་བྱི་ལློ་ ཟླ་ ༢ པའི་ཚེས ༢༤ དང་སྤྱི་ཚེས ༡༦/༤/༢༠༢༠ ལུ་གོང་མིང་པས་  

           ག་བཅས་ཕྱ  
            ཕུལ། 
 
 

  

ཁྲིམས་རྟགས། 

ཁྲིམས་རྟགས། 

མགུལ་རྒྱན། 

གུས་ཕབ། 

ཕུལ་ཕབ། 



 རང་ཉིད་སློབ་སློན་མཁོ་ཆས། 
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གནས་རིམ– ༥ པ།  

   

སྦྱློང་ལཱ་བཅད་ཐིག་༡ པ། འློག་གི་མིང་ཚིག་ཚུ་གི་ནང་ལས་ འདྲེན་ཚིག་ཚུ་ངོས་འཛིན་འབད་དེ་བྲིས། 
སྦྱློང་ལཱའི་བཀོད་བྱ། 
 

༡༽ སྦྱློང་ལཱ་ཚུ་རང་སློའི་འབྲི་དེབ་ནང་ལུ་
བྲི་ནི། 
 

 

 

▪ ཞུ་ཚིག་ནང་ཚང་དགོ་པའི་ཁྱད་རྣམ་ཚུ་ སློབ་དེབ་ལྷན་ཐབས་འབད་དེ་ 
རེ་རེ་བཞིན་དུ་ཐློ་བཀོད། 

▪ འློག་གི་གནད་དློན ༣ ལས་ ༡ གདམ་འཐུ་འབད་དེ་  ཁྱད་ཆོས་
ལྡན་ཏློག་ཏློ་འབད་མིའི་ ཞུ་ཚིག་ཅིག་བཞེངས། 

▪ ས་གཞི་ཉོ་སློང་དང་འབྲེལ་བའི་རྙོགས་གཞི་ཅིག་གི་ཐློག་ལུ་ ཞུ་ཚིག་
ཅིག་བཞེངས། 

▪ ཕློ་མློ་གཉེན་ཡ་བྲལ་སློང་ཡློད་པའི་གནད་དློན་ཐློག་ལུ། 
▪ དངུལ་བསྐྱི་བཅུག་པའི་ཤུལ་ལུ་ ལློག་སྟེ་དངུལ་སློད་མ་བཏུབ་པའི་

གནད་དློན་ཐློག་ལུ།  

ཞུ་ཚིག་ནང་ལུ་ འློག་གི་གནད་དློན་ཚུ་ག་ར་ ཚངམ་འབད་ ཚུད་དགོ།  
• རྩབློ་ ཕན་ཚུན་གཉིས་ཀྱི་སྐོར་ལས་ ངོ་སློད་ཁ་གསལ།  
• རྩློད་གཞི་ག་ཅི་གི་སྐོར་ལས་ཨིན་ན་ གནད་དློན་ཁ་གསལ། 
• རྩ་ཕན་གཉིས་ཀྱི་ མི་ཁུངས་ངོ་སློད་ ལག་ཁྱེར་གྱི་ཨང་། 
• རྩ་ཕན་གཉིས་ཀྱི་ གཡུས་ རྒེད་འློག་ རློང་ཁག་ལ་སློགས་པ། 

• ཞུ་ཚིག་ཟེར་མི་འདི་ རང་ལུ་ཁེ་རྒུད་མ་བཏུབ་པར་ སབ་གཞི་དང་རྩློད་གཞི་ཕྱེ་ནིའི་དློན་ལུ་ ཁྲིམས་ཁང་ནང་ལུ་ཕུལ་
མིའི་ ཡི་གུ་འདི་ལུ་ སབ་ཨིན། འདི་ལུ་ མིང་གི་རྣམ་གྲངས་ བཤེར་ཡིག་ཟེར་ཡང་སབ་ཨིན། 

  ལྟག་གི་ཞུ་ཚིག་འདི་ལས་དཔེ་བལྟ་སྟེ་ ཁྱོད་ར་གིས་ཞུ་ཚིག་གསརཔ་ཅིག་བྲིས།  
 གནད་དློན། ཁྱོད་རའི་ཆ་རློགས་གཅིག་གིས་ ཁྱོད་ལས་ཏི་རུ་ ༣༠༠༠༠ /-  (སློང་ཕྲག་སུམ་ཅུ་ཐམ་པ་) བསྐྱི་འབག་

ཞིནམ་ལས་ ལློག་སྐྱིན་ཚབ་སློད་མ་བཏུབ་པའི་སྐོར། 

 སྦྱློང་ལཱ་ ༡ པ།  

 བཅུད་བསྡུས།  

རང་ཉིད་ལྷབ་སྦྱང་ དབྱེ་ཞིབ། 
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MATHEMATICS 

1. Matrices 

 

 

 

 

 

Introduction 

The concept of matrix was developed after recognizing the idea of determinant. Only gradually 

did the idea of the matrix as an algebraic entity emerge. In the 19th-century, British 

mathematician James Sylvester introduced the term matrix, but it was his friend the 

mathematician Arthur Cayley who developed the algebraic aspect of matrices in two papers in 

the 1850s. Cayley applied them to the study of systems of linear equations, where they are still 

very useful. Matrices have also come to have important applications in computer graphics, where 

they have been used to represent rotations and other transformations of images (e.g. Adobe 

Photoshop). In physics, matrices are used in the study of electrical circuits, quantum mechanics, 

optics, electronic networks, airplane, spacecraft and in chemical engineering. Matrices are also 

used in large scale in hospital for medical imaging, CAT scans and MRI’s. And it has many 

applications as well in the fields like ICT, geology and statistics.  

Matrix 

A matrix is an array of numbers, symbols, or expressions arranged in rows and columns displayed 

inside a pair of square bracket or parentheses. Thus, the symbol [
𝑎11 𝑎12

𝑎21 𝑎22
] represents a matrix 

with elements 𝑎11, 𝑎12 , 𝑎21 𝑎𝑛𝑑 𝑎22. These elements are also known as entries of a matrix. 

 

[
𝑎11 𝑎12

𝑎21 𝑎22
] 

 

 

 

Here ′𝑎′  denote an entry in a matrix and the two subscripts of this elements are the address of the 

elements in 𝑖th row and 𝑗th column. Where the entry 𝑎12 is the element in the first row and second 

column.  

 

 

 

• Define matrix and its types. 

• Compute addition and subtraction of matrices. 

• Determine multiplication of matrices. 

• Calculate adjoint and inverse of a matrix. 

• Apply matrix multiplication in real life situation. 

• Solve simultaneous linear equation consisting 2 or 3 variables. 

 

 

 
 
 

Row 

Column 

Elements/Entries 
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The Order of a Matrix 

The order or dimension of the matrix 𝐴 = [
1 2
3 4

] is 2 × 2 (𝑟𝑒𝑎𝑑 "𝑡𝑤𝑜 𝑏𝑦 𝑡𝑤𝑜"). Note that the 

number of rows is given first and then the number of columns. 

Types of Matrices  

Different types of matrices are: (It is possible for a matrix to belong to more than one type.) 

1. Row matrix: A row matrix is a matrix with only one row.  

Example: A is a row matrix of order 1 × 3  

𝑨 = [𝟏 𝟎 −𝟏] 

2. Column matrix: A column matrix is a matrix with only one column. 

Example: B is a column matrix of order 3 × 1 

𝑩 = [
𝑎
𝑏
𝑐

] 

3. Rectangular matrix: A rectangular matrix is a matrix with unequal number of rows and 

columns. 

Example: C is a rectangular matrix of order 2 × 3 

𝑪 = [
1 2 3
𝑎 𝑏 𝑐

] 

4. Null matrix or zero matrix: A null matrix is a matrix with all elements equal to zero. 

Example: D is a null matrix of order 3 × 3  

𝑫 = [
0 0 0
0 0 0
0 0 0

] 

5. Square matrix: A square matrix is a matrix with equal number of rows and columns. 

Example: E is a square matrix of order 2 × 2 

𝑬 = [
1 2
𝑎 𝑏

] 

6. Diagonal matrix: A diagonal matrix is a square matrix which has non-zero elements in leading 

diagonal and other elements being zeros.   

Example:  F is a diagonal matrix of order 3 × 3   

𝑭 = [
1 0 0
0 2 0
0 0 3

] 

F is also denoted as Diag[1 2 3]. 

7. Scalar matrix: A scalar matrix is a square matrix in which the diagonal elements are equal and 

other elements being zeros. 

Example: G is a scalar matrix of order 3 × 3  

 𝑮 = [
2 0 0
0 2 0
0 0 2

] 
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8. Unit matrix or identity matrix: Unit matrix is a square matrix in which the diagonal elements 

are unity and other elements being zeros. Note that unit matrix of order 𝑛 is denoted by 𝐼𝑛 . 

Example: I is a unit matrix of order 2 × 2 

𝐼2 = [
1 0
0 1

] 

9. Sub-matrix: A sub-matrix is a matrix obtained by deleting the rows or columns or both of a 

matrix. 

Example: If 𝑨 = [
2 1 0
4 3 1
1 5 2

] , then 𝑩 = [
1 0
3 1

] is a sub-matrix of A obtained by deleting third 

row and first column of matrix A.  

 

10. Comparable matrices: The comparable matrices are those matrices whose order or dimension 

of matrices are same. 

Example: Matrices A and B are comparable as they have equal numbers of rows and columns.  

 𝑨 = [
1 2
3 4

] and 𝑩 = [
𝑥 𝑦
𝑎 𝑏

] 

 

1. What are the possible orders it can have for a matrix of 6 elements? 

2. How many entries are there in (i) a 2 × 3 matrix, (ii) an m × n matrix? 

Operations on Matrices 

Two matrices can be added or subtracted if and only if the order or dimension of the matrices are 

same.  

The sum or addition of matrices: 

If the matrices 𝑷 = [
2 1 1

−1 0 3
1 −2 2

] and 𝑸 = [
−2 1 0
4 −3 1
1 3 2

] are of order 3 × 3, then the sum of the 

matrices (𝐴 + 𝐵) is  

                     

                                      = [
2 1 1

−1 0 3
1 −2 2

] + [
−2 1 0
4 −3 1
1 3 2

]  

                                                      

                                      = [
2 + (−2) 1 + 1 1 + 0
−1 + 4 0 + (−3) 3 + 1
1 + 1 −2 + 3 2 + 2

]  

 

                                         ∴ (𝑃 + 𝑄) = [
0 2 1
3 −3 4
2 1 4

]      

Add first entry element 

of matrix P with 

corresponding element 

in matrix Q. Follow the 

same step till the last 

entry.  

 
ACTIVITY 1  
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The difference or subtraction of matrices: 

If the matrices 𝑨 = [
3 −2 0
3 0 −1
2 4 −3

] and 𝑩 = [
−1 0 3
4 −3 1
1 −1 2

] are of order 3 × 3, then the difference 

of the matrices (𝐴 − 𝐵) is  

 

                     

                                      = [
3 −2 0
3 0 −1
2 4 −3

] − [
−1 0 3
4 −3 1
1 −1 2

] 

                                                      

                                      = [

3 − (−1) −2 − 0 0 − 3
3 − 4 0 − (−3) −1 − 1
2 − 1 4 − (−1) −3 − 2

]  

                    ∴ (𝐴 − 𝐵) = [
4 −2 −3

−1 3 −2
1 5 −5

]      

Additional examples on addition and subtraction of matrices: 

Example 1: [
−3 6
1 −5

]+[
−1 4
5 −5

] = [
−3 + (−1) 6 + 4

1 + 5 −5 + (−5)
] 

                                      = [
−4 10
6 −10

]  

Example 2: [
12 8
−5 5

] − [−5 7
−5 3

] = [
12 − (−5) 8 − 7
−5 − (−5) 5 − 3

] 

                                   = [
17 1
0 2

]  

Multiplication of a Matrix by a Scalar 

In matrices, a scalar is often referred to as real numbers. We can apply the same concept of repeated 

addition of same matrix in the form of multiplication.  

Let  𝐴 = [
1 2
3 4

] and by definition of the addition of matrices; 

𝐴 + 𝐴 = [
1 2
3 4

] + [
1 2
3 4

] = [
2 4
6 8

]  

This expression 𝐴 + 𝐴 can be written as 2𝐴, which implies 𝐴 + 𝐴 = [
2 4
6 8

] = 2 × [
1 2
3 4

] 

                                                                                                                           = [
2 4
6 8

]   

And 𝐴 + 𝐴 + 𝐴 = [
1 2
3 4

] + [
1 2
3 4

] + [
1 2
3 4

] = [
2 4
6 8

] + [
1 2
3 4

] = [
3 6
9 12

] 

This expression 𝐴 + 𝐴 + 𝐴 can be written as 3𝐴, which implies 𝐴 + 𝐴 + 𝐴 = [
3 6
9 12

] 

                                                                                                                 = 3 × [
1 2
3 4

] 

                                                                                                                 = [
3 6
9 12

]   

Subtract first entry 

element of matrix B 

from corresponding 

element in matrix A. 

Follow the same step 

till the last entry.  
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We define the product of a real number or scalar 𝑘 and a matrix 𝐴, denoted by 𝑘𝐴, as the matrix 

whose entries are the products of 𝑘 and the crossponding entries of A. Thus 

                        𝑘 [
1 2
3 4

] = [1𝑘 2𝑘
3𝑘 4𝑘

] where k belongs to real number (𝑘𝜖𝑅) 

 

Example 1: Evaluate 3𝐴 − 2𝐵 where 𝐴 = [
1 5 −1
2 −1 1
3 1 2

]  𝑎𝑛𝑑 𝐵 = [
6 −2 2
2 −1 3
1 2 4

] 

Solution: 3𝐴 = 3 × [
1 5 −1
2 −1 1
3 1 2

] = [
3 × 1 3 × 5 3 × (−1)
3 × 2 3 × (−1) 3 × 1
3 × 3 3 × 1 3 × 2

] 

                                                         = [
3 15 −3
6 −3 3
9 3 6

]  

 

And, 2𝐵 = 2 × [
6 −2 2
2 −1 3
1 2 4

] = [
2 × 6 2 × (−2) 2 × 2
2 × 2 2 × (−1) 2 × 3
2 × 1 2 × 2 2 × 4

]     

                                                = [
12 −4 4
4 −2 6
2 4 8

]  

∴ 3𝐴 − 2𝐵 = [
3 15 −3
6 −3 3
9 3 6

] − [
12 −4 4
4 −2 6
2 4 8

] = [
−9 19 −7
2 −1 −3
7 −1 −2

]    

 

Example 2: If 𝐴 = 𝑑𝑖𝑎𝑔[3 −2 1] 𝑎𝑛𝑑 𝐵 = 𝑑𝑖𝑎𝑔[1 3 −2], find 2𝐴 − 3𝐵.   

Solution: Given  A = diag[3 −2 1] = [
3 0 0
0 −2 0
0 0 1

]  

                   And B = diag[1 3 −2] = [
1 0 0
0 3 0
0 0 −2

] 

∴ 2𝐴 − 3𝐵 = 2 × [
3 0 0
0 −2 0
0 0 1

] − 3 × [
1 0 0
0 3 0
0 0 −2

] 

                                                    = [
6 0 0
0 −4 0
0 0 2

] − [
3 0 0
0 9 0
0 0 −6

]  

                                                    = [
6 − 3 0 0

0 −4 − 9 0
0 0 2 − (−6)

] 

                                                   = [
3 0 0
0 −13 0
0 0 8

]   

                                                    

= 𝑑𝑖𝑎𝑔[3 −13 8] 
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Example 3: Find a matrix X such that 3𝐴 − 2𝐵 + 𝑋 = 0 where, 

                             𝐴 = [
3 1 3
1 2 2
2 3 1

] and 𝐵 = [
1 −2 1

−1 2 1
2 3 4

] 

 

Solution: Given, 3𝐴 − 2𝐵 + 𝑋 = 0   

Then, make matrix X as a subject or take X alone on one of side that is 

                                      𝑋 = −3𝐴 + 2𝐵  

Now, find the matrix X 

    𝑋 = −3𝐴 + 2𝐵 = −3 × [
3 1 3
1 2 2
2 3 1

] + 2 × [
1 −2 1

−1 2 1
2 3 4

] 

                                                            

                               = [
−9 −3 −9
−3 −6 −6
−6 −9 −3

] +  [
2 −4 2

−2 4 2
4 6 8

] 

 

                                 = [
−9 + 2 −3 − 4 −9 + 2
−3 − 2 −6 + 4 −6 + 2
−6 + 4 −9 + 6 −3 + 8

] 

 

                                 = [
−7 −7 −7
−5 −2 −4
−2 −3 5

] .  

1.  Given 𝐴 = [
1 2
3 4
5 6

] , 𝐵 = [
2 −1
3 −2
0 1

] and 𝐶 = [
4 2
1 0

−2 −4
], compute the following 

a) 𝐴 + 𝐵       b)   𝐴 − 𝐵 + 𝐶      

2. Solve the matrix equation 𝑋 + [
0 0 1
0 1 0
1 0 0

] = [
2 1 2
3 2 3
4 3 4

] for the 3 × 3 matrix X. 

3. If 𝐴 = [
2 2 2
2 1 −3
1 0 4

] , 𝐵 = [
3 3 3
3 0 5
6 9 −1

] 𝑎𝑛𝑑 𝐶 = [
4 4 4
5 −1 4
7 8 −1

], find 3𝐴 − 6𝐵 + 9𝐶. 

4. If 𝐴 = 𝑑𝑖𝑎𝑔[1 −4 8] 𝑎𝑛𝑑 𝐵 = 𝑑𝑖𝑎𝑔[−2 3 5], 𝑎𝑛𝑑 𝐶 = 𝑑𝑖𝑎𝑔[−3 7 10],  

find 𝐵 + 2𝐶 − 𝐴.   

 

 

 

This process of solving 

matrices is called solving 

matrix equations.   

 ACTIVITY 2  
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Multiplication of Matrices 

You can multiply matrices if and only if the order of first matrix let say matrix 𝐴 with 𝑚 × 𝑛 and 

second matrix 𝐵 with 𝑛 × 𝑝 where the number of columns in matrix A is same as the number of 

rows in matrix B. Then, if 𝐶 is the product matrix the dimension of product matrix is the number 

of rows in the first matrix A times the number of columns in second matrix B. 

 

 

𝐴𝑚×𝑛 × 𝐵𝑛×𝑝 = 𝐶𝑚×𝑝 

 

 

The steps how to multiply matrices: 

Let’s assume two matrices where 𝐴 = [
1 2
3 4
5 6

]  𝑎𝑛𝑑 𝐵 = [
1 2
3 4

]. Then follow the following steps. 

Step 1: Check whether the matrices are multipliable. If the matrix A has the same number of 

columns as matrix B has rows, then procced to step 2. 

𝐴3×2 × 𝐵2×2 = 𝐶3×2 

Step 2:  Follow “Multiply row by column” process. Where the entries of a row in matrix A is 

multiplied to the corresponding entries of a column in matrix B and then add the products. That 

is, 

 

𝐴 × 𝐵 = [
1 2
3 4
5 6

]  × [
1 2
3 4

] = [
1 × 1 + 2 × 3 1 × 2 + 2 × 4

] 

 

 

𝐴 × 𝐵 = [
1 2
3 4
5 6

]  × [
1 2
3 4

] = [
7 10

3 × 1 + 4 × 3 3 × 2 + 4 × 4] 

 

𝐴 × 𝐵 = [
1 2
3 4
5 6

]  × [
1 2
3 4

] = [
7 10

15 22
5 × 1 + 6 × 3 5 × 2 + 6 × 4

] 

 

                𝐴 × 𝐵 = [
1 2
3 4
5 6

]  × [
1 2
3 4

] = [
7 10

15 22
23 34

] 

  

 

 

 

Same 

Order of product 

Aid to memory:  

[ 1𝑠𝑡 𝑟𝑜𝑤 × 1𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 1𝑠𝑡 𝑟𝑜𝑤 × 2𝑛𝑑 𝑐𝑜𝑙𝑢𝑚𝑛
2𝑛𝑑 𝑟𝑜𝑤 × 1𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 2𝑛𝑑 𝑟𝑜𝑤 × 2𝑛𝑑 𝑐𝑜𝑙𝑢𝑚𝑛

] 
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Example: If 𝐴 = [
1 2 3
2 3 −1
1 2 1

] and 𝐵 = [
5 1 4
4 2 0
0 1 1

], find 𝐴𝐵. 

Solution: 𝐴𝐵 = [
1 2 3
2 3 −1
1 2 1

] × [
5 1 4
4 2 0
0 1 1

] 

   

= [
1 × 5 + 2 × 4 + 3 × 0 1 × 1 + 2 × 2 + 3 × 1 1 × 4 + 2 × 0 + 3 × 1

2 × 5 + 3 × 4 + (−1) × 0 2 × 1 + 3 × 2 + (−1) × 1 2 × 4 + 3 × 0 + (−1) × 1
1 × 5 + 2 × 4 + 1 × 0 1 × 1 + 2 × 2 + 1 × 1 1 × 4 + 2 × 0 + 1 × 1

]  

    = [
5 + 8 1 + 4 + 3 4 + 3

10 + 12 2 + 6 − 1 8 − 1
5 + 8 1 + 4 + 1 4 + 1

]  

 ∴ 𝐴𝐵 = [
13 8 7
22 7 7
13 6 5

]  

 

Application of matrix multiplication 

As you know that matrix has lots of application in our daily life. You will see some application of 

matrix which is commonly used depending on different situations.  

Example 1: A man buys 8 dozen mangoes, 10 dozen apples and 4 dozen bananas. Mangoes cost 

Nu 18 per dozen, apples Nu 9 per dozen and bananas Nu 6 per dozen. Represent the quantities 

bought by a row matrix and the price by a column matrix and hence obtain the total cost. 

Solution: Given that the quantities should be represented by a row matrix and the price by a 

column matrix. 

Let Q be the matrix of quantities and P be the matrix of the price.  

Then,  

    𝑄 = [8 10 4]1×3 𝑎𝑛𝑑 𝑃 = [
18
9
6

]

3×1

  

The total cost = 𝑄 × 𝑃 = [8 10 4] × [
18
9
6

] 

               = [8 × 18 + 10 × 9 + 4 × 6]  

                           = [144 + 90 + 24]     

                           = [258]   

            ∴ 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 = 𝑁𝑢 258  

 

 

 

Note: Check whether matrices are multipliable. 

Then follow the same step of matrix multiplication. 

Here,𝑄1×3 × 𝑃3×1 = [𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡]1×1 
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1. Calculate: 

a) [3 −1] [
−2

−10
]         b)   [

2 3 4
3 4 5
4 5 6

] [
1 −3 5
0 2 4
3 0 5

] 

 

2. Evaluate: [1 −2 3] [
2 −1 5
0 2 4

−7 5 0

] − [2 −5 7] 

3. A store has in stock 20 dozen shirts, 15 dozen trousers and 25 dozen pairs of socks. If the 

selling prices are Nu 50 per shirt, Nu 90 per trouser and Nu 12 per pair of socks, then find 

the total amount the store owner will get after selling all the items in the stock.  

Transpose Matrix 

The matrix obtained from any given matrix A by interchanging its rows and the columns is called 

the transpose of the given matrix and is denoted by 𝐴𝑇𝑜𝑟 𝐴′. 

Note: If the order of matrix A is 𝑚 × 𝑛, then the order of 𝐴𝑇𝑜𝑟 𝐴′ is 𝑛 × 𝑚. 

 

     Examples: If 𝐴 = [
1 2
3 4

], then 𝐴𝑇 = [
1 3
2 4

] and if 𝐴 = [
1 3
2 4

], then 𝐴𝑇 = [
1 2
3 4

]     

 

Properties of Transpose Matrix 

Property 1. If A is any matrix then (𝐴′)′ = 𝐴  

Property 2. If A and B are two matrices of the same order then (A+B)′=𝐴′ + 𝐵′ 

Property 3. If A is m × p matrix and B is p × n matrix then (AB)′=𝐵′𝐴′ 

Property 4. If A is a matrix and k is a scalar then (KA )′=𝐾𝐴′ 

 

Example: If 𝐴 = [
2 3 4
5 7 9

−2 1 1
] and 𝐵 = [

4 0 5
1 2 0
0 3 1

], find (𝐴𝐵)′. 

Solution: Given,    

                      𝐴 = [
2 3 4
5 7 9

−2 1 1
] and 𝐵 = [

4 0 5
1 2 0
0 3 1

] 

 

Then, 𝐴𝐵 = [
2 3 4
5 7 9

−2 1 1
] [

4 0 5
1 2 0
0 3 1

] 

              

ACTIVITY 3  
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= [
2 × 4 + 3 × 1 + 4 × 0 2 × 0 + 3 × 2 + 4 × 3 2 × 5 + 3 × 0 + 4 × 1
5 × 4 + 7 × 1 + 9 × 0 5 × 0 + 7 × 2 + 9 × 3 5 × 5 + 7 × 0 + 9 × 1

−2 × 4 + 1 × 1 + 1 × 0 −2 × 0 + 1 × 2 + 1 × 3 −2 × 5 + 1 × 0 + 1 × 1
] 

 

             = [
8 + 3 6 + 12 10 + 4

20 + 7 14 + 27 25 + 9
−8 + 1 2 + 3 −10 + 1

]  

 

            = [
11 18 14
27 41 34
−7 5 −9

]  

 

∴ (𝐴𝐵)′ = [
11 18 14
27 41 34
−7 5 −9

]

𝑇

= [
11 27 −7
18 41 5
14 34 −9

]  

 

Cofactor of a matrix 

Consider a matrix  

                            𝐴 = [

𝑎11 𝑎12 𝑎13

𝑎21 𝑎22 𝑎23

𝑎31 𝑎32 𝑎33

]  

The cofactor of any element 𝑎𝑖𝑗 of the matrix is denoted by 𝐴𝑖𝑗 and is equal to 

(−1)𝑖+𝑗 × 𝑚𝑖𝑛𝑜𝑟 𝑜𝑓𝑎𝑖𝑗  𝑖𝑛 |𝐴|. 

Thus, for the matrix  𝐴 = [

𝑎11 𝑎12 𝑎13

𝑎21 𝑎22 𝑎23

𝑎31 𝑎32 𝑎33

] 

 

Cofactor of  𝑎11 = 𝐴11 = (−1)1+1 × |
𝑎22 𝑎23

𝑎32 𝑎33
| = |

𝑎22 𝑎23

𝑎32 𝑎33
| 

Cofactor of  𝑎12 = 𝐴12 = (−1)1+2 × |
𝑎21 𝑎23

𝑎31 𝑎33
| = − |

𝑎21 𝑎23

𝑎31 𝑎33
| 

Cofactor of  𝑎13 = 𝐴13 = (−1)1+3 × |
𝑎21 𝑎22

𝑎31 𝑎32
| = |

𝑎21 𝑎22

𝑎31 𝑎32
| 

Cofactor of  𝑎21 = 𝐴21 = (−1)2+1 ×  |
𝑎12 𝑎13

𝑎32 𝑎33
| = − |

𝑎12 𝑎13

𝑎32 𝑎33
| 

Cofactor of  𝑎22 = 𝐴22 = (−1)2+2 ×  |
𝑎11 𝑎13

𝑎31 𝑎33
| = |

𝑎11 𝑎13

𝑎31 𝑎33
| 

     Cofactor of  𝑎23 = 𝐴23 = (−1)2+3 × |
𝑎11 𝑎12

𝑎31 𝑎32
| = − |

𝑎11 𝑎12

𝑎31 𝑎32
| 

Cofactor of  𝑎31 = 𝐴31 = (−1)3+1 ×  |
𝑎12 𝑎13

𝑎22 𝑎23
| = |

𝑎12 𝑎13

𝑎22 𝑎23
| 

Cofactor of  𝑎32 = 𝐴32 = (−1)3+2 ×  |
𝑎11 𝑎13

𝑎21 𝑎23
| = − |

𝑎11 𝑎13

𝑎21 𝑎23
| 

Cofactor of  𝑎33 = 𝐴33 = (−1)3+3 ×  |
𝑎11 𝑎12

𝑎21 𝑎22
| = |

𝑎11 𝑎12

𝑎21 𝑎22
| 
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Example: If 𝐴 = [
1 2 4
5 7 8
9 10 12

] , find the cofactors of elements 5 and 10. 

Solution: The cofactor of the element 5 i.e., 𝑎21 is 

                  𝐴21 = (−1)2+1 × |
2 4

10 12
| = − |

2 4
10 12

| = −(24 − 40) = −(−16) = 16 

                The cofactor of element 10 i.e., 𝑎32 is 

                 𝐴32 = (−1)3+2 × |
1 4
5 8

| = − |
1 4
5 8

| = −(8 − 20) = −(−12) = 12 

 

Adjoint of a Square Matrix 

The adjoint of a square matrix is the transpose of the matrix obtained by replacing each element 

of A by its cofactor in |A|. 

i.e., let 𝐴 = [

𝑎11 𝑎12 𝑎13

𝑎21 𝑎22 𝑎23

𝑎31 𝑎32 𝑎33

] be a 3 × 3 square matrix, and 𝐴𝑖𝑗 be the cofactor of 𝑎𝑖𝑗, the adjoint 

of A denoted by adj.A is defined by  

adj. A= [
𝐴11 𝐴12 𝐴13

𝐴21 𝐴22 𝐴23

𝐴31 𝐴32 𝐴33

]

′

= [
𝐴11 𝐴21 𝐴31

𝐴12 𝐴22 𝐴32

𝐴13 𝐴23 𝐴33

]  

 

Example 1: Find the adjoint of the matrix A = [
2 −3

−1 −1
] 

Solution: A = [
2 −3

−1 −1
] 

𝐴11 = (−1)1+1|−1| = −1, 𝐴12 = (−1)1+2|−1| = 1, 𝐴21 = (−1)2+1|−3| = 3, 𝐴22

= (−1)2+2|2| = 2 

Therefore, adj. A= [
𝐴11 𝐴12

𝐴21 𝐴22
]

′

= [
−1 1
3 2

]
′

= [
−1 3
1 2

] 

Example 2: If A = [
1 2
3 4

], then verify that A (adj A) = (adj A) A = |A|𝐼2. 

Solution: We have A = [
1 2
3 4

]  

Then, 𝐴11 = (−1)1+1|4| = 4 

 𝐴12 = (−1)1+2|3| = −3  

 𝐴21 = (−1)2+1|2| = −2   

𝐴22 = (−1)2+2|1| = 1  

∴ (𝑎𝑑𝑗 𝐴) = [
𝐴11 𝐴12

𝐴21 𝐴22
]

′

= [
4 −3

−2 1
]

′

= [
4 −2

−3 1
]  

∴ 𝐴(𝑎𝑑𝑗 𝐴) = [
1 2
3 4

] [
4 −2

−3 1
] = [

4 − 6 −2 + 2
12 − 12 −6 + 4

] = [
−2 0
0 −2

]  
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∴ (𝑎𝑑𝑗 𝐴)𝐴 = [
4 −2

−3 1
] [

1 2
3 4

] = [
4 − 6 8 − 8

−3 + 3 −6 + 4
] = [

−2 0
0 −2

] 

 

|A|𝐼2 = |
1 2
3 4

| [
1 0
0 1

] = (4 − 6) [
1 0
0 1

] = −2 [
1 0
0 1

] = [
−2 0
0 −2

] 

 

∴A (adj A) = (adj A) A = |A|𝐼2 

 

Example 3: Find the adjoint of the matrix 𝐴 = [
1 −1 2
0 2 −3
3 −2 4

]. 

Solution: The cofactors of the elements are; 

𝐴11 = (−1)1+1 |
2 −3

−2 4
| = (8 − 6) = 2 

   𝐴12 = (−1)1+2 |
0 −3
3 4

| = −(0 + 9) = −9 

𝐴13 = (−1)1+3 |
0 2
3 −2

| = (0 − 6) = −6 

                                𝐴21 = (−1)2+1 |
−1 2
−2 4

| = −(−4 + 4) = 0    

                                𝐴22 = (−1)2+2 |
1 2
3 4

| = (4 − 6) = −2  

  𝐴23 = (−1)2+3 |
1 −1
3 −2

| = −(−2 + 3) = −1 

𝐴31 = (−1)3+1 |
−1 2
2 −3

| = (3 − 4) = −1 

𝐴32 = (−1)3+2 |
1 2
0 −3

| = −(−3 − 0) = 3 

𝐴33 = (−1)3+3 |
1 −1
0 2

| = (2 + 0) = 2 

∴ 𝑎𝑑𝑗 𝐴 = [
2 −9 −6
0 −2 −1

−1 3 2
]

𝑇

= [
2 0 −1

−9 −2 3
−6 −1 2

] 

 

Inverse of a Matrix  

For the given matrix A, inverse exists if it satisfies the following conditions 

1. A must be square matrix 

2. Determinant of A is not equal to zero (i.e., |𝐴| ≠ 0) 

Note: Inverse of a matrix is denoted as 𝐴−1 and it is found as  𝐴−1 =
1

|𝐴|
𝐴𝑑𝑗𝐴   

Steps to find inverse of given square matrix A 

Step1: Find the value of  |𝐴|, inverse exists only if |𝐴| ≠ 0, proceed to 2nd step only if |𝐴| ≠ 0 

Step 2: Find Adjoint of given matrix A 



  SELF-INSTRUCTIONAL MATERIALS 
 

 

55   Mathematics-Classes XI&XII  

 

Step 3: Substitute the values obtained in first two steps in 𝐴−1 =
1

|𝐴|
𝐴𝑑𝑗𝐴, to obtain inverse of 

given matrix. 

Example 1: Finding inverse for 2x2 square matrix 

 If A = [
2 −3

−1 −1
], find 𝐴−1. 

Solution:  

Step 1. Find the determinant of A. 

 | A | = |
   2 −3
−1 −1

| = (2 × −1) − (−3 × −1) = −2 − 3 = −5 

                                ∴|A| ≠ 0, A has an inverse. 

Step 2. Find the adjoint of A 

          𝐴11 = (−1)1+1|−1| = −1 

  𝐴12 = (−1)1+2|−1| = 1  

 𝐴21 = (−1)2+1|−3| = 3   

 𝐴22 = (−1)2+2|2| = 2  

Therefore 𝐴𝑑𝑗𝐴 = [
−1 1
−3 2

]
𝑇

= [
−1    3
   1    2

] 

Step 3: Substitute the value of | A | and Adj A in 𝐴−1 =
1

|𝐴|
𝐴𝑑𝑗𝐴     

                                  ∴  𝐴−1 =
1

−5
[
−1 3
1 2

]  = [

1

5

3

−5
1

−5

2

−5

] 

Procedure to find the inverse of a square matrix of order 2 (shortcut) 

Step 1: Check whether the inverse exists by finding determinant of A or |A|. The inverse will exist 

if (if and only if) |A| ≠0 

Step 2: Interchange the entries on the leading diagonal and change the signs of the entries on the 

other diagonal. 

Step 3: Divide the result of step 2 by | A |. 

i.e., If A = [
𝑎 𝑏
𝑐 𝑑

], then the inverse matrix of A denoted by 𝐴−1 exist if 𝑎𝑑 − 𝑏𝑐 ≠ 0 and in this 

case 𝑨−𝟏 =
𝟏

𝒂𝒅−𝒃𝒄
[ 𝒅 −𝒃
−𝒄 𝒂

]  
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Example 2: Finding inverse for 3x3 square matrix, 

If  𝐴 = [
1 −1    2
0    2 −3
3 −2   4

], find inverse of A. 

Step 1: Find the determinant of A. 

| A |=|
1 −1 2
0 2 −3
3 −2 4

| = 1(8 − 6) + 3(3 − 4) = 2 − 3 = −1 

Since | A | is not equal to zero, 𝐴−1 exists 

Step 2: Find adjoint of A 

The cofactors of the elements are; 

𝐴11 = (−1)1+1 |
2 −3

−2 4
| = (8 − 6) = 2 

   𝐴12 = (−1)1+2 |
0 −3
3 4

| = −(0 + 9) = −9 

𝐴13 = (−1)1+3 |
0 2
3 −2

| = (0 − 6) = −6 

                                𝐴21 = (−1)2+1 |
−1 2
−2 4

| = −(−4 + 4) = 0    

                                𝐴22 = (−1)2+2 |
1 2
3 4

| = (4 − 6) = −2  

  𝐴23 = (−1)2+3 |
1 −1
3 −2

| = −(−2 + 3) = −1 

𝐴31 = (−1)3+1 |
−1 2
2 −3

| = (3 − 4) = −1 

𝐴32 = (−1)3+2 |
1 2
0 −3

| = −(−3 − 0) = 3 

𝐴33 = (−1)3+3 |
1 −1
0 2

| = (2 + 0) = 2 

∴ 𝑎𝑑𝑗 𝐴 = [
2 −9 −6
0 −2 −1

−1 3 2
]

𝑇

= [
2 0 −1

−9 −2 3
−6 −1 2

] 

Step 3: Substituting in the formula 

𝐴−1 =
1

−1
[

2 0 −1
−9 −2 3
−6 −1 2

]=[
−2 0 1
9 2 −3
6 1 −2

]  

 

1. If 𝐴 = [
3 1 5
1 −1 0
4 1 −2

], find the cofactors of elements 3, −1, 𝑎𝑛𝑑 − 2. 

2. Find the inverse of the matrix A = [
4 5

−3 −2
].  

 ACTIVITY 3  
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3. Find the inverse of the matrix 𝐴 = [
1 0 2

2 1 0

3 2 1

]. 

4. Find the inverse of the matrix A = [
4 5

−3 −2
]. 

Finding the Solution of a System of Linear Equations 

A system of linear equation is a collection of one or more linear equations involving the same set 

of variables. One of the applications of matrix is to find the solution of a system of linear equations.  

Let assume two simultaneous equations in two variables 𝑥 and 𝑦  

𝑎1𝑥 + 𝑏1𝑦 = 𝑐1,     𝑎2𝑥 + 𝑏2𝑦 = 𝑐2 

It can be written in the matrix form as 

 

[
𝑎1 𝑏1

𝑎2 𝑏2
] [

𝑥
𝑦] = [

𝑐1

𝑐1
]  𝑜𝑟 𝐴𝑋 = 𝐵 

 

 

 

 

Similarly, for three simultaneous equations 

𝑎1𝑥 + 𝑏1𝑦+𝑐1𝑧 = 𝑑1,       𝑎2𝑥 + 𝑏2𝑦+𝑐2𝑧 = 𝑑2,    𝑎3𝑥 + 𝑏3𝑦+𝑐3𝑧 = 𝑑3 

It can be also written in the matrix form as 

[
𝑎1 𝑏1 𝑐1

𝑎2 𝑏2 𝑐2

𝑎3 𝑏3 𝑐3

] [
𝑥
𝑦
𝑧

] = [
𝑑1

𝑑2

𝑑3

]  𝑜𝑟 𝐴𝑋 = 𝐵 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here, A is a 3 × 3 matrix and X and B are 3 × 1  column matrices. Matrix multiplication 

is compatible. 

Here, A is a 2 × 2 matrix and X and B are 2 × 1  column matrices. Matrix multiplication 

is compatible. 
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Method to Find the Solution of Linear Equation 

 

                                                        

 

 

                                                                      

 

 

 

                                                                                                                       

                                                                                    

            

  

                                                                                                                           

 

 

 

                                                  

                                                          

  

 

Special Case: When 𝐵 = [
0
0
0

]. In this case, |A| ≠ 0 implies x = 0, y = 0, z = 0. We say that the 

system has trivial solution. If |A| = 0, then the system has infinitely many solutions. 

Note: This method of solving a system of linear equation is known as Martin’s rule. 

Types of Solutions 

1. Unique solution: The system of linear equation is said to have unique solution if two lines 

intersect at a point which the solutions satisfy both the equations. 

2. Infinitely many solutions: The system of linear equation is said to have infinitely many 

solutions if the two lines coincide. Any point on the graph is a solution. That is why it is known as 

infinitely many solutions.  

3. No solution: The system of linear equation is said to have no solution if the two lines are parallel 

to each other. There is no point of intersection for parallel lines resulting no solution.  

System: AX=B 

 |A|≠ 0 

Unique solution 

    

 |A|= 0   No solution or 

infinite number of 

solutions 

Find |A| 

Find (adj A) B 

(adj A) B≠ 0 (adj A) B= 0 

No solution Inconsistent                                         Infinitely many solutions. 

Consistent (Dependent equations) 
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Note: If the solution of linear equation is a unique solution, it is also called consistent. For no 

solution it is known as inconsistent. And for infinitely many solutions it is also known as 

consistent.  

Application of Matrices to Solve Linear Equations 

We can apply matrix to solve the system of linear equations. Let’s discuss few examples of solving 

linear equations by using matrix method. 

Example: Solve the system of equations by matrix method. 

                      2𝑥 − 3𝑦 = 1              3𝑥 − 2𝑦 = 4  

Solution:  

Step 1. From the given information, we can write these equations in matrix form; 

 

                  [
2 −3
3 −2

] [
𝑥
𝑦] = [

1
4

]   

Step 2. Then find |A|, 

|A| = [
2 −3
3 −2

] = (−2 × 2) − (3 × (−3)) = −4 + 9 = 5 ≠ 0        

     ∴ 𝑇ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 ℎ𝑎𝑠 𝑎 𝑢𝑛𝑖𝑞𝑢𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛   

Then, find 𝑋 = 𝐴−1𝐵 

𝐴11 = −2, 𝐴12 = −3, 𝐴21 = 3, 𝐴22 = 2  

adj A = [
−2 −3
3 2

]
𝑇

= [
−2 3
−3 2

]           

  ∴ 𝐴−1 =
𝑎𝑑𝑗 𝐴

|𝐴|
=

1

5
[
−2 3
−3 2

] = [

−2

5

3

5
−3

5

2

5

] 

 

It is of the form AX =B where  

A=[
4 3

−3 7
] , 𝑋 = [

𝑥
𝑦]  𝑎𝑛𝑑 𝐵 =  [

11
−1

] 

Co-factor 

𝐴𝑖𝑗 = (−1)𝑖+𝑗 × 𝑚𝑖𝑛𝑜𝑟 𝑜𝑓𝑎𝑖𝑗  𝑖𝑛 |𝐴|. 
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Now to find the solutions for 𝑥 𝑎𝑛𝑑 𝑦, substitute the value of 𝐴−1into the form 𝑋 = 𝐴−1𝐵 

∴ [
𝑥
𝑦] = [

−2

5

3

5
−3

5

2

5

] [
1
4

] = [

−2

5
+

12

5
−3

5
+

8

5

] = [

10

5
5

5

] = [
2
1

]  

Therefore, 𝑥 = 2  and 𝑦 = 1  

1. Use Martin’s rule to solve the system of equations; 

            𝑖. 3𝑥 + 𝑦 + 𝑧 = 3              2𝑥 − 𝑦 − 𝑧 = 2        − 𝑥 − 𝑦 + 𝑧 = 1 

2. Using matrix method examine the consistency of the system  

6𝑥 + 4𝑦 = 2              9𝑥 + 6𝑦 = 3        

 

• A matrix is an array of numbers, symbols, or expressions arranged in rows and columns.  

• Different types of matrices are row matrix, column matrix, rectangular matrix, square 

matrix, diagonal matrix, identity matrix, zero matrix, scalar matrix, sub-matrix, and 

comparable matrix. 

• The matrices can be added and subtracted under the condition if and only if the order or 

dimension of the matrices are same. 

• You can multiply matrices if and only if the order of first matrix let say matrix 𝐴 with 

𝑚 × 𝑛 and second matrix 𝐵 with 𝑛 × 𝑝 where the number of columns in matrix A is same 

as the number of rows in matrix B.  

• The transpose matrix is obtained from any given matrix A by interchanging its rows and 

the columns. 

• Inverse of a matrix is denoted as A−1 and it is found as  A−1 =
1

|A|
AdjA. 

• If A = [
𝑎 𝑏
𝑐 𝑑

], then the inverse matrix of A denoted by 𝑨−𝟏 exist if 𝑎𝑑 − 𝑏𝑐 ≠ 0 and in 

this case 𝑨−𝟏 =
𝟏

𝒂𝒅−𝒃𝒄
[ 𝒅 −𝒃
−𝒄 𝒂

]. 

• The cofactor of any element 𝑎𝑖𝑗 of the matrix is denoted by 𝐴𝑖𝑗 and is equal to 

(−𝟏)𝒊+𝒋 × 𝒎𝒊𝒏𝒐𝒓 𝒐𝒇𝒂𝒊𝒋 𝒊𝒏 |𝑨|. 

• The adjoint of a square matrix is the transpose of the matrix obtained by replacing each 

element of A by its cofactor in |A|. 

• The system of linear equations can be written in matrix form i.e., 𝑨𝑿 = 𝑩. 

• The types of solutions for the system of liner equation are a unique solution, no solution, 

and infinitely many solutions. 

• One of the applications of matrices is to solve linear equations, the method of solving a 

system of linear equation is known as Martin’s rule. 

 Summary 

 

 ACTIVITY 4  
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Solve the following questions in your notebook. 

1. What is matrix? Give one example. 

2. Write a definition in your own words on different types of matrices at least 5 different 

types with one example each. 

3. Express in a single matrix: 

5 [
2 3
1 4

] − [
−1 2
−3 −2

] +
1

3
[
3 12
9 15

] 

4. Calculate: [
0 1 2
1 2 3
2 3 4

] [
1 −2

−1 0
2 −1

] 

5. If 𝐴 = [
1 2 3

−1 0 2
1 −3 −1

]and 𝐵 = [
4 5 6

−1 0 1
2 1 2

], find 2𝐴𝑇 − 𝐵𝑇 

6. Find 𝐴(𝑎𝑑𝑗𝐴) for the matrix 𝐴 = [
1 −2 3
0 2 −1

−4 5 2
]  

7. Using matrices, solve the following system of equations: 

𝑥 − 2𝑦 + 3𝑧 = 6 

𝑥 + 4𝑦 + 𝑧 = 12 

𝑥 − 3𝑦 + 2𝑧 = 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Self-check for Learning 
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2. Remainder and Factor Theorem 

 

 

 

 

 

Introduction 

The remainder theorem and factor theorem are very handy tools. They tell us about finding 

factors of a polynomial or remainder when a polynomial is divided by a binomial, without using 

long division, synthetic division, or any other traditional methods. It also helps us to factorize the 

polynomials. 

Long Division Method  

Normally, for dividing polynomials by another 

polynomial, we use a method known as long division 

method.  

An example of dividing 2x3 – 3x2 + 4x + 5 by x +2 is 

shown for your understanding:  

In this division, the dividend, the divisor, the quotient, 

and the remainders are as follow: 

2x3 – 3x2 + 4x + 5 is the dividend, x +2 is the divisor, 

2x2 – 7x + 18 is the quotient and  −31 is the 

remainder. 

Points to be remembered: 

• The quantity that admits any value in a problem is called Variable. 

• The quantity that remains with the same value is known as Constant. 

• Mathematical expression constructed with constants and variables using the four 

operations is called Polynomial. 

• A function such as a quadratic, a cubic, a quartic, and so on, involving only non-negative 

integer powers of x is known as Polynomial function of x and denoted as f (x) or F (x) 

or ∅ (x) etc. 

f(x)= 3x4- 2x2+ 5x +3 is an example of function of x. 

• The value of a function f (x) for x = a is denoted as f (a) and is obtained by substituting 

x = a in the polynomial. 

• State remainder theorem. 

• Apply remainder theorem. 

• State factor theorem. 

• Apply factor theorem to check the factor of a polynomial and to 

factorise polynomials of degree 3 and above. 
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Synthetic Division 

Synthetic division is another way to divide a polynomial by the binomial x - a, where a is a 

constant. 

Dividing 2x3 – 3x2 + 4x + 5 by x+2 in synthetic division is shown for your understanding:  
 

First, set the divisor equal to zero to find the number to put in the division box.  

x +2 = 0.     ∴ x = -2. 

Next, make sure the numerator is written in descending order and if any terms are 

missing you must use a zero to fill in the missing term, finally list only the 

coefficient in the division problem. 

-2  2 -3 4 5 

 
 

Once the problem is set up correctly, bring the leading coefficient (first number) 

straight down. 

 

-2     2      -3        4        5 

 

          2 
 

Multiply the number in the division box with the number you brought down and 

put the result in the next column. Add the two numbers together and write the 

result in the bottom of the row. 

-2   2      -3    4     5 

               -4 

              2      -7 
 

Repeat steps until you reach the end of the problem. 

-2   2      -3     4      5 

               -4     14 

      2       -7     18 

 

Steps to divide one polynomial by another in Long Division Method: 

• Determine the first term of the quotient by dividing the leading term of the dividend by 

the leading term of the divisor. 

• Multiply the answer by the divisor and write it below the like terms of the dividend. 

• Subtract the bottom binomial from the top binomial. 

• Bring down the next term of the dividend. 

• Repeat steps till reaching the last term of the dividend to get the remainder. 
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-2    2       -3       4      5 

                 -4     14     -36   

             2        -7      18      -31              remainder 

 
 

The final answer (the quotient) is made up of the numbers in the bottom row with 

the last number being the remainder. The variables or x’s of the quotient start off 

one power less than the original dividend and go down one with each term. 

2x3 – 3x2 + 4x + 5 ÷  x +2 = 2x2 – 7x +18 and remainder is – 31.  

1. Divide the following by using Long Division Method as well as by using Synthetic Division.  

𝑖)Find the remainder when the expression 3𝑥3 + 8𝑥2 − 6𝑥 + 1 is divided by 𝑥 + 3. 

  Remainder Theorem: 

• If a polynomial f(x) is divided by (x - a), then the remainder is f(a). 

• If a polynomial f(x) is divided by (x + a), then the remainder is f (- a). 

This theorem helps us to find the remainder of a polynomial function without using Long Division 

Method and by simply finding the value of f(a). 

Example: 

1) By using Remainder theorem, the remainder when 3x3 + x2 +24 is divided by (x + 2) can be 

found by finding the value of f (- 2). 

Solution: 

Let f(x) = 3x3 + x2 +24. ∴ f (- 2) = 3(- 2)3 +( - 2)2 + 24 =4. 

 The remainder is 4. 

2) If the polynomial f(x) = 2x3 – ax2 + 4x – 1, leaves a remainder – 37 when divided by x + 2, find 

the value of a.  

Solution: 

By remainder theorem, when f(x) is divided by x + 2, the remainder will be equal to f ( -2). 

𝑓(−2) = 2(−2)3 − 𝑎(−2)2 + 4(−2) − 1 

= −16 − 4𝑎 − 8 − 1 

= −25 − 4𝑎 

∵ Given remainder = − 37, 

−25 − 4𝑎 = −37 

4𝑎 = 12 

𝑎 = 3 
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1. Find the remainder by using Remainder theorem. 

𝑖) 3𝑥3 + 8𝑥2 − 6𝑥 + 1 is divided by 𝑥 + 3. 

𝑖𝑖) 𝑥3 − 2𝑥2 + 4𝑥 − 1 is divided by 2𝑥 − 1. 

𝑖𝑖𝑖) Find the value of 𝑎 if the division of  𝑥3 + 𝑎𝑥2 + 2𝑥 − 4 by 𝑥 − 2 leaves a remainder 8 

Factor Theorem 

• (x - a) is a factor of a polynomial f(x) if f(a) = 0 

• (x + a) is a factor of a polynomial f(x) if f(-a) = 0 

• This theorem helps us to find the factor of a polynomial function, by finding the value of 

f(a). 

• In practice, the Factor Theorem is used when factoring polynomials "completely". Rather 

than trying various factors by using long division, we can use the Factor Theorem to find the 

one of the factors of the polynomial and then factorizing further by long division or Synthetic 

Division Method. 

Example:  

i) By using Factor theorem, check whether x – 1 is a factor of the polynomial 

 2x3 + 5x2 – 3x – 4 or not.  

Solution: 

Let f(x) = 2x3 + 5x2 – 3x – 4. 

 x – 1 is a factor, if f (1) =0. 

Now, f (1) = 2.13 + 5.12 – 3.1 – 4 = 2 + 5 – 3 – 4 = 0.  ∴ 𝑥 − 1 is a factor.  

ii) Use Factor Theorem to factorise the expression 2x3 + 9x2 + 7x – 6.  

Solution: 

• For factorising the polynomial f(x) = 2x3 + 9x2 + 7x – 6, we have to find one value of x, for 

which f(x) = 0 by trial method. 

• For this we take the factors of the constant term (both +ve and -ve values) as the values of x 

one by one in f(x) for which f(x) = 0. That gives us the first factor of f(x). 

• The rest we find by using long division or synthetic method 

• Here ±1, ±2, ±3𝑎𝑛𝑑 ± 6 are the factors of the constant term -6 

• By trial we find for x = -2, the given expression becomes zero. ∴ x + 2 is a factor. 

• When we divide the expression by x + 2, using any one of the above-mentioned division 

methods we get the quotient as 2x2 + 5x – 3. 

2x3 + 5x2 – 3x – 4 = (x + 2) (2x2 + 5x – 3). 

• 2x2 + 5x – 3 can be further factorised as (2x – 1) (x + 3) by using any factorisation method. 

• Thus, the expression 2x3 + 5x2 – 3x – 4 can be factorised as (x + 2) (2x – 1) (x + 3). 
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By using factor theorem solve the following question.  

1. Factorize x3 +13x2 + 31x – 45 completely.  

 

• Division of a polynomial by another one binomial can be done by two methods known as long 

division method or synthetic division method. 

• If a polynomial f(x) is divided by (x - a), then the remainder is f(a). 

• If a polynomial f(x) is divided by (x + a), then the remainder is f (- a). 

• (x - a) is a factor of a polynomial f(x) if f(a) = 0. 

• (x + a) is a factor of a polynomial f(x) if f(-a) = 0. 

Solve the following questions in your notebook. 

1. When x3 + 3x2 – kx +4 is divided by x – 2, the remainder is k. Find the value of k. 

2. Find the values of a and b so that expression x3 + 10x2 + ax + b is exactly divisible by         

x – 1 as well as x – 2.   

3.  Factorize completely:  3𝑥3 − 4𝑥2 − 12𝑥 + 16. 

 

 
ACTIVITY 3  
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SCIENCE STREAM 

1. BIOLOGY 

1.1 Brain and Spinal Cord  
 

 

 

 

 

 

 

Introduction 

Every organism must somehow become aware of what is going on around and accordingly 

perform actions for its survival. Apart from adjusting with the external environment, many 

activities are coordinated inside the body. One of the systems involved in such coordination is 

the nervous system. 

The Human Nervous system is broadly classified as:  

1. Central nervous system and 

2. Peripheral nervous system. 

 

Figure 1 : Division of Nervous System 
 

 

 

 

• Explain the structure of brain and the spinal cord. 

• State the functions of central nervous system.  

• Explain the mechanism of reflex Arc. 

 

 

 
 
 

 Name the organs that forms the nervous system. 
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Central Nervous System 

Let us focus on the central nervous system. The central nervous system consists of the brain and 

the spinal cord. 
 

Brain 

In proportion to the size of the body, the human brain is the largest among all animals. The 

structural and functional unit of our brain is neurons. The brain is divided into two equal halves 

called hemispheres and each is concerned with different functions. 
 

 
Figure 2: Two Hemispheres of Human brain 

 

Different Lobes of Human Brain 
 

 

     

 

 

 

 

 

 

 

 

 

Figure 3: Different Lobes of the Brain and their Functions 
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Three major parts of the brain visible externally are cerebrum, cerebellum and medulla 

oblongata. 
 

 
  

                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                        Figure 4: Major Parts of the Brain  

 

 

Study Figure 3 and 4 and answer the following questions. 

Name the following: 

1. It is the smaller area of the brain located at the base and under the large cerebrum. Its main 

function is to coordinate muscular activity and maintain body balance. 

2. It is the lowest portion of the brain located at the base of the skull and is continued behind as 

the spinal cord. Its main function is to control the activities of internal organs and 

involuntary actions. 

3. The largest portion of the brain and all the lobes of the brain are located in this region. 

Internal parts of Human Brain 

 

 

 

 

 

 

 

 
  

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                             Figure 5: Major Internal Parts of the Brain 
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1. Hypothalamus: It plays a crucial role in releasing hormones, regulating body temperature, 

maintaining daily physiological cycles, controlling appetite, managing of sexual behaviour, 

regulating emotional responses. 

2. Thalamus: Its main function is to relay motor and sensory signals to the cerebral cortex. It 

also regulates sleep, alertness and wakefulness. 

3. Pons:  It is involved in the control of breathing, communication between different parts of 

the brain, and sensations such as hearing, taste, and balance. 

4. Ventricles: It contains cerebrospinal fluid which provides a cushion to the brain.  

 

 

 

1. What would happen if the pons of the brain is damaged? 

2. Some people suffer from a disease called Alzheimer’s. What do you think is the possible 

cause of it? 

The Spinal Cord 

The spinal cord is a cylindrical cord-like structure which lies in the neural canal of the vertebral 

column. It extends downward from the brain stem to the lumbar region. Like brain it is protected 

by three meninges, has a cerebrospinal fluid and a cushion of adipose tissue. Grey matter forms 

the inner core and appears H-shaped in cross-section and contains cell body of association 

neurons or interneurons and motor neurons. 

 

3.  

 

4.  

5.  

6.  

7.  

8.  

9.  

 

                            Figure: Cross section of Human spinal cord 

 

 

 

                                                Figure 6: Cross-section of Spinal Cord 
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Functions of Spinal Cord 

1. It acts as the main centre of reflex actions. 

2. It acts as a link between spinal nerves and the brain.  

Reflex Action 

1. A reflex action is a quick automatic involuntary response to a stimulus, which minimizes 

any damage to the body from potentially harmful conditions, such as touching something 

hot.  

2. Reflex action includes receptor, sensory neuron, interneuron, spinal cord, motor neuron 

and effector.   

Reflex arc is the pathway travelled by an impulse in a reflex action. 

 

 Fig.7: Reflex Arc 

 

 

 

 

 

 

                                                 Figure 7: Reflex Arc 

 

 

 

Complete the following by studying the above diagram of the reflex arc.  
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• Coordination of activities in our body is done by the nervous system. 

• The nervous system can be classified into the central nervous system and the peripheral 

nervous system. 

• The central nervous system consists of the brain and the spinal cord. 

• The three major parts of the brain are cerebrum, cerebellum and medulla oblongata. 

• The brain and the spinal cord consist of grey matter and white matter. 

• A sudden quick automatic action to stimuli is called reflex action. 

Answer the following questions in your notebook. 

1. What do you think would happen to a person if motor neuron from the grey matter of spinal 

cord is removed? 

2. Why does a drunk person walk clumsily? 

3. Which lobe of the brain is concerned with thinking? 

4. Which part of the brain regulates body temperature? 

5. Give one example of reflex action. Draw and label the reflex arc. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Summary 
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1.2 Gene Cloning  
 

 

 

 

 

 

 

Introduction 

Gene cloning is a molecular biological technique in which multiple copies of a gene or a piece of 

DNA is made. It is the process in which a gene of interest is located and copied (cloned) out of 

DNA extracted from an organism. 

Recombinant DNA (rDNA) technique is in vivo cloning of DNA or gene, using enzymes, DNA 

fragments, vectors and microorganisms.  

Following enzymes are required for gene cloning: 

Lysing enzymes are used to open or dissolve the cell wall of plants. 

Cleaving enzymes are used to cut DNA molecule into segments or open plasmid. 

a. Exonucleases remove terminal nucleotides from 5’ or 3’ end of DNA. 

b. Endonucleases: remove  DNA duplex at any point within. They cleave only one DNA 

strand. 

c. Restriction enzymes cut both the polynucleotide strands of DNA at a specific sequence 

like recognition sites, restriction sites or target sites. The recognition sites have 

palindromic sequences (reading same forward and backward) 

 

 

 

                    

 

 

 

Figure 1: Role of restriction enzyme as molecular scissors in cleaving palindromic sequence. 

Synthesizing Enzymes help in the synthesis of DNA. Following are the synthesizing enzymes: 

a. DNA polymerase helps in the synthesis of complementary DNA strands of DNA 

template. 

b. Reverse transcriptase helps in the synthesis of complementary DNA strand on RNA 

template. 

c. Ligases join or seal the gaps between DNA fragments. 

d. Alkaline phosphatases act on phosphate group from 5’ end. 

• Explain gene cloning.  

• Describe the basic steps of recombinant DNA technology and 

PCR.  

• Mention few applications of gene cloning. 
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1. Would you choose an exonuclease enzyme while producing rDNA molecule? Why?  

2. The figure given below represents a palindromic sequence in a DNA molecule. 

 
a. Define palindrome. 

b. Name the enzyme that cuts through the palindrome. 

c. Which enzymes join the two unpaired ends? 

 

 

 
 

Study the diagram given below and explain the steps involved in recombinant DNA technology.  

          

 

  

 

 

 

 

 

 

 

 

 

Figure 2: Diagrammatic Representation of rDNA 
 

Complementary DNA (cDNA) Construction  

cDNA construction is one of the procedures in rDNA technology.  

Some basic background information to understand cDNA construction. 
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Transcription is the copying of biological information contained in DNA to make an RNA 

molecule.  

Reverse transcription is the process of making a double-stranded DNA molecule from a single-

stranded RNA template by using an enzymes reverse transcriptase. 

 

 

 

 

Study the figure given below carefully and rearrange the steps (given below the diagram) 

involved in the construction of cDNA in the correct sequence (according to the diagram).  

 

 

 

 

 

 

 

 

 

 
 

a. The second strand is synthesized by DNA polymerase using primer. 

b. Now, mRNA is degraded by another enzyme. 

c. mRNA is isolated from a cell and added to a test tube containing reverse transcriptase 

d. cDNA is synthesized in 5’ to 3’ direction.  

e. Reverse transcriptase prepares first DNA strand using mRNA as a template. Primers are  

also added.  

Polymerase Chain Reaction (PCR) 

It is the technique used in the lab to make millions of copies of a particular section of DNA. It 

was discovered by Nobel laureate Kary Mullis.  

Steps in PCR 

There are 3 steps in PCR: 
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1. Denaturation: the double stranded DNA structure is heated to about 94 to 95 degree 

centigrade, which results in dissociation of 2 strands. Primers are added as well. 

2. Annealing: in this step, the solution is allowed to cool (50-56 degree centigrade). 

Primers avoid the separated strand to come together as primers base pairs with separated 

strand. 

3. Extending stage: DNA polymerase, a heat tolerant enzyme, is added in the solution 

along with four types of nucleotide triphosphates. Using nucleotides and genomic DNA 

as template, DNA polymerase extends the primers to make a complementary strand on 

each separated strand of genomic DNA. 

 

 

 

 

 

 

 
 

Now, let us play a short quiz! 

There are two multiple choice questions. For each question, four options are given. Choose the 

most correct option and write them in your notebook.  
 

1. Palaeontologist unearthed a human skull during excavation. A small fragment of scalp tissue 

was still attached to it. Only a little DNA could be extracted from it. If the genes of the 

ancient man need analysis, the best way to get a sufficient amount of DNA from the extract 

is: 

A. Hybridising the DNA with a DNA probe. 

B. Subjecting the DNA to gel electrophoresis.  

C. Treating the DNA with a restriction endonuclease. 

D. Subjecting the DNA to a polymerase chain reaction.  

2. What would be the effect on the PCR reaction, if primers are not added in the reaction? 

A. PCR would proceed normally. 

B. The reaction will cease after a few cycles. 

C. The denatured DNA strand will recoil into double-strand.  

D. The DNA polymerase enzyme will go on synthesising the complementary strand. 

Applications of Gene Cloning 

1. Obtaining transgenic organisms 

Cloned genes can be inserted into organism generating transgenic organisms, also called 

genetically modified organism (GMOs). GMOs are used in commercial production of 

pharmaceuticals and production of herbicide resistant crops.    

 

 

N 
Note: The process is repeated again and again, to produce millions of copies of a 

particular section of DNA from a very small amount of sample.  

ACTIVITY  4  
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2. In gene therapy 

Cloned genes are used for germ line gene therapy and somatic cell gene therapy. In somatic cell 

gene therapy, the cloned gene is introduced into the affected tissue of a person suffering from 

some hereditary disease. In germ line gene therapy, the cloned gene is introduced into the germ 

cell or ovum.  

3. Obtaining recombinant protein 

The cloned of the desired gene is transferred into bacterium cultural medium where they grow, 

multiply and produce products associated with the rDNA. Many important proteins are now 

being produced, some of which are insulin (for Diabetes), factor VIII (for haemophilia), and 

hepatitis vaccine.  

 

                 

 

 

1. Do humans have the right to manipulate the genes of an organism and alter its natural 

state? Give reasons to support your answer.  

• Gene cloning is a molecular biological technique in which multiple copies of a gene or 

DNA segment containing the whole gene is made. 

• Enzymes like lysing enzymes, cleaving enzymes and synthesizing enzymes are used in 

gene cloning. 

• rDNA technology is in vivo cloning of DNA or gene using restriction enzymes and 

ligases, DNA fragments, vectors and microorganism.  

• In cDNA construction, reverse transcriptase helps in the synthesis of a DNA strand 

complementary to mRNA. 

• Transcription is the process of copying biological information contained in DNA to make 

an RNA molecule. 

• A polymerase chain reaction is a method of making multiple copies of a gene. 

• Gene cloning is used in obtaining transgenic organism, gene therapy and obtaining 

recombinant proteins.  

Answer the following questions in your notebook. 

1. In your own words, define cDNA? How will it differ from normal DNA (genomic DNA)?  

2. Consider that you are a scientist, would you attempt germline gene therapy or somatic cell 

gene therapy? Give reasons to support your answer. 

 
 

Summary 
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1.3  Immunity and Defence Mechanism     

Introduction  

When was the last time you got ill? How long did the illness last?   

How do you think you were eventually able to recover?  

Sometimes, we tend to recover even without the medication. How is our 

body able to do that?  

• Our body has developed a variety of highly effective defence 

mechanism that protects our body from infection or getting ill.  

• The defence mechanism of our body includes trillions of different 

types of cells that circulate in the blood, lymph and tissue fluid.   

• All these cells and other defences make up the immune system and 

provide us with immunity against infection.  

• Immunity is the body’s specific protective response to any invading 

pathogen to prevent the development of the disease.  

• The Immune system is a collection of structures and processes within the body to protect 

against disease or other potentially damaging foreign bodies. 

 

 

 

 

 

 

 

1. The First Type of Immunity: Non-specific Immunity or Innate or Inborn or Natural 

Immunity  

• We are born with some natural immunity which we inherit from our mother.  

• Innate immunity is non-specific, meaning they provide protection against all kind of 

pathogens throughout our lives.  

• Describe immunity and immune system. 

• Differentiate natural and acquired immunity. 

• Discuss on responses made by host’s body against infection. 

Types of Immunity  

1.  Nonspecific or innate 

orinborn or natural 

immunity  

2. Specific or acquired or 

adaptive immunity   

Act as first and second line of defence  
Act as third line of defence  
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• Innate immunity includes physical and physiological barriers, and cellular and chemical 

barriers.  

• Physical and physiological barriers form the first line of defence and cellular and 

chemical barriers form the second line of defence.  

Following are the different types of barriers that act as the first or the second line of defence.  

 

                                             1 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

                              

 

 

 

 

 
 
 
 
 
 
 
 
                                      6 

The inflammatory response may 

be localized or systemic. 

Localized is confined to the site 

of infection. Systemic response 

affects the entire body. In this 

case WBCs count of the body 

increase and body temperature 

rises. This causes fever. 
Mucous membrane lining the 

alimentary canal and respiratory tract 

secrete mucus which prevents the entry 

of pathogens. 

 
2 

Cilia of wind pipe traps bacteria in mucus 

and sweeps them out. 

 
3 

Macrophages are large tissue phagocytic 

cell formed by enlargement of monocytes. 

They occur in the connective tissue of the 

body to dispose microbes or they are fixed 

in the lining of blood vessel to catch hold of 

dead cells and microbes from the blood or 

lymph.                      4    

Nasal hair in nasal passage traps dust 

particles and pathogens. 

 
5 

 

Cerumen or ear wax secreted by cerumenous 

gland repels insect traps, dust particles and 

has bactericidal effects. 
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                                               7 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                       9 

 

 

56 

 

 

 

 

 

 

 

 

 

 

                                         10       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                 11 

HCl produced by gastric glands of 

stomach kills bacteria present in food.   

                             8  

Natural killer cells are large lymphocytes containing cytoplasmic granules. NK cells produce 

perforins which create pores in the plasma membrane of virus infected cells. These pores 

increase cell permeability and allow entry of water into the target cells, which then swell 

and burst killing the pathogen. 

 

  

Sweat and 

sebaceous gland 

secretion contain 

bactericidal and 

fungicidal properties 

which kills bacteria and 

fungi.   

 

Skin forms the impenetrable barrier to almost 

everything. The oil and sweat give the skin 

acidic medium which inhibits the growth of 

microbes. 

 

Leucocytes come 

out of blood 

capillaries and 

enter the site of 

infection where 

they engulf and 

digest microbes.  
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                                                                                       12                                                                                        

 

 

 

 

Based on the reading, classify the above 11 different types of barriers as the first or the second 

line of defence. An example is done for you. 

The First Line of Defence The Second Line of Defence 

i. ………Skin………………  

ii.  …………………………. 

iii. …………………………. 

iv. …………………………. 

v. …………………………. 

vi. …………………………. 

vii. ………………………….. 

i. ………Leucocytes…..  

ii. ………………………. 

iii. ………………………. 

iv. ………………………. 

v. ……………………… 

vi. ………………………. 

vii. ………………………. 

 

2. The Second Type of Immunity: Specific Immunity or Acquired or Adaptive Immunity 

• It is resistant to the disease acquired by an individual during its lifetime. 

• Since it’s acquired by an individual during its lifetime, it’s also called adaptive immunity.  

• Specific immunity provides immunity against a specific pathogen.  

• Specific immunity consists of lymphocytes and antibodies.  

 

 

 

When you get cut or injury, the foreign substances enter your body through the injured part 

of your body, which kill the mast of your body. The killed mast cells release histamine and 

prostaglandin. The two histamine and prostaglandin dilate the blood vessels at the site of 

injury and allow more blood flow to the injured area making it red and warm. This is called 

inflammation. Plasma and phagocytic cells come out of capillaries into the tissue spaces 

causing swelling. Plasma dilutes bacterial toxin and phagocytes destroy invading microbes. 

ACTIVITY  1  
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Lymphocytes  

There are two types of lymphocytes associated with specific immunity: B-lymphocytes (B-cell) 

and T-lymphocytes (T-Cell). T-cell provides cellular immunity. It works against those pathogens 

that invade cells and also against cancer cells and transplant. T-cells also activate B-

lymphocytes.  

Antibodies  

Antibodies, also known as immunoglobulins, are Y-shaped proteins that are produced by the 

immune system to help stop antigens from harming the body. They are produced by B- 

lymphocytes.  

 

 

 

 

 

 

 

 

 

 

                                  Figure: Immunoglobulin 

Antigen is a substance which is capable of stimulating an immune response, specifically 

activating lymphocytes. It can be external or produced within the body. 

Antigen-antibody Interaction  

• It is a specific chemical interaction between antibodies produced by B cells of the white 

blood cells and antigens during an immune reaction. 

• The antigens and antibodies combine by a process called agglutination. 

• There are several types of antibodies and antigens, and each antibody is capable of 

binding only to a specific antigen.  

• The specificity of the binding is due to the specific chemical constitution of each 

antibody. 
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a) Why is acquired immunity called specific immunity? 

b) What is a specific term for a bacterial or other foreign protein that initiates antibody 

production in the body? 

c) A person who receives transplant of an organ is given immunosuppressant. Why?  

d) Give an example of specific immunity that you have acquired in your life.   

Vaccination and Immunization  

Vaccination is the practice of artificially introducing germ or 

germ substances into the body for developing immunity against 

a particular disease.  

Immunization is the process whereby a person is made 

immune or resistant to an infectious disease, typically by the 

administration of a vaccine. 

 

 

 

 

Instruction: For this activity, you may get help from your parents or guardian or visit your 

nearest community health service.   

You have been receiving vaccine since the time you were born. Explore different types of 

vaccine that you receive at different ages of your life and find out what kind of disease did it 

protect you from.  

 

     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Instruction: Read the situation given below and write your response in your notebook. 

The world right now is affected by pandemic COVID-19. The death 

toll from the flu has been rising steadily, however, there are many 

cases where a person affected by COVID-19 is able to recover.  

From the lesson that you have learned today, explain how the body 

of a healthy person reacts to incoming coronavirus and is able to 

recover from the COVID-19 flu.  

ACTIVITY  2  

ACTIVITY  3  

ACTIVITY  4  



  SELF-INSTRUCTIONAL MATERIALS 
 

 

84   Science-Biology-Classes XI&XII  

 

• Immunity is the body’s specific protective response to any invading pathogen to prevent 

the development of the disease.  

• The immune system is a collection of structures and processes within the body to protect 

against disease or other potentially damaging foreign bodies.  

• The two types of immunity are specific immunity and nonspecific immunity.  

• Nonspecific immunity provides immunity against all kind of pathogens.  

• Nonspecific immunity consists of physical, physiological and chemical barriers.  

• Specific immunity is acquired by an individual during its lifetime. 

• Specific immunity consists of lymphocytes and antibodies.  

• Vaccination is a process of administering germ or germ like substances in the body to 

develop immunity.  

• Immunisation is the process whereby a person is made immune or resistant to an 

infectious disease, typically by the administration of a vaccine. 

Answer the following questions in your notebook.  

1. Why do you think skin is called a self-disinfecting organ?  

2. “Maintenance of personal and pubic hygiene is necessary for prevention and control of 

many infectious diseases.” Justify the statement by giving suitable examples.  

3. Why is it advisable to feed the baby with colostrum (the first form of milk produced by 

mammary gland)? 

 

 

   

 

 

 
 

Summary 

 

Self-check for Learning 

 



  SELF-INSTRUCTIONAL MATERIALS 
 

 

85   Science-Biology-Classes XI&XII  

 

1.4  Inheritance 

Introduction 

The transmission of characters from parents to offspring, generation after generation is called 

inheritance. It deals with the inheritance of physical and physiological characteristics, instincts, 

etc.  

Mendel, who laid the foundation of modern genetics, studied following pairs of contrasting 

characters all related as dominant and recessive to see how parental characteristics were 

transferred to 

offspring. 

 

 

 

 

 

 

 

 

Figure 1: Seven Pairs of Contrasting Traits 

Monohybrid Cross 
 

Monohybrid cross involves crossing of only one pair of contrasting character. In the example 

given below, Mendel considered the height of the plant to study the inheritance of parental 

height. He crossed a pure Tall (TT) pea plant with a pure dwarf (tt) pea plant.  

 

 

 

 

 

 

 

 

Figure 2: Monohybrid Cross between a Tall and a Dwarf Plants 

 

 

• Compare monohybrid and dihybrid cross. 

• Differentiate codominance and incomplete dominance. 

• Describe multiple alleles using ABO blood group. 

 

In the presence of dominant alleles, 

recessive alleles can’t exhibit its 

expression. 

T: Dominant allele 

t: Recesssive allele 
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Observation made  

 F1 Generation 

Phenotype of offsprings: All were tall 

Genotype of offsprings: All heterozygous (Tt) 

 

F2 Generation 

Phenotype of offsprings: 3 are tall and 1 is dwarf 

Genotype of offsprings: 1 is homozygous tall (TT), 2 are heterozygous tall (Tt) and 1 is 

homozygous recessive (tt). 

 

 

            

 

1. In the above example, all the F1 progeny is 100% tall. Explain why F1 shows only one type 

of parental phenotype? 

2. In a garden pea, red flower is dominant to white. A pure red (RR) flower is crossed with a 

white coloured pea plant. Work out the possible phenotype and genotype of offsprings in 

F2 generation. 

Dihybrid Cross  

It is the genetic cross that involves two individuals differing in two pairs of contrasting traits. 

Here, Mendel studied inheritance of two pairs of contrasting characters at a time, yellow round 

(YYRR) seed and green wrinkled (yyrr) seed.  Yellow (Y) Seed colour is dominant over green 

(y) colour. Round (R) Seed shape is dominant over wrinkled (r) seed. 
 

 
Figure 3: Dihybrid Cross with Two Pairs of Contrasting Traits: seed, colour and seed shape 
 

When inheritance of two pairs of characters is studied simultaneously, an inheritance of one pair 

of characters is not influenced by the inheritance of the second pair of characters. This is 

Mendel’s law of independent assortment. 

ACTIVITY  1  
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  Instruction: Following questions are based on Figure 3. 

1. Explain the law of independent assortment in your own words.   

2. What are the phenotype and genotype of F1 generation? 

3. Write down the phenotype of F2 generation. 

Now, let us look at incomplete dominance and codominance through the following examples. 

Non-Mendelian Inheritance. 

In the above two crosses, if one of the alleles is dominant it easily expresses itself in the F1 

generation. However, when Mendel conducted large numbers of hereditary experiments of 

animals and plants, he observed numerous exceptions to Mendelian ratios. Following crosses are 

examples of such exceptions or deviation from Mendelism:  
 

1.  Incomplete Dominance 

In this, the F1 hybrids exhibit a character intermediate to the effect of two parental alleles due to 

the mixing of products of two alleles. 

 

 

 

 

 

 

 

 

 

2.  Codominance: In codominance, both the genes of an allelomorphic pair express themselves 

equally in the F1 hybrids.  

 

 

 

 

 

 

 

 

 

ACTIVITY  3  
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Write down the differences between codominance and incomplete dominance by studying the 

figures on the monohybrid cross of cow and hen. 

 

Multiple Alleles 

It refers to the presence of three or more alleles for a particular gene. In human, the plasma 

membrane of RBCs has sugar polymers which project out from the RBC surface called antigens. 

The type of sugar polymer formed is controlled by gene I. A person with genes IA IA  or IAI will 

have blood group A and a person with IB IB  or IBI will have blood group B. If a person has IA IB, 

the blood group will be AB and if a person has II, then the blood group will be O.  

 

 

 

 

 

 

 

 

 
 

                          Figure: Blood type and their genotypes 

 

 

 

 

Study the genetic cross between parents with blood group A and blood group B and answer the 

questions that follow. 

 

1. What type of blood group will the children have? 

2. Write down the genotypic ratio of their blood group. 

3. Are all the children having same blood group as their parents? Explain with an example. 

ACTIVITY  3  

ACTIVITY  3  
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• Monohybrid cross involves the study of inheritance of only one pair of contrasting 

characters. 

• Phenotypic ratio of monohybrid cross is 3:1 and genotypic ratio, 1:2:1 

• Dihybrid cross involves the study of inheritance of two pairs of contrasting characters. 

• Dihybrid ratio is 9:3:3:1 

• In non mendelian inheritance, the pattern of phenotypes doesn’t agree with those as 

expected in Mendelian laws on inheritance.   

 

Answer the following questions in your notebook. 

1. The following table shows the genotype for ABO blood groups and their phenotypes. Fill 

the gaps left in the table with a question mark.  

Sl.no Genotype  phenotype 

1 IA IA  A 

2 ?  A 

3 IB IB  B 

4 ?  B 

5 IA IB  ? 

6 ?  O 

2. Differentiate between homozygous and heterozygous alleles? 

3. What type of inheritance do two alleles have if their traits blend together? 

4. A red flowered plant (RR) breeds with a white flowered plant (WW). The gene for petal 

colour in these plants expresses incomplete dominance. What percentage of the offspring 

will have pink (RW) flowers? 

5. Work out a dihybrid cross between tall plant bearing axial flower (TTAA) and short plant 

bearing terminal flower (ttaa). 
 

6. Define the following terms: 

a) Alleles 

b) F1 

c) Dominant and recessive alleles 

d) Genotypes 

e) Phenotypes 

 
 

Summary 

 

Self-check for Learning 
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1.5  Human Urinary System  

 

Introduction 

 

To answer these questions, you need to first understand the urinary system in our body. So, let us 

explore more on the human urinary system. 
                         

Urinary System 

The urinary system is also known as the renal system which consists of the kidneys, ureters, 

bladder, and the urethra as shown in the diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

• Name the parts of the urinary system. 

• Describe the internal structure of human kidney. 

• Explain the process of urine formation.  

• Explain Counter current mechanism. 

 

 
 

 

 

Figure 1: Parts of human urinary system. 

 

 

1. Have you heard of people talking about kidney failure or kidney 

stones? What could be the reasons for these problems? 

2. Can we survive if our kidneys fail? Why? 

3. Why do you think that kidney related diseases have become very come 

in recent years in Bhutan?  
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Internal Structure of  a Kidney 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Instruction: Study Figure 2 and fill in the blanks with an appropriate response. 

1. Kidney has two parts, the outer part called…………….and the inner part called renal 

medulla. 

2. The renal medulla is divided into several pyramid-like structures called ……………... 

3. Narrow apices of the pyramid are called ………….... Each papilla is connected to the 

minor calyx. Several minor calyces are connected to form larger major calyces. 

4. Major calyces join to form renal pelvis that gives rise to……… 

 

Nephron   

Nephrons are the structural and functional unit of the kidney. It is the most important structure in 

the kidney as it plays a major role in the process of urine formation.  

 

 

 

 

 

 

 

 

 

 

 

       Figure 3: Structure of Nephron. (Source: topplelearning.com) 

 

Figure 2: Longitudinal section of Human Kidney 

ACTIVITY  1  
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Study Figure 3 and match column A with column B  

Column A Column B 

1. Malpighian capsule a) U- shaped tubule which lies in the medulla.  

2. Proximal convoluted 

Tubule (PCT) 

b) Tubule that continues from loop of Henle. Lies in the 

cortex and opens into collecting duct. 

3. Henle’s loop c) Larger duct that receives several tubules from several 

nephrons 

4. Distal convoluted Tubule 

(DCT) 

d) It has fine network of blood capillaries called 

glomerulus, formed from the incoming afferent arteriole 

and outgoing efferent arteriole in Bowman’s capsule 

5. Collecting Duct e) Efferent arteriole breaks and surrounds the renal tubule. 

6. Capillary network f) Tubule that continues from Bowman’s capsule. 
           

Urine Formation 

It involves the following processes; 
 

1. Ultrafiltration:  Bowman’s capsule serves as ultrafilter. Ultrafiltration occurs in the 

Malpighian capsule as shown below. 

 

 

 

 

 

 

 

 
 

 

 

Figure 4: Ultrafiltration taking place in Malpighian Capsule.(source:pmgbiology.com) 

Due to high pressure, the liquid part of the blood filters out from the glomerulus and passes into 

the Bowman's capsule. The filtrate contains a large amount of water, and other dissolved 

substances like urea, uric acid, creatinine, amino acids, glucose, sodium, potassium and vitamins. 

 

 

ACTIVITY  1  
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2. Tubular Re-absorption 

Since filtrate contains both useful and harmful substances, as filtrate travels through the 

remaining portion of the nephron, useful substances are reabsorbed into the blood. The diagram 

given below illustrates different substances being reabsorbed from the different parts of the 

kidney tubule. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Re-absorption of substances in different parts of the kidney tubule 

(Source: https://schoolbag.info/biology/mcat/49.html) 

 

Tubular Secretion 

Some toxic substances from interstitial fluid move into glomerulus filtrate either by active or 

passive transport. K+ ions are secreted into filtrate in DCT and collecting duct by active 

transport. H+, NH4+ and HCO3- secreted into filtrate in DCT by active transport. Urea enters 

into ascending limb of the loop of Henle by diffusion. Creatinine, hippuric acid, drugs, and 

pigments are secreted into DCT. 

 

 

       

                 

1. Many changes take place in the composition of the filtrate as it moves through the nephron. 

Compare the constituents of glomerular filtrate with that of urine. 

 

 

 

 

ACTIVITY  2  

https://schoolbag.info/biology/mcat/49.html
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Counter Current Mechanism 

It is the system of fluids flowing in opposite directions in the medulla of the kidney which helps 

in the concentration of the urine. The two counter currents in the kidney are: 

1. Filtrate in the loop of Henle – the direction of the glomerular filtrate flowing in the 

descending limb and ascending limb of the loop of Henle is in opposite direction. 

2. The flow of blood in the vasa recta around the loop of Henle is also in the opposite 

direction, that is, around descending limb and the ascending limb. Vasa recta are capillary 

branches of efferent arteriole parallel to the loop of Henle. 

Because of the counter current in the loop of Henle and the vasa recta, there is absorption and 

secretion of water and solutes into the interstitial tissues in the medulla which develops a 

concentration gradient. As a result, as the filtrate flows through the collecting duct, water is 

reabsorbed so that the urine excreted is in concentrated form. Anti-Diuretic Hormone also helps 

in forming concentrated urine through passive reabsorption of water.  

 

 

 

 

 

 

 

 

 

  

 

           Figure 6: Counter Current Mechanism and Osmolarity  

 

 

 

 

1. Why do desert animals have a long loop of Henle? 

 

 

 

 

 

 

ACTIVITY  3  
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Cause of Kidney Diseases 

The factors that may increase your risk of kidney disease include: 

• Diabetes 

• High blood pressure 

• Heart and blood vessel (cardiovascular) disease 

• Smoking 

• Obesity 

• Family history of kidney disease 

• Abnormal kidney structure.  

 

 

 

• The human urinary system removes nitrogenous waste from the body. 

• The parts of the human urinary system are kidney, ureter, bladder and urethra. 

• The three main steps of urine formation are ultrafiltration, tubular reabsorption and 

tubular secretion. 

• One of the factors that lead to filtration is high blood pressure developed when blood 

flows through the glomerulus. 

• Glomerulus filtrate contains both useful and harmful substances. 

• As the filtrate passes through different parts of the nephron, useful substances are 

reabsorbed. 

Functions of Kidneys

Excretion of nitrogenous 
waste

Regulation of electrolytes and salt 
concentration

Erythropoietin production

Reuglation of pH
Osmorregulation and 

homeostasis

Regulation of blood 
pressure

Regulation of fluid volume or 
osmotic pressure

Summary 

Figure 7: Functions of Kidneys 
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• By drinking lots of fluid, eating green vegetables, fibres and regular exercise, we can 

maintain healthy kidneys. 

• One should always avoid salty food, oily food and junk food as these are not healthy for 

kidneys. 

 

 

 

Write answers to the following questions in your notebook. 
 

1. Explain ultrafiltration. 

2. One of the steps involved in urine formation is tubular reabsorption. Why is it called so? 

3. Can you survive with one kidney if another one is damaged? Explain. 

4. Kidney transplant is one of the common forms of organ replacement. What is your view 

on kidney transplant from religious, social, and biological perspectives? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Self-check for Learning 
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1.6 Biodiversity and its Conservation. 

  

 

 

 

 

Introduction  

Look into Figure 1 given below. What do you see?  

        Figure 1: Varieties of Flora and Fauna, and Ecosystem found in Bhutan 
 

 

 

 

 

 

These are the varieties of plants, animals and ecosystem found in Bhutan. These diverse forms of 

life found in an area is called biological diversity or biodiversity. 

 

1. Define biodiversity. 

2. Explain different types of biodiversity. 

3. Discuss the impact of human activities on biodiversity. 

4. Suggest ways to conserve biodiversity.  
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Let us now explore more on types of biodiversity.   

Types of Biodiversity 

Biodiversity can be categorised into three types:  

1. Genetic diversity  

• It is the different forms of genes as well as chromosomes found within a species.  

2. Species diversity 

• It is the total number of species and abundance of each species in an ecosystem. It 

consists of two components: Species richness and species evenness. Species richness 

is the number of different species present in an area, habitat or ecosystem. Species 

evenness is the number of organisms of each species in an area or community.   

3. Ecosystem diversity  

• It is the diversity of habitat in a given unit area. It reflects the number of niches, 

tropic levels in the ecosystem and the various ecological processes that sustain energy 

flow, food webs and the recycling of nutrients. 

Let see some examples of different types of biodiversity through an activity.  
 

 

 

 

 

 Instruction: Identify the type of biodiversity in the pictures given below which are numbered from 

1- 6.  

 

 

 

 

 

 

                  1                                                                   2     3 

              

 

 

  

  

 4                                                          5    6 

 

ACTIVITY 1 
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Human Activities and the Threat to Biodiversity 

Bhutan is one of the 10 biological hotspots in the world.  Bhutan has 5603 species of flowering 

plant, 200 species of mammals, 23 species of reptiles and amphibians, 900 species of butterflies 

and 700 species of bird.  However, the rich biodiversity of Bhutan is under threat. One of the 

most pressing environmental issues today is the conservation of biodiversity which is under 

threat. Human activities are changing the structure, energy flow and chemical cycling of the 

biosphere. The various human activities that threatened biodiversity are:  

from: 

• Land use conversion  

• Over exploitation 

• Unsustainable cropping practice  

• Pollution  

 

 

 

Instruction: Study the figures given below and explain in each case how human activities have 

caused threat to biodiversity.  

i.Land Use Conversion  

 

 

 

 

 

 

                                                   Figure 2 

ii. Overexploitation of Resources  

                                                            

 

Figure 3 

Our home has been destroyed. 

Where do we go now? 

ACTIVITY 2 
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iii. Unsustainable Cropping Practice  

                                                  Figure 4 

 

iv. Pollution     

                                   

                                                                       Figure 5  

Conservation of Biodiversity  

Biodiversity loss has impacts on human health in a number of ways and the fact that the rate of 

extinction has increased manifold and many are categorized as endangered, these concerns have 

led to the development of conservation of biodiversity. Conservation of biodiversity is the 

protection, preservation and management of wildlife and natural resources to restore and 

maintain a balance between the rate of its utilization and the rate of its restoration in nature.  

Need to Conserve Biodiversity 

Biodiversity is conserved for many reasons and some of which are as follows:  

A. Economic reason  

We derive several direct economic benefits from nature and the ecosystem, such as food, timber, 

fibres, firewood, paper, industrial products and medicines.  
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B. Ecosystem services  

Healthy and diverse ecosystems play a key role in maintaining the soil, water and air quality that 

we need to survive.  

C. Ethical reason  

Since we co-exist, it becomes our moral and ethical duty not to destroy them but preserve them. 

D. Aesthetic reasons  

The natural and wild landscape is pleasing and it re-energises and helps people to relax. 

 

 

 

 

1. What are some of the benefits that you derive from ecosystem in your day to day life?  

2. The control of floods and soil erosion are two of the ecosystem services. How are these 

achieved by the biotic components of the ecosystem?   

Biodiversity Conservation Strategies  

Efforts have been initiated all over the world for biodiversity conservation under two basic 

strategies:  

1. In-situ Conservation  

In-situ conservation is the conservation of biotic resource in their natural habitats through the 

protection of the total ecosystem. This is done through a network of protected areas, biosphere 

reserve, sacred forest and lakes. In Bhutan, there are 5 national parks, 4 wildlife sanctuaries and 

3 biosphere reserves or nature reserve as protected areas.   

A National park is an area strictly reserved for the betterment of wildlife, where forestry, grazing 

or cultivation are not allowed.  

A Sanctuary is an area specifically meant for the protection of the fauna.  

A biosphere reserve is a multipurpose protected area of habitat, where man is an integral part of 

the system. This includes forest area where wildlife is protected and human activities are also 

allowed.  

 

 

 

 

 

 

 

 
 

ACTIVITY 3 
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2. Ex-situ Conservation  

Ex-situ conservation is the conservation strategies in which threatened species are reared and 

preserved outside their natural habitats. This may be at homes, botanical gardens, zoological 

park, aquarium, seed gene bank, field gene bank and cryopreservation.  

Gene bank is an organisation that store genetic complements of many living forms in the form of 

seeds, pollen, ovules, tissue cultures and frozen germplasm as ova and sperm. There are two 

types of gene bank: In-house gene bank and field seed gene bank. In In-house gene bank, fresh 

seeds are dehydrated and then stored in special rooms under the anaerobic condition at -10℃ to 

20℃. In  field gene bank, plants are stored for a short period of time.  

Cryopreservation is the in-vitro conservation of tissues, organs, embryos and seeds at the low 

temperature of -196℃. 

 

 

 

 

Now let us play quiz! 

You can choose the answer from the box. 
 

1. Many animals that have become extinct in the wild but continued to be maintained in a 

zoological park. What type of biodiversity conservation strategies is observed in this case?  

2. A protected area only meant for the protection of the fauna. 

3. An organisation that stores genetic material of a living organism in the form of seeds pollen, 

ovules, tissue culture and frozen germplasm.  

4. The technique of preserving tissues, organs, embryos and seeds at the low temperature of -

196℃.  

5. A multipurpose protected area of habitat, wherein man is an integral part of the system. 

The Magnitude of Biodiversity in Bhutan 

Bhutan has been identified as a global biodiversity hotspot and is counted among the 234 

globally outstanding eco-regions of the world. Bhutan has six major agro-ecological zones which 

are as follow: alpine, cool temperature, warm temperature, dry subtropical, humid subtropical 

and wet subtropical zones. Bhutan has vast natural forest cover about 72% of the total land cover 

with varieties of trees, tremendous water sources with an extensive network of rivers, rivulets 

and streams, glaciers and glacial lakes. Bhutan is characterised by strong species diversity with 

about 5,603 flowering plant species, 200 species of mammals, 800 to 900 species of butterflies 

and 50 freshwater fishes. 

Gene bank   Wildlife sanctuaries   Biosphere reserve 

         Ex-situ                         Cryopreservation 

ACTIVITY 3 
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1. Our constitution also mandates Bhutanese to maintain 60% forest cover. How would this 

benefit our country and the people? 

 

 

 

• The diverse forms of life found in an area is called biological diversity or biodiversity. 

• There are three types of biodiversity: genetic diversity, species diversity and ecosystem 

diversity.   

• Bhutan is one of the 10 biological hotspots in the world.   

• Conservation of biodiversity is the protection, preservation and management of wildlife 

and natural resources to restore and maintain a balance between the rate of its utilization 

and the rate of its restoration in nature.  

• In-situ and Ex-situ are two conservation strategies.  

• Bhutan has been identified as a global biodiversity hotspot and is counted among the 234 

globally outstanding eco-regions of the world. 

 

 

 

Answer the following questions in your notebook. 

1. Why do you think that a gene bank is important? 

2. The White-bellied Heron is one of the critically endangered bird species in Bhutan. Using 

the knowledge that you have gained today, design strategies to conserve the White-

bellied Heron. 

 

 

 

 

Self-Check for Learning 

ACTIVITY 4 

Summary 
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2. CHEMISTRY 

2.1 Chemical Equilibrium and Le Chatelier’s Principle 

Introduction  

A chemical reaction involves the conversion of reactants into products under the given set of 

conditions and expected to attain completion. Many reactions occur and reach almost completion 

but there are also reactions which never attain completion when carried out in closed vessels. In 

such reactions, the reaction mixture consists of both reactants and the products. 

Chemical Equilibrium 

In any reversible chemical reaction, the forward reaction is always accompanied by a backward 

reaction. At a certain stage of the reaction, the rate of forward reaction becomes equal to the rate 

of backward reaction. This state of the reaction is in an equilibrium state and is known as a 

chemical equilibrium. At equilibrium, the concentrations of reactants and products remain the 

same.   

 

 

 

 

 

 

 

Chemical Equilibrium is a Dynamic Equilibrium 

Explanation: In a reversible reaction at equilibrium, the concentrations of reactants and the 

products remain constant and the reactions in both the directions appear to have stopped. But the 

reactions do not stop at equilibrium and occur simultaneously. 

• Explain chemical equilibrium. 

• Solve numerical problems on chemical equilibrium.  

• State Le Chatelier’s principle. 

• Explain use of Le Chatelier’s principle to predict the behaviour 

of a system (chemical equilibrium) due to changes in pressure, 

temperature, or concentration. 
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Mathematical Expression of Chemical Equilibrium 

Let the elementary reaction be represented as follows. 

 

Rate of forward reaction (R1) = k1[A]a [B]b 

Rate of reverse reaction (R2) = k2 [C]c [D]d 

Where, k1 and k2 are the rate constants for forward and backward reactions respectively. 

At equilibrium,  

Rate of forward reaction = rate of backward reaction                           

                                R1 = R2 

                                 k1[A]a [B]b = k2 [C]c [D]d
  

                       
k1

k2 
=  

[C]c[D]d

[A]a[B]b 

                                     Kc =  
[C]c[D]d

[A]a[B]b 

                         Kc = equilibrium constant  

The equilibrium constant is expressed in terms of molar concentrations (mole/ L) of the reactants 

and products or terms of partial pressures for gaseous reactants and the products. 

Characteristics of Equilibrium Constant (Kc) 

• It is constant for a specific reaction at a specific temperature. 

• Pure solids and pure solvents are not included in the equilibrium expression. 

• The given reaction must be in balanced form. 

• Its unit depends on the type of reaction. 

• It is independent of the initial concentration of the reactants. 

The equilibrium constant value will provide information about the extent to which the given 

reaction has occurred under the given conditions. 

Example of reversible reaction: Oxidation of sulphur dioxide to sulphur trioxide. 

         

               KC =  
[SO3]2

[SO2]2[O2]1     
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At equilibrium, if 

                              [SO2] = 0.9 M 

                              [SO3] = 1.1M 

                                [O2] = 0.35M 

          Then,          KC =
(1.1)2

(0.9)2 X  0.35
 

                      = 4.3 mol−1L     

1. For the reaction,  

N2(g) + O2 (g)              2NO(g)

 
Calculate the equilibrium constant if the concentrations of N2, O2 and NO are 0.1M, 0.1M 

and 5.8 x 10-12 M respectively. 

Le Chatelier’s Principle and Factors Affecting Chemical Equilibrium 

A chemical system at equilibrium under a given set of conditions will remain in the same state so 

long these conditions are maintained constant. If these conditions are changed, the equilibrium 

gets disturbed and cause a net reaction to occur. Such effect leads the reaction to attain a new 

equilibrium state. The effect of changing the conditions of the system at equilibrium is predicted 

with the help of Le Chatelier’s principle.  

Le Chatelier’s principle is stated as - when external stress such as a change in pressure, 

temperature or concentration, is applied to a system in chemical equilibrium, the 

equilibrium will change in such a way as to reduce the effect of the stress. In other words, if 

there is a change in the concentration or temperature or pressure of reactants and products then the 

position of the equilibrium will shift to counteract that change. 

i. The effect of concentration on equilibrium 

If the concentration of a reactant is increased, the equilibrium will shift in the direction of the 

reaction that uses the reactants, so that the reactant concentration decreases. The forward reaction 

is favoured. The forward reaction is also favoured if the concentration of the product is decreased 

so that more product is formed. 

If the concentration of a reactant is decreased, the equilibrium will shift in the direction of the 

reaction that produces the reactants, so that the reactant concentration increases. The reverse 

reaction is favoured. The reverse reaction is also favoured if the concentration of the product is 

increased, so that product is used. 

 ACTIVITY 1 
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For example: The reaction between sulphur dioxide and oxygen to produce sulphur trioxide    

     

        

        
Similarly, when concentration of product is changed, reverse effect will take place. 

1. Explain the effect of continuous removal of CO2 gas in the following reaction. 

 

ii. The effect of temperature on equilibrium 

If the temperature of a reaction mixture is changed, the equilibrium will shift to minimise that 

change. If the temperature is increased the equilibrium will shift to favour the reaction which 

will reduce the temperature. The endothermic reaction is favoured. 

If the temperature is decreased the equilibrium will shift to favour the reaction which will increase 

the temperature. The exothermic reaction is favoured. 

Let us consider the following chemical reaction. 

 

The forward reaction is exothermic as the heat is released. This means that the reverse reaction is  

endothermic.  

Case 1. An increase in temperature favours the endothermic reaction which is a reverse reaction, 

therefore, the yield of ammonia (NH3) will decrease. 

Case 2. A decrease in temperature favours the exothermic reaction which is a forward reaction, 

therefore, yields of NH3 will increase. 

 ACTIVITY 2 
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1. How will the equilibrium shift when the temperature is changed in the following 

reaction? 

                

iii. The effect of pressure on equilibrium 

If the pressure of a gaseous reaction mixture is changed, the equilibrium will shift to minimise that 

change. That means,  

• if the pressure is increased, the equilibrium will shift to favour a decrease in pressure. 

• if the pressure is decreased the equilibrium will shift to favour an increase in pressure. 

The pressure of the system depends on the number of moles of gaseous substances present in it. 

If the reaction proceeds by an increase in the number of moles, then the pressure of the system 

will increase. Similarly, a reaction involving a decrease in the number of moles tends to decrease 

the pressure of the system.  So, to predict in which direction the equilibrium will shift due to 

change in pressure, we need to look at the number of gas molecules in the balanced chemical 

reaction.  

Let us consider the following reaction. 

 

This reaction proceeds in forward direction by a decrease in the number of moles and hence 

decrease in pressure.   

• An increase in pressure: Increase in the pressure of this reaction will decrease the volume and 

the number of moles per unit volume will be greater. The equilibrium of the reaction now 

will shift to decrease the number of moles and hence the pressure. Since the decrease in the 

number of moles is possible in forward direction, forward reaction is favoured. Hence more 

nitrogen and hydrogen will combine to form more ammonia.  

• A decrease in pressure: It will favour the reaction that increases the number of gas molecules. 

There are more molecules of reactant gas, so the reverse reaction is favoured. The equilibrium 

will shift to the left and the yield of NH3 will decrease. 

1. Discuss the effect of increase of pressure in the following reaction. 

a.  
 

b.  

 ACTIVITY 3 

 ACTIVITY 4 
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iv. Effect of catalyst on the equilibrium 

If a catalyst is added to a reaction, both the forward and reverse reaction rates will be increased. 

If both rates are increased, then the concentrations of the reactants and products will remain the 

same. This means that a catalyst has no effect on the equilibrium position. However, a catalyst 

will affect how quickly equilibrium is reached. This is very important in the industry where the 

longer a process takes, the more money it costs. So, if a catalyst reduces the amount of time it 

takes to form specific products, it also reduces the cost of production. 

• In a reversible reaction, the forward and backward reactions occur simultaneously. 

• At equilibrium, the rate of forward reaction is equal to the rate of backward reaction. 

• Chemical equilibrium is a dynamic equilibrium. 

• Equilibrium constant provides information about the extent to which the given reversible 

reaction has occurred to form the product. 

• Le Chatelier’s principle states that when external stress such as a change in pressure, 

temperature or concentration, is applied to a system in chemical equilibrium, the equilibrium 

will change in such a way as to reduce the effect of the stress. 

Answer the following questions in your notebook.  

i. To the following solution (purple) in equilibrium, table salt (NaCl) is added. 

  

a. Use Le Chatelier's principle to predict the change in the equilibrium position. 

b. What would be observed? 

ii. Assuming the reaction, H2(g)+I2(g) ⇄2HI(g) as an exothermic reaction; which direction 

will the equilibrium shift if the temperature is decreased and allowed to re-establish the 

equilibrium? 

 

 

 

 

 Summary 

 

 Self-check for Learning 
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2.2 Electrochemistry 

 

• Define electrochemical cell. 

• Construct a galvanic cell. 

• Write the cell reaction. 

• Calculate cell EMF. 

Introduction  

Electrochemistry is the branch of chemistry which deals with the study of the conversion of 

chemical energy into electrical energy or electrical energy into chemical energy. 

The conversion of electrical energy into chemical energy takes place in an electrolytic cell and 

the conversion of chemical energy into electrical energy takes place in the electrochemical cell. 

Our discussion in this material will be on the electrochemical cell. 

Electrochemical Cell/ Galvanic cell/ Voltaic cell 

It is a device from which electricity is generated as a result of oxidation and reduction reactions 

taking place in two separate containers called half - cells. 

Components of Galvanic cell 

1. Two half - cells: The two half-cells are called oxidation half- cell and the reduction half- 

cell. Each half cell consists of a particular electrode dipped in a solution containing its ions. 

                                 

2. Salt bridge: It is a medium of ions which connects the two half cells internally. It contains 

a saturated solution of inert electrolytes like KCl, KNO3 and NH4NO3 prepared in agar-

agar jelly. This medium of ions of electrolytes in agar-agar is packed usually in an inverted 

U-shaped glass tube. 
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Functions of Salt Bridge: 

✓ It connects the two half cells internally in the galvanic cell. 

✓ It maintains the electrical neutrality of the two half cells by allowing the flow of ions 

from it into the solutions of the half cells. 

Salt bridge does not undergo a chemical reaction with the solution of the half cells. It remains 

unchanged during the redox reaction. 

Two half cells in the galvanic cells are connected externally by the external circuit. 

                                    

In the galvanic cell, the oxidation half-cell electrode is considered as anode (-) and the reduction 

half-cell electrode is considered as cathode (+). 

At the anode, oxidation takes place by loss of electron(s) from the electrode. 

     Example:     

                    
At the cathode, reduction takes place by electrode accepting electrons released from the anode. 

    Example: 

            
   The electrons produced at the anode flow towards the cathode through the external circuit. 

In galvanic cell, the oxidation and reduction reactions take place simultaneously and is known as 

redox reaction. 

Example of a galvanic cell: Daniel cell 

Daniel cell consists of zinc electrode (as anode) dipped in a solution of zinc salt and copper 

electrode (as cathode) dipped in solution of copper salt. 
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The flow of current takes place from cathode to anode through the external circuit. 

Cell notation/ cell representation 

      

Electrode Potential 

Electrode potential is the potential difference developed due to generation of electrical layer 

between the metal and the solution containing its ions (in equilibrium). 

                          

Electrode potential, in other words, is the tendency of an electrode to undergo either oxidation or 

reduction when immersed in a solution containing its ions. 

For example: When a zinc plate is immersed in a zinc sulphate solution, it undergoes oxidation. 
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When copper is immersed in copper sulphate solution, it undergoes reduction. 

 

Types of Electrode Potential 

I) Oxidation potential: It is the measure of the tendency of the electrode to lose electrons (get 

oxidized). 

       Zn(s) → Zn2+ (aq) + 2 e-, Eo
ox = 0.76 volt 

       Cu(s) → Cu2+  (aq) + 2 e-, Eo
ox = - 0.34 volt 

The oxidation potential of zinc is a positive value which indicates that it has a higher tendency to 

undergo oxidation rather than reduction. 

Likewise, copper has negative oxidation potential which indicates that it has the tendency to 

undergo reduction rather than oxidation.  

II) Reduction potential: It is the measure of the tendency of the electrode to gain electrons (get 

reduced). 

     Zn2+ (aq) + 2 e- → Zn(s), Eo
red = -0.76 volt 

     Cu2+ (aq) + 2 e- → Cu(s), Eo
red = 0.34 volt 

The reduction potential of zinc is a negative value which indicates that it has a higher tendency 

to undergo oxidation rather than reduction. 

Likewise, copper has a positive reduction potential which indicates that it has the tendency to 

undergo reduction rather than oxidation.  

The oxidation potential is numerically the same as reduction potential with opposite sign. 

Eo
ox   = - Eo

red 

0.76 V = - 0.76 V 

Important convention: The electrode potentials of the electrodes are always expressed in terms 

of standard reduction potentials. 

Standard Electrode Potential (Eo) 

It is the electrode potential of an electrode measured at standard conditions (temperature 25oC 

and 1.0 molar solution).  

For example: The standard reduction potential of Zn is -0.76 V. 

            E   Zn2+/Zn
0 =  −0.76 V 
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Reference Electrode 

The electrode potential of a single electrode (half- cell) can be measured only with respect to 

other electrode called reference electrode. 

One example of such electrode is standard hydrogen electrode (SHE). 

 

Hydrogen gas is bubbled through the 1.0 M HCl solution at 1 atm pressure. The hydrogen gas 

gets adsorbed on the surface of platinum plate and comes in contact with its H+ ions (produced 

from HCl) in the solution. 

The function of platinum black is to increase the surface area on which the hydrogen gas gets 

adsorbed. 

Representation of SHE 

H2 (g)(1.0 atm) / 2H+ (aq)(1.0M) 

The electrode potential of SHE is assigned as 0.0 volt at all temperatures. 

Disadvantages of SHE 

• Difficult to control hydrogen gas as it forms explosive mixture with air. 

• Difficult to maintain constant pressure of hydrogen gas at 1.0 atm and 1.0 M 

concentration of HCl solution. 

• Inconvenient to assemble the apparatus. 

Construction of Galvanic Cell Using Different Electrodes 

Of the two given electrodes, the one with the lower reduction potential has the tendency to 

undergo oxidation and acts as anode. The other electrode with higher reduction potential acts as 

cathode. 

Example: Zinc electrode and SHE 

E  Zn2+/Zn
0 =  −0.76 V                     E2H+/H2

0 =  0.0 V 
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Zinc has lower reduction potential than that of hydrogen therefore, zinc acts as anode and SHE 

acts as cathode.  

                  

Cell Representation 

                            Zn (s)/ Zn2+(aq) // 2H+(aq)/ H2(g) (Pt) 

                                 

                     

1. Combine copper electrode and SHE and write the cell notation and the cell reaction. Given 

that   E Cu2+/Cu
0 =  0.34 V  and  E2H+/H2

0 =  0.0 V. 

Calculation of standard cell emf (E0) 

The standard emf of a galvanic cell is calculated as follows. 

           Ecell
0 =  Ecathode

o − Eanode
o   

Note: For a galvanic cell to be functional and the cell reaction to be spontaneous, the emf of the 

cell should be of positive value. 

Example: Calculation of standard emf of Daniel cell. 

              ECu2+/Cu
0 =  0.34 V    and       EZn2+/Zn

0 =  −0.76 V 

                 Ecell
0 =  Ecathode

o − Eanode
o   

                Ecell
0 = ECu2+/Cu

0  −  EZn2+/Zn
0   

                       = 0.34 - -76 

                       = 0.34 + 0.76  

                       = 1.1V 

 ACTIVITY 1 
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1. A galvanic cell is constructed using a pair of electrodes like platinum and silver. Given 

that E0 of Pt2+ /Pt = 1.20V and E0 of Ag+/Ag = 0.80V. 

i. Write the cell representation. 

ii. Write the cell reaction. 

iii. Calculate the cell emf. 

Calculation of Electrode potential of electrode under non-standard conditions 

The electrode potential under non-standard condition (i.e., when the concentration of the 

electrolytic solution is not 1.0M) is calculated using the Nernst Equation.  

Nernst Equation for single electrode at 250C 

Let the electrode be Zinc metal which is immersed in the solution containing its ions of 0.1 M 

concentration. The half -cell reaction is written in reduction form as follows: 

Zn2+ (aq) (0.1 M) + 2e- → Zn (s)  

And the standard reduction potential of this reaction is as follows. 

EZn2+/Zn
0 =  −0.76 V 

Single electrode potential is determined with the help of following expression which is the 

Nernst equation. 

  EZn2+/Zn =  EZn2+/Zn
0 −  

0.0591

n
log

[Zn(s)]

[Zn2+]
 

The concentration of the solid metal is always assumed to be 1. 

‘n’ is the number of electrons gained or lost in the reaction. 

  EZn2+/Zn =  −0.76 −  
0.0591

2
log

1

 0.1
 

                      = -0.76 – 0.0295 x 1 

                      = -0.789 V 

1. Determine the reduction potential developed when copper is dipped in 0.01M copper 

sulphate solution. Given: ECu2+/Cu
0 =  0.34 V. 

 

 

 ACTIVITY 2 

 ACTIVITY 3 
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Calculation of emf of Cell under non-standard conditions 

The emf of a galvanic cell under non-standard condition is determined by the following 

expression which is derived from the Nernst Equation for a single electrode. 

For general reaction: aA + bB → cC + dD, at 250C 

ECell =  Ecell
0 −  

0.0591

n
log

[C]c[D]d

[A]a[B]b
 

Example: Zn (s) + 2Ag+ (aq) → Zn2+(aq) + 2Ag (s)  

ECell =  Ecell
0 −  

0.0591

n
log

[Zn2+] [Ag (s)]2

[Zn(s)][Ag+]2
 

We know that the concentrations of solid metals are 1. 

 [Ag (s)]2 =  1 and  [Zn(s)]= 1 

Therefore, the equation becomes, 

ECell =  Ecell
0 −  

0.0591

n
log

[Zn2+] 

[Ag+]2
 

                 Ecell
0 = EAg+/Ag

0  −  EZn2+/Zn
0    

So, the general equation can be written as,  

ECell =  Ecell
0 −  

0.0591

n
log

[product ions ] 

[reactant ions]
 

Numerical problem: 

Calculate the emf of the cell at 250C. 

Zn(s)/Zn2+ (aq) (0.1 M) // Cu2+ (aq) (0.01 M)/Cu (s) 

Given that: ECu2+/Cu
0 =  0.34 V    and       EZn2+/Zn

0 =  −0.76 V 

From the standard reduction potential values, we can identify the cathode and anode and write 

the redox reaction accordingly. In this case, zinc acts as anode due to its lower reduction 

potential value than that of copper. The redox reaction, therefore, can be written as follows:  

   Zn (s) + Cu2+ (aq) (0.01 M) → Zn2+ (aq) (0.1 M) + Cu (s) 

ECell =  Ecell
0 −  

0.0591

n
log

[Zn2+] 

[Cu2+]
 

                                 Ecell
0 =  Ecathode

o − Eanode
o   
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                Ecell
0 = ECu2+/Cu

0  −  EZn2+/Zn
0   

                       = 0.34 - -76 

                       = 1.1 V 

                    ECell =  1.1 −  
0.0591

2
log

0.1 

0.01
 

                             = 1.07 V 

1. Determine the emf of the cell at 250 C. 

Ni (s)/Ni2+ (aq) (0.001 M )// Ag+ (aq) (0.1 M )/Ag (s), given that E0 of Ni2+ /Ni = − 0.25V 

and E0 of Ag+/Ag =  0.80V. 

• An electrochemical cell is a device from which electricity is generated as a result of oxidation and 

reduction reactions taking place in two separate containers called half - cells. 

• The chemical energy converts into electrical energy in the electrochemical cell. 

• Salt bridge is a medium of ions which connects the two half cells internally. It does not undergo a 

chemical reaction with the solution of the half cells. 

• In the galvanic cell, the oxidation half-cell electrode is considered as anode (-) and the reduction 

half-cell electrode is considered as cathode (+). 

• Electrode potential is the potential difference developed due to generation of electrical layer 

between the metal and the solution containing its ions. 

• Standard electrode potential is the electrode potential of electrode measured at standard 

conditions (temperature 25oC and 1.0 molar solution).  

• The electrode potential of SHE is assigned as 0.0 V at all temperatures. 

• In a galvanic cell, the electrode with the lower reduction potential acts as anode and the other 

electrode with higher reduction potential acts as cathode. 

• The standard emf of a galvanic cell is calculated using the formula, 

           Ecell
0 =  Ecathode

o − Eanode
o   

• For a galvanic cell to be functional and the cell reaction to be spontaneous, the emf of the cell 

should be of positive value. 

• The electrode potential under non-standard condition is calculated using the Nernst Equation.  

• The emf of a galvanic cell under non-standard condition is determined by using the formula, 

           ECell =  Ecell
0 −  

0.0591

n
log

[product ions ] 

[reactant ions]
  

 

 

 

 ACTIVITY 4 

 Summary 
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Answer the following questions in your notebook.  

1. The standard reduction potentials of electrodes are given below. 

 

 

 

 

a. If Ag is to be used as a cathode, which another electrode would you choose as an 

anode to construct the galvanic cell?   

b. Write the redox reaction of the galvanic cell. 

c. Calculate the standard cell emf. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pt2+/Pt 1.20 V 

Ag+/Ag 0.80V 

Cu2+/Cu 0.34V 

 
Self-check for Learning 
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2.3 Substitution and Addition Reactions of Alkanes, Alkenes and Alkynes 

 

 

 

 

 

Introduction 
The simplest class of organic compounds is the hydrocarbons, compounds composed of only 

carbon and hydrogen. Hydrocarbons containing only carbon – carbon single bonds are known as 

saturated hydrocarbons. Hydrocarbons containing carbon – carbon multiple (double and triple) 

bonds are known as unsaturated hydrocarbons. Hydrocarbons are broadly classified into four 

types based on the bond present between carbon – carbon atoms. 

 Table 1.1 Types of Hydrocarbon 

Sl. No Hydrocarbon Characteristics Example  

1.  Alkanes 
Single covalent bonds between carbon 

atoms 

 

2.  Alkenes 
At least one double bond between two 

carbon atoms 

 

3.  Alkynes  
At least one triple bond between two 

carbon atoms 

 

4.  

Aromatic 

hydrocarbons 

 
 

At least one benzene ring present. 

 

Benzene

• Differentiate between substitution and addition reaction. 

• Write examples of substitution and addition reactions in alkanes, 

alkenes and alkynes. 

• Justify the occurrence and non-occurrence of substitution and 

addition reactions in alkanes, alkenes and alkynes. 
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A. Substitution Reactions of Hydrocarbons  

A reaction in which one of the atoms of one molecule is replaced by another atom or group of 

atoms without causing any change in the rest of the molecule is called substitution reaction. 

Alkanes, alkenes and alkynes undergo substitution reaction.  

For example:  

 

Substitution Reactions in Alkanes 

1. Halogenation  

It is the substitution reaction of alkanes in which hydrogen atom of alkane is replaced by 

halogens.  

 

Chlorination of alkane 

In this reaction, there is replacement of H – atom of alkane with chlorine atom. Chlorination 

occurs in a series of steps until chlorine atoms replace all the H-atoms of alkane and the product 

of the preceding reaction becomes the reactant of the next step. 

For example: Chlorination of methane 

Methane reacts with chlorine in presence of diffused sunlight or heat whereby chlorine atoms 

replace all the hydrogen atoms one by one. 

 

 

 

AB + CD AD + CB

CH4 + Cl2 CH3Cl +   HCl
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Mechanism 

Step 1. Irradiation with UV light begins the reaction by breaking the relatively weak Cl-Cl bond 

of Cl2

 

molecules to reactive chlorine free radicals. 

 

Step 2. A reactive chlorine free radical collides with a methane molecule, abstracting a hydrogen 

atom to give HCl and a methyl free radical.  

       
Step 3. This methyl free radical further reacts with Cl2

 

in a second propagation step to give the 

product - chloromethane / methyl chloride and new chlorine free radical.  

      
The above reaction does not stop at methyl chloride stage but proceeds further till all the H – 

atoms of methane are replaced by chlorine atoms. 

Step 4.  

 

Step 5.  
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Step 6. 

 

Step 7. 

 

Step 8. 

 

Step 9. 

 

1. Write the IUPAC names of chloroform and carbon tetrachloride. Mention ONE use each 

for both the compounds. 

 

2. Substitution Reaction in Alkenes 
Alkenes undergo substitution reaction (with retention of double bond) at high temperature. 

Chlorine and bromine replace H – atom of alkyl group of alkenes at about 773K.  

 

 

 

 ACTIVITY 1  
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For example:  

i. Reaction of chlorine with propene 

 
ii. Reaction of chlorine with but-1-ene 

If the alkyl group contains more than one carbon atom, then the substitution occurs at the carbon 

next to the double bond. 

 

3. Substitution reaction of Alkynes 

Terminal alkynes undergo substitution reaction when treated with a strong base such as sodium 

amide (sodamide). It results in removal of terminal hydrogen atom and acetylide is formed. 

For example: 

 

Alkynes are easily deprotonated as compared to alkanes and alkenes. Therefore, terminal alkynes 

are highly acidic compared to alkenes and alkanes. 
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1. Why is it easier to deprotonate alkynes compared to alkenes and alkanes? 

 

B. Addition reactions of unsaturated hydrocarbons 

It is the combination of two molecules of the same or different substances to form a new product. 

Usually, a reagent is added to the site of the double bond (alkene) or triple bond (alkyne) present 

in the substrate molecule. Therefore, addition reaction takes place only in unsaturated 

hydrocarbons and not in saturated hydrocarbons. 

1. Addition Reaction of Alkene 

Reactivity of alkene is due to the presence of weak pi-bond. When chemical reagents attack double 

bond, pi-bond breaks up rather easily and two new sigma bonds are formed. Thus, alkenes undergo 

addition reactions.  

a) Addition of hydrogen (Hydrogenation) 

Alkenes react with hydrogen in presence of finely divided Ni catalyst at 523 – 573K to form 

alkanes. This reaction is known as Sabatier and Senderen’s reaction. 

For example: Hydrogenation of ethene. 

 

Industrial importance of hydrogenation of alkenes 

It is used to make margarine (fat) by passing H2 gas through hot oils in the presence of Ni 

powder (catalyst). 

CH
3
(CH

2
)

7
CH = CH(CH

2
)

7
COOH + H

2

Ni
¾ ®¾ CH

3
(CH

2
)

7
CH

2
- CH

2
(CH

2
)

7
COOH  

Oleic acid      Stearic acid 

(Unsaturated fatty acids present in oils)  (Saturated fatty acids present in fats) 

i. Why are fats solid and oils liquid at room temperature? 

ii. Write a short note on the health implications of unsaturated fats and saturated fats in 

diets. 

 ACTIVITY 2 

 ACTIVITY 3 
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b) Addition of Halogen Acids to Alkenes  

Addition reaction of symmetrical alkenes always yields only ONE product. 

 

 

When HCl is added to unsymmetrical alkene like propene, there are two possible ways it could 

add. However, there is only one major product because the orientation of the addition of the 

hydrogen and the halogen across the double bond is different. The product formed in such cases is 

governed by Markownikoff’s rule. It states that when a compound HX is added to an 

unsymmetrical alkene, the hydrogen gets attached to the carbon with the most hydrogen atoms 

attached to it already. In this case, the hydrogen gets attached to the – CH2

 

group, because the – 

CH2

 

group has more hydrogen atoms than the – CH group. 

 

Mechanism 
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• Hydrocarbons are organic compounds composed of only carbon and hydrogen. 

• Saturated hydrocarbons include alkanes and unsaturated hydrocarbons include alkenes and 

alkynes. 

• Hydrocarbons with benzene ring(s) are called aromatic hydrocarbons. 

• Alkanes undergo substitution reaction in which one of the hydrogen atoms of alkyl group 

is replaced by other atoms such as halogens. 

• Alkenes and alkynes undergo substitution reaction at high temperature with retention of a 

double bond or triple bond. 

• Alkenes and alkynes undergo addition reaction by the addition of other atoms to the site of 

multiple bonds. 

• The product formed by the addition of hydrogen halides to the unsymmetrical alkenes is 

governed by Markownikoff’s rule. It states that when a compound HX is added to an 

unsymmetrical alkene, the hydrogen gets attached to the carbon with the most hydrogen 

atoms attached to it already. 

Answer the following questions in your notebook.  

1. Write the complete reaction of bromine with ethane. 

2. State Markownikoff’s rule.  

3. Write the chemical equation for the reaction of propyne with HCl. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Self-check for Learning 

 Summary 
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2.4 Substitution and Elimination Reaction of Haloalkanes 

 

 

 

 

 

Introduction 

Haloalkanes or alkyl halides (RX) are derivatives of alkanes in which hydrogen atom is replaced 

by a halogen atom (X) such as chlorine, fluorine, bromine and iodine.  

 
For example:  

              
In this study material, we will look into two characteristic reactions of haloalkanes: nucleophilic 

substitution reaction and nucleophilic elimination reaction.  

Nature of C – X Bond         

Haloalkanes are one of the most reactive classes of the organic compound. It is due to the nature 

of carbon to halogen (C – X) bond. The halogen atom is more electronegative than carbon atom 

(except iodine). The carbon- halogen (C-X) bond is therefore polar covalent in nature due to 

difference in electronegativity of carbon and halogen atoms. Therefore, the shared pair of 

electrons in C – X bond will be attracted towards the halogen end, leaving carbon slightly 

positive (δ+) charge and halogen slightly negative (δ-) charge.  

 

For example:  

 
 

CnH2n+2 + X CnH2n+1X + H

Alkane Halogen Haloalkane

• Define haloalkanes. 

• Describe the nature of carbon- halogen (C-X) bond in haloalkanes. 

• Explain the mechanism of SN1
 

and SN2 reactions. 

• Explain the mechanism of EN1 and EN2 reactions. 
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Since carbon atom is electron deficient, haloalkanes will behave as an electrophile in chemical 

reactions and are easily susceptible to attack by nucleophiles (at electron deficient carbon 

centre). 

Nucleophiles: Nucleophile is a substance that is nucleus loving. They are electron rich 

atoms/species and can form a bond by donating a pair of electrons to an electron deficient atom.  

For example, ammonia, chloride ion, water, etc. 

                                
Electrophiles: Electrophile is a substance that is electron loving. They are electron deficient 

atoms/species and can form a bond by accepting a pair of electrons from a nucleophile. For 

example, haloalkanes, acids, carbonyl compounds, etc. 

                                 

1. Which of the following species are likely to behave as a nucleophile and an electrophile? 

(a) C2H5OH  (b) CH3CHO  (c) CH3NH2  (d) CN−     (e) C2H5Br 

Nucleophilic Substitution Reaction 

In a nucleophilic substitution reaction, the nucleophile attacks electron deficient carbon centre 

of haloalkane and simultaneously halogen atom gets displaced (by nucleophile) along with the 

bonding pair of electrons. This happens only if the incoming nucleophile is stronger than the 

halogen atom. 

For example:  

 
 

 

NH3
H2O

Electron rich atoms

 ACTIVITY 1 
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A. Types of Nucleophilic Substitution Reaction 

There are two types of nucleophilic substitution reaction based on the mechanism. They are: 

1. Unimolecular Nucleophilic Substitution reaction (SN1).  

2. Bimolecular Nucleophilic Substitution reaction (SN2).  

1. Unimolecular Nucleophilic Substitution Reaction (SN1) 

The rate of reaction is dependent only upon the concentration of haloalkane and is independent 

of the concentration of nucleophile. Thus, it is known as a unimolecular reaction. 

Rate of reaction = k [RX]1[nucleophile]0 

     Where, [RX] = concentration of haloalkane 

[Nucleophile] = concentration of nucleophile 

k = rate constant 

It is a first order reaction. 

All tertiary haloalkanes in the presence of aqueous alkali undergo SN1

 

reaction because of  steric 

hindrance (i.e., presence of three – CH3 groups and halogen atom) which prevents backside 

attack by the nucleophile.   

For example: Alkaline hydrolysis of tertiary butyl bromide. 

 
This reaction is a first order reaction. 

Rate of reaction = k [(CH3)3CBr]1[OH-]0 

Mechanism of SN1 

SN1
 

reaction takes place in two steps. 

Step 1: Formation of Carbocation 

The tertiary butyl bromide undergoes heterolytic bond fission (ionization) resulting in the 

formation of a carbocation. It is the slowest and rate-determining step. No reaction can proceed 

faster than its rate determining or rate-limiting step, which acts as traffic jam or bottleneck.  

 

C

CH3

H3C

CH3

Br + KOH(aq) C

CH3

H3C

CH3

OH + KBr(aq)
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Step 2: Attack by incoming nucleophile to the carbocation 

The nucleophile (OH−) from KOH attacks carbocation (formed in step1). The lone pair of 

electrons on the nucleophile is strongly attracted towards the positive carbon atom and forms 

tertiary butyl alcohol. It is a fast step because it involves ions. 

 

2. Bimolecular Nucleophilic Substitution Reaction (SN2) 

The rate of reaction is dependent upon the concentration of both the reactants i.e. haloalkane and 

nucleophile. Thus, it is known as a bimolecular reaction. 

Rate of reaction = k [haloalkane]1[nucleophile]1 

It is a second order reaction. 

All primary haloalkanes in the presence of aqueous alkali undergo SN2

 

reaction. 

For example: Alkaline hydrolysis of chloromethane. 

  

This reaction is a second order reaction. 

Rate of reaction = k [CH3Cl]1[OH−]1 

Mechanism of SN2 

SN2 reaction takes place in a single step. 

 

The nucleophile, OH− uses its lone pair of electrons to attack the haloalkane carbon 1800 away 

from the departing halogen. This leads to a transition state with a partially formed C – OH bond 

and a partially broken C – Cl bond. When the C – OH bond is formed fully, simultaneously the 

chloride ion leaves from the former C – Cl bond resulting in the formation of the products. 
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1. Write two differences between SN1 and SN2 reactions. 

 

B. Elimination Reaction 

The reactions which take place by the removal of atoms or groups from a molecule to form 

multiple bonds in the product are called elimination reactions. 

For example: 

 

Types of Nucleophilic Elimination Reaction 

Similar to the nucleophilic substitution reaction, the elimination reaction is of two types: 

1.  Unimolecular Nucleophilic elimination reaction (EN1).  

2. Bimolecular Nucleophilic elimination reaction (EN2).  

1. Unimolecular Nucleophilic elimination reaction (EN1) 

It is a first order reaction because the rate of reaction is dependent upon the concentration of 

only ONE of the reactants i.e., haloalkane. Thus, it is also known as a unimolecular reaction. 

Rate of reaction = k [RX]1[nucleophile]0 

All tertiary haloalkanes in presence of alcoholic alkali undergo EN1

 

reaction. 

For example: Alcoholic alkaline hydrolysis of tertiary butyl bromide. 

 

This reaction is a first order reaction. 

Rate of reaction = k [(CH3)3CBr]1[OH−]0    

 

 

 

 ACTIVITY 2 
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Mechanism 

EN1 reaction takes place in two steps. 

Step 1. Formation of Carbocation 

The tertiary butyl bromide undergoes heterolytic bond fission (ionization) resulting in the 

formation of a carbocation. It is the slowest and rate-determining step.  

 

Step 2. Removal of Proton (H+) from the adjacent carbon atom of carbocation  

The nucleophile (OH−) from alcoholic KOH attacks carbon atom adjacent to carbocation 

and removes the proton (H+) producing 2-methylprop-1-ene (double bonded unsaturated 

compound). It is a fast step. 

 

2. Bimolecular Nucleophilic Elimination Reaction (EN2) 

It is a second order reaction because the rate of reaction is dependent upon the concentration of 

both the reactants i.e. haloalkane and nucleophile. Thus, it is also known as a bimolecular 

reaction. 

Rate of reaction = k [haloalkane]1[nucleophile]1 

All primary haloalkanes in presence of alcoholic alkali undergo EN2

 

reaction. 

For example: Alcoholic alkaline hydrolysis of bromoethane 

 

This reaction is a second order reaction. 

Rate of reaction = k [C2H5Cl]1[OH−]1 

 

 

CH3CH2Br + KOH(alc) H2C CH2
KBr H2O
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Mechanism 

 

Nucleophile (OH−) attacks neighbouring hydrogen and begins to remove the H atom at the same 

time as the alkene double bond starts to form and the X group (Br) starts to leave. This leads to 

the formation of an intermediate state. Neutral alkene (ethene) is produced when the C – H bond 

is fully broken and the Br has departed with the C – Br bond electron pair. 

1. What product would you expect from the elimination reaction of 3-chloro-3-ethylpentane 

with C2H5OH? 

• Haloalkanes or alkyl halides (RX) are derivative of alkanes in which hydrogen atom is 

replaced by a halogen atom (X) such as chlorine, fluorine, bromine and iodine. 

• Haloalkanes are the most reactive group of organic compounds due to the polar nature of 

C- X bond. 

• The carbon atom attached to the halogen bears a slight positive charge due to which the 

haloalkanes are easily attacked by nucleophiles. 

• Haloalkanes undergo nucleophilic substitution reaction by displacement of hydrogen by a 

nucleophile. 

• In a unimolecular nucleophilic substitution reaction, the rate of reaction is dependent only 

upon the concentration of haloalkane and is independent of the concentration of 

nucleophile. 

• Tertiary alkyl halide undergoes SN1 reaction. 

• In a bimolecular nucleophilic substitution reaction, the rate of reaction is dependent upon 

the concentration of both the reactants i.e. haloalkane and nucleophile. 

C C

H

Br

H

H

H

H

OH

C C

H

Br

H

H

H

H

OH------

d-

------
--

-

d+

C C Br H2O

H

H

H

H

Intermediate state
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• Primary haloalkanes undergo SN2 reaction. 

• The reactions which take place by the removal of atoms or groups from a molecule to 

form multiple bonds in the product are called elimination reactions. 

• In EN1 reaction, the rate of reaction is dependent upon the concentration of only ONE of 

the reactants i.e., haloalkane. 

• EN2 is a second order reaction because the rate of reaction is dependent upon 

concentrations of both the reactants i.e. haloalkane and nucleophile. 

Answer the following questions in your notebook.  

1. Explain why tertiary haloalkanes like 2-bromo-2-methylpropane do not undergo the same 

mechanism as primary haloalkanes such as bromoethane? 

2. Why does the slowest step determine the rate of a reaction? 

3. Which elimination reaction will n-propyl bromide undergo with alcoholic KOH? Show 

the mechanism for this elimination reaction. 
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2.5 Oxidation of Alcohols 

 

 

 

 

 

Introduction 

Alcohols are hydrocarbon derivatives formed by replacing one or more hydrogen atom of the 

parent hydrocarbon with the functional group –OH. The –OH is known as a hydroxyl group or 

the alcohol group. The general formula of alcohol is CnH2n+1OH or ROH, where R represents 

alkyl group. 

For example:  

✓ Methanol (CH3OH) from methane (CH4). 

✓ Ethanol (CH3CH2OH) from ethane (CH3CH3). 

“Can you think of some more examples of alcohol?” 

Classification of alcohols  

a. Based on the number of –OH groups present in the molecule. 

 

1. Give an example each of monohydric, dihydric and trihydric alcohols. 

 

• Classify alcohols based on the number of –OH groups present in 

the molecule. 

• Classify alcohols based on the number of alkyl (R) groups linked to 

the carbon attached directly to hydroxyl group. 

• Explain the oxidation of alcohols with acidified potassium 

dichromate. 

 

 

 

 
 
 

 ACTIVITY 1 
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b. Based on the number of alkyl (R) groups linked to the carbon attached directly to the 

hydroxyl group. 

➢ Monohydric alcohols are classified according to the number of alkyl groups bonded to 

the carbon where the –OH group is attached. 

 

 

c. Based on the number of alkyl (R) groups linked to the carbon attached directly to 

hydroxyl group, monohydric alcohols are classified into following types: 

i. Primary (10) alcohol 

Alcohol which has ONE alkyl group (R) linked to carbon atom attached to the –OH group is 

called primary alcohol. It has a general formula: R-CH2-OH  

For example:  

                           
ii. Secondary (20) alcohol 

Alcohol which has TWO alkyl groups (R) linked to carbon atom attached to the –OH group 

is called secondary alcohol. 

Its general formula is R2-CH-OH or  where R and R’ may be same or different 

alkyl groups. 

For example:  

                  

CH

CH3

CH3

OH

Iso-propyl alcohol
(Propan-2-ol)

          
 

 

 

MONOHYDRIC ALCOHOL

Primary Alcohol Secondary Alcohol Tertiary Alcohol
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iii. Tertiary (30) alcohol 

Alcohol which has THREE alkyl groups (R) linked to carbon atom attached to the –OH 

group is called tertiary alcohol. 

General formula: R3-C-OH or where R, R’ and R’’- may be same or different 

alkyl groups. 

For example:  

                               

1. Give TWO examples of secondary alcohols. 

Definition of Oxidation  

In organic chemistry, oxidation is the loss of hydrogen. 

Example: Ethanol is oxidized to ethanal by loss of hydrogen atoms. 

 

Oxidation of Alcohols 

Oxidation of alcohols yields carbonyl compounds. This process is used to make aldehydes, 

ketones and carboxylic acids. It also helps to distinguish between primary, secondary and tertiary 

alcohols. The oxidizing agent used for the oxidation of alcohol is acidified potassium dichromate 

(dilute H2SO4 + K2Cr2O7).  

Primary alcohols yield aldehydes or carboxylic acids, secondary alcohols yield ketones but 

tertiary alcohols do not undergo oxidation with acidified potassium dichromate. 

i. Oxidation of Primary Alcohols 

Primary alcohol on oxidation with acidified potassium dichromate first gives an aldehyde, which 

on further oxidation gives a carboxylic acid with the same number of carbon atoms as the 

original alcohol. 

CH3CH2OH
OXIDIZED

CH3CHO

 ACTIVITY 2 
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For example: 

 

Did you know? 

Potassium dichromate is powerful oxidizing agent and in presence of dilute sulphuric acid, it 

liberates nascent oxygen ([O]). 

K
2
Cr

2
O

7
+ 4H

2
SO

4
®K

2
SO

4
+ Cr

2
(SO

4
)

3
+ 4H

2
O + 3[O] 

Nascent oxygen is monoatomic oxygen which is very reactive and highly unstable. 

ii. Oxidation of Secondary Alcohols 

Secondary alcohol on oxidation gets oxidized to a ketone with the same number of carbon atoms 

as the original alcohol. 

 
For example: 

 

iii. Oxidation of Tertiary Alcohols 

Tertiary alcohols are not oxidized with mild oxidizing agents in aqueous, alkaline or neutral 

conditions because of the absence of hydrogen atoms attached to carbon atom attached to the –

OH group. 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
140   Science-Chemistry-Classes XI&XII  
 

 
However, strong oxidizing agents like hot and concentrated nitric acid, bring about dehydration 

of tertiary alcohols to alkenes. 

i. Write oxidation reaction of butan-2-ol with acidified potassium dichromate. 

ii. Write the structure and the name of the final product of oxidation of propan-1-ol. 

• Alcohols are derivatives of hydrocarbons containing hydroxyl group (-OH) as a functional 

group. 

• Based on number of –OH group, alcohols can be monohydric, dihydric or trihydric alcohol. 

• Based on number of alkyl group attached to the alpha –carbon, alcohol can be primary 

alcohol, secondary alcohol or tertiary alcohol. 

• Oxidation of alcohol leads to formation of aldehydes which on further oxidation leads to 

formation of carboxylic acids. 

• Tertiary alcohol does not get oxidized easily by mild oxidizing agents. 

Answer the following questions in your notebook.  

1. Convert propanol to propanoic acid. 

2. Differentiate primary alcohol from tertiary alcohol. 

3. Convert propan-2-ol to propanone. 

4. Why does tertiary alcohol resist oxidation? 

 

 

 

 

 

 

 ACTIVITY 3 

 Summary 
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2.6 Carbonyl Compound (Formaldehyde and Acetaldehyde) 

 

• Write the nomenclature of Aldehydes.  

• Explain the preparation of aldehydes. 

• Describe the physical and chemical properties of aldehydes.  

 

Introduction 

The compounds containing a carbonyl group (>C=O group) are called carbonyl compounds. The 

carbonyl group, >C=O is probably the most important functional group in organic chemistry. 

These compounds are an integral part of organic chemistry and their primary members are called 

aldehydes, ketones and carboxylic acids. 

What are aldehyde? 
Aldehydes are carbonyl compounds and derivatives of hydrocarbon containing – CHO as the 

functional group. In aldehydes, the carbonyl group is attached to an alkyl or aryl group and a 

hydrogen atom (except in formaldehyde). 

Functional group: -CHO or                            General formula:  

For example: 

               

Nomenclature of Aldehydes 

i. Common system: The common names of aldehydes are derived from the acids that 

they form on oxidation. The suffix, ‘-ic acid’ in acid is replaced by aldehyde.  

 

 

Formula  Corresponding acid Common name 

HCHO       Formic acid (HCOOH) Formaldehyde 

CH3CHO       Acetic acid (CH3COOH) Acetaldehyde 
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ii. IUPAC system: The IUPAC name of aldehydes are derived from their parent alkane 

by replacing the final –e by –al. 

          

1. The functional group of aldehyde is  

A. –HC = O 

B. > C = O  

C.  > C – O  

D. = C > O 

2. The IUPAC name of C2H5CHO is 

A. propionic acid. 

B. propanol. 

C. propanal. 

D. ethanal. 

Preparation of Carbonyl Compounds  
a. By controlled oxidation of alcohols with acidified potassium dichromate (K2Cr2O7) 

solution or potassium permanganate (KMnO4) solution. 

 

 

b. Preparation of Benzaldehyde (C6H5CHO): Oxidation of toluene by chromyl chloride 

(Etard’s reaction).  

 

 

Formula  Parent alkane IUPAC name 

HCHO       Methane (CH4) Methanal 

CH3CHO       Ethane (C2H6) Ethanal  

 ACTIVITY 1 
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Properties of Aldehydes  

A. Physical properties 

Physical Properties Aldehydes 

Physical state:  
Formaldehyde is gas and the aldehydes up to 11 carbon 

atoms are liquids. Higher aldehydes are solids.  

Smell (odour) 

Lower aldehydes have a sharp pungent (unpleasant) odour 

but as the size increases, the smell becomes less pungent 

and more fragrant. 

Solubility 

Lower aldehydes up to four carbon atoms such as 

methanal, ethanal and propanal are soluble in water due to 

hydrogen bonding between the polar carbonyl group and 

water molecules. Higher aldehydes are not soluble in 

water. All aldehydes are fairly soluble in organic solvents. 

Boiling points 

The boiling points of aldehydes are higher than those of 

non-polar hydrocarbons and weakly polar ethers because 

of the intermolecular association due to dipole-dipole 

interactions of the ends of the carbonyl group.  

However, their boiling points are much lower than that of 

corresponding alcohols and carboxylic acids.  

Polar nature of carbonyl 

group  

Aldehydes are polar compounds due to the presence of 

polar carbonyl group. 

Dipole moment  (2.3 – 2.8D)  

1. In the reaction,  

                            

A. formaldehyde 

B. benzaldehyde 

C. acetone 

D. acetaldehyde 

2. Lower aldehydes up to four carbon atoms such as methanal, ethanal and propanal are 

soluble in water. However, higher aldehydes are not soluble in water. Justify. 

 

 

 

 

 ACTIVITY 2 
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B. Chemical Properties  

The carbonyl group is polar in nature due to difference in electronegativity between carbon 

and oxygen atoms. 

     
Thus, the carbonyl carbon atom is deficient of electrons and can easily be attacked by 

nucleophile (electron rich chemical species). The type of reaction that aldehydes undergo is 

nucleophilic addition reaction.  

1. Addition of HCN (hydrogen cyanide) to CH3CHO:  

The reaction takes place in the presence of a base to form a cyanohydrin. 

 

Mechanism 

Step 1. The base removes a proton from HCN to give cyanide ions 

  

Step 2. The cyanide ion as nucleophile attacks the carbonyl carbon of the aldehyde to form an 

anion. 

  

Step 3. The proton from the solvent (usually water) combines with the anion to give 

cyanohydrin. 

  
2. Oxidation Reaction 

Aldehydes can be easily oxidized to carboxylic acids by the action of common oxidizing agents 

(acidified potassium dichromate, potassium permanganate, etc). This is because of the hydrogen 

atom on the aldehyde group, which can be easily converted into –OH group, without the 

breakage of any bond. 

 

HCN   +   OH- H2O  +  CN-
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a) By acidified potassium dichromate (K2Cr2O7) solution 

When aldehydes are reacted with an oxidizing agent like K2Cr2O7 in the presence of H2SO4, the 

carboxylic acid is formed. 

HCHO + [O]
K

2
Cr

2
O

7
/H

2
SO

4¾ ®¾¾¾¾ HCOOH  

CH
3
CHO + [O]

K
2
Cr

2
O

7
/H

2
SO

4¾ ®¾¾¾¾ CH
3
COOH 

b) Oxidation using Tollen’s reagent, [Ag(NH3)2OH]  

Tollen’s reagent is an ammoniacal silver nitrate solution and is a mild oxidizing agent. When 

aldehydes are heated with Tollen’s reagent a grey precipitate of silver mirror is formed. Thus, 

this reaction is known as the silver mirror test. 

 
 

 
 

 
c) Oxidation by Fehling’s solution 

When aldehyde is warmed with Fehling’s solution, the aldehyde gets oxidized to the 

corresponding carboxylic acid, while cupric ion (Cu2+) present gets reduced to cuprous ion 

(Cu+), which forms a red precipitate of cuprous oxide (Cu2O). 

  

 

2       HCHO    +   2CuO      HCOOH   +    Cu O

Formaldehyde    Fehling's                                   Red ppt

                          solution

⎯⎯→
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3. Reduction Reactions 

When aldehydes are reduced with hydrogen in the presence of reducing agent like NaBH4 or 

with a catalyst like Ni, alcohols are formed. 

 

 
  

 
 

4. Reaction of Aldehyde using Concentrated Caustic Alkali: Cannizzaro Reaction 

Cannizzaro reaction is a self -oxidation and reduction reaction shown by aldehydes which lacks 

α-hydrogen. Formaldehyde and benzaldehyde undergo a  Cannizzaro reaction. In this reaction, 

aldehydes with no alpha – hydrogen are heated with a strong basic solution of NaOH or KOH. 

One of the molecules of aldehyde is reduced to primary alcohol and the other molecule is 

oxidized to a carboxylic acid (or salt of carboxylic acid).  

For example: When formaldehyde is heated with conc. NaOH solution it undergoes self-

oxidation and self-reduction to form methanol and sodium formate. 

 

Acetaldehyde does not undergo Cannizzaro Reaction due to the presence of alpha hydrogen in it. 

• The compounds containing carbonyl group (>C=O group) are called carbonyl 

compounds. 

• Aldehydes and ketones are groups of carbonyl compounds. 

• Aldehydes are organic compounds with functional group (-CHO). 

• The IUPAC name of aldehydes are derived from their parent alkane by replacing the final 

–e by –al. 

• Aldehydes are prepared by the controlled oxidation of alcohol in the presence of 

oxidizing agent. 

• Aldehydes are polar in nature due to polar carbonyl group. 

• Aldehydes react with HCN in the presence of base to form cyanohydrin. 

RCHO      +      H2
Aldehyde

R CH2OH

Primary alcohol

NaBH4 / Ni

HCHO      +      H2
Formaldehyde

CH3OH

Methyl alcohol

NaBH4 / Ni

CH3CHO      +      H2
Acetaldehyde

H3C CH2OH

Ethyl alcohol

NaBH4 / Ni

 Summary 
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• Aldehydes reduce Tollen’s reagent to give silver mirror. 

• Aldehydes reduce Fehling’s solution to give red precipitate of cuprous oxide. 

• Cannizzaro reaction is a self-oxidation and reduction reaction shown by aldehydes which 

lacks α-hydrogen. 

Answer the following questions in your notebook.  

1. What is Cannizzaro’s reaction? 

2. Based on the aldehydes given below, answer the questions i and ii. 

A. Formaldehyde (HCHO) 

B. Acetaldehyde (CH3CHO) 

C. Benzaldehyde (C6H5CHO) 

i. Which one of these aldehydes will not undergo Cannizzaro’s reaction? Why? 

ii. Write the balanced chemical equation of its reaction with NaBH4. 
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2.7 Carboxylic Acid and its Derivatives 

• Define carboxylic acid and its derivatives. 

• Give examples of common carboxylic acid and its derivatives. 

• Write the chemical formulae of common acid and its derivatives. 

• Explain the chemical properties of derivatives of carboxylic acid. 

 

 

Introduction 

Carboxylic acids are a group of organic compounds containing carboxyl group (-COOH) as the 

functional group. The carboxyl group consists of one carbonyl group (−CO) attached to one 

hydroxyl group (−OH).  

 

Carboxylic acids produce H+ ions in their aqueous solution. Therefore, they are referred to as 

carboxylic acids. Some examples of carboxylic acids are as follows.  

                      

                     

Since the carboxyl group contains both carbonyl and hydroxyl groups, it is expected to show the 

characteristic reactions of these two groups. However, carboxyl group shows its characteristics 

and behave as an independent functional group. 

Carbonyl group is polar in nature due to –I effect of oxygen. 
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Inductive effect (I effect) is the development of polarity on carbon atom and the group attached 

to it due to difference in their electronegativity. If the atom or group attracts electron more 

strongly than hydrogen atom, then it is said to have –I effect. 

Classification of Carboxylic Acids 

A. The classification of carboxylic acid is based on the nature of group attached to carboxyl 

group. 

1. Aliphatic carboxylic acids: When the carboxyl group is attached to an alkyl group (R) or 

a hydrogen atom, the acid is termed as aliphatic carboxylic acid. 

                                           
2. Aromatic carboxylic acids: Aromatic carboxylic acids are compounds in which one or 

more carboxyl groups (−COOH) are attached directly to the benzene ring. 

                                  

B. The classification of carboxylic acid is based on the number of carboxyl (-COOH) groups 

present in an acid 

1. Monocarboxylic acids: The carboxylic acids containing only one carboxyl group in 

their molecules are termed as monocarboxylic acids. 

Examples:  

 
2. Dicarboxylic acids: The carboxylic acids containing two carboxyl groups in their 

molecules are termed as dicarboxylic acids. 

Examples: 

            

COOH

COOH

CH2

COOH

COOH

Oxalic acid             Malonic acid
     

COOH

COOH

Phthalic acid
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3. Tricarboxylic acids: The carboxylic acids containing three carboxyl groups in their 

molecules are termed as tricarboxylic acids. 

                                      

1. Classify the following into mono, di or tricarboxylic acids.  

        i.                                              ii. 

                                  

 

Nomenclature of Carboxylic Acid 

The IUPAC system of nomenclature of carboxylic acid is as follows. 

Root word – e + oic acid. 

For example:    

                      HCOOH                     CH3COOH 

 Methanoic acid           Ethanoic acid    

1. Write the IUPAC name of the following carboxylic acids. 

a) Butyric acid b) Benzoic acid 

c) Oxalic acid  

2. Name the acid present in bee sting. 

Preparation of Carboxylic Acid 

Carboxylic acids are generally prepared by the oxidation of primary alcohol using the oxidizing 

agents such as potassium dichromate in acidic medium. For example: 

 

 ACTIVITY 1 

 ACTIVITY 2 
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Acidic Strength of Carboxylic Acid 

Acidic strength of carboxylic acids is the ease with which they can lose proton from the carboxyl 

group. The acidic strength depends on the substituents attached to the carboxyl group.  

The electron releasing (alkyl) group attached to carboxyl group exert +I effect and increases the 

electron density on the carbon atom of the carboxyl group as well as on the oxygen atom of the 

 –OH group, making it difficult for the release of proton thereby decreasing the acidic strength. 

For example: Formic acid does not contain electron releasing alkyl group and therefore, is 

stronger acid than acetic acid.   

 
The alkyl group with higher number of carbon atoms in the carboxylic acid exerts higher +I 

effect. Therefore, the relative acidic strength of following carboxylic acids follows the order, 

HCOOH > CH3COOH > CH3CH2COOH > (CH3)2COOH 

The presence of electron withdrawing group exert –I effect and decreases the electron density on 

O atom of –OH group, thereby increasing the acidic strength of carboxylic acid. For example, 

chloroacetic acid is stronger than acetic acid. 

                           

Chemical Properties of Carboxylic Acid 

1. Neutralization reaction 

Carboxylic acids react with base to form salt and water. 

For example: 
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2. Reaction with carbonate and bicarbonate salts 

Carboxylic acid reacts with carbonate and bicarbonate salts and produce brisk effervescence due 

to the liberation of carbon dioxide gas.  

 

 
 

 

Derivatives of Carboxylic Acids 

The compounds obtained by the replacement of –OH part of the carboxyl (-COOH) group of 

carboxylic acids by certain groups such as X (halogens), −NH2, −OOCR or –OR’ are called 

derivatives of carboxylic acids. 

 

1. Acyl Halides or Acid Halides (RCOX) 

Acyl halides (or acid halides) are formed when –OH group of acetic acid (CH3COOH) is 

replaced by a halogen atom, X (X = Cl, Br or I). 

i. Acetyl chloride (CH3COCl) 

Acetyl chloride is formed when –OH group of acetic acid (CH3COOH) is replaced by a chlorine 

atom (Cl). 
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Preparation of Acetyl Chloride 
Acetyl chloride is prepared from glacial acetic acid by treating with PCl5 (phosphorous 

pentachloride), PCl3 (phosphorous trichloride) and SOCl2 (thionyl chloride). 

 

3CH3COOH  +  PCl3              3CH3COCl + H3PO3 

acetic acid                            acetyl chloride
 

 

Physical Properties of Acetyl Chloride 

• Lower acyl chlorides are colourless liquids having a pungent smell. 

• Acetyl chloride, like other acyl chlorides, is also a lachrymator (tear producing). 

• The boiling point of acetyl chloride is lower than the parent acid (acetic acid) from which 

it is formed. 

For example: The boiling point of acetyl chloride is lower than that of acetic acid though 

it has higher molecular mass. This is due to absence of inter molecular hydrogen bonding 

in acetyl chloride. 

 

Chemical Properties of Acetyl Chloride 

Acyl chlorides are the most reactive of all the derivatives of carboxylic acids because of the 

strong electron withdrawing effect (-I effect) of chlorine. Due to –I effect of chlorine, the carbon 

to which Cl atom is attached, becomes electron deficient and is liable to be attacked by 

nucleophiles. So, the acyl chloride undergoes nucleophilic acyl substitution reactions. 
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a. Reaction with water (Hydrolysis) 

 

b. Reaction with ammonia 

 

1. Complete the following reaction and name the products. 

 

ii. Acid amide (RCONH2) 

Example of acid amide is Acetamide (CH3CONH2). 

Acetamide is formed by the replacement of –OH group of the acetic acid by −NH2 group. 

 

 
Physical Properties of Acetamide 

• It is a colourless crystalline solid. 

• Its boiling point is 222˚C and it melts at 82˚C. 

• It is deliquescent and easily soluble in water and alcohol. 

 

1. Why is the boiling point of acetamide higher than that of acetic acid? 

 

Chemical Properties of Acetamide 

Amides are least reactive of all the derivatives towards nucleophilic acyl substitution reaction. 

Explanation: This is because the electron deficiency of the carbonyl carbon is compensated by 

the electron-releasing effect (+I effect) of nitrogen as shown below. 

                               

 ACTIVITY 3 

 ACTIVITY 4 
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Hoffman’s degradation reaction: It is the reaction in which a primary amide is heated with 

bromine in the presence of an alkali which results into the formation of a primary amine with one 

carbon less than the parent amide. 

For example: If acetamide is heated with bromine in the presence of potassium hydroxide 

solution, methylamine is formed. 

 
In organic synthesis, Hoffman’s degradation reaction is very useful for converting a higher 

member of a family to a lower homologue (for the descent of a series). 

iii.  Ethyl Acetate or Esters (CH3COOC2H5) 

Ethyl acetate (CH3COOC2H5) is formed when –OH group of acetic acid (CH3COOH) is replaced 

by ethoxy (-OC2H5) group. 

 

 
Preparation of Ethyl Acetate or Ester 

Ethyl acetate is prepared by mixing glacial acetic acid and ethanol in the presence of 

concentrated sulphuric acid. This reaction is known as esterification reaction. 

 

 

1. How can the reversibility of the above esterification reaction be checked? 

Physical Properties of Ethyl Acetate or Esters 

Physical state 

Lower carboxylic acid esters are colourless liquids having a pleasant fruity smell. 

 
 

 ACTIVITY 5 
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Chemical Properties of Ethyl Acetate or Esters 

Like acyl chlorides, esters also undergo nucleophilic substitution reaction but they are less 

reactive than acyl chlorides due to the electron-releasing tendency of alkoxy (OR) group. 

i. Hydrolysis 
a. In acidic medium: It gives the parent carboxylic acid (acetic acid) and alcohol. 

 
 

b. In alkaline medium (saponification): It gives, the salt of the parent carboxylic acid and 

alcohol. 

 

This reaction between ester and alkali is called saponification because the alkali salts of higher 

carboxylic acids are soaps. 

Oils and Fats 
Oils and Fats are triesters of glycerol with higher fatty acids. 

 

 
When oils and fats are boiled with aqueous solution of NaOH or KOH, they give salts of Na or 

K. Such salts are called Soap and the process is called Saponification 

 

 
 

 

1. What would be the nature of soap solution depending on its pH? 

 

 ACTIVITY 6 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
157   Science-Chemistry-Classes XI&XII  
 

iv.  Acid anhydride (RCO.O.OCR) 

Acid anhydride is represented as follows. 

                       

Example of acid anhydride: Acetic anhydride (CH3COOOCCH3) 

                     

Preparation of acetic anhydride  

It is prepared by heating glacial acetic acid with phosphorous pentoxide. 

 

Physical properties of acetic anhydride 

• Acetic anhydride is a colourless liquid with a sharp smell like acetic acid. 

Chemical properties of acetic anhydride 

Hydrolysis: Hydrolysis of acetic anhydride yields acetic acid. 

 

Use of Acetic Anhydride 

Acetylsalicylic acid (Aspirin) is prepared by heating salicylic acid with acetic anhydride in 

presence of phosphoric acid. 
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• The functional group of carboxylic acid is carboxyl group (-COOH). 

• In aliphatic carboxylic acids, the alkyl group is attached to carboxyl group. 

• In aromatic carboxylic acid, the carboxyl group is attached to the benzene ring. 

• Based on the number of carboxyl group, carboxylic acids can be monocarboxylic acid, 

dicarboxylic acid or tricarboxylic acid. 

• In the IUPAC system, carboxylic acids are named as root word –e + oic acid. 

• Monocarboxylic acids are generally prepared by the oxidation of primary alcohol in the 

presence of oxidizing agents such as acidified potassium dichromate solution. 

• The acidic strength of carboxylic acids depends on the substituents attached to the 

carboxyl group. 

• Carboxylic acids react with bases to produce salt and water. 

• Carboxylic acids on reacting with carbonates and bi-carbonates produce CO2 with brisk 

effervescence. 

• Acetyl chloride is the most reactive derivative of carboxylic acid. 

• Hoffman’s degradation reaction is the reaction in which a primary amide is heated with 

bromine in the presence of an alkali which results into the formation of a primary amine 

with one carbon less than the parent amide. 

• Reaction of carboxylic acid with alcohol in the presence of concentrated sulphuric acid 

produces ester which has a fruity smell. 

Answer the following questions in your notebook.  

1. Compare the acidic strength of fluoroacetic acid and chloroacetic acid. 

2. Represent Hoffmann’s degradation reaction using any relevant chemical compound. 

3. What is observed when carboxylic acids are treated with carbonate salts? 

 

 

 

 

 

 

 

 Summary 

 

 Self-check for Learning 
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3. PHYSICS 

3.1. Energy 

 

 

 

 

 

Introduction 

Energy is a broad topic. We can generalise the term energy as a capacity or ability of a body to 

do work. Energy is associated with the object in different states. It is associated with a person 

doing work. It is also related to eating something. In physics it can be explained in terms of 

kinetic energy, potential energy, gravitational potential energy, etc. 

Now, to understand the terms used above, let us consider a body moving with certain velocity. 

The body will have kinetic energy. If we increase the speed of the body keeping its mass same 

then the kinetic energy will increase. Or, if we keep the velocity same and increase the mass of 

the body then again, the kinetic energy will increase. This means the kinetic energy depends 

upon mass and velocity of the body. 

Now, if the object is kept at a certain height, the body will acquire potential energy or 

gravitational potential energy. Here, we use gravitational potential because, if the object is 

released from that height, it comes down due to gravitational force or if thrown up it moves 

against the gravitational force. 

Mechanical energy is the sum of the kinetic energy and potential energy. 

Kinetic Energy (KE) 

It is the energy associated with the object in motion. If the body is moving, the body will have 

KE. The KE changes with the change in the speed of the body. Kinetic energy also depends on 

the mass of the body, more the mass of the object, greater will be the KE. It is a scalar quantity.  

The formula for kinetic energy can be deduced using Newton’s first law of motion, that is every 

object continues in its state of rest or uniform motion unless made to change its state by a non-

zero net force. 

The kinetic energy of an object of mass (m) and moving with the velocity (v) can be expressed as 

 21

2
KE mv= . 

 

 

• Define energy, kinetic energy, and potential energy. 

• Explain gravitational potential energy. 

• Relate kinetic energy and potential energy. 

• Explain the term conservation of mechanical energy. 

• Solve the problems based on kinetic energy, potential energy, and 

mechanical energy. 
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Example 

1. Karma threw a stone of mass 350 g at a speed of 144km/h. Calculate the kinetic                   

energy in joules? 

Solution:  Given Mass (m) = 350g = 0.35 kg 

                Velocity = 144 km/h = 40m/s 

      

2

2

1

2

1
0.35 (40)

2

1
0.35 40 40

2

0.35 40 20

280

KE mv

J

=

=  

=   

=  

=

 

1. Which of the options would be more dangerous? Show your work. 

Option 1: A car of mass 1,300,000 g moving with velocity 60 km/h. 

Option 2: A truck of mass 12,000 kg moving with velocity 5 m/s. 

                [Hint: Calculate KE in terms of joules, take care of the units] 

Potential Energy (PE) 

Potential energy can be obtained in different forms.  

Can you think of the potential energies that you have learnt or you have come across? 

These are few examples that will help you understand the concept of potential energy. The food 

that we eat contains potential energy, the batteries that we use in torch or for any experimental 

purposes in laboratory contains stored energy (which is obtained by separating the charges) 

which is potential energy, a stretched rubber band or a stretched/compressed spring has potential 

energy, an object at certain height is said to possess potential energy.  

The potential energy stored in a stretched/compressed rubber band or spring is termed as elastic 

potential energy because the change in the shape of these objects can be reversed. 

A swinging pendulum will execute both kinetic energy and potential energy. The pendulum will 

have kinetic energy at mean position and potential energy at two extreme positions.    

 

 

 

 

 

 ACTIVITY 1 
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Gravitational Potential Energy 

When we take a body to certain height, we have to do work against the force of gravity. The 

body acquires energy at the height ‘h’ which is known as gravitational potential energy (Ug). 

The gravitational potential energy (∆Ug) gained by a body of mass ‘m’ lifted to the height ‘∆h’ is 

the work done to lift the object against the force of gravity. This work done is the gravitational 

potential energy, 

  
g

W mg h or

U mg h

 = 

 = 
 

If the body is lifted from the ground (h1=0) to h2= h, the above formula can be written as  

  gU mgh=  

Gravitational potential energy is the energy stored in an object as a result of its position relative 

to another object to which it is attracted by the force of gravity. 

Conservation of Mechanical Energy (ET) 

In the preceding topics you have learnt about kinetic energy and gravitational potential energy. A 

body may possess both the forms of energy or only one of the two forms of energy. If it is at rest, 

it will have only potential energy, and if it is in motion then, it is kinetic energy. When a body at 

rest begins to move, its potential energy gets converted into kinetic energy. Similarly, when a 

body in motion comes to a stop then its kinetic energy gets converted into potential energy. The 

total energy (Ug + KE) of the body remains unchanged in both the cases. 

The sum of the KE and Ug is called the mechanical energy (ET). 

T gE KE U= +  

It has been observed that kinetic energy can be converted into gravitational potential energy and 

vice versa, and sum of KE and Ug (mechanical energy) always remains constant. This is known 

as principle of conservation of energy.  

Examples: 

1.  Find the potential energy of a body of mass 1.3 kg at a height of 6.5 m above the surface of 

the ground? [ g =10m/s2] 

Solution: Given m = 1.3 kg, h = 6.5m, and g = 10m/s2 

      1.3 10 6.5

84.5

gU mgh

J

=

=  

=

 

2. The gravitational potential energy at a height 5.5m is transformed to kinetic energy as it 

rolls down a very smooth frictionless inclined plane. Find the velocity of a moving body 

with mass 2.5 kg.  

Solution: Given m = 2.5 kg, h =5.5 m, the gravitational potential energy is converted into 

                  kinetic energy since the total energy is conserved. 
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1. Which one of the following is the best example of decreasing potential energy? 

a) Stretching of a rubber band. 

b) Compressing of a spring. 

c) Descending of snowflakes. 

d) Ascending a mountain. 

2. Calculate the maximum gravitational potential energy of a ball of mass 200g thrown 

vertically upward with a speed of 5 m/s? 

[Hint: initial speed/velocity = 5 m/s, find the maximum height(h) the ball will reach 

using kinematic equation, then use gU mgh= ] 

• Kinetic energy depends on mass and velocity. 

• Kinetic energy is a scalar quantity. 

• Kinetic energy can be positive or negative. 

• Kinetic energy is positive if the net force and displacement are in the same direction. 

• Kinetic energy is negative if the net force and displacement are in the opposite direction. 

• Gravitational potential energy exists because of the gravitational attraction of the masses 

towards each other. 

• Potential energy is the energy possessed by the body at certain height. 

• Gravitational potential energy is a scalar quantity. 

• Sum of kinetic energy and gravitational potential energy is total mechanical energy. 

2

2

2

2

1

2

1
2.5 2.5 10 5.5

2

2 2.5 10 5.5

2.5

2 10 5.5

110

110

10.488 /

10.5 /

gKE U

mv mgh

v

v

v

v

m s

m s

=

=

  =  

  
=

=  

=

=

=



 ACTIVITY 2 

 Summary 
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Answer the following questions in your notebook.  

1. Explore different units of kinetic energy, potential energy, and mechanical energy. 

2. Name two forms of mechanical energy. 

3. Does work and energy have the same unit? 

4. Under what condition is the total mechanical energy conserved? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Self-check for Learning 
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3.2 Circular Motion 

 

 

 

 

Introduction 

You have learnt motion of an object, in a straight line, in two dimensions and in three 

dimensions. Now, we will explore the motion of an object in circular path. Let us take an 

example of a stone tied to one metre long string and twirled over your head. The stone will take a 

circular path. When the stone revolving over your head moves in the same speed throughout the 

experiment, then we say the motion is a uniform motion. Since, the stone is moving in a circular 

path with the same speed, we can say that it is making a uniform circular motion. 

Circular Motion 

It is the motion of an object in a circular path. The motion of an object travelling at a constant 

(uniform) speed in a circular path, is known as uniform circular motion. For this type of motion, 

the object covers equal distance in equal interval of time. The speed does not change when the 

velocity of the accelerating object changes its direction. A few examples of uniform circular 

motion are an electron moving near an electromagnet, cars/bikes moving around a circular path 

in festival (fair) and a Ferris wheel. 

 

 
                             Ferris wheel     

All circular motions are not uniform. In some cases, the motions do not have the same speed, 

thus the motions are non-uniform.   

 

 

 

 

• Define circular motion, centripetal force, and centripetal 

acceleration. 

• Define angular speed, time period, and frequency. 

• List examples of circular motion. 

• Solve numerical problems. 

 

 
 

 

 

 
 
 

Circular motion of an object 
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Centripetal Force 

When an object moves in a frictionless surface, you cannot change its direction or the velocity 

unless you apply force to it. This can be understood by applying Newton’s second law of motion. 

The object will continue to move in the same direction with same velocity until and unless you 

apply force to change its direction.  

To understand this concept, let us assume that a ball is moving in a straight line. If the ball is 

kicked in series constantly for long time in perpendicular direction to the motion, the ball slowly 

takes a curved path.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If a non-zero net force acts on the ball, the ball starts its motion in a particular direction. The net 

force can be resolved into two components, one along the direction of motion along the straight 

line and the other perpendicular to the motion towards the centre of the circular arc. 

The component of the force along the direction of motion of the ball can change only the 

magnitude of the velocity of the ball. The component of the net force perpendicular to the 

direction of motion can change only the direction of the ball’s velocity. It has been observed that 

the net force on the ball is always perpendicular to the direction of motion. The direction of the 

net force changes constantly and is always directed towards the centre of the circular arc. This 

force acting towards the centre is known as centripetal force, which comes from Latin word and 

means ‘centre seeking’. Therefore, the force acting on the object undergoing uniform circular 

motion is known as centripetal force. 

Centripetal force is given by  𝐹𝑐 =
𝑚𝑣2

𝑟
      where m is the mass, v is the velocity, and r is the 

radius of the circular path.   

Ball is kicked in the 

perpendicular direction 

Ball is kicked in the 

perpendicular direction 

Ball kicked in this direction One component along the 

direction of the motion 

One component towards the 

centre of the circular arc 

One component along the 

direction of the motion 
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From the formula we can conclude that larger the mass or velocity greater is the centripetal force 

because mass and velocity are directly proportional to centripetal force. Larger the radius, 

smaller is the centripetal force because here force and radius are inversely proportional to each 

other. 

Centripetal Acceleration (ac) 

The acceleration acting on the object undergoing uniform circular motion is known as centripetal 

acceleration. In this type of acceleration, the magnitude of the velocity remains unchanged but 

the direction of the velocity changes continuously with time. 

This acceleration can be explained with the help of Newton’s second law of motion. Therefore, 

we can use Fa
m

= (from F = ma) to find the acceleration of the twirling object or a ball.  

                             
( )2

2

2

Substituting the value of F  , we get

1

c
c

c

c

c

c

F
a

m

mv
r

a
m

mv
a

r m

v
a

r

=

=

= 

 =

  

The centripetal acceleration of the moving object is given by   𝑎𝑐 =
𝑣2

𝑟
 where v is the velocity 

and r is radius of the circular path. This acceleration is also directed towards the centre of the 

circular arc or radially inward. 

Determining Average Speed, Time Period, and Frequency of Rotation 

If we have to find the time taken by an object to go around a circular path for a complete 

revolution, it will be difficult because revolution might be fast. Example is twirling a stone over 

our head. But if we consider a car race, we can easily take note of the time if the road is circular. 

Now, from this we can find the velocity of the car in a circular motion. 

    
distance travelled

( )
time taken

velocity v =  

Distance travelled in one revolution is the circumference of the circle (2𝜋𝑟). The time taken by 

the object to go around the circular path is called the time period/period of revolution and is 

denoted by T.  
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Therefore, we have, 

   

2 r

2

2
called .

v
T

r
T

r where angular velocity
T






 

=

 
= 
 

= =

 

The rate of change of angular displacement of an object undergoing circular motion is known as 

angular velocity. It is denoted by symbol ω (omega) and its unit is radian per second (rad/s). 

The time taken by the object to complete one revolution on its circular path while undergoing 

circular motion is known as its time period (T). 

   

2

2

r
From v

T

r
T

v





=

=

 

Number of revolutions completed by the object on its circular path in unit time is known as 

frequency (f). 

   

1
f

T
=

 

Now we can rewrite the equation as 

2

1
2

2

T

T

f








=

 
=  

 

=  

 

Examples of Centripetal Force and Centripetal Acceleration 

A car going around a circular path, a space shuttle orbiting Earth and cloth dryer in a washing 

machine are few examples of uniform circular motion. They experience both centripetal force 

and centripetal acceleration. In all the cases, centripetal force as well as centripetal acceleration 

are directed inward towards the centre of the circular path. 
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1. Calculate the centripetal force experienced by a stone of mass of 350 g tied to a string of 

radius 50 cm and twirled around your head with velocity of 20 m/s. 

[Hint: Mass = 350 g = 0.35 kg, radius = 50 cm = 0.5 m, and velocity = 20m/s] 

2. A bike is whirling around the wall of death in circus with velocity of 80 km/h and the 

radius of the path of the bike from the centre is 15 m. Calculate the acceleration of the 

bike. What type of acceleration is this? 

[Hint: Convert the velocity to m/s and solve the problem] 

3. If the angular velocity of the object in uniform circular motion is 20π m/s, find the time 

period and the frequency of the object. 

[Hint: You are given ω, find T and f, T=0.1s] 

 

• The force and acceleration in circular motion are called centripetal force and centripetal 

acceleration respectively. 

• The centripetal force is always directed towards the centre of the circular path. 

• The centripetal force is directly proportional to mass and square of the velocity but 

inversely proportional to radius. 

• The centripetal acceleration is directly proportional to square of the velocity and inversely 

proportional to the radius. 

• The velocity in circular motion is called angular velocity and denoted by ω. 

 

Answer the following questions in your notebook.  

1. Differentiate between: 

a. force and centripetal force. 

b. acceleration and centripetal acceleration. 

2. List down some examples of circular motion not mentioned in the lesson above. 

 

 

 

 

 

 

 

 ACTIVITY 1  

 Summary 

 

 Self-check for Learning 
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3.3 Hooke’s Law and Poisson’s Ratio 

 

 

 

 

 

Introduction 

We all play games and sports all the time but we hardly know the physics behind it. So, in this 

lesson, you will learn about principles of physics applied in games and sports like tennis, pole 

vault, and trampoline. The law is called Hooke’s law. Robert Hooke was an English philosopher, 

scientist and architect. It is the same Robert Hooke who discovered cell and named it as cell. 

Before we understand Hooke’s law, let us learn few terms which are used in the lessons and may 

be new for some of you. 

Elasticity is property of a body in which it tends to regain its original size and shape after 

deforming force (it is the force which changes its shape and size) is removed. 

Plasticity is inability of body to regain its original shape and size. 

Reason: Elastic bodies have strong interatomic force which tends to bring the atoms back to the 

original position once the force is removed.  

Plastic bodies have weak intermolecular force which is not able to bring the molecules back to its 

original position once the force is removed. 

The external force applied over the unit area of the body is called stress.  

Stress and Strain 

If a load is made to hang on a spring which has a cross-sectional area A, then 

 
      

( )

external applied force
Or, Stress=

area

restoring force
Stress

area A
=

 

Stress: It is the restoring force per unit area of body. 

 

 

 

 

• Define elasticity and plasticity. 

• Define stress and strain. 

• Explain types of stress and strain. 

• Define Poisson’s ratio. 

• Give applications of Poisson’s ratio. 
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1. Normal stress: In this type of stress, restoring force and deforming force act perpendicular to 

the cross-sectional area of the body. It is divided into two types. 

i. Tensile stress: When there is increase in length (extension) of body in the direction of the 

force applied, the stress is called tensile stress. 

ii. Compressive stress: When there is decrease in length or compression of body due to 

deforming force applied normally(perpendicular) on the body, the stress is called 

compressive stress.  

2. Tangential or shearing stress: When two equal and opposite forces are applied parallel to the 

cross-sectional area of the body, there is a relative displacement between the opposite faces of 

the body. Restoring force per unit area developed in such body due to applied tangential force 

is tangential stress.  

Strain: It is the ratio of change of configuration of the body to original configuration.  

 

 

 

 

1. Longitudinal strain: It is the ratio of change in length(ΔL) of the body to the original 

length(L).  Ε=(ΔL/L) 

Try to find the ratio by taking a rubber tube. 

2. Shearing strain: It is the change in shape of body without change in volume, or shearing 

strain = ratio of displacement of surface to perpendicular distance of the displaced surface 

from fixed surface, (tan θ=ΔL/L). 

3. Volumetric strain: It is the ratio of change in volume due to deforming force to original 

volume. (Volumetric strain = change in volume/original volume) 

 

Types of stress 

Normal stress Tangential or shearing stress  

Compressive stress Tensile/longitudinal stress 

Types of strain  

Longitudinal/Linear strain Volumetric strain  Shearing strain 
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1. Identify different types of stress from the diagrams observing carefully the directions of 

the arrows. 

 

Hooke’s Law 

Robert Hooke performed experiment on spring and found that the elongation produced in a 

spring is directly proportional to applied force or the load. If the elongation on the spring is ‘x’.

 Mathematically  F x  within the elastic limit. 

   F k x= −  

According to Hooke’s law, if the deformation is small and within the elastic limit, 

   Stress Strain  

    

Stress k strain

Stress
k

Strain

= 

=
 

where k is the constant of proportionality and is known as modulus of elasticity. 

The modulus of elasticity is of three types 

i) Young’s modulus of elasticity 

ii) Shear modulus of elasticity, and  

iii) bulk modulus of elasticity. 

Now, the above formula can also be interpreted as 

' mod ( )
Normal stress

Young s ulus of elasticity Y
Longitudinal strain

 =   

Young’s modulus is ratio of normal stress to longitudinal strain.  

OR 

Young’s modulus: is also defined as the ratio of tensile stress to linear strain. Tensile stress is the 

force per unit area and linear strain is the ratio of change in length to the original length. 

 ACTIVITY 1 
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Therefore, you have 

 

F A
Y

L L

FL

A L

=


=


    

The dimensions of Young’s modulus are same as that of stress. 
 

1. A load W produces an extension of 4m in a spring when the force due to load is 600 N. 

Find the spring constant? [Hint: find k using F and x] 

2. The spring constant for a spring is k =50 N/m2when the extension on the spring is 2 m. 

Find the load on the spring? [Hint: Given k and x, find F] 

What do you think will happen if you keep on increasing the load in a balance?  (It can be a 

spring balance or one that we use in the market). There is a machine to check the strength of the 

material before it is used for any purpose or design. And each material behaves differently. Now 

let’s study one graph to see the behavior of a given material when stress is increased. 

 

Figure: Stress-Strain curve 

Explanation of Stress-Strain Curve 

Hooke’s law is obeyed perfectly up to point A or the wire is perfectly elastic till the point A. OA 

is the elastic range. Part AB of the curve has more strain than the stress. If the wire is loaded 

beyond point B, it does not come back to its original configuration along OA. But in this case the 

residual strain will remain in the wire even if the stress is zero. The wire is said to acquire 

Permanent set.  If stress is increased beyond B, then there is no change or small change in stress 

but large change in strain up to C. Point B is called the yield point. The yielding point stops at C 

and if we further add load, the wire will become plastic and the portion CD of the curve is 

obtained. In this region the cross-section of the wire is reduced uniformly. If the stress is 

 ACTIVITY 2 
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increased, then after certain point it reaches breaking stress, from which strain keeps on 

increasing even if the stress is removed. At last the wire breaks down when it reaches its fracture 

point.  

Applications of Modulus of Elasticity 

By comparing the modulus of elasticity of copper and steel, it can be seen that greater the value 

of Young’s modulus of a material, larger is the elasticity of the material. Therefore, steel is more 

elastic than copper because Young’s modulus of steel is greater than that of copper.  

What are the benefits of understanding elastic behaviour of materials in engineering designs? 

Read the applications of elastic behaviour of the materials on page 225 and see how it helps in 

designing and in construction purposes.  

Applications: 

1. Use of rope in cranes for lifting heavy loads. 

2. Maximum height of the mountain on earth is 10 km. 

3. In structural design of columns, beams and supports of a building. 

4. In construction of the bridge. 

5. Use of hollow shaft as electric poles.  

Knowledge of the modulus of elasticity of materials helps us to choose the correct material, in 

right dimensions for the right application. The following examples will throw light on this. Steel 

or concrete arc is used in construction of bridge than using bricks because bricks are not easily 

compressible.  

i. Most of us would have seen a crane used for lifting and moving heavy loads. The crane has a 

thick metallic rope. The maximum load that can be lifted by the rope must be specified. This 

maximum load under any circumstances should not exceed the elastic limit of the material of 

the rope. By knowing this elastic limit and the extension per unit length of the material, the 

area of cross section of the wire can be evaluated. From this the radius of the wire can be 

calculated. 

ii. While designing a bridge, one has to keep in mind the following factors: 

1. Traffic load.  

2. Weight of bridge. 

3. Force of winds.  

The bridge is so designed that it should neither bend too much nor break. 

Hooke's Law has had various important applications, such as laying the foundation of studies 

regarding stress, strain, and understanding elastic materials.  These studies influenced Hooke's 

design for the balance springs in watches. The creation of the balance wheel or spring was 

fundamental in the later creations of the mechanical clock, portable timepiece, spring scale and 

manometer.  All of these inventions rely on the relationship that Hooke's Law established in 

principles of elasticity. 
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Applications of Elastic Behaviour of Materials 

 

 

Most materials used by us in our daily life undergo stress. Therefore, it is important to design the 

things in such a way that they are not affected by the stress. The principle of elasticity is used 

mostly in engineering like designing the metallic rope of crane and the bridges. The diameter of 

the rope of the crane can be decided by the elastic limit of the rope depending upon the load to be 

lifted. 

The bridge should be designed in such a way that it should not bend too much and break under 

the load of traffic. By knowing the material’s elastic limit and modulus of elasticity, materials for 

bridges are chosen. Usually steel is preferred to bricks as it has high modulus of elasticity. This 

means steel requires more force to bend than bricks. 

There was another French scientist, who used the concept of elasticity to explain another effect 

called Poisson’s effect.  

Poisson’s Effect 

When a deforming force is applied to a body in one direction, it is compressed in that direction 

and tends to extend in the direction perpendicular to the compression. This is known as 

Poisson’s effect. Poisson effect can be determined by Poisson’s ratio. It is the ratio of lateral or 

transverse contraction(sideways) strain to the longitudinal or axial extension(lengthwise) strain. 

It is a commonly observed fact that when we stretch a string or a wire, it becomes longer but also 

thinner. Thus, we conclude that linear or longitudinal strain produced in the string or wire is 

accompanied by a transverse or lateral strain in the string or wire. 
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When a deforming force is applied at the free end of a suspended wire, the ratio of lateral strain 

and the longitudinal strain produced in the wire is called Poisson’s ratio. 

Poisson’s ratio is represented by the symbol s and is dimensionless quantity. If L and R are 

initial length and radius of the wire before applying force and, DLandDR  are the increase in 

length and decrease in radius after the wire has been stretched, then Poisson’s ratio can be 

expressed as 

( )'
lateral strain R R L R

Poisson s ratio
longitudinal strain L L R L


− − 

= = =
 

 

The negative sign in the above equation shows that the radius of the wire decreases if the length 

of the wire increase (or if the wire is stretched). 

Applications of Poisson’s Ratio   

1. In pressurized pipe flow: 

Due to the air or liquid within the pipe, it is highly pressurized and exerts a radial stress within 

the pipe. The internal fluid pressure pushes equally against the walls of the pipe in all directions, 

provided that the fluid is not moving. This radial stress will result in slight increase in the 

diameter of the pipe and a slight decrease in the length of the pipe, which is due to the Poisson’s 

effect. The decrease in length, in particular, can have a significant effect upon the pipe joints, as 

the effect will accumulate for each section of the pipe joined in series. These joints have to be 

rectified or the pipe is prone to failure. Examples of pressurized pipes / vessels include 

carbonated beverage bottles, propane tanks, and water supply pipes. Drain pipes are not pressure 

vessels because they are open to the atmosphere. 

2. In the realm of structural geology: 

Like most materials, rocks when under stress are subject to Poisson’s effect. Excessive erosion or 

sedimentation of earth’s crust over a very long time can alter the magnitude of large vertical 

stresses on the underlying rock. As a result, the rock will contract or expand in the vertical 

direction. At the same time due to the Poisson’s effect, it will also deform in horizontal direction. 

This change in strain in the horizontal direction can affect the old joints or form new ones in the 

rock.  

3. Poisson's ratio is a required constant in engineering analysis for determining the stress and 

deflection (degree to which a structure is displaced due to load) properties of materials 

(plastics, metals, etc.). It is constant for determining the stress and deflection properties of 

structures such as beams, plates, shells, and rotating discs. 

4. An example of the practical application of a particular value of Poisson's ratio is the 

cork of a wine bottle. Rubber, with a Poisson's ratio of 0.5, cannot be used for this purpose 

because it would expand when compressed into the neck of the bottle and would jam. 

5. Auxetics are structures or materials that have a negative Poisson's ratio. When stretched, 

they become thicker and perpendicular to the applied force. Auxetics may be useful 
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in applications such as body armour, packing material, knee and elbow pads, robust shock 

absorbing material, and sponge mops. 

6. In footwear, auxetic design allows the sole to expand in size while walking or running, 

thereby increasing flexibility.   

• Elasticity is the regaining of original size and shape after the applied force is removed. 

• Plasticity is not regaining of the original size and shape even after removing the applied 

force. 

• The restoring force per unit area on the body is known as stress. 

• Ratio of change in configuration to original configuration is known as strain. 

• Young’s modulus is the ratio of linear stress to linear strain. Its unit is N/m2. 

• Poisson’s ratio is a ratio of lateral strain to longitudinal strain and it is a dimensionless 

quantity. 

• Practically the values of Poisson’s ratio lie between 0 and +0.5. Theoretically it lies 

between -1 and +0.5. 

• If the body under tension suffers no lateral contraction, the value of Poisson’s ratio (s ) 

is zero.  

Answer the following questions in your notebook.  

1. Why do spring balances show wrong readings after they have been used for a long time? 

2. Which material would you use, steel or bricks or stone to design a bridge? Why? 

 

 

 

 

 

 

 

 

 

 Summary 

 

 Self-check for Learning 
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3.4 Capacitor 

 

 

 

 

 

 

Introduction 

Have you seen a capacitor in a radio or any electronic devices? Or have you noticed a cylindrical 

device with flat surface at two ends standing on two small wires on a motherboard? Or 

something like the one given in the diagram which is similar to a cell/battery but they function in 

different ways. 

You can find capacitors in different shapes, sizes, and colour. 

Capacitor is also called as a condenser. It stores electrical energy in a 

given electric field. Capacitors store the charge, but it cannot 

produce charge. It is made of two conductors kept at a small distance between them. Space 

between the conductors is filled by some materials called dielectric. Dielectric is an insulator. 

Capacitor can be of any shape. 

Try Yourself  

• Take two conducting plates e.g. copper plates or aluminium foil, keep them at distance of 

3-4 cm apart.  

• Connect one end of the wire to one of the plates / foils and the other end of the same wire 

to a cell/battery.  

• Take other wire and connect one end to the other plate / foil and the other end to cell / 

battery. 

• The space between the conducting plates / foils can be filled with any insulating materials 

like paper, dry wood, or plastic. It can also be just air or nothing in between the plates.  

 

 

 

 

 

 

 

• Define capacitor and capacitance. 

• List unit in different forms. 

• Learn how to combine capacitors in series and in parallel. 

• Define and derive relation for series and parallel capacitors. 

• Calculate the equivalent capacitance. 

• Explain energy stored in a capacitor. 

• State applications of capacitors. 

 

 

 

 
 
 

Capacitor 

Cell / Battery 

 

Distance between the two plates 

 

Capacitor 
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Capacitor and Capacitance 

As we have seen above that the capacitor consists of two plates which are conducting placed near 

each other. These plates are insulated in between by non-conducting materials. Each plate carries 

equal charge. If one of the plates is positively charged, the other plate should be negatively 

charged. Because of the oppositely charged plates there is potential difference developed 

between the plates.  

When the charge increases in the plates of the capacitors the potential also increases. i.e. charge 

q is proportional to potential difference V. 

   
q V

q CV



=
 

Where C is constant and is known as the capacitance. The SI unit of capacitance is farad (F).  

Usually smaller units, such as a microfarad                              or a picofarad                         are 

used in electric circuits.  

The capacitance reflects the ability of the capacitor to store charge. A larger capacitance C 

allows more charge q to be put onto the plates for a given value of the potential difference V.    

Effect of Dielectric on Capacitance 

1. In the region between the plates and away from the edges, the electric field points from 

the positive plate towards the negative plate, and is perpendicular to both.  

2. In the region between the plates the net electric field is equal to the sum of the electric 

fields due to the two charged plates. 

3. The electric field is constant in the region between the plates. 

4. When a dielectric is inserted between the plates of a parallel plate capacitor, it gets 

polarized. This leads to a decrease in the electric field in the region between the two 

metallic plates, which in turn decreases the electric potential between the plates. 

5. Capacitance is inversely proportional to potential difference between the plates. 

Therefore, inserting a dielectric between the plates of a capacitor decreases its electric 

potential but increases its capacitance. 

6. The capacitance increases K times when we insert a dielectric material with dielectric 

constant K between the metallic plates of the capacitor.   

Combination of Capacitors 

Capacitors can be connected in different ways in a circuit. Let us see, two basic combinations of 

capacitors which can be replaced by single equivalent capacitors. This can be achieved in two 

ways i) parallel combination and ii) series combination. 

i) Capacitors in Parallel  

If the capacitors are connected in parallel the capacitance gets added together. 

Capacitors connected in parallel is the most convenient way to increase the total storage of 

6(1 10 )F F −= 12(1 10 )pF F−=
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electric charge. The total voltage does not change. All capacitors have the same voltage. For 

many capacitors in parallel you can find the equivalent capacitance by the method given below.  

 

 

 

 

 

 

 

 

 

 

   

 

 

To simplify the circuit consisting of three capacitors in parallel, we can 

replace this combination with an equivalent capacitor that has the same 

total charge q and the same potential difference V as the three capacitors.  

The three capacitors with capacitances C1, C2, and C3 can be replaced by 

equivalent capacitance (Ceq) that has same total charge q and the same 

potential difference V. 

When the capacitors are in parallel the capacitors will have different 

charges and capacitances. 

To derive an expression for Ceq we first use (q = CV------1) to find the charge on each capacitor:  

1 1 2 2 3 3, ,q C V q C V and q C V= = =
 

The total charge on the parallel combination of the three capacitors is then 

  

1 2 3

1 2 3

1 2 3

1 2 3

  ,

,

( )

,

2

q q q q

Substituting from three equations given above

q C V C V C V

Taking outV common

q C C C V

TakingV to left hand side

q
C C C

V

= + +

= + +

= + +

= + + − − − −

   

The equivalent capacitance with the same total charge q and applied potential difference V as 

that of the combination, is  

Equivalent Circuit 

Capacitors in Parallel 
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1 2 3

(3)

Comparing equations (2) and (3), we have

eq

eq

q q
C C

V V

C C C C

 
= − −−−−−−− = 

 

= + +

 

The above expression is for only three capacitors, but if there are n number of capacitors in 

parallel combination, then the expression can be written as, 

1

1 2 3 4 ...

n

eq i

i

eq n

C C

or

C C C C C C

=

=

= + + + + +



 

In parallel combination the equivalent capacitance is greater than the highest capacitance of a 

capacitor in the circuit. 

Example: 

Three capacitors of capacitances 2µF, 3µF and 5µF are connected in parallel. Find the equivalent 

capacitance. 

Solution: Given C1 = 2µF, C2 = 3µF, C3 = 5µF 

                 Ceq =? 

     

1 2 3

(2 3 5)

10

eqC C C C

F

F





= + +

= + +

=

 

ii. Capacitors in Series  

Three capacitors connected in series to a cell/battery with potential difference V is shown in the 

figure below. The series combination means that the capacitors are wired serially in line, one 

after the other, and that a potential difference V is applied across the two ends of the series 

circuit. This potential difference V is maintained by cell/battery. The potential differences that 

exist across the capacitors in the series produce an identical charge q on them. 

Following are the two important points about capacitors connected in series:  

1. When charge is shifted from one capacitor to another in a series of capacitors, it can move 

along only one route. If there are additional routes, then the capacitors are not in series.  

2. The battery produces charges directly only on the two plates to which it is connected.  

The capacitors connected in series can be replaced with an equivalent capacitor Ceq that has the 

same charge q and the same total potential difference V as the actual series capacitors. 
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To derive an expression for Ceq, we first use V = q/C to find the potential difference of each 

capacitor connected in series:  

   1 2 3

1 2 3

, , 4
q q q

V V and V
C C C

= = = − − − −

 The total potential difference V due to the battery is the sum of these three potential differences. 

Thus, 

   

1 2 3

1 2 3

1 2 3

1 2 3

Substituting the values from equation (4), we have

 ' '  

1 1 1

  

1 1 1
5

V V V V

q q q
V

C C C

Taking out q common

V q
C C C

Taking q onleft hand side

V

q C C C

= + +

= + +

 
= + + 

 

= + + − − − −

 

   
1

, 6
q q V

q CV and C reciprocal of C is
V V C q

= = = = −−−  

Comparing equations (5) and (6), the equivalent capacitance Ceq is then,  

   
1 2 3

1 1 1 1

eqC C C C
= + +  

If the capacitors are in series, the total capacitance can be found by adding the reciprocals of the 

individual capacitances, and taking the reciprocal of the sum. 

Or it can be written in summation notation as, 

1

1 1n

ieq iC C=

=

 

or  
1 2 3

1 1 1 1 1

eq nC C C C C
= + + +−−−−+

 In series combination the equivalent capacitance is always less than the least capacitance of the 

capacitor in the circuit. 

V1 C1  q 

V2  C2   q 

V3  C3 q 

V 

Equivalent Circuit 
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Example: 

Three capacitors of capacitances 2µF, 3µF, and 5µF are connected in series. Find the equivalent 

capacitance. 

Solution: Given C1 = 2µF, C2 = 3µF, C3 = 5µF 

                 Ceq = ? 

     

1 2 3

1 1 1 1

1 1 1

2 3 5

31

30

30

31

eq

eq

C C C C

C F

= + +

 
= + + 
 

=

=

 

Energy Stored in a Capacitor 

Work must be done by an external agent to charge a capacitor that is to store energy in the 

capacitor. 

In an uncharged capacitor, suppose you remove electrons from one plate of the capacitor and 

transfer them one at a time to the other plate. The electric field that builds up in the space 

between the plates (due to the transfer of electrons) has a direction that tends to oppose further 

transfer. Thus, as the charge accumulates on the capacitor plates, you have to do an increasingly 

larger amount of work to transfer additional electrons. This work is done by a battery at the 

expense of its stored chemical energy. 

The work required to charge a capacitor is being stored in the form of electric potential energy E 

in the electric field between its plates. You can recover this energy by discharging the capacitor 

in a circuit or connecting the capacitor in circuit. 

   
                       Figure: Graph Showing Energy Stored in a Capacitor 

From the graph, it is known that work required to charge the capacitor at the expense of a 

potential difference is the area of the ∆OAB. 

    𝐸 =
1

2
𝑞𝑉 
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Potential energy stored between the plates of the capacitor is also given by  

  

2

2

2

1

2

q
E

C

E CV

=

=

 

Applications 

• Capacitor stores energy. 

• They are used in sensors. 

• Capacitors are found in television, radio and any electronic devices. 

1. Find the expression for the capacitors C1 and C2 connected in series. 

2. Three capacitors of capacitances 3F, 5F, and 7F are connected in 

i) parallel and  

ii) series.  

Find the effective capacitance in each case. 

• Capacitors consist of two plates which are parallel to each other. 

• The parallel plates are oppositely charged. 

• Capacitors are connected either in series or in parallel. 

• Capacitors are also called condensers. 

• Capacitors connected in parallel will add their capacitances together. 

• In series connection the voltage across the capacitors is different, but the charge is same 

in all capacitors. 

• In parallel connection the voltage across all the capacitors is same, but the charge is 

different. 

• Capacitor blocks direct current while allows alternating current to pass. 

 Answer the following questions in your notebook.  

1. What happens to the capacitance of the capacitor in the space between the plates 

occupied by dielectric? 

2. What will happen to the capacitance of the capacitor if the distance between the plates is 

very large? 

3. Which type of connection will you prefer, if you are asked to connect three or four 

capacitors? 

 
Self-check for Learning 

 ACTIVITY 1  

 Summary 
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3.5 Electromagnetic Induction – Part I 

 

 

 

 

 

 

 

 

Introduction 

All magnets have imaginary lines around them which continuously show the direction of the 

magnetic field of the magnet. These lines are called magnetic field lines (or magnetic lines of 

force). The lines shown in the diagram on the right are the 

magnetic field lines. Magnetic force is experienced in the 

region where there are magnetic lines. 

To know the direction of the magnetic field lines, place the 

iron filings in the area where the magnet is kept, the iron 

filings will align themself in the direction of field.  

The magnetic lines emerge from north pole of the magnet 

and enter through south pole externally. 

Magnetic lines of force never intersect. 

In a uniform magnetic field, the lines are parallel and at equal distance from one another. 

Lines of force are concentrated or crowded near the poles. 

Magnetic Field 

The space around a magnet where a magnetic force is experienced is called a magnetic field. 

Diagrammatic representation of magnetic field 

I. Uniform Field             II. Non-uniform field 

 

  

 

 

 

 

• Define magnetic flux and flux density. 

• State Faraday’s law and Lenz’s law. 

• Explain the force on a charged particle in the magnetic field. 

• Derive the expressions for motion of charged particle in 

uniform magnetic field and electric field. 

• Identify the direction of induced current and magnetic force. 

• State expression of force on a current carrying conductor placed 

in a uniform magnetic field.  
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III. Uniform field directed outward    IV. Uniform field directed inward 

 
An arrow has a head and a tail/back. The head has pointed tip, represented by the dots on the left 

and it means the magnetic field is directed out of the paper towards the observer. The tail/back of 

the arrow has cross. The cross(x) represents the arrow from the tail or back. On the right in the 

above figure the cross marks represent the magnetic field directed into the plane of the paper or 

away from the observer. 

Meaning of Electromagnetic Induction 

Oersted discovered that the electric current passing through a conductor produces a magnetic 

field around it. The reverse process was observed by Faraday and found that whenever number 

of magnetic lines of force passing through a circuit changes, it produces current in the circuit (if 

it is closed). 

A magnetic field can produce an electric field that can drive a current. Faraday made important 

observations in his experiments on electromagnetic induction. The results of Faraday’s 

experiments have been summed up as laws and are called Faraday’s laws of electromagnetic 

induction.   

The phenomenon of generation of current or emf by changing the magnetic field is known as 

electromagnetic induction (EMI). The emf developed in the conductor by the process of 

electromagnetic induction is known as the induced emf and if the conductor is in the form of a 

closed loop, then the current flowing in the conductor is known as the induced current.  

Magnetic Flux (
B ) 

Magnetic flux is the total number of magnetic field lines crossing through the surface held in 

magnetic field. It is denoted by Greek alphabet ϕ (phi).   

When a loop enclosing an area, A is placed in a magnetic field B , then 

the magnetic flux through the loop is  

    

We use dot (.) for cosθ, and if it is sinθ then we use cross (×). 

Here θ is the angle between the magnetic field B  and the area vector A .   

Area vector A is a vector whose magnitude is equal to the area under 

consideration and its direction is perpendicular to the surface area.  

 

. cosB B A BA = =

A
→
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But if the magnetic field is perpendicular to that plane, then the above formula becomes 

        
B BA =  (Since cos 0° = 1)  

  

If the magnetic field is not perpendicular to the plane 

but inclined at some angle θ with respect to the normal 

to the surface area, then magnetic flux is given by 
  cosB BA =  

.B B A =  

Magnetic flux is a scalar quantity.    

The SI unit of magnetic flux is tesla metre-square, 

which is called the weber (Wb). 

1 weber is defined as the magnetic flux over a surface area of 1m2 lying perpendicular to the 

magnetic flux of 1 tesla(T).  

Therefore, 1Wb = 1Tm2 

CGS unit is Maxwell, 1weber = 108 maxwell. 

To find the magnetic flux through a surface in non-uniform magnetic field, we have to find the 

magnetic flux (
Bd ) through an infinitesimally small surface of area dA and integrate over the 

given surface. 

That is, 

.

.

B

B

d B dA

B dA





=

= 
 

Flux Linkage (Φ) 

If there are N number of turns of coil, then the total flux is 

given by N , which is called flux linkage, or flux times the 

number of turns of a coil. 

N =  

 

Magnetic Flux Density 

The magnetic flux passing through a unit cross-sectional area is called magnetic flux density. It 

is denoted by B.  

Magnetic flux density is given by   B
A


= B   

It is a vector quantity. Its unit is weber per metre square i.e. Wb/m2. 

The measure of number of magnetic field lines crossing through the surface held in the magnetic 

field. 

 

A
→
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We have seen above that cosBA =B  

The figures below will help you to find magnetic flux at different angles. 

 
          Maximum Flux        Minimum Flux     

 
0

0

cos

cos0

( cos0 1),

BA

BA

BA

 =

=

= =

B

0

0

cos

cos90

0 ( cos90 0),

BA

BA

 =

=

= =

B

    

cosBA

cantake any value

 



=B

         
 

Examples: 

3. A magnetic field of magnitude 0.078T is uniform over a circular surface whose radius is 

0.10m. The field is oriented at an angle 𝜃 = 25∘with respect to the normal to the surface. 

What is the magnetic flux through the surface? 

Solution: Given radius of the circular coils= 0.10m 

     B = 0.078T, and ϕ= 25° 

      We know area  

 

2

2 23.14 (0.10)

A r

m

=

= 
 

 Therefore, 

 

  
3 2

cos

(3.14 0.01) (0.078)cos 25

2.2 10

B AB

Tm



−

 =

=  

= 
 

4. A flat surface with area 3.0 square cm is placed in a 

uniform magnetic field of 6.0 T. If the magnetic 

field is making an angle 30° with the surface area, 

find the magnetic flux through this area. 

Solution: Given: Area = 3.0cm2 

                 = 0.0003m2 

             B = 6.0 T 

              θ= 600 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
188   Science-Physics-Classes XI&XII  
 

  
0

4 2

Magneticflux ( ) cos

6.0 0.0003 cos60

9.0 10

BA

Tm

 

−

=

=  

= 

    

1. A magnetic flux of strength 0.5 Wb crosses surface of area 5 x 10-4 m2. Find the   

            magnetic flux density? [Hint: use formula for magnetic flux density B ]  

2.  A square of side 3 cm is placed in a magnetic field of magnitude 0.23T. Find the 

magnetic flux for the orientations: 
0 0 0 00 ,30 ,45 90and = with respect to the normal 

to the surface. 

Faraday’s Laws of Electromagnetic Induction 

We have learnt that a magnet in motion induces current in the coil or a conducting wire. 

Let us explore the movement of the magnet, the direction of the induced current, and the force 

experienced by moving charge. 

Observations made by Faraday and Henry are listed below: 

A current appears only if there is relative motion between the loop and the magnet (one must 

move relative to the other); the current disappears when the relative motion between them 

ceases.  

Faster motion of magnet produces a greater current. 

If moving the magnet’s north pole toward the loop produces, say, clockwise current, then 

moving the north pole away from the loop produces counterclockwise current. Similarly, moving 

the south pole toward or away from the loop also generates currents, but in the reverse directions.  

Faraday’s Laws 

First Law 

Faraday’s first law of electromagnetic induction states that whenever the magnetic flux linked 

with a circuit changes an emf is induced in the circuit.  

The SI unit of induced emf is volts (V).  

Second Law 

Faraday’s second law of electromagnetic induction states that the rate of change of magnetic flux 

is directly proportional to the induced emf.  

Mathematically, Faraday’s second law can be expressed as    

             .( )Induced emf is directly proportional to rate of change of magnetic flu
d

dt

d
k

dt

x









 
=  

 

B

B

 

 ACTIVITY 1 
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where k is the proportionality constant and its value is k = −1. Therefore, the above expression 

becomes  

  '
d

Faraday s Second Law
dt


 = − B  

minus sign in the above equation indicates that induced emf always opposes the change in flux. 

We often neglect the minus sign and find only the magnitude of the induced emf.  

If there are N number of turns of coil then, the above formula becomes 

( )d N

dt


 = − B  

Lenz’s Law 

Lenz’s law states that the direction of induced emf is such that it tends to oppose the very cause 

which produces it.  In other words, the polarity of the induced emf/current is such that it always 

opposes the change in magnetic flux which produces the induced emf/current.  

Lenz’s law and Energy Conservation    

When the north pole of a magnet is moved towards the coil, 

the face of the coil closer to the magnet acquires north polarity 

so as to repel the motion of the magnet towards it. As a result, 

the direction of induced current is anti-clockwise in that face 

when viewed from the side of the magnet.  

Similarly, when the north pole of the magnet is moved away 

from the coil, the face closer to the magnet acquires south 

polarity and tends to oppose the motion of the magnet by 

attracting it. In this case, the induced current flows in 

clockwise direction in the face closer to the magnet. 

Therefore, some mechanical work has to be done in moving the magnet in both the cases. This 

work done is converted into electrical energy in the coil. Thus, Lenz’s law obeys the law of 

conservation of energy. 

Right-Hand Thumb Rule 

According to this rule, if you imagine holding a conductor carrying current in your right hand 

with your thumb in the direction of the current then the direction in which your fingers curl will 

give you the direction of the magnetic field. 

 

 

 

 

 

 

Lenz's Law & Conservation of Energy 1 
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Direction of Magnetic Field and Current due to Movement of the Magnet 

  

     

                

   

    

 

 

 

 

 

 

 

In Figure 1, when the magnet moves down shown by a downward arrow, the magnetic field 

induced in the coil opposes the motion of magnet in downward direction since the upper side of 

the coil has developed north pole. Due to movement of the magnet, current is induced in the coil. 

Using right-hand thumb rule, the thumb shows the direction of the current and curled fingers 

give the direction of the magnetic field. Figure 2 gives the direction of current, magnetic field 

and the polarity created in the coil.  

1. Justify whether the right-hand thumb rule is correctly applied or not. 

Charged Particle Moving in Uniform Electric Field 

When a charge –q enters a uniform electric field E with velocity v, a force due to electric field 

acts on it which is given by 

    F = -qE---------------1  

By Newton’s second law, 

    F = ma-----------------2 

  Since equation 1 = equation 2 

     ma = -qE  

 
qE

a
m

−
= ------3 

The displacement of –q using equation of motion is, 

21
4

2
S ut at= + − − − −  

-

q

Figure.1 Figure. 2 

 ACTIVITY 2 
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If the distance travelled by charged particle in horizontal direction is x, then time taken to cover 

this distance would be given by  5
x

t
v

= − − − − −   

Using equation 3 & equation 5 in equation 4, and since S = y and u = 0, 

Simplifying the above equation 4, we get 

 

2 2
2

2

2
2

2

2

2
6

qEx mv
y x y

mv qE

mv
x ky where k

qE

 − −
=  =  

 

 = − − − =
−

  

This equation (6) is an equation of a parabola. This shows that the charged particle follows a 

parabolic path in a uniform magnetic field. 

Force on a Current Carrying Conductor Placed in a Uniform Magnetic Field 

When a long, straight current-carrying wire is placed in a 

magnetic field, it will experience a force proportional to 

the strength of the field (B), the amount of current(I), and 

the length of the wire (L).  

Therefore, sinF BIL =  

where   is the angle between the wire/conductor 

and magnetic field B. 

            ( )F I L B=     (Since L sinB LB  = ) 

Case I: If the angle is 900 then force is maximum, 0, sin 90 1F I LB= =  

Case II: If the angle is 00 then force is minimum, 00,sin 0 0F = =  

Direction of Magnetic Force 

The direction of force experienced by a conductor carrying current placed in uniform magnetic 

field can be determined by the following laws. 

       Right-hand palm rule         Fleming’s left-hand rule 
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1. Carefully analyse the figure below.  What happens to the direction of current and the 

magnetic field when the magnet is moved towards and away from the coil? 

 

 

 

 

 

 

 

 

2. What is the direction of induced current in the circular loop? (direction of arrow shows the 

movement of the magnet) 

 

 

 

 

 

 

 

3. A coil of 100 turns encloses an area of 100 cm2. It is placed at an angle of 700 with a 

magnetic field of 0.1 Wbm-2. What is the magnetic flux through the coil? If the magnetic 

field is reduced to zero in 10-3s, what emf is induced in the coil?   

 [
30.94 10 , 94B Wb and emf V −=  = ] 

4. The direction of the force is always at right angle to the plane containing both the conductor 

and the magnetic field, and is predicted by Fleming’s left-hand rule. Explain your 

understanding of the direction of the magnetic field and the force experienced by current 

carrying wire in the figure below with the help of diagrammatic representation of any of the 

laws or Fleming’s rule. 

 

 

 

 

 

 

 ACTIVITY 3 
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• A magnetic field can produce an electric field that can drive a current. 

• The emf developed in the conductor by the process of electromagnetic induction is 

known as the induced emf. 

• If the conductor is in the form of a closed circuit, then the current developed in the 

conductor by the process of electromagnetic induction is known as the induced current. 

• Magnetic flux is the total number of magnetic field lines crossing through the surface 

held in magnetic field.   

• The SI unit for magnetic flux is tesla metre-square, which is called the weber (Wb). 

• A closed path in which the magnetic flux is established is known as magnetic circuit.  

• According to Faraday’s first law of electromagnetic induction, “an emf is induced in a 

closed loop when the magnetic flux linked with the closed loop changes.”  

• According to Lenz’s law, the polarity of the induced emf/current is such that it always 

opposes the change in magnetic flux which produces the induced emf/current.  

Answer the following questions in your notebook.  

1. To induce an emf in a coil, the magnetic flux: 

A. must increase. 

B. must remain constant. 

C. must decrease. 

D. can either increase or decrease. 

2. According to Lenz’s law 

A. the induced emf is not in the direction opposing the change in magnetic flux. 

B. the relative motion between the coils and the magnet produces change in magnetic 

flux. 

C. only the magnet should be moved towards coil. 

D. only the coil should be moved towards magnet. 

3. Explain the different methods to produce an induced emf. 

 

 

 

 

 

 Summary 

 

 Self-check for Learning 
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3.6 Electromagnetic Induction II 

 

 

 

 

Introduction 

Recall what you have learnt in Electromagnetic Induction part I. What do you understand by the 

term induction?  What is induced emf and induced current? How are the moving magnet and 

current related? Hope you can explain as well as find the importance of the topics covered in the 

electromagnetic induction part I. 

Now let us explore further on the same topic and find different uses. 

A battery stores chemical energy and when in use supplies electrical energy. Likewise, a 

capacitor stores energy in the electric field. An inductor (  ) can be used to produce a 

desired magnetic field. We shall consider a long solenoid (it is tightly packed coils) as our basic 

type of inductor. If we establish a current (I) in the windings (turns or coils) of the solenoid taken 

as our inductor, the current produces a magnetic flux (
B ) through the central region of the 

inductor. The inductance (L) of the inductor is then 

    

,B

magnetic flux linkage
L

unit current

N
L N number of turns

I



=

= →

  

The windings of the inductor are said to be linked by the shared flux, and the product 
BN  is 

called the magnetic flux linkage.  

Thus, the inductance L is a measure of the flux linkage produced by the inductor per unit of 

current.  

Unit of the inductance is Tm2/A or henry(H). 

    1 H (henry) = 1Tm2/A 

Inductance is increased by inserting materials/rod inside the solenoid. If the magnetic 

permeability is very high for the given material then the inductance would be also very high. 

Self -Inductance 

The phenomenon of electromagnetic induction in which, on changing the current in the coil (coil 

a & b), an opposing induced emf (shown in inductor) is set up in that very coil is called          

self-induction. 

• Explain self-induction. 

• Explain mutual-induction. 

• Explain transformer and working of AC Generator. 

• Give applications of electromagnetic induction 
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Property of a coil by virtue of which the coil opposes any change in the strength of current 

flowing through it by inducing an emf in itself is known as self-induction or the inertia of 

electricity.  

In this process on changing the current in 

the coils the emf is induced, this emf is 

known as self-induced emf. 

If I is the strength of current flowing 

through a coil at any instant of time and 

B  is the amount of magnetic flux linked 

with the coil at the same time instant, then 

it is found that the magnetic flux through 

the coil is directly proportional to the 

current flowing through the coil.  

This can be expressed as    

B

B

I

LI

 

 =
 

where L is a constant of proportionality and is known as coefficient of self-induction. If in the 

above expression we substitute I = 1A, then the above expression will become 
B L = .  This 

expression can be used to define coefficient of self-induction.  

*Try defining the coefficient of self-induction when current is 1A. 

The SI unit of L is henry (H). 

If the current I in the coil is changed by varying the contact 

position of a variable resistor, a self-induced emf  L will 

appear in the coil. For any inductor we have 

 

...............................................(1)

B

B

N
L

I

N LI





=

=

 If I = 1 A, then from above equation
BL N= . 

Therefore, self-inductance (L) is defined as the measure of flux linkage produced by the coil 

when unit current is passed through it. 

We have seen in the first part of the lesson (Faraday’s law) that 

( )
.............................................(2)B

L

d N

dt


 = −  

Substituting equation (1) in equation (2), we get  

 ( )L

dI
L self induced emf

dt
 = − −
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In any inductor (such as a coil, a solenoid, or a toroid) a self-induced emf (
L ) appears whenever 

the current changes with time. Induced emf depends on rate of change of current
dI

dt

 
 
 

. 

If the rate of change of current is taken as 1 A/s, then
L L− = .  Self-inductance is defined as emf 

induced in the coil when current changes at the rate of 1A/s. 

 

Mutual Inductance 

We saw earlier that if two coils are close together 

as in Figure on the right, a steady current I in one 

coil will set up a magnetic flux ΦB through the 

other coil (linking the other coil). If we change I 

with time, an emf  given by Faraday’s law 

appears in the second coil; we call this process 

induction or mutual induction (between two 

coils) to distinguish it from self-induction in 

which only one coil is involved. 

If I is the current flowing through one coil and ΦB is the total magnetic flux linked with the 

neighboring coil, then it is found that the magnetic flux is directly proportional to the current. 

This can be expressed as 

 
B

B

I

MI

 

 =
 

where M is a constant of proportionality and is called the coefficient of mutual induction. If      I= 

1 A then we have 
B M = . Hence, the amount of magnetic flux linked with one coil when unit 

current flows through the neighboring coil is known as coefficient of mutual induction. The SI 

unit of M is henry (H). 

The phenomenon according to which an opposing emf is produced in a coil as a result of change 

in current or magnetic flux linked with a neighboring coil is called mutual induction.  

We know that the emf induced in the neighbouring coil can be expressed in terms of magnetic 

flux of the coil, using Faraday’s second law,  

    ( )

Bd

dt

d
MI

dt

dI
M

dt




= −

= −

= −
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Let 1
dI

dt
=  in the above equation, then we get  

 
1M

M





= − 

= −
      

If 1 then =1HV M = . The negative sign only indicates direction of emf. 

Coefficient of mutual inductance of two coils is said to be 1 H when a current change at rate of 1 

A/s in one coil induces an emf of 1 V in the other coil. 

Let us see mutual inductance between two circular closely packed coils near each other and 

having a common central axis. With the variable resistor set at a particular resistance R, the 

battery produces a steady current I1 in coil 1. This current creates a magnetic field represented by 

the lines  1B . Coil 2 is connected to a sensitive ammeter but has no battery, a magnetic flux 
21   

(the flux through coil 2 associated with the current in coil 1) links the turns of coil 2. 

 
We define the mutual inductance 

21M  of coil 2 with respect to coil 1 as  

                                          
2 21

21

1

N
M

I


=       (which is similar to inductance)       

Cross multiplying the equation we get  

                                               21 1 2 21M I N=   
If we vary the current with respect to time, the above equation becomes  

                                              
1 21

21 2

dI d
M N

dt dt


=  

From Faraday’s law, right hand side is 
21

2 2

d
N

dt



=  with a minus sign, hence 

                                                 
1

2 21

dI
M

dt
 = −  

Now, if we interchange the circuit by putting battery in coil 2 with a variable resistor,  

                                                  2
1 12

dI
M

dt
 = −                                                 
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Thus, we see that the emf induced in either coil is proportional to the rate of change of current in 

the other coil. The proportionality constants M21 and M12 seem to be different.  But they are in 

fact the same so no subscripts are needed.   

Therefore, we can take M21 = M12 = M 

We can rewrite the equation using M as   

   

2
1

1
2

dI
M

dt

dI
M

dt





= −

= −  

These equations give the induced emf in coil 1 and coil 2 respectively. 

Applications of Electromagnetic Induction 

i. Transformer 

A transformer is a device for increasing or 

decreasing an AC voltage. Transformer works on 

the principle of mutual induction.  

1.

Transformer is used in hydroelectric power 

stations, in sub-stations. It steps up or steps 

down the voltage to required amount. 

2.

It is also used in electrical appliances and 

machines. 

You have seen the transformer with primary coils and secondary coils. The number of coils vary 

for different transformers. When number of turns in primary is less than the number of turns in 

secondary, the transformer is called step-up transformer, and when number of turns in primary is 

more than the number of turns in secondary, the transformer is called step-down transformer. 

For an ideal transformer the resistance of the primary and the secondary windings are negligible. 

In such case we can find the number of turns, voltage, or current in any part using the formulas 

given below. 

  

, ........................(3)
p ps s s

P S

s p s p p

I IV N N
or or I I

I V I N N
= = =

 

                 
................................(4)

s s s

S P
p p p

V N N
V V

V N N
=  =

 

We know fromOhm's law, ................................(5)S
S

VV
I or I

R R
= =   
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Substituting the value of IS from equation (5) in equation (3), we get 

 S s
P

p

V N
I

R N
=   

Now putting the value of VS from equation (4), we get 

                    

2

1 s
P P

p

N
I V

R N

 
=  

 
 

 

1. Why is self-inductance also known as inertia of electricity? 

2. Differentiate between self-inductance and mutual inductance. 

3. Compare transformer to a mutual inductance circuit. 

ii. AC Generator 

It is a device that converts mechanical energy into electrical energy. 

An AC generator is based on the phenomenon of electromagnetic induction which states that 

whenever magnetic flux linked with a conductor (or coil) changes, an emf is induced in the coil. 

The emf exists as long as there is change in magnetic flux. The direction of the induced emf can 

be determined by using Fleming’s right-hand rule.  

Construction  

An AC generator consists of a coil of wire that 

rotates in a uniform magnetic field. There are 

magnetic field lines between the north pole (red 

block) and south pole (blue block) of a magnet.  

Although not shown in the picture, the wire is 

usually wound around an iron core. As in an 

electric motor, the coil/core combination is called 

the armature. Each end of the wire forming the coil 

is connected to the external circuit by means of a metal ring that rotates with the coil. These rings 

are known as slip rings. Each ring slides against a stationary carbon brush to which the external 

circuit is connected.  To see how current is produced by the generator, consider the two vertical 

sides of the coil. Since each edge of the coil is moving in a magnetic field B, the magnetic force 

exerted on the charges in the coil causes them to flow, thus creating a current. The direction of 

the induced current in the coil can be understood by observing the motion of the coil. 

 

 

 

Parts of AC Generator

 

 ACTIVITY 1  



  SELF-INSTRUCTIONAL MATERIALS 
 

 
200   Science-Physics-Classes XI&XII  
 

Working of an AC Generator 

Initially the armature coil PQRS is aligned perpendicular to the direction of the magnetic field in 

stage 1. In this position of the coil, the flux through the coil is maximum. Then the coil PQRS is 

rotated by 90° in clockwise direction such that the edge SR of the coil moves downwards and the 

edge PQ moves upwards which leads to change in flux of the coil. Therefore, according to 

Fleming's right-hand rule, the current in the coil would be in direction PQRS. The value of 

current will be maximum when the coil becomes parallel to the direction of magnetic field as 

shown in stage 2. 

 

Now the coil again rotates by an angle of 90° in clockwise direction such that the edge SR of the 

coil moves downwards and the edge PQ moves upwards which leads to change in flux of the 

coil. Therefore, according to Fleming's right-hand rule the current in the coil would be in 

direction PQRS but this time the value of the current will decrease and will ultimately become 

zero when the coil has turned by an angle of 180° with respect to initial position as shown in 

stage 3. 

Again due to mechanical motion of the coil, the edge SR of the coil moves upwards and the edge 

PQ moves downwards such that after turning through 90° the coil aligns parallel to the direction 

of magnetic field and during this motion of the coil the flux through the coil changes and current 

is induced in coil in direction SRQP and the current is maximum when the coil aligns parallel to 

the direction of magnetic field as shown in stage 4. 

At this position (stage 4) of the coil, the coil PQRS has turned by an angle of 270° w.r.t. the 

initial position in stage 1. Again, due to the mechanical motion, the coil tends to move in 

clockwise direction such that the edge PQ moves downwards and the edge SR moves upwards. 

Now according to the Fleming's right-hand rule, the direction of the induced current in coil will 

be in SRQP direction and finally the coil will come to its initial starting position from where it 

initially started rotating. During one complete rotation (360°) of the coil, the direction of the 

induced current in coil changes periodically after 180°. 
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Emf induced in AC Generator 

Flux linked with the coil as we have seen in the earlier lesson is given by 
 cosB BA =  

If there are N turns, multiplying above equation by N on both sides, we get 
 cosBN NBA =       

Let ω be the angular velocity of the rectangular coil, then   

  

  

 

 

 

Differentiating equation (6) with respect to time t, we get 

 

( ) ( cos )

(cos )

( sin )      (From Faraday's law, )

sin

B

B

B

d d
N NBA t

dt dt

d d t
N NBA

dt dt

d
NBA t N

dt

NBA t

 

 


   

  

=

=

= − =

= −

    

The expression for maximum value of emf is NBA . It is equal to the amplitude. The polarity of 

the emf keeps reversing, and is called an alternating EMF or alternating voltage.  A current 

that varies sinusoidally flows first in one direction and then the other. It is therefore called an 

alternating current.  

1. How AC generator works? 

2. Explain why induced emf is called alternating emf? 

3. Why  is replaced by   while deriving the relation for induced emf in AC generator? 

4. You have a fixed length of wire and you need to design a generator. You have only two 

options: use either a one-turn coil or two-turns coil. Which option should you choose so 

that your generator will produce the greatest peak emf for a given frequency and 

magnetic field strength?  

i. [Hint: NBA = , let 1 /rad s = , take any length of wire. Since you need to 

find area you may make square coils and take 1B T= ] 

 

 ACTIVITY 2  

Substituting the value of θin aboveequation, weget

cos ..........................(6)B

t
t

N NBA t


  

 

=  =

 =
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• An inductor can be used to produce a desired magnetic field. 

• The inductance L is a measure of the flux linkage produced by the inductor per unit of 

current.  

• The SI unit of magnetic flux is the tesla metre-square, which is called as the henry (H). 

• The amount of magnetic flux linked with one coil when unit current flows through the 

neighbouring coil is known as coefficient of mutual induction (M). The SI unit of M is 

henry (H).  

• The amount of magnetic flux linked with the coil when unit current flows through the 

coil is known as coefficient of self-induction. The SI unit of L is henry (H). 

• Transformer works on the principle of mutual induction and is used in many electrical 

devices such as cell phone chargers, picture tube in a television, etc. 

• Well-designed, high-capacity transformers can have energy losses as low as 1%. 

• A generator produces electrical energy from mechanical work, just the opposite of what a 

motor does. 

Answer the following questions in your notebook.  

1. An ideal transformer has 500 turns in its primary coil and 1000 turns in its secondary 

winding. The voltage in the primary is 200V and the load in the secondary is 100Ω. 

Calculate the current in the primary coil?  

2. A 15 H inductor carries a current of 4.0 A. At what rate must the current be changed 

to produce a 90 V emf in the inductor?   

 

 

 

 

 

 

 

 

 

 Summary 

 

 Self-check for Learning 
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COMMERCE 

1. COMMERCE 

1.1  Barriers to Communication 

 

 

 

 

Introduction 

 

 

 

 

 

 

Now, let us discuss why these happened to you or other people and how to overcome such 

problems.  

Barriers to Communication 

Any kinds of obstacle, hurdle, obstructions, blockage, 

stoppage, bottleneck, etc., in the process of 

communication, are called 'Barriers to Communication'. 

Communication sometimes fails due to various reasons.  

In other words, the communication barrier implies to any 

form of hindrance in the flow of communication, i.e. 

when one party is not able to get the message conveyed by another party accurately, clearly and 

intentionally.  

Now, let us discuss the barriers to communication which are listed below.  

1. Semantic/Language Barrier 

The inappropriate use of language may obstruct the effectiveness of communication. The same 

words and symbols carry different meanings to different people. Difficulties in communication 

arise when the sender and the receiver of the message use words or symbols in different senses. 

 

• Explain the barriers to effective communication. 

• Describe the ways to overcome those barriers. 

 

 

 

 
 
  

 

 

 

 

 

Did you ever experience that your communication was not effective? 

Was there any misunderstanding with your friends and families? Was 

there any distraction of your communication due to bad network? Did 

you notice any person yelling at a high pitch in a crowded place? Were 

there instances when you were not able to talk to your teachers or 

principal? Were you annoyed that your friend was harsh to you? Well, if 

any of these happened to you, how did you manage to solve the 

problem?  
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2. Physical Barriers 

Physical barriers are environmental factors that prevent or reduce the sending and receiving of 

message.  For instance, due to the higher level of noise on the telephone, sometimes relevant 

information may be lost.  

3. Personal / Psychological Barriers 

This barrier often arises due to a lack of mutual trust and confidence in people. Judgment, 

emotions and social values are responsible for causing psychological distances amongst the 

people. For example: We can neither transmit nor receive anything correctly if our mind is 

agitated.  

4. Status Barrier 

The difference in the status of the sender and receiver may also be an obstacle to the 

effectiveness of communication. Superior may give only selected information to their 

subordinates to maintain status differences.  On the contrary, subordinates may hesitate to report 

shortcomings to the superior. 

5. Wrong Choice of Medium  

Communication must be transmitted through an appropriate medium. An unsuitable medium is 

one of the biggest barriers to communication.  A properly chosen medium can add to the 

effectiveness of communication. For instance, a medium used for official correspondences is 

communicated through written letters.  

6. Inattentive 

When the message receiver does not pay complete attention to the message, communication 

becomes ineffective.  A person may be inattentive due to busy engagement or when the receiver 

considers the message not interesting. 

7. Premature Evaluation of the Message 

It is a tendency that people start reacting to the communication before it is complete and frame 

their judgments and replies. This tendency is known as 'premature evaluation' which is harmful 

to the effectiveness of communication. In other words, the receiver of the message tends to draw 

conclusion before it is completely read or heard.  

8. Other Barriers 

Apart from the above-mentioned barrier there may be many barriers such as organizational 

barrier, pressure of work, unclarified assumptions, shortage of time, lack of ability to 

communicate etc… 

How to break this wall now?  

We can break the wall by using the following strategies in 

communication. 
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1. Using Simple Language 

To avoid semantic barriers, the message should be expressed in simple, brief and clear language. 

The words or symbols selected for conveying the message must be simple and appropriate to the 

reference and understanding of the receiver. 

2. Feedback 

The effectiveness of communication can be judged from the feedback. Therefore, feedback must 

be encouraged and analyzed. It enables the sender to know whether the receiver has properly 

understood the message. 

3. Control Over Emotions  

Both the sender and receiver of the message should have control over their emotions.  They must 

ensure that the content of the message is not affected by any negative impact emotions.  

Emotional stress is a serious handicap in the communication process. 

4. Mutual Trust and Faith 

The parties involved in communication should have mutual trust and faith between them.  They 

should feel free to make suggestions and correct each other’s views without any 

misunderstandings. It helps to minimize conflicts and misunderstanding. 

5. Selection of Correct Channel 

The correct channel of communication has to be chosen to make communication effective. The 

channel must be chosen based on the nature and purpose of communication. 

6. Clarity and Completeness of Message 

Clarity of thought is essential for good communication. The language used must be simple and 

precise in a way that the receiver can understand easily. Incomplete communication irritates the 

reader and creates misunderstanding and delays action. 

7. Importance of Listening Carefully 

A receiver of the message must listen carefully to avoid any misunderstanding and confusion. A 

sender, on the other hand, should also prepare to listen to the receiver and respond to the 

feedback, if any. 

1. Communication barriers don’t happen to us; they are created by us. What are some of the 

communication barriers created by humans?  

 

 ACTIVITY 1  
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• Any kinds of obstacle, hurdle, obstructions, blockage, stoppage, bottleneck, etc., in the 

process of communication, are called ‘barriers to communication’. 

• Barriers to communications are semantic or language barriers, physical barriers, 

personal/psychological barriers, status barriers, wrong choice of medium, inattentive, 

premature evaluation of the message and other barriers. 

• We can overcome barriers by using simple language, providing constructive feedbacks, 

controlling emotions, have mutual trust and faith, selecting correct channel of message, 

provide clear and complete message and listening attentively.  

Answer the following questions in your notebook.  

 

 

 

 

These are the signs and symbols placed by RSTA for motorist information at various 

locations of towns and roads. 

1. What could be some of the challenges in understanding the symbols? 

2. Suggest ways to overcome the above challenges to ensure that message is understood in 

the same manner. 

 

 

 

 

 

 

 

 

 

 Self-check for Learning 

 Summary 
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1.2  Financing 

 

 

 

 

Introduction 

Finance is the lifeblood of business. The prosperity, day to day working and future of a business 

will depend on the availability of adequate finance. Proper financial management provides a 

strong motivation to work in the right direction. 

Business Finance 

• Business finance refers to the amount of money invested in the business for economic 

activities.  

• It includes all types of capital or funds used in business. 

• The requirement of finance varies depending upon nature and size of business. 

• Efficient fund management is the key to the success of the business. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. In the wake of Covid-19 outbreak, many businesses are having to look for different types 

of business funding in order to keep their business afloat. How are businesses in Bhutan 

supported by the government? 

• Discuss the components of Bhutanese financial system. 

• Describe the concept of business finance. 

• Identify different sources of business finance. 

 

 

 

 
 
 

 ACTIVITY 1  
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Bhutanese Financial System 

• The Bhutanese financial system comprises of Royal Monetary Authority (RMA) as the 

apex bank or central bank, banking institutions, non-banking institutions, and capital 

market.  

• The RMA is the central bank of Bhutan which regulates, supervises and promotes both 

banking and non-banking institutions. Its regulations are also applicable to the capital 

market in addition to the regulations of the Royal Securities Exchange of Bhutan Limited 

(RSEBL).   

 

RMA

BANKING 
INSTITUTIONS

BOBL

BNBL

BDBL

DPNBL

TBL

NON-BANKING
INSTITUTIONS

RICBL

BIL

GIC-BRCL

CSI

NPPF

MFI

CAPITAL MARKET

RSEBL
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The Capital Structure of the Business 

Capital structure- a source of finance (equity and debt) is classified into two i.e. owners' capital 

which is contributed by the investor, shareholder or owner of the business and debt which is 

borrowed source of finance such as bonds and loans from external sources.   

First, let us discuss the source of finance: equity- the owner's capital.  

What do you understand by the term shares, shareholders & dividends? 

Share refers to a share in the share capital (total amount of finance) of a company. Therefore, the 

share is one of the equal parts into which the capital of the company is divided. The person who 

contributes money to share capital is known as a shareholder. The dividend is the distribution of 

profits of the company among the shareholders. 

Equity Shares: equity shares are those shares that do not carry any special or preferential rights 

in the payment of annual dividend and repayment of capital. They enjoy full voting rights in the 

management of the company. The rate of dividend is not fixed; it changes every year based on 

the profit generated by the organisation. Equity shareholders are paid capital at the time of 

winding up of the company only after all debts and preference shareholders are paid. 

Preference Shares:  Preference shares have preferential rights as compared to other types of 

shares. Payment of dividend is made to preference shareholder first and the remaining profit is 

distributed to equity shareholders. Thus, the preference shares are those shares which carry 

certain preferential rights in respect of receipt of fixed rate of dividends during the lifetime of the 

company and repayment of capital in the event of winding up of the company.  

Now let us discuss the Retained Earnings. Do you think some business keep their profits aside 

for some reasons? Yes, business enterprises do keep profit aside for the expansion of the 

Capital Structure and 
Sources of Debt and 

Equity

Equity

Equity Shares

Preference shares

Retained Earning

Debt

Loans

Bonds/debentures/

public deposit

Owners’ 

contribution
s 

Borrowed 

Borrowed 
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business or reinvesting in the business. Thus, Retained Earnings is the retained profit after 

paying taxes and dividends every year and use it for reinvesting in the business. It is the reserve 

and surplus. Retained earnings are also known as “ploughing back of profit”. 

Another way of raising fund is through external sources (debts) - such as bond/debenture and 

public deposits and loans.  

Debentures/bonds: it is a document, or a certificate issued by the company under its seal as an 

acknowledgement of its debt. The holder of debenture certificate is called debenture holder. 

Debentures are common securities as the source of borrowed capital and interest is paid by the 

company to the debenture holders. Likewise, a company usually borrows from a bank by the way 

of loans.  

Another way of borrowing is Public Deposit; it refers to the deposits of money made by the 

public with the non-banking companies. These deposits represent loans from the public and the 

interest is paid by the company to the public. 

Types of finance or source of finance are classified as under: - 

A business can raise funds from various sources. The sources of finance depend upon the 

situation, purpose, cost and associated risk. 

1. Based on Period 

• Short-term capital: Capital required by a business house for less than a year. Sources of 

short-term finance include trade credit, customers advance, short term borrowings from 

banks, installment credit, bills of exchange, treasury bills, commercial papers, certificate 

of deposits etc. 

• Medium-term capital: Finance required by a business house ranging from one year to five 

years. It includes Receiving public deposits, issue of redeemable preference shares, issue 

of redeemable debentures, loans from banks etc. 

Types of 
Finance

Based on 
period

Short-term

Medium-
term

Long-term

Based on 
purpose

Fixed

Working

Based on 
ownership

Equity/Ow
n

Debt/Loan
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• Long-term capital: Finance required by a business house for more than five years.  It 

includes the issue of equity shares, issue of preference shares, issues of debentures/bonds, 

retained earnings, loans from banks etc.  

2. Based on Purpose 

• Fixed Capital:  It is Finance required for the acquisition of fixed assets / Properties, Plants 

and Equipment.  

• Working Capital: It is the funds necessary to cover the operating cost of the business. It is 

necessary to meet finance for short-term or current assets. 

3. Based on Ownership 

i. Equity or owned capital:  As we have discussed earlier, Equity is considered as the 

main source of owned capital contributed by the owners of the business.  It is 

commonly known as common stock or ordinary shares.  Source of equity capital are 

issues of equity shares, issues of preference shares and retained earnings. In our 

country, the company raises owned capital through the issue of equity shares. 

ii. Debt or borrowed capital:  It is the borrowed funds to meet the short-term and long-

term requirements of the business. Source of debt are the issue of corporate bonds or 

debentures, commercial papers, loans notes, public deposits etc.  

• Investments in debentures always give fixed returns to the debenture holders; 

• Debenture holders are secured by a charge on the assets of the company; 

• Raising of funds through debenture is cheap when compared to shares; 

• A debenture is a flexible source of finance as the company can repay the funds 

when not required and use the fund for a longer period. 

We have learned about the different sources of finance and types of finance, let us quickly see 

the differences between Equity and Debentures/bonds in the table below. 

Points of 

Differences 
Equity/Ordinary shares Debenture/bonds 

Capital  It is part of owned capital It is part of borrowed capital 

Voting 

rights  

Shareholders get voting 

rights 

Debentures holders do not get voting rights 

Dividend Gets fluctuating dividend 

out of profit 

Get a fixed rate of interest irrespective of 

profit 

Degree of 

risk 

More degree of risk Less degree of risk 

There are certain factors which affect the capital requirement of the business. The factors 

affecting the capital structure of the business is listed as below: (Factors affecting capital 

structure of the business) 
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a. Nature and size of business: The business with the small capital base will rely more on 

the owner's funds and internal earnings. But large business has to depend on the capital 

market (RSEBL) and need finances from different varieties of securities and instruments. 

b. Cost of raising capital: The cost of capital determines the types of securities to be issued 

and it differs from securities to securities. Generally, the cost of equity is higher than the 

cost of bonds. 

c. Risk: If a firm's business risk is low then it can raise more capital by issue of debt 

securities whereas, at the time of high business risk, the firm depend more on equity. 

d. Control of the enterprise: Desire to retain control determines, to a very great extent, the 

nature of securities to be issued by a company for raising its capital. If the promoters like 

to retain control, they issue few equity shares and would try to collect capital by issuing 

preference shares and debentures. 

1. How will the businesses be affected in terms of financing if the country is put under 

lockdown? What are the alternatives to keep the business running?  

• Business finance is important for the successful conduct of the business. 

• The sources of finance depend upon the situation, purpose, cost and associated risk. 

• Sources of the fund can be of owned capital and borrowed capital. 

• Equity share is considered as the main source of owned capital contributed by the owners 

of the business. 

• “Retained earnings” is an internal source of finance. Retained earnings are known as 

"ploughing back of profit". 

• Preference shareholders have preferential rights over the equity shareholders and equity 

shareholders are paid dividends only if profit is available after paying to preference 

shareholders.  

Answer the following questions in your notebook. 

1. Why do you think, the issue of equity share is considered as the most popular source of 

capital for the business? 

2. If you invest in equity shares, what are some of the benefits you would get from the 

company? 

3. If you wish to start a business, what are different potential sources of finance available 

for you? 

 ACTIVITY 2  

 Summary 

 

 Self-check for Learning 
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1.3  Marketing 

 

 

 

 

Introduction 

Marketing includes an activity such as public relations, sales promotion, advertising, social 

media, branding, packaging, pricing, distribution and many other functions. The companies 

around the world spend millions of monies on marketing. The function of marketing is to 

communicate, deliver, and create value to the consumers. The companies also take consideration 

of employees, stakeholders and society. In consumer-oriented marketing, the companies spend 

an enormous amount of time and resources examining the everyday life of the consumers and 

thereby creating the product. The marketing consists of four elements, i.e 4Ps (Product, Price, 

Place and Promotion).  

• Product- physical product or service. 

• Price- the amount consumer pays.  

• Place- where the product is purchased. 

• Promotion- tools used to get the message out.  

• Marketing is the process of knowing the needs of the customers, production of goods and 

services as per the needs, and reaching it to them.  

• Marketing involves the activities of market research, product development, production, 

storage, transportation, sales promotion, pricing and financing. 

There are two concepts of marketing as listed below: - 

• Traditional concept/selling concept (Product-oriented concept).  

• Modern concept/marketing concept (Consumer-oriented concept).  

Traditional Concept/Selling Concept (Product-oriented Concept) 

In this concept, marketing begins with the production of goods and ends with a sale. In the 

traditional or selling concept, marketing begins with the production of goods and ends with a 

sale. Some of the features of this concepts are listed below: 

• It emphasizes mainly on the physical process of distributing goods and services. 

• Its focus is only on the product and it begins after production and ends with a sale. 

• It aims at maximum profits by increasing the volume of sales. 

 

 

• State the meaning of marketing. 

• State the two concepts of marketing. 

• Explain the importance of marketing. 

• Describe methods of marketing. 

 

 

 

 
 
 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
214   Commerce-Commerce-Classes XI&XII  

 

 

 

 

 

 

 

Modern Concept/Marketing Concept (Consumer-oriented Concept) 

 

 

 

 

 

 

 

 

Modern or marketing concept involves the process of discovering and translating consumer 

needs into products and services and helping them to enjoy more of these products and services. 

The feature of this concepts is listed below: 

• Customer-oriented: Business objectives should be consumer-oriented i.e. satisfaction of 

customers’ needs and wants. 

• Integrated approach: There should be proper coordination of marketing mix 4p’s (, 

product, price, place, promotion). Similarly, the various departments of the enterprise 

should be harmonized. 

• Marketing research: An ongoing program of marketing research is necessary, to 

understand and satisfy the needs of customers.  

• Marketing control: Regular monitoring is required to keep the program effective under 

changing conditions. 

Objectives of Marketing  

Some of the objectives of marketing are consumer satisfaction, service to the society, profit 

maximisation, creating reputation and goodwill, coordination and integration among 

departments.   

Selling 

concept 

starting 

point 
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products 
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Importance of Marketing 

Marketing plays a very vital role both from the standpoint of business and society. 

• Create demand: The main intention of marketing is to sell products by creating demand. 

Marketing helps to find out customers' needs and facilitates the production of goods 

which satisfy their needs. 

• Source of revenue: Sales are generated through effective marketing. Through sales 

necessary funds are generated to run all the departments, creates further production, 

market expansion and growth. 

• The basis for decision making: Marketing provides information and knowledge and 

based on such information the business makes important decisions. A business largely 

depends on the marketing feedbacks to decide what to produce, how to produce, when to 

produce and how much to produce. 

• Improve the standard of living: Marketing helps to provide a new and better variety of 

goods to the people thereby improving their standard of living. Through marketing, 

consumers are aware of the better products and their uses and this, in turn, improves the 

quality of their lives. 

• Creating employment opportunities: Marketing helps to create employment 

opportunities in both the areas of production and distribution. 

Marketing is a wider concept and advertising is part of the marketing. There are different 

mediums of advertising. Let us look at some of the mediums of advertising illustrated pictorially 

below:  

Digital Marketing  

 

Audio Visual Marketing  

An electronic media possessing both a sound and a visual component, such as slide-tape 

presentations, films, television programs, video conferencing and live theatre productions.  

Audio and pictorial representations leave ever-lasting impression in the mind of the viewers. 
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Magazines, Newspapers, Brochures and Handouts. 

 

Outdoor Advertising 

 

Out door advertising refers to the display of advertsing  in  open places where people generally 

pass through such as railway stations, bus stands, etc. It is the oldest advertsing but it is still 

popular. 

1. There are many means or platforms to do marketing. What strategy would you adopt to do 

marketing for your product during the time of Covid-19 pandemic that has led to the 

shutting down of many businesses?  What are your reasons for choosing the strategy? 

 ACTIVITY 1  
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• Marketing is a philosophy whose main focus is on providing customer satisfaction. 

• Marketing is the activity, set of institutions and processes for creating, communicating, 

delivering, exchanging offerings that have value for customers, clients, stakeholders, and 

society at large.  

• There are two concepts in the marketing that is the traditional concept and the marketing 

concept. In the traditional concept, marketing happens after production and ends with 

sales whereas, in marketing concept, the marking begins before production and doesn't 

end with sales but provide after-sale service and customer satisfaction. 

• Marketing is a wider concept and advertising is part of the marketing. There are different 

mediums of advertising. 

Answer the following questions in your notebook. 

1. If you are to design a marketing plan for a product, what are the essential things that you 

would keep in mind to include in it? 

2. Considering you as a producer and want to advertise a product, which medium would you 

prefer and why?  

 

 

 Summary 

 

 Self-check for Learning 
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2. ECONOMICS 

2.1  Circular Flow of Income 

 

 

 

 

 

 

Introduction  

How does the overall economy work? How do we analyze the macro and microeconomic issues? 

This is the most frequently asked question whenever there is any debate on some economic issue 

affecting the nation. In this lesson, we will look at the basic, simplified working of the overall 

macroeconomics system and the micro parts for people who wish to understand the working of the 

economy and many other economic issues. 

Circular Flow of Income  

Circular flow of income is defined as the flow of payments and receipts for goods and services and 

factor services between different sectors of the economy. There is a flow of income and 

expenditure among different sectors of the economy in a circular manner. The working of the 

circular flow of income depends on the inter-relationship and inter-connectivity among different 

economic agents. It means that the circular flow of income and spending shows connections 

between different sectors of an economy as explained below. 

1. Household/Households: Households are the main owners of factors of production. They sell 

their factors services and earn incomes. They also spent a large part of their income on 

purchasing goods and services from the producers/ firms. 

2. Business Sector/Firms: Firm comprises both private and government enterprises. Firms 

produce goods and provide services for some price. Firms hire factor services from 

households to produce various commodities that they sell to the households and other sectors 

of the economy. 

3. Government: Government plays the role of regulatory services to ensure smooth functioning 

of the economy. The government collects various taxes from different sectors to provide 

social services to the general public such as education, medical facilities, sanitation, judicial 

services, etc. 

 • Define circular flow of income. 

• Explain how factor services and factor incomes are determined 

in the economy. 

• Identify real flow from money flow. 

• Critically examine how various sectors of the economy are 

interdependent. 

• Draw circular flow of income in four sector model with proper 

explanation. 
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4. Rest of the World: Economic transactions do not take place within the domestic territory 

of the nation in this inter-connected world of today. Rest of the world refers to foreign 

countries which have a trade relationship with our country. A country exports goods and 

services as well as imports goods and services from the rest of the world. 

The circular flow of income can be understood in a simplified way as follows: 

1. Two-sector model 

a. Without saving and investment 

b. With saving and investment 

2. Three sector model (Closed economy) 

3. Four sector model (Open economy) 

1. Two-Sector Model (without saving and investment) 

The two sectors are the household sector and firms. In such an economy, the household sector as 

the owner of factors of production supplies its factor services to the firms in the form of land, 

labour, capital and enterprise. In return, the household receives income in the form of wages or 

salaries, interest, rent and profit.  

In the meantime, firms use the factor inputs to produce goods and services, which are finally sold 

to households. The household sector pays to the firms for the purchase of goods and services. 

Thus, money payments go around in a circular manner from the household to the firm and from 

firm to the household.  

 

 

 

 

 

There are two flows in the circular flow of income. 

a. Real Flows: Real flows consist of a flow of factor services and flow of goods and services 

among different sectors of an economy. 

Example: Land, labour, capital, enterprise and goods and services. 

b. Money Flows: Money flows comprise the flow of money receipts and flow of money 

payments for factor services and goods and services among different sectors of an 

economy.  

Example: Wages or salaries, rent, interest, profit, taxes, payments for imports, receipts 

from exports, etc. 
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2. Two-Sector Model (with saving and investment) 

 

The household sector provides factor services to the firms. In return, a household receives income 

in the form of wages/salaries, interest, rent and profit. Firms use the factor inputs to produce goods 

and services, which are finally sold to households. The household sector pays to the firms for the 

purchase of goods and services.  

Financial institutions are intermediaries between savers and borrowers. So, the household sector 

also saves a certain portion of its income with the financial institutions and then lend to firms to 

finance new investment in plants and equipment. Saving is the leakage, which has a contractionary 

effect on national income. On the other hand, investment is the injection. It is the expenditure on 

goods which in producing other goods in the production process and it has an expansionary effect. 

So long as saving is equal to the investment, leakage is equal to injection and the circular flow will 

continue indefinitely. The equilibrium condition is: 

Y = C + I, where;  

Y: Income,   

C: Consumption and  

I: Investment 

3. Three-Sector Model (closed economy) 

 

 

 

 

 

 



  SELF-INSTRUCTIONAL MATERIALS 

 

221   Commerce-Economics-Classes XI&XII  

  

The households sector supplies factor services to the firms. In return, it receives income in the 

form of wages or salaries, interest, rent and profit. Firms use the factor inputs to produce goods 

and services, which are finally sold to households. The household sector pays to the firms for the 

purchase of goods and services which is called consumption expenditure.  

Financial institutions as intermediaries between savers and borrowers, the household sector saves 

money with financial institutions which are then lent to firms for investment in plants and 

equipment.  

The government also purchases goods and services from firms and factor services from 

households. It collects taxes from households and business firms to finance its expenditure. It 

makes transfer payments and factor payments to the households. It provides subsidies to firms for 

various purposes and makes a payment for the purchase of goods and services. The equilibrium 

condition of a three-sector model is Y = C + I + G, where: 

Y: Income,  

C: Private Consumption Expenditure,  

G: Government Expenditure, 

 I: Investment Expenditure. 

 

4. Four-sector Model with Foreign Sector (Open economy) 

 

The household sector supplies factor services to the firms and in return, the household receives 

income in the form of wages or salaries, interest, rent and profit. Firms use the factor inputs to 

produce goods and services, which are finally sold to households. The household sector pays to the 

firms for the purchase of goods and services which is known as consumption expenditure. 
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With financial institutions as intermediaries between savers and borrowers, the household sector 

saves money with financial institutions which are then lent to firms for investment in plants and 

equipment.  

Government purchases goods and services from firms and factor services from households. It also 

collects taxes from households and business firms to finance its expenditure. It makes transfer 

payments and factor payments to the households. It gives subsidies to firms for various purposes 

and makes payments for the purchase of goods and services.  

The domestic economy and the foreign sector are connected through international trade and capital 

flows. The household sector imports goods and services from abroad and makes payments to the 

foreign sector. In return, it receives ‘foreign remittances’ in foreign exchange by selling some of its 

factor services abroad. The business sector also exports goods and services to foreign countries and 

receives payments in the form of ‘receipts from exports’. It also makes payments to the foreign 

sector for import of goods and services.  

The equilibrium condition is 

Y =C + I+ G + (X – M), where; 

Y : Income or Output,    

C : Private Consumption Expenditure,      

I : Investment expenditure 

G: Government/Public Expenditure,  

X – M: Net Exports (where, X: Exports and M: Imports). 

 

Importance of Circular Flow of Income 

1. It shows how different sectors of the economy are inter-related and inter-dependent. Indeed, it 

gives an overview of interactions between different sectors of an economy. 
  

2. The magnitude of the flows determines the size of income. Therefore, the national income of a 

country can be easily estimated from the money flows. 
 

3. It also spells out the conditions of equilibrium of income. For instance, in a two-sector model, 

the equilibrium condition is saving = investment and Income (Y) = Consumption Expenditure 

(C) + Net Investment (I). 

 

1. Is it wise for Bhutan to remain as a closed economy? Justify your stand with three reasons. 

 

 

 

 
ACTIVITY 1  
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• Circular flow of income is defined as the flow of payments and receipts for goods and 

services and factor services between different sectors of the economy. 

• Four Economic Sectors of the economy:  

1. Household/Households: Households are the main owners of factors of production. 

2. Business Sector/Firms: Firm comprises both private and government enterprises. 

3. Government plays the role of regulatory services to ensure smooth functioning of the 

economy. 

4. Economic transactions do not take place within the domestic territory of the nation in this 

inter-connected world of today. 

• Two-sector  Model: Households and firms. 

• Real flows consist of a flow of factor services and flow of goods and services among 

different sectors of an economy. 

• Money flows comprise the flow of money receipts and flow of money payments for factor 

services and goods and services among different sectors of an economy. 

• Three Sector Model: Households, Firms, and Government. 

• Four Sector Model: Households, Firms, Governments and Rest of the world. 

Answer the following questions in your notebook. 

1. What would happen to the circular flow of a nation’s economy if the nation opened up to 

international trade? 

2. Draw and explain the role of government and foreign sector by reflecting injection and 

leakages. 

3. Draw and explain circular flow of income of a country which does not have trade with 

other countries. 

 

 

 

 

 

 

 

 

 

 Summary 

 

 
Self-check for Learning 
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2.2  Trade – Part I 

 

 

 

 

Introduction 

In a modern economy, people specialize in producing different commodities to meet the needs of 

people and the nation through exchanges or trades. Do you produce everything you need at home? 

Is it possible to do that at an individual level? Think about mobile phones. Did you produce it 

yourself or you paid for it? Trading facilitates the needs and wants that individual or nation desires 

to acquire. Thus, Trade is important because all countries have limited resources to respond to their 

people's needs. 

Trade  

When we talk of a trade, we generally talk of domestic and international trade. Domestic trade refers 

to the exchange of goods and services within the geographical boundaries of a country. Sale and 

purchase of goods and services between or among various regions of a country are termed as inter-

regional trade. For example, Bhuray ghos and kiras produced in Radhi, Trashigang are being sold in 

the urban centres of Bhutan. International trade or external trade, on the other hand, is the exchange 

of goods and services that take place across international boundaries of countries. Bhutanese buying 

Korean cars, Americans holidaying in Bhutan, Canadians purchasing Japanese electronic goods and 

the Indian companies exporting mineral ores to some south Asian countries are some examples of 

international trade. 

 

 

 

 

 

 

         External Trade                                                 Internal Trade 

 • Define trade. 

• Explain the types of trade. 

• Differentiate internal and external trade.  

• Analyze the reasons for trade. 

• Elaborate the advantages and disadvantages of international 

trade. 
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Nations trade because they gain by doing so. The principle of comparative advantage states that 

each country should specialize in the goods it can produce most readily and cheaply and trade 

them for those that other countries can produce most readily and cheaply. The result is more goods 

at lower prices than if each country produced by itself everything it needed. Free trade allows trade 

among nations without government restrictions. 

Types of Trade 

1. Internal Trade/Domestic Trade:  Internal trade refers to the exchange of goods and 

services within the country. Example: sale of dried red chillies from Trashiyangtse at 

Thimphu farmers market (good).  

The bus fare you pay for using its services (service) 

2. External/International Trade: External trade refers to the exchange of goods and services 

among the citizens of different countries. Examples: Bhutan sells electricity to India, 

Bhutan buys salt from India, etc. 

Similarities and Differences between Internal and External Trade 

When the exchange of goods and services take place within the geographical boundary of a 

country, it is the internal or domestic trade.  

When the exchange of goods and services take place beyond the geographical boundary of a 

country, it is known as external trade or international trade. Though these trades are different from 

each other in much sense such as location, they have many things in common as well. Therefore, 

in the following lines, we will look at the similarities and differences between internal and external 

trade.  

Similarities between Internal and External Trade 

Internal and external trade share fundamental similarities and characteristics. Some of the 

similarities are briefly discussed below: 

1. Exchange of Goods and Services: In both kinds of trade, the exchange of goods and 

services is the primary motive of the business. The producers and sellers alike try to supply 

those goods and service that consumers find hard to acquire or can acquire with difficulties 

and only in a very small quantity. 

2. Specialization: No individual, region or nation is self-sufficient in producing required goods 

and services. In the absence of trade, each individual would have to produce everything he or she 

consumes. Similarly, each region would be forced to become self-sufficient. The same principle 

applies to nations too. Therefore, with trade, each individual, region or nation can now specialize 

in producing those goods and services it is good at and procure those goods and services which it 

cannot produce profitably. The underlying fact of all trade is specialization arising out of some 

natural or acquired advantage.  
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3. Cost: The production of goods and services involves the cost of production. The cost of 

production usually comprises of returns to factor services. Therefore, in both kinds of trade, 

producers try to produce goods and services at a minimum cost to maximise profit 

4. Profit: Be it internal trade or external trade, producers always aim at maximizing their profit 

margin. To do so, producers in internal trade try to sell their goods and services in places of high 

demand. Likewise, under international trade, they usually choose countries where they are likely 

to earn maximum returns. 

Differences between Internal and External Trade 

Internal Trade External Trade 

Trade within the geographical boundary of a 

nation (the exchange of goods and services is 

happening within Bhutan). 

Trade between two or more countries (the 

exchange of goods is happening between 

Bhutan and India). 

It takes place in same currency i.e, ngultrum. It takes place in different currencies i.e 

ngultrum and rupee 

There is less trade restriction (as per trade 

policy).  

Ther is more trade restriction( such as 

trading license, quota restriction, and 

trading policies). 

It trades more of semi-durable goods. It trades more of durable goods. 

It is a small scale production. It is a large scale production. 

Less taxes levied. More duties levied. 

One political set-up( it’s happening within the 

country). 

Different political set-up( happening 

between two different governments). 

Advantages and Disadvantages of International Trade 

International trade is an economic phenomenon of vital importance in the life of people all over the 

world. It has always played an important role in the economic life of nations all through world 

history.  

Therefore, in the following lines, we will look at the advantages and disadvantages of external 

trade.  
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Advantages of International Trade 

• Variety of goods: International trade gives consumers to consume varieties of goods that 

make a better standard of living that would not be possible in the absence of international 

trade. For example: Mobile phones (Samsung, Nokia, Oppo, Vivo, and apple), and 

shampoo (Sunsilk, Patene, Dove, Clinic All Clear, Head and Shoulder, and Treseme).  

• Availability of raw materials and specialized goods: Through international trade, a country 

can acquire those commodities that they cannot produce. Raw materials that are not 

available within a country can be imported through international trade. For example: 

Bhutan imports advanced technologies from India, which are then used in producing 

certain commodities in Bhutan.  

• Specialization and division of labour: It enables different countries to exploit the 

advantages of division of labour and specialize in the production of those goods alone in 

which they enjoy favourable production conditions. Thus, each country exports those goods 

that it can produce at relatively cheaper costs in relation to its trading partner. For example: 

International trade enables the country to export certain commodities in which they enjoy 

absolute cost advantage. In the process, the country specializes in that particular 

commodity resulting in better quality and quantity.  

• Increase in efficiency through the widening market: International trade widens the extent 

of the market. Therefore, every country tries to produce goods in excess to meet the 

demand within and outside, as a result, productivity increase. For example: International 

trade allows Bhutan to produce and export apples as per the demand resulting in an 

increase in the size of the market and enhancing the productivity of the country.  

• Cheaper goods: International trade will provide goods at a cheaper rate, because of the 

specialization and division of labour. Consumers not only enjoy the products of foreign 

countries but also get their requirements satisfied with the cheapest market in the world. 

For example: International trade increases commodities both in term of quality and 

quantity. Higher supplies of goods allow consumers to enjoy commodities at a cheaper rate.  

• Competition: It encourages countries to have healthy competition in the production of 

different kinds of goods at the least cost of production. It also leads to an efficient 

allocation of world resources. For example: Bhutan competes with other countries in 

exporting apples to the international market that will promote a sense of competition 

among the countries. Competition enhances the quality of goods as well as quantity.  

• Optimum allocation of resources: It also leads to allocation of resources fully by trading to 

the places where they can fetch the best price and purchase the materials from the cheapest 

source. For example: International trade requires goods and services with better quality and 

in good quantity. This ensures that trading countries make the best use of their available 

resources to maximize sales and profits.  
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• Vent for surplus production: If any country enjoys surplus production, they can dispose of 

it to the countries that are in need. It can earn foreign exchange by exporting these goods 

and attain economic prosperity. For example: If Bhutan supplies apples in surplus, they can 

sell the remaining quantity to other countries allowing them to earn foreign currencies.  

• Possibility of economic development: International trade leads to economic development 

by helping in importing machinery, technical equipment from developed countries. For 

example: Bhutan imported necessary inputs (advanced technology from India and expertise 

from the rest of the world) that lead to an increase in Bhutan’s economic development.  

• Easier to face natural calamities: During the situations like famine, epidemics, and 

scarcity occur in any country; other countries come to its rescue, so international trade is 

very important to overcome this kind of condition. For an example: During the lockdown in 

the country because of Covid-19, Bhutan was able to import all necessary food items from 

India due to international trade or else Bhutan will go through shortage of food items.  

• International co-operations: International trade promotes mutual co-operation among 

different countries. It creates an atmosphere of goodwill, friendship and co-operation 

among the trading countries. It is also termed as the greatest civilizing agency. For 

example: International trade between India and Bhutan has led to a strong friendship 

between the two countries and friendship plays an important role especially during the bad 

times.  

Disadvantages of International Trade 

• Vulnerable position during wars: That country which depends on imports of essential 

commodities is in a vulnerable position during the war. Since international trade will be 

affected during the war which makes it difficult for those dependent countries. For 

example: Not necessarily war, but you can take the example of today’s scenario. Due to 

Covid-19, India went lockdown resulting in negative impacts on trade, especially affecting 

the flow of goods and services to Bhutan.  

• Economic instability: It is felt that the economic crises of one country are transmitted to 

the other through international trade. Thus, the entire world is engulfed in economic crises. 

For instance, great world depression of the 1930s has spread to almost all the countries of 

the world except Russia. The reason was Russia had no trade relations with the rest of the 

world during that time. The best example is, Bhutan imports labours from India but due to 

Convid-19 India went lockdown. This has directly affected Bhutan’s construction sites with 

a shortage of labour.  

• Exploitation: There is a chance of exploiting the underdeveloped nations through 

international trade. For instance, the organization of the petroleum exporting countries 

(OPEC) can exploit other countries by charging a high price for petroleum products, as 

there is no close substitute. For example: International trade allows the flow of goods and 

services among countries. Some countries are powerful and some are not. This can result in 

the exploitation of resources and labours of less powerful countries by the powerful ones.  
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• Dislodging of domestic industries: It tends to dislocate the domestic industries and the 

labour employed in it producing similar goods by the introduction of cheaper goods. Thus, 

it results in unemployment of resources. For example: International trade results in 

importing goods and services from aboard at cheaper rates. When consumers purchase 

goods and services that are imported due to its reasonable price, the goods and services 

produced within the country get affected. Thus. Domestic industries lack consumers.  

• Exhaustion of natural resources: It may lead to exhaustion of natural resources of those 

countries that produce primary products. Since most of the natural resources cannot be 

replaced. For example: International trade leads to competition amongst the countries. The 

competition can be in terms of quality and quantity. In the process of producing more, 

scarce resources are used until it is exhausted.  

• Lop-sided development: It leads to lop-sided development because of the specialization in 

the production of a few commodities. For example: International trade allows the exchange 

of goods and services among countries. In the process of exchange, technologically rich 

countries may imitate products of other countries and produce them at a cheaper rate than 

the other country. This can cause a negative impact on some countries who are 

technologically backward.  

• Import of non-essential goods: It may affect the consumption habits of a country since 

those goods are easily available and chances of importing harmful products. For example: 

International trade allows the exchange of goods and services among countries. In the 

process of exchange, export and import of unessential items may take place (In recent 

times, some people are importing drugs from India).  

• Political interference: The underdeveloped countries not only import goods from advanced 

countries through their relations but also take other facilities from time to time. These 

advanced countries gradually interfere in the policy and administration and ultimately rule 

over it.  

• Political conflicts: It often gives rise to political conflicts among many countries through 

commercial activities. Too much interference from powerful countries on the less powerful 

ones can lead to conflicts and war.  

1. No country in the world today is completely self-sufficient to produce all the goods and a 

service it requires. Therefore, the importance of international trade is vital. However, 

international trade poses a threat to countries’ sovereignty.  Now take a stand to argue for 

or against international trade.   

2. Countries around the globe are affected due to Covid-19. Explain how they are affected 

both in terms of health and economic development.  

 
ACTIVITY 1  
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• Trade refers to the exchange of goods and services within or outside the country 

• Internal trade refers to the exchange of goods and services within the country 

• External trade refers to the exchange of goods and services among the citizens of different 

countries 

• Advantages of international trade are -a variety of goods, availability of raw materials and 

specialized good, specialization and division of labour, increase in efficiency through 

widening market, cheaper goods, competition, optimum allocation of resources, Vent for 

surplus production, the possibility of economic development, easier to face natural 

calamities and international co-operations. 

• Disadvantages of international trade are vulnerable position during wars, economic 

instability, exploitation and dislodging of domestic industries, exhaustion of natural 

resources, lop-sided development, import of non-essential goods, political interference and 

political conflicts. 

Answer the following questions in your notebook. 

1. Write at least three significance of international trade during crisis.  

2. Describe an example of each type of trade that you have observed in Bhutan. 
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2.3  Trade – Part II 

 

 

 

 

 

Introduction 

An Economy that does not engage in international trade is called a closed economy. A situation in 

which a country does not indulge in international trade is a situation of autarky (self-sufficiency). 

An economy that engages in international trade is called an open economy. Countries trade with 

each other when they do not have the resource or capacity to satisfy their own needs and wants. 

Economy, be it small or big requires to trade as it allows them to acquire a resource that they do 

not have, sell resources that they have in abundance. Specifically, we trade for a number of 

reasons. This includes: 

The reasons are: 

1. No individual or region can produce all that is required: An open economy exchanges 

goods and services as they cannot produce everything that they need and want to consume. 

For example: Bhutan cannot produce sophisticated machinery so Bhutan imports from 

India. Also, Bhutan export many things to India, say cordyceps, etc. 

2. To earn profit: Countries trade to earn profit. Some countries enjoy a cost advantage in the 

production of certain goods and sell to countries with cost disadvantage.  In a way, they 

enjoy a huge amount of profit.  

3. To promote trade relations with other countries: Some countries trade to build and 

promote mutual understanding for having a trade. For example: Bhutan trades with India to 

strengthen the existing trade relationship and build a stronger economy. 

4. Vent for surplus: When a country produces more than what the country can consume, it 

produces a surplus. These supplies are exported to other countries where the needs are 

limited.  

5. To earn foreign currencies: Trade allows the exchange of goods and services among 

countries. This allows the earning of foreign exchanges such as dollars, rupees, yens, and 

pounds. For example: Bhutan earns rupees by exporting apples to India.  

6. For economic development:  Trade allows countries to import technologies and advanced 

machinery that contribute to the economic activities fostering economic development. 

Likewise, increased trade may help to spur greater domestic economic growth and drive 

further improvements in living standards. 

 • Interpret the reasons for trade. 

• Explain absolute and comparative cost theory of trade. 

• Examine the basis of international trade (absolute and 

comparative). 

• Calculate the comparative theory based on relative 

productivity and opportunity cost method. 
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7. Trade takes place due to the difference in the cost of production: A country has a cost 

advantage over another country in the production of a good if it can produce it at a lower 

cost. Some countries exports goods in which they enjoy cost advantage allowing them to 

enjoy a variety of goods with a good profit margin.  

Absolute and Comparative Cost Theory 

Based on cost difference, international trade is explained based on two theories; Absolute cost 

theory and comparative cost theory.  

1. Absolute cost theory 

According to Adam Smith, the fundamental basis of international trade is the differences in 

absolute cost. Absolute cost refers to when a nation can produce a commodity at a lower cost 

compared to another country. This results due to differences in fertility of the soil, climate 

conditions, resource endowment and technology. Hence, a country specializes in the production of 

that commodity in which it has absolute advantages and imports the product in which it has 

absolute disadvantages. It would, thus, be advantageous for the country if it specialises in the 

production of the cheapest good.  Following example will help explain the cost difference.  

The table below shows the cost of producing one metric ton of mushroom and apples in Bhutan 

and Japan. 

Country Mushroom (Nu.) Apple (Nu.) 

Bhutan 1500 2000 

Japan 2000 1000 

Let us assume that there are two countries, Bhutan and Japan that produces two goods Mushroom 

and Apple. The table shows that cost of production of mushroom is lower in Bhutan as compared 

to Japan. Similarly, the cost of production of apple is cheaper in Japan compared to Bhutan. Thus, 

Bhutan has an absolute advantage in the production of the mushroom while Japan has an absolute 

advantage in the production of apples compared to Bhutan. Therefore, both countries will engage 

in the exchange of their surplus products which is beneficial to each other. 

2. Comparative Cost Theory  

According to David Ricardo, the theory of comparative advantage says that, even if one country is 

less efficient in the production of both the commodities, there is still a basis for mutually beneficial 

trade. To him, a comparative difference in cost is a sufficient condition for trade to emerge. 

Comparative advantage refers to a situation where a country can produce both the goods at an 

absolutely lower cost than other countries. Ricardo’s doctrine states that a country will export that 

commodity in which it has a comparative advantage and import that product in which it has a 

comparative disadvantage. A nation has a greater comparative advantage in the production of one 

commodity as compared to other commodities; thus, a country specializes in the production of that 

commodity which can produce more efficiently. Likewise, if a country produces the goods at an 
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absolutely higher cost, it concentrates on the production of that commodity in which it has lower 

comparative disadvantages and ignores the one for which it has a greater comparative 

disadvantage. Thus, trade enables each country to specialise in the production of a commodity in 

which it has a comparative advantage. Further, trade enables each partner to consume more. 

This theory can be explained using the concepts of both opportunity cost and production 

possibility curve (PPC) as follows:  

Comparative cost Theory using the Concept of Opportunity Cost  

To understand how the concept of comparative advantage might be applied to the real world, we 

can consider the simple example of two countries producing only two goods – Mushroom and 

Apple. 

It has three stages. 

1. Before specialization, 

2. Specialization, and  

3. After specialization. 

1. Before specialization 

Production (kgs) Bhutan Japan 

Mushroom 12000 4000 

Apples 8000 6000 

Using all its resources, Bhutan can produce 12000kg of Mushroom or 8000 kg of Apples, and 

Japan can produce 4000kg of Mushroom or 6000kg of Apples. In this case, Bhutan has the 

absolute advantage in producing both products before specialisation, but it has a comparative 

advantage in Mushroom because it is relatively better at producing them.  However, Bhutan has to 

specialize in the production of one commodity and Japan in the production of other commodity.  

2. Specialization 

In this stage or situation, a country allocates most or all of its available resources towards the 

production of a particular good or service. Such a case is shown below. 

Production (kgs) Bhutan Japan 

Mushroom  24000 0 

Apples  0 12000 

Notice in the above table, Bhutan concentrates in the production of mushroom since it produces 

more of it than apple production. Similarly, Japan specializes in the production of apples because it 

produces apple more than mushroom production. 

3. After specialization  

Bhutan would be able to produce 24000kgs of mushroom when all its resources are diverted 

towards the production of mushroom. Similarly, Japan could produce 12000 kgs of apples when all 
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its resources are diverted into apple production. Therefore, both countries can involve in trade by 

exchanging their surplus production, which indeed facilitates trade. 

The comparative cost theory using the concept of the production possibility curve (PPC) 

The Production Possibilities Curve (PPC) is a model used to show the tradeoffs associated with 

allocating resources between the productions of two goods. A PPC is a graph with one commodity 

on the X-axis and the other commodity on the Y. Each point along the curve represents the most 

efficient number of each commodity that should be produced with the available resources. The 

slope of the production possibility curve shows the ideal combinations (there are always more than 

one) of production of two goods. It is important to understand the concept of opportunity costs 

when interpreting a PPC.  The concept will be clearer with the illustration given below. 

Product 
Cost of production in kgs 

Bhutan  Japan 

Mushroom 12 4 

Apples 8 6 

 

In the figure above,  AB represents the PPC of Bhutan between apples and mushroom. In figure 2 

above, CD is the PPC production possibility curve of Japan between apples and mushroom. 

Therefore,  

The opportunity cost of producing apples in terms of mushroom in Bhutan:  

                                                                 = 12/8 =1.5 kgs of mushroom 

 The opportunity cost of producing mushroom in terms of apples in Bhutan: 

                                                                = 8/12= 0.6 kg of apples 

The opportunity cost of producing apples in terms of mushroom in Japan: 

                                                                 = 4/6 =0.6kg of mushroom 

The opportunity cost of producing Mushroom in terms of apples in Japan: 

                                                                 = 6/4 =1.5kgs of apples 

As stated earlier, PPC shows the opportunity cost of one commodity in terms of the other 

commodity in each country.  According to the hypothetical situation presented above, it is clear 

that Bhutan would benefit by specializing in the production of  Mushroom in which it enjoys a 
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greater comparative cost advantage than in Apples (B on the PPC AB). It means that Bhutan has a 

comparative advantage in the production of mushroom because of relatively lower opportunity 

cost in terms of apples, that is 1.5kgs of mushroom in Bhutan as compared to 0.6kg in Japan. 

Similarly, Japan would benefit by specializing in the production of Apples in which it enjoys a 

greater comparative cost advantage than in Mushroom (C on the PPC CD). It means that Japan has 

a comparative advantage in the production of apples because of relatively lower opportunity cost 

in terms of mushroom that is 1.5kgs of apples in Japan as compared to 0.6kg in Bhutan. Therefore, 

it can be noticed that trade will take place even if one country enjoys an absolute advantage over 

others. It is the case of complete specialization, that is each country producing only one 

commodity, either mushroom or apples.  

The relative productivity ratio of producing  mushroom and apples in Bhutan 

Mushroom = 12 units of Mushroom ( Bhutan) /4 units of Mushroom(Japan) 

                         That is, 12/4=3 units of mushroom 

Apples = 8 units of Apple( Bhutan) /6 units of Apple( Japan) 

                         That is  8/6=1.3 units of apples 

The relative productivity ratio for mushroom is higher than relative productivity ratio for apple 

(3>1) for Bhutan. In other words, the relative cost ratio for mushroom is lower than the relative 

cost ratio for apple in Bhutan. Thus, it will be an advantage for Bhutan to specialise in the 

production of mushroom.  

The relative productivity ratio of producing  mushroom and apples in Japan 

Mushroom = 4 units Mushroom (Japan) /12 units of Mushroom (Bhutan ) 

                         That is,    4/12=0.3 units of mushroom 

Apples = 6units of Apples ( Japan) /8 units of apples ( Bhutan) 

                         That is,   6/8=0.7 units of apples 

The relative productivity ratio for apples is higher than the relative productivity ratio for 

mushroom (0.75>0.33) for Japan. In other words, the relative cost ratio for apple is lower than the 

relative cost ratio for mushroom in Japan. Thus, it will be an advantage to specialise in the 

production of apple. 

Consequently, Bhutan could specialize in the production of mushroom and export them to Japan in 

exchange for Japanese Apples. In the same way, Japan could specialize in the production of 

Apples and export them to Bhutan in exchange for Bhutanese Mushroom. 
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1. Bhutan can produce 100 kg of butter or 10 balls of cheese; in contrast, India can produce 

40 kg of butter or 30 balls of cheese. Which country has an absolute advantage in butter? 

Which country has the absolute advantage in producing cheese?  

• The opportunity cost, in economics, represents the cost of making one production choice 

over another. 

• The full employment of resources in production; an efficient combination of output will 

always be on the PPC. 

• An economy that does not engage in international trade is called a closed economy. 

• A situation in which a country does not indulge in international trade is a situation of 

autarky.  

• An economy that engages in international trade is called an open economy. 

• Reasons for trade:  

✓ No individual or region can produce all that is required.  

✓ To earn a profit. 

✓ To promote trade relations with other countries.  

✓ Vent for surplus. 

✓ To earn foreign currencies. 

✓ For economic development.  

✓ Trade takes place due to difference in the cost of production.  

• Absolute cost refers to when a nation can produce a commodity at a lower cost compared 

to another country. 

• Comparative advantage refers to a situation where a country can produce both the goods at 

a lower cost than the other country. 

Answer the following questions in your notebook.  

1. Compare absolute cost advantage theory and comparative cost theory.  

2. Explain the three stages of comparative cost theory. 

3. Why is it important to trade for countries even though they are economically sound and 

rich? 

  Summary 
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3. ACCOUNTANCY 

3.1. Depreciation 

Introduction  

Depreciation 

All items of property, plant and equipment are subject to depreciation. This means the value 

of property, plant and equipment gradually decreases over its estimated useful life. 

Depreciation means reduction in the value of an asset. There are several factors that cause 

reduction in the useful life of property, plant and equipment. 

These factors include: 

• The daily usage of item of property, plant and equipment (this represents the 

consumption of asset’s economic benefits) causing wear and tear in the asset. 

• Obsolescence of the asset, where the use of asset is no longer economical due to lack 

of demand for product or service.  

• Legal restrictions such as expiry of right to use the asset. 

Read the material given below that list the relevant terms with depreciation. These terms form 

the concept of depreciation and will help you understand the role of this concept in accounting. 

a. Residual or salvage value 

The residual or salvage value of an asset is the probable amount that business entity would 

currently obtain from disposal of the asset, after deducting the estimated costs of disposal.  

b. Useful life of an asset 

The useful life of the asset is defined as: 

i. the period over which an asset is used by entity or 

ii. the number of production or similar units expected to be obtained from the                      

asset by an entity.  

The useful life and residual value of a depreciable asset are estimated based on the pattern of 

usage of the asset. These estimates should be reviewed at the end of each reporting period. If 

either change significantly, then that change should be accounted for over the remaining 

estimated useful economic life.  

𝑫𝒆𝒑𝒓𝒆𝒄𝒊𝒂𝒃𝒍𝒆 𝒂𝒎𝒐𝒖𝒏𝒕 = 𝑪𝒐𝒔𝒕 𝒐𝒇 𝒂𝒔𝒔𝒆𝒕 − 𝑹𝒆𝒔𝒊𝒅𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 𝒐𝒓 𝒔𝒂𝒍𝒗𝒂𝒈𝒆 𝒗𝒂𝒍𝒖𝒆 

• Explain the concept of depreciation and the role of 

depreciation in a business. 

• Calculate depreciation of an asset using different methods to 

allocate depreciation. 
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Depreciation expense for the period =  
Depreciable amount

Useful life of assset
 

Features of Depreciation 

• Depreciation is decrease in the book value of property, plant and equipment. 

• It decreases the book value of the asset but not its market value. 

• The reduction in the book value of an asset is permanent, gradual and continuous. 

• It is an expense like other expenses.  

• It is a process of allocation of cost of asset over the period of its useful life. 

Need for Providing Depreciation 

• To ascertain the correct income statement-matching concept 

Depreciation is an expense incurred for business entity for using the property, plant and 

equipment and therefore, it is considered as charge or expense against income. If an 

expense is omitted, the profit for the period is overstated.  

• To show a true and fair view of financial position 

If depreciation is not charged, the asset value declared in the financial statement would 

give higher value. 

• To show the asset at its proper value 

When depreciation is charged against the asset in the financial statement, it gives 

business the actual value of asset for the particular period although this may not be 

correct at all the time since the carrying amount of the asset need not necessarily be 

same as the market value of the asset.  

• To retain, out of profits, funds for replacement. 

Imagine a situation where no depreciation is charged on property, plant and equipment. 

In that case, profit earned in the business would have been distributed to the owners 

and no fund is retained to replace the asset after its useful life. Through depreciation an 

amount equal to accumulated depreciation expenses over the useful life of the asset is 

retained in the business that would enable the business to replace the asset. 

• Compliance with legal provisions 

Depreciation should be charged in order to accord with the Companies Act and the 

Income Tax Act. 

Is depreciation an expense or an income? What is a journal entry? 

Depreciation is an expense and should be recorded as an expense in the income statement. 

Cash is paid outright when an asset is purchased, and entities spread the expense over its useful 

life because assets helps gain revenue. It helps to tie the expense of using the asset to generate 

revenue. Therefore, it doesn’t represent a cash outflow and is considered as a non-cash expense. 

            Depreciation expense account                Dr 

               To Asset account 

               To Accumulated depreciation 
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Methods of Charging Depreciation 

According to BAS 16, the most common methods used are; 

a) Straight line. 

b) The written down value method/ Diminishing balance method. 

(i) Straight Line Method (SLM) 

This method assumes that the asset will contribute to the earning of revenues equally each time 

period. Therefore, equal amounts of depreciation are charged during each year of the asset’s 

useful life.  

Depreciation expense for each year =
𝑨𝒄𝒒𝒖𝒊𝒔𝒊𝒕𝒊𝒐𝒏 𝒄𝒐𝒔𝒕−𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒓𝒆𝒔𝒊𝒅𝒖𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 𝒐𝒇 𝒂𝒔𝒔𝒔𝒆𝒕

𝑬𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 𝒖𝒔𝒆𝒇𝒖𝒍 𝒍𝒊𝒇𝒆 𝒐𝒇 𝒂𝒔𝒔𝒆𝒕
 

Steps for Calculating Depreciation under Straight Line Method 

Step 1: Determine the cost of the asset (acquisition / initial cost). 

Step 2: Subtract the estimated residual value of the asset (if any) from the cost of the  

             asset to get the total depreciable amount. 

Step 3: Determine the estimated useful life of the asset. 

Step 4: Divide the total in Step 2 by the value in Step 3 to get the annual depreciation  

            amount. 

Depreciation  =
Acquisition cost−Estimated residual value of assset

Estimated useful life of asset
 

Depreciation (if no residual value is given)  =
Acquisition cost

Estimated useful life of asset
 

 

Carrying amount   

Carrying amount is the amount at which an asset is recognised after deducting any accumulated 

depreciation and accumulated impairment losses. It is also called Book Value (BV) of asset. 

Carrying amount = Cost of asset – Accumulated Depreciation 

Illustration 1  

Druk Engineering Private Company Ltd purchased a furniture at the cost of Nu.100,000 on 1st 

January 2015 and incurred a transportation cost of Nu.10,000 with an estimated salvage value of 

Nu.20,000 and a useful life of 5 years. Calculate the amount of depreciation of furniture for each 

year for the next 4 years. 

Required: 

Calculate the amount of depreciation expense to be charged for each year for the next 4 years.  

Solution:  

Acquisition cost of furniture  

Purchase price    = Nu. 100,000 

Add: Transportation cost          = Nu.   10,000 

     = Nu. 110,000  
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Useful life of asset  = 5 years 

Scrap value after 5 years =Nu. 20,000 

Depreciable amount             = 110,000- 20,000 

               =90,000 

Annual depreciation expense =  
90,000

5 𝑦𝑒𝑎𝑟𝑠
  = Nu. 18,000  

Druk Engineering Company would depreciate the furniture by Nu.18,000 annually for 4 years. 

Depreciation Schedule 

Year 
Opening 

Balance 
Depreciation 

Carrying Amount (Book Value) 

at the year-end (Nu.) 

2015 110,000 18,000 92,000 

2016 92,000 18,000 74,000 

2017 74,000 18,000 56,000 

2018 56,000 18,000 38,000 

Change in useful life and residual value of asset  

It can happen that after the initial estimates of useful life and residual value of asset, for variety 

of reasons, these estimates may change. For example, major repair and maintenance work on a 

building can increase its estimated useful life. In that cases, depreciation expense is recalculated 

from the date of the change in the accounting estimate and applied with prospective effect. No 

change is made to depreciation expense already recorded.   

New depreciation expense = 
Remaining carrying amount−Revised residual value

Remaining useful life
 

Illustration 2 

A company on 1st January 2019 acquired an item of property, plant and equipment worth Nu. 

220,000. Following the past trend, company management estimated five years useful life of the 

asset. It was also estimated that the asset on its disposal after its useful life would fetch a residual 

value of Nu. 20,000. All property, plant and equipment at the company are depreciated on a 

straight-line basis.  

On 31st December 2019 company management reviewed useful life of the asset to three years, with 

an estimated residual value of Nu. 12,000.  

Required: 

Calculate the amount of depreciation expense for 2020, 2021 and 2022. 

Solution: 

Plant’s original Cost   = Nu. 220,000 

Depreciation for 2019  = Nu. 40,000 (Nu. 220, 000 – Nu. 20,000 = 200,000/5) 

Carrying amount of the asset =Nu. 180,000  

Given the reassessment of the useful life and residual value, the depreciable amount at the end of 

2019 = Nu.168, 000 (Nu. 180,000 – Nu.12, 000) over three years.  
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Depreciation charges in 2020, 2021 and 2022 = Nu. 56,000 (Nu.168, 000/3) unless there are future 

changes in estimates. 

1. Sherza Private Company Ltd purchased a Truck at the cost of Nu.1,500,000 on 1st January 

2019 and with an estimated resale value of Nu.1,000,000 and a useful life of 10 years. Calculate 

the amount of depreciation for Truck for each year for the next 10 years. 

2. ABC Ltd on 1st January 2020 purchased water filter for Nu. 450,000. The estimated useful life 

of the water filter is five years. It was also estimated that the asset on its disposal after its useful 

life would fetch a residual value of Nu. 50,000. All property, plant and equipment at the 

company are depreciated on a straight-line basis.  On 31st December 2020 company 

management reviewed useful life of the asset to four years, with an estimated residual value of 

Nu. 40,000.  

• Depreciation means fall in the value of asset because of its usage or with efflux of time or 

due to obsolescence. 

• Causes of depreciation are (i) wear and tear, (ii) efflux of time, (iii) obsolescence. 

•  Objective of providing depreciation are to: 

(i) Show assets at their correct values. 

(ii) retain funds out of profit for replacement of asset. 

(iii) show a true and fair view of the financial position.  

(iv) ascertain correct profit or loss. 

Answer the following questions in your notebook.  

1. ABC limited company purchased a plant and machinery costing Nu. 500,000 on 1.1.2020 

and incurred additional costs of Nu. 50,000 on account of import duties and installation 

charges. All PPE items were measured at historical cost. Company used straight line method 

to allocate depreciation. The expected residual value after 10 years is Nu. 20,000.  

2. Happiness Engineering Private Company Ltd. purchased a plant and machinery costing 

Nu. 800,000 on 01.01.2019 and incurred extra costs of Nu.75, 000 on import duties and 

installation charges. All PPE were initially measured at cost and Company uses straight-line 

method. The expected residual value after 5 years is Nu. 10,000. Calculate the amount of 

depreciation of plant and machinery for each year for the next 3 years. 

 Summary 

 

 
Self-check for Learning 

 ACTIVITY 1 
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3.2 Stores Ledger 

Introduction 

Cost Concepts 

According to Council of the Institute of Cost Accountants of India, “Cost is a measurement, in 

monetary terms, of the amount of resources used for the purpose of production of goods or 

rendering services”. Manufacturing of goods or rendering services involves consumption of 

resources. For example, material cost is the price of materials consumed for manufacturing a 

product or for rendering a service.  

Broadly, the cost concepts include the following: 

a) Cost of Purchase 

The cost of purchase means the purchase price including duties and taxes, fright inward and 

other expenditure directly attributable to the acquisition of goods and services. For the 

purpose of determining the costs of purchase, trade discount, rebate, duty drawbacks and 

other similar items are deducted. 

b) Cost Centre  

According to Council of the Institute of Cost Accountants of India, Cost Center means “any 

unit of an entity selected with a view to accumulating all cost under that unit”. The unit can 

be a product, a service, division, department, section, group of plant and machinery, group of 

employees or combination of several units.  

c) Cost Unit 

According to Council of the Institute of Cost Accountants of India, “Cost unit is a form of 

measurement of volume of production or service”. It means the cost attributable to unit or 

quantity of product, service, time or combination of these.   

The followings are the examples of cost units: 

Products or services Unit of measurement 

Power  Cost per mega-watt per hour or kilo-watt per hour 

Books / pen / pencil etc. Cost per number 

Transport  Cost per kilometre per passenger  

Petroleum products   Cost per litre  

Rice, vegetables etc. Cost per kilogram 

• Define the concepts of cost. 

• Explain the components of cost. 

• Prepare stores ledger. 
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Classification of Cost 

For the purpose of controlling cost and other decisions related to production, the cost can be 

broadly classified into three types: 

a) Material Cost  

Material Cost is the cost of material of any nature used for the purpose of production of 

goods and services. 

b) Labour Cost  

Labour Cost is the remuneration paid to either permanent or temporary workers of an 

undertaking for their services in the form of wages, commission, bonus, etc. 

c) Expenses  

Expenses are cost of services other than material or labour cost which are involved in 

operation of the business. 

Components of Cost 

Different components of cost at a glance. 

a) Prime Cost  

Prime cost is the sum total of all the direct materials cost, direct labour cost and direct 

expenses. 

Direct Material Cost + Direct Labour Cost + Direct Expenses = Prime Cost 

b) Overhead Cost  

Overhead cost is the aggregate cost of indirect materials, indirect labour and other expenses 

which cannot be easily charged to specific cost units. Thus, overhead costs are all expenses 

other than direct expenses.  Overheads can be subdivided into: 
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i. Factory overhead. 

ii. Office and administration overhead. 

iii. Selling and distribution overhead. 

Each of these overheads cost comprises of indirect materials, indirect labour and indirect 

expenses. 

Indirect Material+ Indirect Labour + Indirect Expenses = Overheads 

1. Mr. Dubjur owns furniture house and incurs the expenses listed in Table 1. 

Table 1 

Sl. No Cost Incurred 

1 Wood 

2 Nails 

3 Glue  

4 Polish  

5 The wages paid to the carpenters  

6 Wages paid to store-keeper   

7 Cost of design of furniture 

8 Minors repairs and maintenance of equipment’s used for making furniture 

9 Ply wood 

10 Paint brushes 

11 Sandpaper 

12 Wages to sweeper 

13 Telephone bills 

14 Water bills 

15 Electricity bills (office) 

16 Transportation  

i) Classify the cost given in Table into direct materials, direct labour, direct expenses, 

indirect materials, and indirect labour and indirect expenses? 

ii) What criteria did you apply to classify? 

iii) Why is classification of cost necessary? 

2. Ever Green Central School provides boarding facilities to the students. Mr Kinley is the 

mess in charge who keeps the records of receipts and issue of ration. The following are the 

items received by him.  

• In the beginning of the year, he has in store 15 bags of red rice which was purchased at 

Nu. 1,350 each.  

 ACTIVITY 1 
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• In the first month of academic year he purchased 30 bags of white rice, each bag costing 

Nu. 1500.  

At the end of the first month, the school administration wanted to know value of rice left in the 

store. On counting physically, he found out that there were 12 bags of rice. 

i) What is the value of rice remaining in the store? 

ii) Which rice do you think the students where served during the first week of the month? 

Give reasons? 

 

Business may be classified under Trading (merchandising), Manufacturing and Service 

undertaking. Accounting for inventory is common to all types of business. For a trading 

business, the goods purchased for resale is the inventory, for a manufacturing concern inventory 

comprises of raw materials, works in progress and finished goods. For service organisations like 

cable service, schools and   hospitals, inventory consists of the materials and supplies needed to 

provide the service.  

As per Bhutanese Accounting Standard (BAS - 2), inventories are assets: 

(a) held for sale in the ordinary course of business; 

(b) In the process of production for such sale; or 

(c) In the form of materials or supplies to be consumed in the production process or in 

the rendering of services. 

Inventory valuation is normally made at the lower of cost or net realizable value. This valuation 

is taken from (BAS - 2). This valuation applies the prudence concept and is shown with the help 

of Figure below. 
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Illustration 1 (Principle of Inventory Valuation) 

Karma Clothing Store at Thimphu bought 30 T-shirts on 1st January with each item costing Nu. 

200 each and on 1st July they sold 20 items for Nu. 350 each. On 15th August they sold 5 items 

@ Nu 360 each. At the end of the year the market realizable value is Nu 300 per item. What 

would be the value of remaining 5 T-shirts?  

Solution   

Opening Stock + Receipts – Issues = Closing Inventory 

Inventory valued at cost 

 

Inventory valued at Net realizable value 

 

= 0 + 30- 25 = 5 T-shirts  

Value of closing inventory =  

5 T-shirts × 200 = Nu 1,000 

= 0 + 30- 25 = 5 T-shirts  

Value of closing inventory =  

5 T-shirts × 300 = Nu 1,500 

= 0 + 30- 25 = 5 T-shirts  

Value of closing inventory =  

5 T-shirts × 200 = Nu 1,000 

= 0 + 30- 25 = 5 T-shirts  

Value of closing inventory =  

5 T-shirts × 300 = Nu 1,500 

In this case the value of inventory will be Nu. 1,000 because the cost is less than market 

value. 

Stores 

It includes materials and supplies which will be used in the process of production. It consists of 

consumable items which will be issued to the production units as and when required. Example: 

glue and nails in a furniture house. 

Stores Ledger 

Stores Ledger is subsidiary ledger which is maintained by cost department. A separate account is 

opened for each item of materials in the store to record both the quantity and cost of materials 

received, issued, returned, and balances in hand. 

Why prepare stores ledger?  

Store Ledger is prepared mainly because it provides a continuous record of the stores received, 

issued and discloses the balance in hand at any time, both in quantity and value. It assists in 

planning since information about stock in hand would be available. 

A specimen of Store Ledger 

System of Inventory Invention 

Depending on nature and size, a business can choose the system of inventory valuation. The 

systems are periodic inventory system and perpetual inventory system.  

a) Periodic inventory system 

Periodic Inventory System is a method under which verification of the store items is done at the 

end of the period. Under this method stock verification is done by actual counting, weighing and 
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measuring of items in stock. During the period of stock verification, materials are not issued 

from the store therefore this method is suitable for small and medium sized business. 

b) Perpetual inventory system 

Perpetual inventory system is a system of recording stores balances after every receipt and issue 

to facilitate regular checking and to prevent closing down of the operation for stock taking.  

Distinction between Periodic Inventory System and Perpetual Inventory Systems 

Basis of Distinction Periodic Inventory System 
Perpetual Inventory 

Systems 

1. Basis of 

Ascertaining 

Inventory  

The value of inventory is 

determined on the basis of an 

actual physical 

count/measure/weight at a 

given point of time. 

Inventory is ascertained on 

the basis of records 

maintained on continuous 

basis. 

2. Calculation of 

inventory 

Inventory is directly calculated 

by applying the method of 

valuation of inventories like 

FIFO or LIFO. 

Inventory is calculated as a 

residual figure as under: 

Closing Inventory = Opening 

Inventory + Purchase – Cost 

of goods sold. 

3. Calculation of cost 

of goods sold  

Cost of materials issued is 

calculated as a residual figure 

as under: cost of materials 

issued = Opening Inventory + 

Purchases – Closing Inventory. 

Cost of Materials issued is 

directly calculated by 

applying the method of 

valuation of inventories. 

4. Continuous Stock 

Checking 

It does not facilitate the 

continuous stock checking. 

It facilitates the continuous 

stock checking. 

5. Transaction 

investigations. 

Under periodic inventory 

system it becomes difficult to 

trace errors as it is done at the 

end of the reporting period. 

Errors can be traced easily 

because the details regarding 

the movement of materials are 

maintained on continuous 

basis. 

 

Name of material.                                                                 Folio. 

Material Code No.                                                                Maximum Level. 

Bin Card No.                                                                        Minimum Level. 

Ordering Level                                                                     Ordering quantity. 

 

Date 

 

Receipts Issues Balance 
 

Remarks GRN 

No 

Qty 

(kg) 
Rate Amount 

SR 

No. 

Qty 

(kg) 
Rate Amount 

Qty 

(kg) 
Rate Amount 
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Methods of Inventory Valuation 

As inventory is usually purchased at different rates over an accounting period, there is a need to 

determine what cost needs to be assigned to inventory. For instance, if a company purchased 

inventory thrice in a month at Nu. 50, Nu. 60 and Nu.70, what cost must be attributed to inventory 

at the month end? Inventory cost at the end of an accounting period may be determined in the 

following ways: 

• First in First Out (FIFO) 

• Weighted Average Method 

First in First Out 

FIFO is an inventory valuation technique, in which the inventory received first is assumed to 

have been issued first. Issue takes place in the order of receipts. Closing inventory comprise of 

the goods which are received most recently. 

Illustration 2 

Riders Ltd purchased 15 bikes during January and sold 10 bikes, details of which are: 

January 1   Purchased 6 bikes @ Nu. 50,000 each  

January 5   Sold 2 bikes 

January 10  Sold 3 bikes 

January 15  Purchased 9 bikes @ Nu. 70,000 each 

January 25  Sold 5 bikes 

i.) Calculate the value of closing inventory by applying FIFO method of pricing the issues? 

Solution: The value of 5 bikes held as inventory at the end of January may be calculated as: 

Date 

Receipts Issues Balance 

 

Remarks GRN 

No 
Qty Rate Amount 

SR 

No. 
Qty Rate Amount Qty Rate Amount 

Jan 1  6 50,000 300,000     6 50,000 300,000  

Jan 5      2 50,000 100,000 4 50,000 200,000  

Jan 10      3 50,000 150,000 1 50,000 50,000  

Jan 15  9 70000 630,000     
1 
9 

50,000 
70,000 

50,000 
630,000 

 

Jan 25      
1 
4 

50,000 
70,000 

50,000 
280,000 

5 70,000 350,000  

The value of closing inventory 

5 units @70,000 = 350,000 
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Weighted Average Method 

In this method, the rate of issue of materials is computed by dividing the value of materials by 

units available. Therefore, inventory cost under Weighted Average Price Method will be the 

average cost of materials available for issue on a particular point of time. 

Illustration 3 

P.T Kuenzop Pvt. Ltd. uses iron slabs to manufacture Bhukari. The company has the following 

records for the purchase of iron slabs: 

Quantity (Units) Rate (Nu) 

50 

30 

40 

70 

25 

60 

65 

65 

70 

72 

Inventory at the end of accounting period shows a balance of 80 units. Assuming that the records 

of issues are not maintained on a daily basis, compute the value of closing inventory using 

weighted average price method. 

Solution: 

Quantity (Units) Rate (Nu) Amount (Nu) 

50 

30 

40 

70 

25 

60 

65 

65 

70 

72 

3000 

1950 

2600 

4900 

1800 

215  14,250 

 

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓𝑔𝑜𝑜𝑑𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑖𝑠𝑠𝑢𝑒

𝑈𝑛𝑖𝑡𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑖𝑠𝑠𝑢𝑒
 

    𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 (𝑊𝐴𝑃) =
14250

215
                    

 = 66.279 

Value of closing inventory of 80 units will be, 80 units x Nu 66.279 = Nu. 5,302 

 

 

 

 

 

Important Note:  

The illustration is based on the periodic inventory system where the record of date and 

quantity issued is not maintained on a daily basis. 

If the purchase date, and the date and quantity issued are given, then the rate changes 

after every new receipt. 
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Illustration 4 

Riders Ltd purchased 15bikes during January and sold 10bikes, details of which are- 

January 1   Purchased 6 bikes @ Nu. 50,000 each 

January 5   Sold 2 bikes 

January 10  Sold 3 bikes 

January 15  Purchased 9bikes @ Nu. 70,000 each 

January 25   Sold 5 bikes 

i) Calculate the value of closing inventory by applying Weighted Average Method of 

pricing the issues? 

If a stores ledger is to be prepared for the transactions in illustration 2 under Weighted Average 

Method, it would appear as given here. 

 

Date 

Receipts Issues Balance 
 

Remarks GRN 

No 
Qty Rate Amount 

SR 

No. 
Qty Rate Amount Qty Rate Amount 

Jan 1  6 50,000 300,000     6 50,000 300,000 
 

Jan 5      2 50,000 100,000 4 50,000 200,000 
 

Jan 10      3 50,000 150,000 1 50,000 50,000 
 

Jan 15  9 70,000 630,000     10 68,000 680,000  

Jan 25      5 68,000 340,000 5 68,000 340,000 
 

 

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑔𝑜𝑜𝑑𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑢𝑛𝑖𝑡𝑠 𝑓𝑜𝑟 𝑖𝑠𝑠𝑢𝑒

𝑈𝑛𝑖𝑡𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑓𝑜𝑟 𝑖𝑠𝑠𝑢𝑒
 

 

     
(50,000+630,000)

10
= 68,000  

 

Note: Available quantity for issue on 25th Jan consists of: 

(a) Balance on 10th Jan  1 unit @ Nu 50,000 =   50,000 

(b) Receipts of 15th Jan  9 units @ Nu 70,000 = 630,000 

10 units     680,000 

 

 

 

 

 

 

 

 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
251   Commerce-Accountancy-Classes XI&XII  
 

Illustration 5 

Mr. Dorji is working as a storekeeper in one of the referral hospitals. His daily work is to 

maintain the record receipts and issue of medicines in order to maintain the required stock of 

medicine in the store. Due to the outbreak of malaria, the number of patients has increased 

drastically. Therefore, the management wanted to know the stock of Doxycycline Capsules (100 

mg) in the store and he was asked to prepare the store ledger account with the help of the 

following information applying the First In First Out method of pricing medicine under the 

Perpetual Inventory and Periodic Inventory Control System. 

Date Particulars Units (Strips) Per Unit Cost Nu. 

January 1                           Opening Stock                2000 7 

January 10                        Purchases                        4000 8 

January 12                     Issue                        3000 - 

January 15 Purchase  5000 9 

January 19 Issue 3500 - 

January 25 Issue 2500 - 

January 30 Issue 1500 - 

 

Solution: Store Ledger under FIFO Method (Perpetual System) 

 

Calculation of Closing Inventory under FIFO method (Periodic System) 

Opening Stock + Purchase – Issues = Closing Inventory 

2000 + (4000+5000) - (3000+3500+2500+1500) = 500 Strips 

 

Date 

 

Receipts Issues Balance 

 

Remarks 
GRN 

No 

Qty 

(Strips) 
Rate Amount 

SR 

No. 

Qty 

(Strips) 
Rate Amount 

Qty 

(Strips) 
Rate Amount 

Jan 1         2,000 7 14,000 
Opening 

Bal. 

Jan 

10 
 4,000 8 32,000     

2000 

4000 

7 

8 

14,000 

32,000 
 

Jan 

12 
     

2,000 

1,000 

7 

8 

14,000 

8,000 
3,000 8 24,000  

Jan 

15 
 5,000 9 45,000     

3,000 

5,000 

8 

9 

24,000 

45,000 
 

Jan 

19 
     

3,000 

500 

8 

9 

24,000 

4,500 
4,500 9 40,500  

Jan 

25 
     2,500 9 22,500 2,000 9 18,000  

Jan 

30 
     1,500 9 13,500 500 9 4,500  
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The closing inventory of 500 strips is form the latest purchase (15th Jan) @ Nu. 9 per strip. 

Therefore, the value of closing inventory is 500 Strips X Nu. 9 = Nu. 4500 

You are a newly appointed accountant of YBM Bricks and you presented the following statement 

to show the value of closing stock of cement on 31st Dec, 2016 to the management. 

Date  Quantity received  Rate (Nu.) 

21/2/2016 

15/5/2016 

10/7/2016 

13/9/2016 

24/12/2017 

800 

900 

1,200 

1,100 

700 

320 

350 

355 

350 

365 

Closing inventory (on physical count) shows 850 bags.  

Value of closing inventory on the basis of FIFO method  

                700 Bags @ Nu. 365 = 255,500 

                150 Bags @ Nu. 350 =      52,500 

                                                           308,000 

The management advised you that the business need to prepare final accounts following the 

principle of consistency and that the business had been following weighted average price method 

and maintaining continuous records. You are furnished with the following additional information. 

 24/5/2016 Issued 1100 bags 

 12/8/2106 Issued 950 bags 

 14/10/2016 Issued 800 bags 

 25/12/2016 Issued 900 bags 

Find out the value of closing inventory with the help of stores ledger. 

Treatment of Loss of Materials 

Sometimes materials may be lost or destroyed while in the store. This loss of materials can be 

classified as normal loss or abnormal loss. 

a) Normal Loss 

Normal loss arises due to unavoidable, inherent and natural causes, such as leakage, drying, 

evaporation, etc. The business cannot prevent such loss with any effort. Such loss is spread over 

the remaining quantity by inflating the unit price of inventory to be issued.  

b) Abnormal loss 

Abnormal loss arises accidently or out of negligence like theft, fire, etc. and they do not occur 

frequently. Abnormal loss is excluded from cost and it will be debited in statement of income. It 

will be shown in issue column of store ledger at the normal issue price. 

 

 ACTIVITY 2 
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Surplus of material  

Any surplus of materials found at the time of physical verification may be treated as a new 

receipt at the latest purchase price. 

Illustration 6 

The following is the extract of receipts and issue of Petrol by BOC, Gelephu. 

Purchases:  

1th January, 2017     1000 ltr. @ Nu.40 per ltr. 

3rd January, 2017      500 ltr.  @ Nu.42 per ltr. 

Issues: 

2nd January, 2017   600 ltr.  

15th January, 2017   950 ltr. 

On 1st January, 2017 the inventory was 500 ltr. @ Nu.40 per ltr. The stock verification on 16th 

January revealed a shortage of 70 ltr. Show the store ledger by adopting FIFO method, 

assuming: 

i). that the loss was due to evaporation. 

ii). that the loss was due to theft. 

Solution:           

A)  If the loss is treated as normal  

Store Ledger Account 

Date 

Receipts Issues Balance 

 

Remarks 

G

R

N 

N

o 

Qty 

(Litre) 
Rate Amt. 

SR 

No. 

Qty 

(Litre) 
Rate Amt. 

Qty 

(Litre) 
Rate Amt. 

 

Jan 1         500 40 20,000 
 

Jan 1  1,000 40 40,000     
500 

1,000 

40 

40 

20,000 

40,000 

 

Jan 2      
500 

100 

40 

40 

20,000 

4,000 

 

900 

 

40 

 

36,000 

 

Jan 3  500 42 63.000     
900 

500 

40 

42 

36,000 

21,000 

 

Jan 15       
900 

50 

40 

42 

36,000 

2,000 
400 42 16,800 

 

Jan 16     
Shor

tage 
70   330 50.91 16,800 

Normal 

loss 
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Note: 

i). The normal loss has been entered only in the quantity column. 

ii). The price has been inflated as under: 

Nu.16, 800 ÷ 330 = Nu.50.91 

Closing inventory =330 Litre × 50.91 = Nu. 16,800 

B) If the loss is treated as abnormal 

Store Ledger Account 

Date 

Receipts Issues Balance  

Remarks  GRN 

No 

Qty 

(Litre) 
Rate Amt. 

SR  

No. 

Qty 

(Litre) 
Rate Amt. 

Qty 

(Litre) 
Rate Amt. 

Jan 1         500 40 20,000 
 

Jan 1  1,000 40 40,000     
500 

1,000 

40 

40 

20,000 

40,000 

 

Jan 2      
500 

100 

40 

40 

20,000 

4,000 

 

900 

 

40 

 

36,000 

 

Jan 3  500 42 63.000     
9,00                                              

500 

40 

42 

36,000 

21,000 

 

Jan 

15  
     

900 

50 

40 

42 

36,000 

2,000 
400 42 16,800 

 

Jan 

16 
    

Short

age 
70 42 2,940 330 42 13,860 

Abnormal 

loss 

Note: 

i). The abnormal loss has been entered in the issue column with its original rate. 

ii). The price or rate will remain same. 

iii). Closing inventory = 330 Litre × 42 = Nu. 13,860 

Case study 1 

Druk Mentse Central School was established as one of the pilot central schools in Bhutan. The 

school management had recently discovered some gaps in its procurement and inventory 

management which was raised as a matter of concern especially in the context of how poor 

inventory management would affect service delivery and competitiveness of autonomous school.   

All purchases and issues of inventories are carried out by the school administrative officer who 

has no prior experience in procurement and inventory management. On several occasions she 

was found losing temper and being reactive when her colleagues questioned about the 

inefficiencies in the school inventory management. Under the supervision of school principal, 

she maintains a stores ledger to record items of inventories on a daily basis. Although there was 

no audit observation in the previous financial years, there were traces of unethical issues which 

required immediate attention. 

As a public institution, the school is required to prepare and present the statement of financial 

position and statement of income and expenditure for its stakeholders. It is their first time that 

Druk Mentse Central School is valuing inventories for reporting. The administrative officer 

needs your assistance to value the inventories for the year ended 31 December 2019 to be 
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reported in its financial statements. She provides the following information on procurement and 

issue of inventories to enable you to perform the task.  

Date Particulars Unit Unit cost Amount 

Jan-19 Opening inventories    

 Stationery 560 1000 560,000 

 Electric fittings 810 300 243,000 

 Vehicle spare parts 125 560 70,000 

Feb-19 Purchases    

 Stationery 100 1230 123,000 

 Electric fittings 115 400 46,000 

Mar-19 Issues    

 Electric fittings 450   

 Vehicle spare parts 100   

Jun-19 Issues    

 Stationery 350   

Sep-19 Inventories written off    

 Stationery because of damage 50   

 Electric fittings because of inferior quality 100   

Oct-19 Purchases    

 Computer accessories 85 2,300 184,000 

Required:  

i) Calculate the amount of inventories consumed during the financial year 2019. 

ii) Calculate the value of inventory to be reported in the financial statements for the year 

ended 2019.  

iii) Suggest how inventory management of the school can be improved.  

iv) Suggest the most appropriate method of inventory valuation for the school. 

Case study 2 

Samten Central School is one of the boarding schools in Bhutan and Mr. Karma was the mess    

in charge for the academic year 2017. As a mess in charge his work was to receive the vegetables 

from the suppliers and issue daily to the head cook. The following are the receipts and issue of 

vegetables for a period of one month. The school administration wanted to know the closing 

stock of vegetables. Therefore, he was asked to prepare Store Ledger using First In First Out 

[FIFO] and Weighted Average Method for pricing the issues. 

December 1st: Balance in hand 1,500 kg @ Nu.3.5 each. 

December 4th: Received 3000 kg costing Nu.6, 000 

December 24th: Received 4000 kg costing Nu.12,000 

December 12th: Issued 3000 kg 

December 30th: Issued 4,500 kg 
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Required: 

a) Show the closing inventory of vegetables for the month of December. 

b) Compare the inventory under two methods and give reason why the inventory appears to 

be different between two methods. 

c) Suggest which method is best to prepare store ledger for vegetables. 

Return of Materials  

Return of materials is broadly divided into return from the issue (departments) and return to the 

suppliers. 

a. Return from the issues / departments / jobs  

Return from the issues means return of materials from different departments or jobs to the store. 

The return from the issues is treated as new purchase of materials or it is treated as new receipts 

but it is priced at the original price at which it was issued and entered in the Stores Ledger after 

the last purchase entry.  

b. Return of materials to the suppliers  

Return of materials to the supplier means that the materials returned to the suppliers from the 

previous purchases. 

Illustration 8 

From the following information you are required to prepare Stores Ledger Account assuming 

that the issues are to be priced on the basis of Weighted Average Method for the month of May, 

2016. 

 

 

 

 

 

2016 Receipts and issues of materials Units 

May 1 

May 3 

May 10 

May 15 

May 20 

May 25 

May 28 

Received @ Nu.100 per unit       

Issued    

Received @ Nu.110 per unit 

Issued     

Returned to suppliers -5 units of the quantity received on 1st May, 2016 

Received replacement from suppliers against return dated 20th May, 2016 

Stock surplus  

50 

15 

10 

20 

5 

5 

6 
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Mr. Wangda is the store in charge of Dolma Enterprise which supplies the note books to 

different schools in Bhutan. He has recorded the following receipts and issue of books.  

2017 Receipts and issues of materials No of Books 

July 1 

July 2 

July 8 

July 12 

July 16 

July 20 

July 24 

Balance in hand @ Nu. 30 per Book 

Received @ Nu.35 per Book 

Issued    

Received @ Nu. 40 per Book 

Issued     

Wastage  

Issued  

150 

300 

200 

100 

200 

10 

110 

Required: 

1) Show Stores Ledger Account under FIFO Method when the wastage is treated as: 

a) normal loss. 

b) abnormal loss 

2) Prepare Stores Ledger Account under Weighted Average Method when the wastage is treated 

as: 

a) normal loss. 

b) abnormal loss. 

Date 

 

2016 

Receipts Issues Balance  

G

R

N 

N

o 

Qty 

(kg) 
Rate Amt. 

SR 

No. 

Qty 

(kg) 
Rate Amt. 

Qty 

(kg) 
Rate Amt. Remarks 

July 

1 
 50 100 5,000     50 100 5,000  

July 

3 
     15 100 1,500 35 100 3,500  

July 

10 
 10 50 500  

 

 

 

 

 

 
45 88.89 4000  

July 

15 
     20 88.89 1778 25 88.89 2222  

July 

20 
     5 88.89 444 20 88.89 1778  

July 

25 
 5 88.89 444    

 

 
25 88.89 2222  

July 

28 
 6 88.89 533.33     31 88.89 2756  

 ACTIVITY 3 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
258   Commerce-Accountancy-Classes XI&XII  
 

The following information has been obtained from the books of accounts of Karma Manufacturing 

Co. Ltd. pertaining to material A. Prepare Stores Ledger using FIFO method of pricing the issues.  

Date 2019              Receipts and issues of materials  Units 

January 1 

January 2 

January 12 

January 16 

January 18 

January 20 

January 25 

Balance in hand @ 2.5 per unit  

Received @ Nu.2 per unit 

Issued  

Received @ Nu. 2.4 per unit 

Returned from the issues on 12th January 

Issued  

Returned to suppliers received on 16th January, 2019 

150 

250 

200 

100 

10 

100 

15 

Mr. Wangchuk runs a computer supplies business. One of the items stocked is the ‘keyboard’ of 

computer. To show how the stores ledger records would appear under FIFO method the 

following data is used:  

2014              Receipts and issues of materials  Units 

May 1 

July 3 

July 10 

July 22 

July 28 

Opening balance @ Nu 15 

Receipts from Karma & Co. @ Nu. 20each 

Issued  

Transfer job 180 to job 184 

Receipts from Dorji& Co. @ Nu. 22 each  

25 

50 

30 

10 

10 

• Stores Ledger is a record of stores, both on quantity and values and is maintained by 

stores accountant. 

• Bin card reveals only the quantity but Store ledger shows both quantity as well as value 

of stocks. 

• Perpetual inventory system is defined as the method of recording stores balance after 

each receipt and issue to facilitate regular checking and prevent closing down for stock 

taking. 

• Periodic inventory system verifies stocks at periodic intervals usually once a year to find 

the closing inventory.  

• Stock valuation is done in order to calculate the cost of goods sold for a particular 

accounting period so that the amount may be matched against the sales. 
 

Dechen Bakery supplies birthday cakes which are delivered to its customers. The business uses 

the first in first out (FIFO) method for valuing its inventories. As an accountant, you are required 

 Summary 
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to complete the following Stores Ledger Account for the month of May 2017. The following 

additional information is given. 

a) Issued on 12th May, 2017 = 700 kg 

b) Issued on 20th May, 2017 = 1,200 kg 

Stores Ledger Account 

Answer the following questions in your notebook.  

1. State two advantages of FIFO. 

2. Explain goods received note. 

3. Give two advantages of store ledger. 

 

 

 

 

 

 

 

 

Date 

2017 

Receipts Issues Balance  

Remarks GRN 

No 

Qty 

(kg) 
Rate Amt 

SR 

No. 

Qty 

(kg) 
Rate Amt 

Qty 

(kg) 
Rate Amt 

May 1         
1,00

0 
?a 

10,00

0 

Opening 

Balance 

May 8  800 ?b 9,600     

1,00

0 

800 

?c 

?d 

10,00

0 

9,600 

 

May 

12 
     700 ?e ?f 

?g 

?i 

?h 

?j 

3,000 

? 
 

May 

18 
 300 ?k 3,150     

?l 

800 

300 

10 

?m 

10.5 

3,000 

9,600 

?n 

 

May 

20 
     

300 

8,00 

?r 

10 

?p 

10.5 

?o 

9,600 

5,250 

200 ?q 2,100  

 Self-check for Learning 
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3.3 Cost Sheet 

 

 

 

 

 

Introduction  

In the lessons learned earlier, the focus was on financial accounting which deals with recording 

of transactions and presentation of the business outcomes to internal and external users such as 

creditors, employees, government agencies, tax authorities, investors, management of the 

business, etc. Apart from the recording and presentation of the business transactions, the 

management of the business is interested to know about the information related to cost and its 

importance to the business. To carry the functions of planning and decision making and control 

more efficiently, they require more additional information. Financial accounting system fails to 

provide to some extend to provide all this required information to the management. Therefore, as 

a branch of accounting, cost accounting has evolved and made rapid progress. 

Cost   

A cost is an expenditure required to produce or sell a product or get an asset ready for normal use. 

In other words, it is the amount paid to manufacture a product, purchase inventories or get 

equipment ready to use in a business. 

Variable Cost 

Variable costs are expenses that vary (changes) directly and proportionally with the output 

(increase or decrease in the production). Variable cost per unit is constant but the total costs change 

corresponding to the levels of output. Variable cost is expressed in terms of units only.  

Example: Materials used to manufacture a product, wages of workers in a manufacturing 

process etc. To illustrate let us say that the direct material cost to produce one unit of a product to 

be Nu. 50. The existing volume of production is 1,000 units p.a (per annum), then the existing 

direct material cost is 1,000 units × Nu. 50 = Nu. 50,000. In case, if the production increases to 

3,000 units, the direct material cost would be Nu. 50 × 3,000 units = Nu. 150,000. This shows 

that the direct material cost per unit remains constant but total material cost rises with an increase 

in activity level. Examples of variable cost are sales commission, direct labour cost, cost of raw 

materials, etc. 

 

 

• Define the concept of cost. 

• Explain the components of cost. 

• State the purpose of cost sheet. 

• Prepare cost sheet. 
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Fixed Cost 

Fixed costs are those expenses which are not expected to change in total output within the current 

year, irrespective of variations in the volume of activity. Such costs are fixed for a given period 

over a relevant range of output, on the assumption that technologies and methods of manufacturing 

remain unchanged. In simple sense it is cost that does not vary as a result of change in production 

activity or volume of output. Examples of fixed cost are insurance premium, rent, loan payment, 

property tax, depreciation, etc.   

Costing  

Costing refers to the technique and process of measuring cost. 

Cost Accounting 

Cost accounting is the classifying, recording and appropriate allocation of expenditure for the 

determination of the costs of products or services, and for the presentation of appropriately 

arranged data for the purposes of control and guidance of management. It includes the 

ascertainment of the cost of every goods and services produced. It deals with the cost of 

production, selling and distribution.  

Cost Accountancy  

The Institute of Cost and Management Accountants, London has defined Cost Accountancy as 

“the application of costing and costing accounting principles, methods, and techniques to the 

science, art and practice of cost control and the ascertainment of profitability. It includes the 

presentation of information derived there from for the purpose of managerial decision-making.” 

Major Elements of Cost Sheet / Elements of Cost of Manufacturing Product 

 
 

The Major Elements of Cost are: 

1. Material Cost 

2. Labour Cost, and 

3. Expenses. 
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Material Cost 

To produce or manufacture, material is required. For example, to make furniture timber is required 

and to produce flour, wheat is required. 

Material is classified into two categories: 

a) Direct Material 

b) Indirect Material 

a) Direct material 

Direct Material is that material which can be easily identified and related to a specific product, job, 

and process. For example, Timber is a raw material for making furniture, steel used in automobiles, 

cloth in garments, leather in shoes etc. It includes:   

• All materials specially purchased or requisitioned for a particular process or job or order 

• All components—purchased or produced 

• All materials passing from one process to another 

• All primary packing materials 

b) Indirect material 

Indirect Material is that material that cannot be easily and conveniently identified and related to a 

particular product, job, process, and activity. It includes:  

• Fuel, lubricating oil, grease etc. (for maintenance of plant and machinery) 

• Tools of small value for general use 

• Consumable stores 

• Printing and stationery materials 

Labour 

Labour is the main factor of production. For the conversion of raw material into finished goods, 

human resource is needed, and such human resource is termed as labor. Labour can be classified 

into two categories: 

a) Direct Labour 

b) Indirect Labour 

a) Direct labour 

Labour which takes an active and direct part in the production of a product is called direct 

labour. Direct labour is that labour which can be easily identified and related to a specific 

product, job, process, and activity. For example, the labour of carpenters engaged in the 

manufacture of wooden furniture, the labour of bakery engaged in the making of bread, the 

labour of shoe makers engaged in the making of shoes etc. 

b) Indirect labour 

Indirect labour is that labour which cannot be easily identified and related to a specific product, 

job, process, and activity. It includes all labour not directly engaged in converting raw material 

into a finished product. For example, security guards’ salary, wages paid to storekeeper, wages 

for maintenance, etc. 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
263   Commerce-Accountancy-Classes XI&XII  
 

Expenses 

All expenditure other than material and labour are termed as expenses. Expenses can be classified 

in two categories: 

a) Direct Expenses  

b) Indirect Expenses 

a) Direct expenses: Direct expenses do not include direct material cost and direct labour 

cost. These expenses are incurred in respect of a specific product. For example, cost of 

special pattern, drawing or layout; secret formula, hire charges of machinery to execute 

an order, consultancy fees to a specific job etc.  

b) Indirect expenses: Expenses which cannot be charged to production directly and which 

are neither indirect material cost nor indirect wages cost are treated as indirect expenses. 

For examples rent, rates, taxes, power, insurance, depreciation etc. 

Overheads 

All material, labour and expenses which cannot be identified with a particular product or job are 

termed as indirect cost. The three elements of indirect cost like indirect material, indirect labour 

and indirect expenses are collectively known as overhead. 

Overhead cost is also termed as supplementary costs. These are cost which cannot be wholly 

identified directly to a particular product. They are neither direct material, direct wages nor are 

they expenses of direct nature, and therefore, they cannot enter the cost of manufacture 

direct. But they constitute an element of cost as they have been incurred for manufacturing a 

product or making it ready for sale.  

Overheads are classified as under: 

a) Factory overheads. 

b) Administrative overheads or office overheads. 

c) Selling overheads. 

d) Distribution overheads. 

a) Factory Overhead 

Factory overhead includes all costs of manufacturing except direct materials and direct labours. 

Such as indirect material, indirect labour, heat and light, property tax, depreciation of factory 

plant and machinery, etc. 

b) Administration or Office Overheads 

The indirect expenses (overheads) incurred for the administrative purpose are classified as 

administrative or office overheads. Examples of office overheads are salaries to the managerial 

staff, legal and audit fees, printing and stationery, etc.  

c) Selling Overheads 

The indirect expenses (overheads) incurred for selling goods and services are classified as selling 

overheads. Examples of selling overheads are salaries to sales person, advertising cost, sales 

commission, etc. 
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d) Distribution Overheads 

The indirect expenses (overheads) incurred for the distribution of the product or service are 

classified as distribution overheads. Examples of distribution overheads are rent of warehouse, 

packing charges, maintenance of delivery van, lighting in the store room, etc.  

Component of Cost (Elements of cost may be grouped as follows) 

 

  

Inventories 

According to Bhutanese Accounting Standard (BAS 2), inventories are assets: 

(a) Held for sale in the ordinary course of business: 

(b) In the process of production for such sale: or 

(c) In the form of materials or supplies to be consumed in the production process or in the 

rendering of services. 

Treatment of Inventory 

 

 

 

 

 

 

 

 

i) Prime Cost = Direct material + Direct labour + Direct expenses. 

ii) Works Cost or Factory Cost = Prime cost + Factory overhead. 

iii) Cost of Production = Works cost + Administration overhead. 

iv) Total Cost or Cost of Sales = Cost of production + Selling and distribution overhead. 

Inventory may be of three types 

1. Inventory of raw materials. 

2. Inventory of works-in-progress. 

3. Inventory of finished goods. 
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1. Inventory of raw materials: It refers to the amount of raw materials available for production. 

While calculating the value of raw materials consumed during the period, opening inventory 

of raw material is added in purchases and the value of closing inventory is subtracted from 

purchases.  

Example: Opening inventory of raw material Nu.20, 000, purchases Nu.80, 000 and closing 

inventory of raw materials Nu.115, 000. Thus, the treatment of inventory of raw material in 

the cost sheet will be:  

Opening Inventory of raw materials 20,000  

Add: Purchases  80,000  

  100,000  

Less: Closing Inventory of raw materials 15,000  

Cost of Materials Consumed  115,000  

2. Inventory of Works-in-Progress: This is the inventory of semi-finished goods, i.e., the goods 

which are in the manufacturing process. The cost of work-in-progress consists of cost of 

materials consumed, direct wages and a proportionate part of the factory overhead.  

In the preparation of cost sheet, opening inventory of work-in-progress is added and closing 

inventory of work-in-progress are subtracted with factory overhead to get works/factory costs. 

In the following example, figures have been assumed to show the treatment of the inventory 

of work-in-progress. 

Direct Material Consumed  115,000  

Direct Wages          15,000  

Direct Expenses            4,000  

Prime Cost        134,000  

Add: Factory Overheads          26,000  

        160,000  

Add: Opening Inventory of Work in Progress          14,000  

        174,000  

Less: Closing Inventory of Work in Progress         34,000  

Works Cost or Factory cost       140,000  

3. Inventory of Finished Goods: It refers to manufactured goods available for sale. This 

inventory is adjusted by adding opening inventory of finished goods and subtracting closing 

inventory finished goods with the cost of production to arrive at the cost of goods sold as shown 

below: 
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Note: In case the value of closing inventory of finished goods is not given, it is valued at the cost 

of production.  

The treatment of the above three types of inventory is illustrated in the specimen cost sheet given 

below. 

Cost sheet 

Cost sheet refers to a periodical statement that reflects a detailed overview of the cost incurred in 

the process of production of goods and services. It is used to determine the cost of a cost object, 

i.e. product, service, or a cost unit. 

Purposes of cost sheet 

Cost sheet serves the following purposes: 

• It reveals the total cost and cost per unit of goods produced.  

• It discloses the break-up of total cost into different elements of cost. 

• It provides a comparative study of the cost of current period with that of the corresponding 

previous period. 

• It acts as a guide to management in fixation of selling prices and quotation of tenders. 

Cost sheet – format 

Cost sheet for the period …………………            No. of units produced …….. 

Particulars Total Cost Nu. Cost per unit Nu. 

1. Opening inventory of Raw Material  

2. Add: Purchase of Raw materials                

3. Add: Purchase Expenses                               

4. Less: Closing inventory of Raw Materials           

5. Raw Materials Consumed (1+2+3- 4)           

6. Direct Wages (Labour)                 

7. Direct Expenses                   

** 

** 

** 

(**) 

** 

** 

** 

 

 

 

 

8. Prime cost (5+6+7)                                                                 *** *** 

Factory cost 140,000  

Add: Office and Administration Overhead         10,000  

Cost of Production      150,000  

Add: Opening Inventory of Finished Goods        14,000  

       164,000  

Less: Closing Inventory of Finished Goods        26,000  

Cost of Goods Sold       138,000  
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9. Add: - Factory Over Heads: 

 Factory Rent                                      

 Factory Power                               

  Indirect Material 

 Indirect Wages 

  Supervisor Salary                       

 Drawing Office Salary               

 Factory Insurance                       

 Factory Asset Depreciation             

 

** 

** 

** 

** 

** 

** 

** 

** 

 

10. Less: Sale of scrap (**)  

11. Works cost Incurred (8+9-10)                                                        *** *** 

12. Add: Opening inventory of WIP                                        

13. Less: Closing inventory of WIP                                            

** 

(**) 

 

14. Works cost (11+12-13)                                                                 *** *** 

15. Add: - Administration Over Heads: - 

 Office Rent        

 Assets Depreciation                       

 General Charges                            

 Audit Fees                                    

 Bank Charges                               

 Counting house Salary                       

 Other Office Expenses        

 

** 

** 

** 

** 

** 

** 

** 

 

16. Cost of Production (14+15)                                                     *** 

17. Add: Opening inventory of Finished Goods                         

18. Less: Closing inventory of Finished Goods                          

** 

(**) 

 

19. Cost of Goods Sold (16+17-18)  *** 

20. Add: - Selling and Distribution OH: - 

 Sales men Commission                          

 Sales men salary                               

 Traveling Expenses                            

 Advertisement                                  

 Delivery van expenses                    

 Sales Tax                                              

 Bad Debts                             

 

** 

** 

** 

** 

** 

** 

** 
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21. Cost of Sales or cost of goods sold (19+20)                                                            *** *** 

22. Profit (balancing figure) (23-21)                                             ** *** 

23. Sales (revenue)  *** *** 

Items Excluded from Costs: 

The items of expenses, losses or incomes which are related to capital assets, appropriation of 

profits, amortization of fictitious or intangible assets, abnormal gains and losses or items of purely 

financial nature do not form part of the costs and these are excluded from cost accounts. 

 

 

 

 

 

 

Treatment of Scrap  

Scrap results from cuttings, trimmings, and borings of metals or timber. Any amount realized from 

the sale of scrap is deducted from factory overheads or factory cost while preparing the cost sheet. 

Illustration 1 and 2 will help you to prepare comprehensive Cost Sheet for the month of 

January. Remember that cost sheet is prepared by the manufacturing business entity for a 

particular period of time monthly, quarterly, half yearly and yearly. 

Illustration 1 

Druk Fabrication makes window grills. Prepare cost sheet based on the following information 

provided by the firm.   

 

2000 window grills were fabricated in the month of April 2017.     

           Nu 

Inventory of raw materials on 1st April, 2017     75,000 

Inventory of materials on 30th April, 2017     91,000 

Direct Wages         52,500 

Indirect wages         2,750  

Sales                    200,000 

Work-in-progress on 1st April, 2017      28,000 

Work- in progress on 30th April, 2017     35,000 

ITEMS EXCLUDED FROM COST 

The following items are of financial nature. They are not included in cost sheet: 

a. Cash discount  

b. Transfer to reserves 

c. Interest paid  

d. Donations 

e. Preliminary expenses written off  

f. Income-tax paid 

g. Dividend paid 

h. Provision for taxation  

i. Profit / loss on sale of fixed assets 
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Purchase of raw material        66,000 

Factory rent, rates and Power       15,000 

Depreciation of plant and machinery       3,000 

Expenses on purchase        1,500 

Carriage outward                    2,500 

Advertising          3,500 

Office rent and taxes         2,500 

Sales man Commission       6,500   

Inventory of finished goods on 1st April, 2017    54,000 

Inventory of finished goods on 30th April, 2017    31,000 

Solution      

Cost Sheet (Statement of Cost) for the period 31/04/17 

                                                                              No of Units Produced:  2000 
 

Particulars  Amount (Nu.)  Total Cost  
Cost per  

unit (Nu) 

        Opening Inventory of raw materials            75,000      

Add: Purchases            66,000      

        Expenses on Purchases              1,500      

          142,500      

Less: Closing Inventory of raw materials            91,000      

         Materials Consumed         51,500    

         Direct Wages           52,500    

Prime Cost        104,000  52 

Add: Factory Overheads:       

        Indirect wages             2,750      

        Factory rent, rates and power             15,000      

        Depreciation of plant and machinery             3,000        20,750  10.38 

Add: Opening Inventory of Work-in-progress 
 

       28,000    

        152,750    

Less: Closing Inventory of Work-in-progress         35,000    

Factory Cost         117,750  58.88 

Add: Office and Administration Overheads:        
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        Office rent and taxes           2,500    

Cost of Production        120,250  60.13 

Add: Opening Inventory of Finished goods           54,000   

     174,250  

Less: Closing Inventory of Finished goods     31,000    

Cost of Goods Sold     143,250  71.63 

Add: Selling and Distribution Overheads:       

           Carriage outward             2,500      

           Advertising           3,500      

           Sales man Commission       6,500     12,500  6.25 

Cost of Sales     155,750  77.87 

Profit        44,250  22.13 

Illustration 2. 

The following information are available from the records of ABC Company for the month of 

January 2019. 

ITEMS AMOUNT (NU.) 

Raw Material (as on January 01, 2019) 54,000 

Work-in-Progress (as on January 01, 2019) 27,500 

Finished Goods (as on January 01, 2019) 61,500 

Raw Material (as on January 31, 2019) 48,500 

Work-in-Progress (as on January 31, 2019) 24,750 

Finished Goods (as on January 31, 2019) 66,750 

Material Purchased 280,000 

Carriage Inward for Raw Material 2,150 

Material destroyed by fire 6,650 

Productive Wages 175,000 

Wages of Storekeeper 7,500 

Depreciation on Machinery 8,200 

Factory Rent 14,000 

Electricity Bill of Factory 6,700 

Renovation of Factory Premises 9,300 
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Machinery Repairs and Maintenance 2,500 

Office Cleaning 900 

Depreciation on Office Computers 3,500 

Office Telephone Bill 650 

Office Manager's Salary 11,000 

Office Stationery 1,700 

Fuel in Office Car 2,750 

Legal Charges 850 

Salesperson Salary 7,750 

Warehouse Rent 4,500 

Freight Outwards 550 

Depreciation of Delivery Van 2,350 

Showroom Rent and Taxes 8,500 

Advertisement 5,000 

 

Prepare a cost sheet from the above data, showing: 

• Prime cost 

• Works cost 

• Cost of production 

• Total Cost 

• Profit or loss, if the sales amounted to Nu. 661,800. 
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1. Mrs. Dema Lhaden furnishes the following data relating to the manufacturing of face masks to 

fight against COVID 19 for the month of March 2020: 

                        Nu 

Raw materials consumed         500,000 

Direct labour charges           40,000 

Machine hours worked                   300 Hrs. 

Machine hour rate                              200 

Administration overheads 10% on works cost 

Selling overhead                        Nu 0.50 per unit 

Units produced                             50,000 units 

Units sold (45,000) at                       Nu 20 per unit 

Cash discount                   5,000 

        Contribution to Druk Gyalpo’s Relief Kidu              50,000 

You are required to prepare a cost sheet from the above, showing: 

i) The cost per unit. 

ii) Cost per unit sold and profit for the period. 

iii) If the unsold goods are not treated what will happen to profit? 

iv) Why some of the above items may not appear in the cost sheet? List down all those items. 

1. Tshering Duka provides you the details of expenditure incurred in the production of Potato 

Chips for the month of April 2020, prepare a cost statement which can help her to fix the 

selling price: 

          Nu 

Inventory, 1-4-2020:               Raw materials      100,000 

Finished goods     50,000 

Inventory, 30-1-2020:   Raw materials      50,000 

Finished goods     30,000 

Purchase of raw materials                     500,000 

Work-in-progress, 1-4-2020                    100,000 

Work-in-progress, 30-4-2020                    60,000 

Sales              800,000 

Direct wages                       25,000 

Factory expenses            35,000 

Office expenses            15,000 

Selling expenses                                       35,000 

 ACTIVITY 1 

 ACTIVITY 2 
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Distribution expenses                       15,000 

1. Calculate the percentage of works expenses to direct wages and the percentage of office 

expenses to works cost.  

2. Assuming that the cost of raw materials is increased by 20%, what would be the impact 

on the business? How would you resolve that? 

• Cost Sheet is a statement prepared to know the expenditure incurred at different stages of 

production of goods and services. 

• Element of cost means the main items of expenditure incurred on a product. These costs 

are classified as material cost, labour cost and expenses. 

• All the costs are further classified as direct cost and indirect cost. 

• Direct costs are those costs which can be treated as a part of the product.  

• Indirect costs are those costs which cannot be treated as a part of product. 

• Variable Cost is a cost which tend to vary directly with the volume of production unit. 

• Fixed cost is cost which tends to remain unaffected by the changes in production unit. 

•  Objective of Cost Sheet are: 

(a) It shows the total cost and cost per unit. 

(b) It helps the producer to control on the resources. 

(c) It helps the management in fixing the selling price of their products. 

(d) It helps the management in comparative study. 
 

Answer the following questions in your notebook.  

1. State whether the following statements are true (T) or false (F)  

a) Cost figures in the cost sheet cannot be compared with the past year figures in the same 

cost sheet for analysis purpose by the management.  

b) Cost Sheet can be prepared on weekly, monthly, quarterly, half yearly or yearly basis.  

c) Types of cost sheet are past cost sheet and future cost sheet.  

d) Advertising expense is a cost component of selling and distribution overheads.  

e) Cost sheet is also a managerial tool for cost manager to judge the efficiency of 

production.  

f) Cost sheet tells about quality and labour efficiency of the production.  

g) Prime cost, work cost, office cost and total cost are components of cost sheet.  

h) Salary to factory manager is a type of office overhead cost. 

 

 

 Summary 

 

 Self-check for Learning 
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2. Prepare a cost sheet from the data relating to the manufacture of Incense Sticks.  

Number of Incense Stick manufactured during the month of March 2018 is 1000 rolls. 

       Nu. 

Direct Material consumed             20,000 

Direct labour                 8,000 

Indirect labour (in factory)              2,500 

Supervision cost (in factory)                 1,000 

Factory Premises rent                1,600 

Factory lighting        600 

Oil for machines       100 

Deprecation of Machine       500 

Office Overheads               8,000 

Office salaries                2,000 

Misc. Office Expenses               1,000 

Selling and Distribution Overheads              6,000 

Note: A Profit margin of 20% on the total cost of goods is expected on the sale of incense stick.  

3. Choose the correct answer from the given options and circle it.  

1. Overhead cost is the total of …………………….. 

A. All indirect cost.  

B. All direct cost.  

C. Indirect and direct costs. 

D. Work costs. 

2. Basic objective of cost accounting is 

A. For computation of tax. 

B. For auditing. 

C. To ascertain profit.  

D. To ascertain cost. 

3. Wages paid to a labour who was engaged in production activity can be termed as  

A. Indirect cost. 

B. Direct cost. 

C. Fixed cost.  

D. Imputed cost. 
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ARTS STREAM 

1. MEDIA STUDIES 

1.1. News and Factors Determining News 

 

 

 

 

Introduction 

Life appears to be a jumble of events, confused, and overburdened with loads of information. 

That is why each day, journalists structure information so that the public receive it sorted out and 

neatly packaged into stories, the same day on the radio, television, or online and for the next day 

in newspapers. It is left to those in the newsrooms, led by editors and the chief editors to identify 

the best possible information. They make sure this information fits perfectly into the publication 

or broadcast. This sorting of information isn’t easy. The editors have to look into some factors 

that determine news. They follow general guidelines or criteria to determine how much of 

prominence is to be given to a story. ‘News value’ provide journalists with a mechanism to sort 

through quickly, process, and select the news from a vast amount of information made available 

to them. 

News  

News is what people want to hear or need to know, but it is difficult to define, largely because 

stories can be presented in a variety of ways. News can inform, educate, or even entertain. Hard 

news deals with serious topics and events. So, it must be accurate, truthful, and fair. By contrast, 

soft news usually tries to entertain or advice.  

“If a dog bites a man, that’s not news. But if a man bites a dog, that is news.” Charles A Dana, 

Editor of The New York Sun.  

News is a piece of verified information written by a journalist maintaining independence from 

interest groups and remains accountable for his/her work.  

In its simplest definition, the news is some worthy information about a recent event. Only new 

and latest information makes news. It is the report of an event that is fresh, unusual, and which is 

interesting to a greater number of people. 

When it is news for some, it may not be for others because there are certain factors to consider 

for this information to qualify as news or not. 

• Define news and news value. 

• Differentiate hard news and soft news.  

• Identify and understand different factors determining News. 

• Differentiate between Real News and Fake News. 
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The news comes in various forms in media: News covers different areas of business, politics, 

crime, social, sports, youth, and culture. It is available in print, broadcast or online. And you also 

have to see whether the news is from the mainstream media or the alternative media. 

News draws your attention on different topics and some news just comes and goes because it 

isn’t news.  

Is News important? 

News are important because; 

• rightly informed about events, places and people of our country and the outside world. 

• allowed to participate in the discussion. 

• given unusual and fresh news. 

• able to gain knowledge for our academic purposes. 

How is news different from propaganda, entertainment, advertisement, or even raw 

information? 

• News is information about current events in a particular place.  

• Newly received or noteworthy facts happening in different places.  

• It can also mean the most recent event in the country or across the globe. 

• All these activities are officially published/shared through newspapers, broadcast on 

radio and television, or go online as per their timing and requirement in different parts of 

the world.  

 

Figure: A Bhutanese farmer in the field. 

Look at the picture given above. Do you think everybody would be interested in this news? Do 

you think a foreigner or an office goer would be interested in the news? A farmer residing in the 

same locality will be happy and interested in the news. Journalists have to figure out who the 

audience is and what will interest the audience. All sorts of information are flying in a hundred 

different directions every day. Another hundred events are happening in different parts of 
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society. It is the job of the news media to package the information and deliver them to people in 

a manner that is relevant and easy to digest.  

It is left to those in the newsrooms, led by editors, who play gatekeepers, to determine what makes 

the news that will fit into the publication. There are certain factors that the media people look into 

in the process of gathering News.  

1. What is news?   

2. Why is it important?  

3. Differentiate hard news from soft news.  

Factors Determining News Values  

Journalists are looking out for news stories that attract significant audience or readership. They 

must discover which information is newsworthy and filter out those which are of little interest. 

By applying a set of guidelines or criteria, they can identify what material will make the best 

stories. We call these guidelines “news value”.  

News values are central to this process because they identify the ingredients of a story that will 

engage attention. Each news value describes a different quality. Impact, for instance, identifies 

the number of people affected by a story. The more people, the more newsworthy the story. In 

recent months the unfolding Coronavirus pandemic has evoked worldwide concern. COVID-19 

dominates the world’s news platforms. A pandemic of this magnitude has strong news value and 

is of considerable public interest.  

Let us look at some of the factors that help journalists select News. 

1. Proximity: The closer, the better as news! People care more about events that happen in 

the locality. They can associate more with activities and developments that take place in 

their community. They will be more interested in stories that matter to them. Proximity is 

also viewed in terms of developments occurring in neighbouring nations. In the Bhutanese 

context, what happens in India, for instance, matters to the Bhutanese both in terms of trade 

and travel. 

2. Timeliness: The timing of a news story is very important. No one wants to know about 

what happened decades ago unless relevant to today’s age. In this age of modern 

technology, people want instant news, which is why media agencies compete to break news 

first. Stories are also best told and accepted when served on time.  

3. Prominence: A well-known person, place, or event has a stronger news angle than 

something that the audience isn’t familiar with.  For instance, when Bhutan stepped into 

democracy, Bhutanese media started scrutinizing those who came forward to take part in 

 
ACTIVITY 1 
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politics and those who were elected. They were going to become public figures. Besides, 

each of their moves and controversies circling them becomes news since they are expected 

to behave in a manner most befitting of public personalities. Although not necessarily in all 

the cultures, prominent individuals like movie stars, business tycoons, and sports 

personalities are also closely followed by news agencies. The issue of how far media can 

go in exploring an individual’s private life is still a subject of debate today as it was for 

ages.  

4. Novelty: Anything original, of impressive innovation, or a significant event first time that 

has always found space or air time in newspapers and television. For example, many local 

media ran inspirational stories on a Zorig Chusum institute graduate, who could carve, 

paint, and play archery with his left foot, notwithstanding the physical inabilities that 

restricted his bodily movements. 

5. Conflicts: Audiences are always interested in disagreements, arguments, and rivalries. If 

an event has a conflict attached to it, many consumers will be interested on that basis alone. 

Let us not forget that it's human nature to choose sides and stand up for that choice. Stories 

that involve conflict include those about religion, sports, business, trials, wars, human 

rights violations, politics, and even struggle against nature, animals, or outer space. 

6. Impact: The focus of any media is on issues that impact a larger section of society. There 

are also cases that are unique to a family or individual but in general, those with greater 

consequences deserve attention. For a developing country like Bhutan, it is, what is called, 

“development journalism” which is commonly in practice. The coming in of infrastructure 

like bridge, road, and schools, receiving funds from donor countries, signings of diplomatic 

relation give frequent reports. The news media, particularly public service media, critically 

follow the developments and study its impact on citizens.   

7. Interest: Does the audience care? This should not be confused with whether the journalist 

cares. Journalists write plenty of stories about things they don’t care about at all. The news 

must be deemed as interesting to the audience or it will be ignored. Human interest articles 

are stories of people, who inspire through their unique ways of lives and their initiatives. It 

is also about presenting issues through the story of a person’s life.  

8. Relevance: If the information is not applicable to the reader, it lacks ‘news value’. 

9. Usefulness: How can audience members use this information in their day-to-day lives? If 

the news is useful to the audience, you don’t have to convince them to read it or watch it. 

In other words, the “What’s in it for me?” question is addressed or implied. 

10. Secrecy: News is about whatever people want to hide. There is a reason why they want to 

hide it. That reason probably may/might impact others. 
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Now let us check how far you have understood the factors determining NEWS. Let us play a 

crossword game. 

 

The hints for the words ACROSS the box. 

1. This factor talks about the importance of location. 

2. As per this factor, News is about whatever people want to hide. 

3. When a dog bites a man, that is not News, but when a man bites a dog that is News. 

Which factor best suites this statement? 

4. This factor says if the journalists answer “What is in it for me?” question, they don’t have 

to convince them to read it or watch it. They will naturally read/watch the News. 

5. Audiences are always interested in disagreements, arguments, and rivalries. Therefore, 

_______ becomes a factor that determines News. 

The hints for the words DOWN the box. 

6. This factor says, “Name makes News”. 

7. A synonym of the word ‘effect’. 

8. When journalists care more about their audience preferences than their own, the 

journalist about what [which factor are we talking about?] 

9. News must be new. 

10.  The correct spelling of the reversely spelt word ‘ecnaveler’.  

 

 

 

 

 ACTIVITY 2  
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What is Fake News? How does it impact the audience?  

• Fake News is a type of yellow journalism or propaganda to misinform or spread hoaxes 

through print media or online social media.  

• It is written and published with the intent to mislead in order to damage agency, entity, or 

person, or for financial gains or political leverage through gross sensationalism and 

exaggeration.  

• Fake News also uses false headlines to grab attention.  

 

 

 

 

 

 

 

Figure: Examples of fake news 

Impact of Fake News 

• Creates discord 

• Causes confusion 

• Negatively affects real and needy people 

• Promotes propaganda 

• Kills journalism 

• Erodes trust and faith  

• Promotes wrong people 

To avoid becoming victim to fake news, it is important to authenticate news. The use of the 

following parameters helps authenticate news: 

• Consider the source 

• Check the author 

• Check dates 

• Check your biases 

• Read beyond 

• Check for supporting sources 

• Ask the experts’ opinion 
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1. Look for some fake news that went viral and write a report on how it impacted you. 

• Each news story has different news values. It depends upon the newspaper as to which 

news to be placed as the first lead. Sometimes a news story with very little news values 

appears as the first lead and a news story with tremendous news value and importance is 

not placed as the first lead. Generally, the trend is placing news with greater news values 

as the number one lead. The frequency with which a certain kind of story or subject 

appears shows how newspapers react to it.  

• Many popular sources, particularly online news sources and social media, are competing 

for audiences’ attention through outlandish claims, and sometimes with the intent of 

manipulating viewers. As smart consumers, we must critically evaluate news that we 

encounter. Most fake news prey on our desire to have our beliefs confirmed, whether they 

be positive or negative. We can do our part in halting the spread of fake news by not 

spreading it further on social media, through email, or in conversation. So long as we 

know how to filter real news, we are safe and can participate in news story discussion 

productively. 

Answer the following questions in yout notebook.  

1. What is news? 

2. What are the factors determining News Values? 

3. What are the impacts of fake news?  

  

 

 

 

 

 

 

 ACTIVITY 3  

 Summary 
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1.2 News Publication 

 

 

 

 

Introduction  

News writing is one skill required for a news reporter. As a reporter, one has to be well versed in 

the news writing process. In general, news reporter follows an inverted pyramid while writing 

news. In the inverted pyramid, the worthiest information is covered in the lead paragraph and is 

followed by the supporting information and evidence in the body paragraph. The reporter also 

follows the pyramid of competence for the journalist. Journalists not only publicize information 

but always maintain work ethics. A journalist must abide by professional and social 

responsibilities while sharing information in the media.  

Etymology    

The English word "news" was developed in the 14th century as a special use of the plural form 

of "new". In Middle English, the equivalent word was ‘newes’, like the French ‘nouvelles’ and 

the German ‘neues’.  

As its name implies, "news" typically connotes the presentation of new information. The 

newness of news gives it an uncertain quality which distinguishes it from the more careful 

investigations of history or other scholarly disciplines.     

Introduction to the Concept of News  

News is the information that comes from all four directions. It is either a recent information, 

something new or something that triggers audiences. Also the acronym of the word NEWS 

(North, East, West, and South).  

But some definite meanings are as follows;  

1. The news may be defined as any worthy information or idea that will interest a large 

number of people. 

2. News is anything timely that is interesting and significant to readers in respect of their 

personal affairs of their relation to society and the best news is that which possesses the 

greatest degree of this interest and significant for the greatest number. 

3. News is the record of the most interesting important and accurate information obtainable 

about the things man thinks and says, sees, describes, plans, and does. 

 

• Define News.  

• Explain the process of news writing.  

• Write a News following the news writing process. 
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News Type in General  

1. Straight news – This type of news contains facts given straight without exaggeration. Its 

main aim is to inform and pass the news and it uses the summary lead. A plain account of 

news facts is written in standard style and structure. 

Example: "Fire destroyed a house on Main Street early Monday morning." 

2. Interpretative news – It is reporting news in-depth and with care, news refreshed with 

background materials to make it comprehensive and meaningful. It is an objective 

judgment based on background knowledge of a situation or appraisal of an event which is 

an essential part of the news.  

Example: A 20 years old house made of wood in the main street corner which belongs to 

a poor family was completely burned down. 

1. Define News in your own words. 

2. Explain the types of news publication.   

Specific-Major Categories of News 

News is information about current events and provided through different media. Some common 

topics for news reports include war, government, politics, education, health, environment, 

economy, business, fashions, and entertainment.   

1. General News 

2. Political News 

3. Business News  

4. Regional News 

5. Entertainment News 

6. Niche-oriented News 

7. Crime reporting 

News Publication  

As a journalist, one must cover news on a daily basis. Covering news every day especially in a 

limited time and being able to publish it on a daily basis is a difficult task. Therefore, one must 

know what to be included and excluded. To make the task easy, most journalists follow the inverted 

pyramid layout. 

The Inverted Pyramid  

The inverted pyramid is a metaphor used by journalists and other writers to illustrate how 

information should be prioritized and structured in the text (e.g. news report).  

ACTIVITY 1  
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The inverted pyramid has a news summary lead that rests atop a series of paragraphs arranged in 

descending order of importance. This movement from greater to lesser information can be 

demonstrated in a geometric shape – the pyramid. After the news summary, the subsequent 

information and quotes provide background and explanation, present facts and colour, explore 

other issues, clarify conflict, and speculate on cause and effect. The average newspaper reader 

spends about 15-20 minutes a day with the paper. That is not a lot of time, especially when you 

have taken hours to write your story.  

  

 

 

 

 

 

 

 

Source: http://thomasuwwritinglab.net/first-semester---argumentat/1st-semester-

resources/old-blogs/blog-22---inverted-triangle.html 

Advantges of Inverted Pyramid  

1. Offers quick reading 

2. Features less repetition 

3. Offers easier editing  

4. Offers faster headline preparation 

5. Easy to add information to a story (as well as cut it) 

6. Allows for faster writing of a story (can do it in your head, from a phone booth even) 

7. Offers a quick organizing tool 

Disadvantges of Inverted Pyramid  

1. This style doesn’t always encourage readers to continue to the end of a story because the 

important elements come in the beginning.  

2. It is backward; you give away the “punch line” at the top.  

3. It can be somewhat formulaic; it gives more value to substance rather than style.  

4. There’s less allowance for creativity. 

http://thomasuwwritinglab.net/first-semester---argumentat/1st-semester-resources/old-blogs/blog-22---inverted-triangle.html
http://thomasuwwritinglab.net/first-semester---argumentat/1st-semester-resources/old-blogs/blog-22---inverted-triangle.html
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1. Assemble these paragraphs into an inverted pyramid story. Arrange by the appropriate 

letter:  

A. David Bailey, homeland security division chief for the Austin Fire Department, said 

nine workers from the mailroom where the letter was processed were quarantined until 

tests could determine whether the powder was toxic. 

B. The mailroom is in the State Insurance Building. 

C. Gov. Rick Perry's office said the letter came from a prison inmate but provided no other 

details. The substance was sent to the Texas Department of State Health Services for 

testing. 

D. Bailey said none of the workers became ill. 

E. Authorities evacuated a state office building on Wednesday after a suspicious powder 

was found in a letter sent to the governor's office. 

Structure of News  

1. Lead 

2. Body 

3. Tail 

Importance and types of LEAD paragraph   

Did you ever hear about LEAD in the news story?  

Did you ever read one? 

The lead is one of the basic building blocks of writing. A lead is your first chance to hook someone 

into clicking through and reading your entire story.  

There are different types of leads for different types of stories. Here are some of the most common 

ones;  

1. News Lead  

Also known as 5 W’s lead or the straight news lead, this is the classic opening to a news story. The 

news lead shares information by answering the following: who, what, where, when, why, how 

(sometimes). Examples: Straight news.  

2. Second-Day Lead  

Reporters who work a beat or freelancers who write about certain topics on a regular basis often 

find themselves writing multiple stories about a single event. Examples; think about a fire, an 

election, etc (For subjects that are familiar to readers we need not have to use straight news). Here 

reporter assumes that readers know the basics of a story. 

 

 ACTIVITY 2  
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3. Hook Lead  

A hook lead tosses out one or two key details to “hook” readers so they want to know more. Often, 

hook leads are purposely vague or mysterious, leaving out essential facts that can only be obtained 

upon further investigation. Example- New York Times – dated 19, 2013- that helps some 

companies get rich. “The lead alludes to a $ 19 billion government “giveaway” but doesn’t say 

exactly what that giveaway is.” 

4. Feature lead  

No specific rules applied to a feature’s stories lead. It is free from news stories. In some features 

lead editors include their own stories the most strange, bizarre, quirky thing they discovered in 

their reporting.   

5. Explanatory Lead 

It is like the preface or introduction in a book. It sets the scene without immediately jumping into 

the heart of the matter. It is opposite to the straight news lead.  

6. Anecdotal Lead  

The anecdotal lead can also give readers a visual to hang onto so they’re not lost once you start 

explaining what the story is about.  

7. Set Up Lead  

When you write a Q&A, infographic, chart, or blog post listing a bunch of different things, the 

lead has to introduce or set up what follows. The key is to pack as much information in as possible 

while providing for a smooth transition to the information that comes next.  

 Key concepts which represent lead paragraph in news writing  

• The most important paragraph in the news  

• Opening sentences of the paragraph  

• One of the important parts of the news story  

• Grabs the attention of the newsreaders  

• One sentence and a maximum of 30 to 35 words 

1. Write a lead paragraph using the following key ideas. 

[Car/one killed/4 injured/hospitalized/12/7/2019/Trashigang]    

2. Identify the presence of 5 W’s and one H in your lead paragraph.   
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• News can travel through different communication media. In modern times, printed news had 

to be phoned into a newsroom or brought there by a reporter, where it was typed and either 

transmitted over wire services or edited and manually set in type along with other news 

stories for a specific edition.  

• Today, the term "breaking news" has become a trend as commercial broadcasting services 

that are available for 24 hours a day and use live communications satellite technology to 

bring current events into consumers' homes as the event occurs. Events that used to take 

hours or days to become common knowledge in towns or nations are fed instantaneously to 

consumers via radio, television, mobile phone, and the internet.     

1. Choose any news articles and identify the type of lead used in the news story.   

 

 Summary 
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2. GEOGRAPHY 

2.1. Energy Resources 

Introduction 

Resource is anything that has utility and ability to satisfy human wants. Resources are not what 

they are but what they become. A thing becomes a resource by its function in relation to human 

needs.  

Characteristics of Resources 

For anything to be considered as resource, it must possess the following characteristics. 

1. Utility 

Resources should be useful for humans to satisfy their needs and wants. For example: Petrol, 

coal, iron, etc. are important resources for us today while these items were not the resources for 

the prehistoric people as they were not aware of the use of these items. 

2. Accessibility 

Resources should be accessible in order to derive utility. For example: Minerals buried deep 

underground cannot be called as resource as we cannot derive utility from them.  

3. Adequate Supply 

It should be in adequate quantity to satisfy human needs and wants. For example: Minerals found 

in various parts of the country are not considered as resource as their quantity is not adequate to 

satisfy human needs.  

Hence, all things available on the Earth cannot be considered as resources because we may not 

be able to derive its utility. 

1.  “Resources are not what they are but what they become”. Explain the statement. 

What are energy resources? 

Anything that can be used as source of energy is known as energy resources. The term energy is 

an ability or power to do work. For example: Coal, petroleum, natural gas, solar energy, wind 

energy, hydro-electricity, etc. 

• Define energy resources in your own words. 

• Differentiate between renewable & non- renewable energy 

resources. 

• Differentiate between conventional and non- conventional 

energy resources. 

• Explain in brief the historical development of hydro power 

plants. 

• Explain the impact of hydro-power plants of Bhutan.  

 ACTIVITY 1 
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Types of Energy Resource  

Based on their supply and availability, energy resource can be classified as follows: 

1. Renewable energy resource 

2. Non-renewable energy resource 

1. Renewable Energy Resource  

The energy resources that can be regenerated or renewed or replenished by physical, mechanical 

or chemical processes. Solar energy, wind energy and hydro-electricity are some of the 

examples. 

2. Non-renewable Energy Resource  

Energy resources that cannot be regenerated or renewed or replenished by nature. For example: 

Coal, petroleum, natural gas, fuel woods, etc. It may take thousands of years to regenerate. 

Differences between Renewable and Non-Renewable Energy Resources 

         Renewable Energy Resource        Non-Renewable Energy Resource 

1. It can be renewed by nature.  So, it can 

be used again and again. 

1. It cannot be renewed by nature. 

Therefore, it cannot be used again and 

again. 

2. Its supply can be maintained 

through proper precautions. 

2. It takes thousands of years to replenish. 

3. It is eco-friendly in nature. 3.   It is not eco-friendly. 

           

 

 

 

 

 

 

 

 

 

 

 

Figure: Example of renewable and non-renewable energy resources 

Types of Energy Resources 

Based on the type of use, energy resources can be categorized into: 

1. Conventional energy resources 

2. Non-conventional energy resources 
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1. Conventional Energy Resources  

Those energy resources that have been used by human beings for long period of time. For 

example: Fuel wood, coal, petroleum, natural gas, etc. 

2. Non-conventional Energy Resources 

They are those energy resources that are newly invented and is of recent use. For example: 

Hydro power energy, solar energy, geothermal energy, wind energy, nuclear energy, etc.  

Differences between Conventional and Non-Conventional Energy Resources 

       Conventional Energy Resources      Non-Conventional Energy Resources 

1. They are used since ancient times. 1. They are newly invented and recently 

used. 

2. These energy resources can be obtained by 

using traditional method. 

2. These energy resources can be obtained 

by means of scientific method. 

3. They are initially cheap but becomes 

costly in the long run. 

3. They are initially expensive but becomes 

cheap in long run. 

4. They are difficult to use. 4. They are easy to use.  

4. Do you think hydro power is a renewable energy resource? Justify. 

Hydro Electricity 

It is the electricity produced by using the force of the running water. Hydro electricity is 

referred to as white gold as it is as valuable as gold. 

Before we discuss in details hydro power projects, it is important for us to know the river 

systems of Bhutan.  

Five Major River Systems of Bhutan 

1. Amo Chhu (Torsa) - Samtse 

2. Wang Chhu (Raidak) - Thimphu 

3. Puna Tsang Chhu (Sunkosh) - Punakha 

4. Drangme Chhu (Manas river) – Trashigang 

5. Ngyera Ama Chhu (Bada Chhu) – Samdrup Jongkhar 
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Figure: Major Rivers of Bhutan 

Historical Development of Power Projects in Bhutan  

Electricity was first introduced in Bhutan in 1966 when a diesel generator of 256 KW was 

installed in Phuentsholing. However, the first hydro power plant (360 KW) was installed in 

Thimphu in 1967. In 1968, Samtse, Sarpang and Samdrup Jongkhar were electrified with the 

supply from Assam and West Bengal. 

The permanent flow of most of the rivers have made the generation of electricity feasible for 

Bhutan. The hydro power cooperation between Bhutan and India first began with the signing of 

Jaldhaka Agreement in 1961 and the Jaldhaka power station was commissioned in 1972.  

During the 1970s, Bhutan and India began to work into hydropower potential.  

The Existing Hydro Power Plants in Bhutan 

Name of the HEP Location/river 
Year of 

Commission 

Total Production 

Capacity 

Chukha HEP Chukha/Wang Chhu 1988 336 MW 

Kuri Chhu HEP Mongar/Kuri Chhu 2002   60 MW 

Baso Chhu Upper Phase Wangdue/Punatsang Chhu 2002  24 MW 

Baso Chhu Lower Phase Wangdue/Punatsang Chhu 2005  40 MW 

Tala HEP Chukha/Wang Chhu 2007 1020 MW 

Daga Chhu HEP Dagana/ Daga Chhu 2015  126 MW 

Mangde Chhu  Trongsa/ Mangde Chhu 2019  180 MW 

  Total 

Production  

1786 MW 
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Chhukha Hydro Power Corporation Limited (CHPCL) 

The river Wang Chhu offered the best scope for constructing the first major power project due to 

the existence of road links and other required infrastructure. On 23rd March 1974, an Agreement 

was signed between the Government of India (GoI) and the Royal Government of Bhutan 

(RGoB) to implement the project as a joint venture project. The project’s first 84 MW hydro 

turbine was commissioned on 7th September 1986 and by 22th August 1988, all the other three 

units were also commissioned. Almost 90% of the power is exported to India.  

Kurichhu Hydro Power Corporation Limited (KHPCL) 

KHPCL is the second hydroelectricity power project planned and implemented in Bhutan.  

The 60 MW run of the river Kurichhu Hydro Power Project was constructed over Kuri Chhu in 

Gyalposhing, Mongar in eastern Bhutan. The project was fully funded by GoI. The project’s first 

three units were commissioned on 3 November 2001 and the fourth was commissioned in 2002. 

Basochhu Upper Stage Hydropower Project 

The 24 MW project is a run of the river scheme constructed over the Baso Chhu (Punatsang 

Chhu) River, 3 km upstream of waterfall. The project was financed by the Austrian government. 

The construction of the plant was started in November 1997 and was commissioned in Jan 2002. 

Basochhu Lower Stage Hydropower Project 

Construction of lower stage with power generating capacity of 40 MW started in March 2002. 

The project came into operation since 8th September 2004 and was commissioned in March 

2005. The project was also financed by Austrian Government. 

Tala Hydroelectricity Project Authority (THPA) 

The 1020 MW Tala hydroelectricity project is the biggest joint venture project between India and 

Bhutan so far and was constructed over river Wang Chhu in Chukha. It has an installed capacity 

of 1020 MW with 6 generation units of 170 MW each. Commissioning of the plant was planned 

for June 2005, but due to geological problems this was delayed until March 2007. 

Dagachhu HEP (CDM Project) 

This project was registered as the first cross border project activity under the Clean Development 

Mechanism (CDM) of United Nations Framework Convention on Climate Change (UNFCCC) 

The project was developed jointly by India and Bhutan and provides low cost electricity to rural 

domestic customers in Bhutan as well as to India. 

The project is the first public-private partnership infrastructure investment in Bhutan with 

participation from multiple Bhutanese and international stakeholders. This project was led by 

Druk Green Power Corporation (DGPC) and India’s leading energy company, Tata Power 

Company. It is co-financed by the National Pension and Provident Fund (NPPF) of Bhutan and 

the RZB of Austria and the Japan Special Fund. The 126-megawatt (MW) project was 

commissioned on 21st February 2015, coinciding with His Majesty the King’s 35th birth 

anniversary. 
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Mangdechhu HEP 

The Mangdechhu Hydroelectric Project (HEPP) is a 720 MW run-of-the-river power plant built 

over the Mangde Chhu in Trongsa Dzongkhag, central Bhutan. Mangde Chhu is one of the ten 

hydroelectric projects being developed as a part of the Royal Government of Bhutan’s initiative 

to generate 10 GW of hydropower by 2020 with support from the Indian Government. The two 

governments signed an agreement for the construction of Mangde Chhu HEPP for Rs. 28.96 bn 

($434m) in April 2010. The Indian Government funded the project through a 70% loan and a 

30% Grant. India approved a revised cost estimate of Rs. 40.20 bn ($602.7m) for the project in 

2016. 

The construction of the hydropower project began in June 2012. The first of the four power plant 

units was commissioned in June 2019, while the second unit was commissioned in July 2019. 

The hydropower project was officially inaugurated in August 2019.  

PTC India and Druk Green Power Corporation signed a power purchase agreement (PPA) for 

Mangdechhu Hydroelectric project in August 2019. The project is estimated to generate 2,923 

GW/h of electricity and neutralise 2.2 mt. of CO₂ from the atmosphere every year. 

Upcoming Hydro Power Plants 

1. Kholongchhu (600MW). 

2. Chamkhar Chhu (670MW). 

3. Bunakha (180MW) 

4. Wangchhu (570MW) 

5. Kuri Gongri (2640 MW) 

6. Sankosh project (2560MW) 

7. Amochu (540 MW) 

8. Puna Tsangchu- I (1200 MW) 

9. Puna Tsangchu- II (1020 MW) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: HEPs in Bhutan 
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Some Facts and Figures 

1. Estimated total power potential is 30,000 MW. 

2. Estimated total safe and exploitable water potential is 16000 MW.  

3. The current domestic consumption is about 105 MW only. 

4. Total production is 1786 MW. 

Market for Hydro Electricity 

Since, the population of Bhutan is less, the domestic consumption of power is less. 

Therefore, we have to find market for the massive production of HEP in Bhutan. Presently, 

India is the only market for the electricity generated. Construction of hydro power plants has 

both advantages and disadvantages. 

Positive Impact      

1. The hydroelectricity can substitute wood and fossil fuels, thus, reducing their usage.  

2. Since hydro power is eco-friendly, it can reduce the emission of carbon dioxide and other    

pollutants. 

3. Construction of hydro power has accelerated the industrialization and other developmental 

activities. 

4. Construction of hydro power projects and industries has created a lot of employment 

opportunities. 

5. Hydro power has reduced the consumption of fire wood which otherwise cause 

deforestation. 

6. Hydro power sector is the main source of revenue for the government. 

7. Hydro power has electrified all the remote places enhancing the lives of rural people which 

otherwise would not. 

8. It provides constant power supply to run factories, light streets and use for domestic 

purpose. 

9. Activities such as reading, weaving and working on other crafts in Bhutan have been made 

possible and easy for the people.  

Negative Impact 

1. Construction of hydro power stations, erecting electric poles and linking transmission 

lines to rural area is very expensive. 

2. Construction of hydro power station, erecting poles and linking transmission lines to 

different places causes a lot of destruction to the environment. 

3. Construction of dams disturbs the river ecosystem downstream. 

4. Bursting of the dam (reservoir) causes severe floods and landslides in the downstream.  

5. Short circuit often causes fires and accidents. 
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1. “Water is to us what oil is to the Arabs". Justify the statement. 

2. Do you think hydro power sector is going to remain the highest revenue generator 

even in the future? Justify your answer. 

3. Is it a wise decision for our government to invest huge amount in hydro power sector? 

Support your stand with five strong justifications. 

• Any form of energy that can satisfy human needs and wants is known as energy resources. 

• A thing can only be considered a resource if it possesses all three characteristics like 

utility, accessibility and adequate supply.  

• Renewable energy refers to energy that has continuous supply whereas non-renewable 

energy is the one which can be exhausted. 

• On the basis of time of use, energy can also be categorized as conventional and non-

conventional energy resources. Conventional energy is the energy which was used in the 

olden days while nonconventional energy is newly invented and recently used. 

• An energy or electricity that is generated from the running water is known as 

hydroelectricity. 

• Five major river systems of Bhutan are Amo Chhu (Torsa), Wang Chhu (Raidak), 

Puna Tsang Chhu (Sunkosh), Drangme Chhu (Manas river) and Ngyera Ama Chhu 

(Bada Chhu). 

• The 1st electricity generated from diesel was introduced in Phuntsholing, Bhutan in 

1966. However, the 1st hydro power plant (360 KW) was installed in Thimphu in 

1967. Thereafter the progress on hydro power development has picked up.  

• Chukha HEP, Kuri Chhu HEP, Basa Chhu Upper Phase, Basa Chhu Lower Phase, 

Tala HEP, Daga Chhu HEP and Mangde Chhu are the existing hyfro power projects. 

While the upcoming hydro power projects are Kholong Chhu, Chamkhar Chhu, 

Bunakha, Wangchhu, Kuri Gongri, Sankosh project, Amochu, Puna Tsang chhu- I 

and Puna Tsang chhu- II. 

• So far hydroelectricity was exported only to India. 

• Besides the creation of employment, generation of hydro power project reduces the 

consumption of woods and fossil fuels which are not eco-friendly. Export of hydro 

power helps in correcting the balance of payment. It promotes industrialization and 

other developmental activities. However, it also has its negative impacts like 

construction is very expensive, it causes a lot of destruction to the environment, 

construction of dams disturbs the river ecosystem downstream, bursting of the dam 

(reservoir) causes severe flood in the downstream, short circuit often causes house 

fire. 

 Summary 
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Answer the following questions in your notebook.  

1. Define resources in your own words. 

2. For anything to be considered as resource, what are the important characteristics that 

need to be considered? Explain. 

3. Name the types of resource based on their supply. 

4. Write three differences between renewable & non-renewable energy resources. 

5. Differentiate between conventional and non-conventional energy resources. 

6. Explain in brief the historical development of hydro power project in Bhutan. 

7. Briefly explain four positive impacts and four negative impacts of hydro-power plants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Self-check for Learning 
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2.2 Rocks 

Introduction 

Rocks are the solid materials made up of minerals that form the Earth’s crust. Rocks can also be 

described as an aggregate of minerals. Most of the rocks are mixtures of various minerals in 

different proportions.  

Minerals are chemical substances found in nature which may either be elements or compounds. 

Some of the important mineral groups are silicates, carbonates, sulphides and metals. Rocks may 

be hard and resistant like granite, schist and quartzite or soft like shale, clay and weakly formed 

sandstone. 

Types of Rocks 

Based on their formation, there are three main types of rocks. They are: 

1. Igneous Rocks     

2. Sedimentary Rocks   

3. Metamorphic Rocks  

1. Igneous Rocks 

They formed by cooling and solidification of magma either on the surface of the Earth or below 

in the cracks. They are considered as primary or parent rocks as other rocks are formed from 

these rocks.   

   
                           Figure: The Lava or Molten Magma  

 

• Define rocks in your own words. 

• Differentiate between igneous, sedimentary and metamorphic 

rocks. 

• Explain sub-types of igneous, sedimentary and metamorphic 

rocks. 

• Identify all types of rocks. 

• State the uses of three main types of rocks. 

• Explain rock cycle. 
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Classification of Igneous Rocks 

Based on where cooling and solidification of magma takes place, igneous rocks are of two types. 

They are as follows: 

a. Extrusive Igneous Rocks 

Igneous rocks formed by cooling and solidification of magma on the Earth’s surface. Basalt and 

volcanic tuff are examples. 

b. Intrusive Igneous Rocks 

Igneous rocks formed by cooling and solidification of magma in the cracks and fissures below 

but near to the Earth’s surface. Granite and andesite are examples.  

Based on the depth intrusive igneous rocks can be further classified as follows: 

i. Plutonic / Batholiths  

They are those deep-seated rocks of large-sized crystals. When the solidification of magma 

(molten materials) takes place at greater depth, the cooling rate is much slower and the rock 

crystals are larger. 

ii. Hypabyssal  

It is a shallow rock of smaller sized crystal. When the solidification of magma takes place in 

cracks near to the Earth’s surface, the cooling rate is faster and the rock crystals are of smaller 

size. If the solidification of magma takes place in the vertical cracks it is called as Dyke and if it 

solidifies in the horizontal cracks then it is called as Sill. 

Based on mineral composition, igneous rocks can also be categorized into two. 

a. Acidic Igneous Rocks 

They contain a high percentage of silica. They are less dense and lighter in colour. The best 

example is the granite. It is a coarse-grained and a hard rock formed in the hot interior and has 

large crystals of quartz, feldspar and mica in it. 

b. Basic Igneous Rocks 

These rocks contain a less percentage of silica. They have a high percentage of basic oxides. 

Example: iron, magnesium, etc. They have large and dense grains and are darker in colour. 

Characteristics of Igneous Rocks 

▪ They are hard, massive and compact. 

▪ They cannot be easily weathered. 

▪ They are impermeable / non-porous / impervious rocks. 

▪ They do not contain fossils. 

▪ They are rich in minerals 

▪ They are usually black.  

▪ They do not have layers. 
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Economic Importance of Igneous Rocks 

1. Minerals of great economic value such as iron, nickel, copper, lead, zinc, tin, ores of 

gold, diamond and platinum are found in them. 

2. Granite and basalts are used as building materials. 

3. The basalt is also a good source of regur soil which is useful for cotton cultivation. 

 

 
                                                       Figure: Rock Minerals 

1. Why are fossils never found in igneous rocks? 

2. Do you think igneous rocks are found in Bhutan? Justify your answer. 

2.  Sedimentary Rock 

These rocks are formed by deposition of sediments in layers followed by compaction and 

cementation.  They are eroded, transported and deposited by rivers, winds, glaciers and sea 

waves. Since they are found in layers, they are also known as stratified rocks. 

 

 Figure: Sedimentary Rocks in Layers 

Classification of Sedimentary Rocks  

Based on the origin, sedimentary rocks can be classified into mechanically formed sedimentary 

rocks, organically formed sedimentary rocks and chemically formed sedimentary rocks. 

1. Mechanically formed Sedimentary Rocks 

Rocks formed by the deposition of sediments broken from the other rocks in layers followed by 

compaction and cementation.  The physical agents like rainwater, wind, ice and the running 

 ACTIVITY 1 
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water are the agents responsible for their mode of formation. Based on the size of the deposited 

sediments, mechanically formed sedimentary rocks can be classified as: 

a. Arenaceous Sedimentary Rocks 

Rocks with little larger deposited sediments. The main content of these rocks is sand. Sandstone 

is the best example. 

                 
                                  Figure: Sandstone             Figure: Claystone 

 

b. Argillaceous Sedimentary Rocks 

Rocks whose deposited sediments sizes are very small. Clay is the main element of these rocks. 

Claystone is the best example.  

2. Organically formed Sedimentary Rocks 

Rocks formed by the deposition of remains of plants and animals. Based on the nature of 

deposited sediments, organically formed sediments can be categorized into two. They are: 

a. Calcareous Rocks  

Those rocks formed by deposition of remains (Shells and skeletons) of organisms like clams, 

oysters, corals, algae, etc. which live in the water of the continental shelves and have the power 

to extract calcium carbonate from the seawater to build their skeletons or shells. Limestone and 

chalk are the best examples. The remains of the sea plants and animals which have been buried 

and preserved in these rocks for a long time are known as fossils. 

           
                                 Figure: Fossil     Figure: Coal 

b. Carbonaceous Rocks 

Rocks formed by the burial of ferns, mosses, twigs, plants, etc.  in swamps in great thickness for 

a long time. In the course of time due to heat and pressure, they chemically decay and lose most 

of their elements except carbon that in stages becomes peat, lignite, bituminous coal and 

anthracite coal. 
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3. Chemically formed Sedimentary Rocks 

These rocks formed by the deposition of minerals dissolved in the water when the water 

evaporates from the solution. Various kinds of salts precipitate from the water of shallow desert 

lakes like the Dead Sea, where evaporation is rapid. Gypsum is the best example. Several nitrates 

and potash are also chemically formed sedimentary rocks. 

Characteristics of Sedimentary Rocks 

• They are generally softer than the other two main rocks. 

• They can be easily weathered. 

• Most of them are permeable/porous/pervious. 

• They are found in layers or strata. 

• They have fossils in their layers. 

Economic Importance of Sedimentary Rocks. 

• They are the source of fossil fuel.  

• They are source of rich soils. 

• Inorganic sedimentary rocks are used as building materials. 

1. Why do sedimentary rocks have layers? 

2. The most common rocks we find in Bhutan are a sedimentary rock. Why? 

3. Make a list of five sedimentary rocks and mention the uses of respective rock in the 

construction industry.  

3.  Metamorphic Rocks 

They are those igneous and sedimentary rocks which have undergone both physical or chemical 

change due to extreme heat and pressure.  For example, limestone changes to marble, clay and 

shale to slate, granite to gneiss, sandstone to quartzite, basalt to schist, coal to graphite when they 

undergo extreme heat and pressure. 

 

Figure: Metamorphic Rock 

 

 

 ACTIVITY 2 
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Metamorphism 

It is the process of changing igneous and sedimentary rocks into metamorphic rocks.  

Types of Metamorphism 

1. Dynamic Metamorphism: Metamorphism that is caused by the pressure of overlying 

layers. 

2. Thermal Metamorphism: Metamorphism that is caused by extreme heat. 

3. Regional Metamorphism: Metamorphism that takes place over a very large area. It is 

usually caused by the movement of the earth’s crust. 

4. Local/Contact Metamorphism: Metamorphism that takes place over a small area. This 

commonly occurs where hot magma comes in contact with other rocks. 

There are two types of rocks formed based on the types of rock from which metamorphism has 

taken place. They are: 

a. Meta-sedimentary Rocks 

Those rocks formed from sedimentary rocks.  For example, marble which is formed from 

limestone, slate formed from clay and shale, quartzite formed from sandstone, and graphite from 

coal.  

b. Meta- igneous Rocks 

Those rocks formed from igneous rocks. For example, gneiss which is formed from granite, and 

schist which is formed from basalt. 

Characteristic of Metamorphic Rocks 

• They are hard. 

• They cannot be easily weathered. 

• They are impermeable/non-porous/ impervious rock. 

• Fossils are rarely found. 

• They are not found in layers. 

• They have a banded structure. 

• They have interlocking crystals. 

Economic importance of Metamorphic Rocks 

• Gneiss and marvel are used for building purpose. 

• Quartzite for making Glass. 

• Slate for roofing. 

• Graphite for manufacturing pencils. 

Rock Cycle 

Rocks forming the crust of the Earth changes from one type to the other due to various processes. 

This process of changing one form of rock to another is known as Rock Cycle. The first rock 

forming the crust of the Earth was the igneous rocks. Various agents of degradation eroded the 
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igneous rocks and the eroded materials were deposited to produce sedimentary rocks. Both 

igneous and sedimentary rocks were subjected to pressure and heat and were converted to 

metamorphic rocks. Agents of denudation also erode metamorphic rocks to form sedimentary 

rocks again. Under the influence of various earth movements, the rocks of igneous, sedimentary 

and metamorphic types may get buried very deep inside the earth where they might melt to form 

magma. The magma may be forced to the surface of the earth through volcanic activity and may 

solidify to produce fresh igneous rocks. In this way, the rocks are continuously changing from 

one type to another over millions of years.  

       

 

 

 

 

 

 

 

 

 

 

 

Figure: Rock Cycle 

1. Why are fossils rarely found in Metamorphic rocks? 

2. Do you think the same rocks formed about 500 years ago can be still there? Why?  

3. Classify the following rocks into igneous, sedimentary and metamorphic. 

     

 

 

 

    

     

     

• Rocks are the solid materials made up of minerals that make the earth’s crust. 

• Rocks on the basis of the formation are of three main types and they are igneous, 

sedimentary and metamorphic rocks. 

• Igneous rocks are the rocks formed by cooling and solidification of magma.  

Shale Peat 

Marble Clay 

Granite Gypsum 

Basalt Quartzite 

Gneiss Schist 

Coal Slate 

Graphite Dolomite   
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• Igneous rocks are of two types such as extrusive igneous rocks formed by cooling and 

solidification of magma on the earth’s surface and intrusive igneous rock formed by 

cooling and solidification of magma in the cracks and fissures below but near to the earth’s 

surface.  

• Intrusive igneous rocks are classified into Plutonic/Batholiths formed when the 

solidification of magma (molten materials) takes place at greater depth and Hypabyssal 

formed when the solidification of magma takes place in cracks near to the earth surface. 

Igneous rocks are also classified into acidic and basic based on the mineral composition. 

• Igneous rocks are hard, massive and compact, cannot be easily weathered, 

impermeable/non porous/impervious rocks, do not contain fossils, rich in minerals and do 

not have layers. 

• Precious minerals like diamond, platinum, gold etc. are found in Igneous rocks. They are 

used as building materials. They form rich soil favourable for cotton cultivation. 

• Sedimentary rocks are formed by deposition of sediments in layers followed by compaction 

and cementation. They are classified into mechanically formed sedimentary rocks, 

organically formed sedimentary rocks and chemically formed sedimentary rocks. 

• Mechanically formed sedimentary rocks are formed by the deposition of sediments broken 

from the other rocks. Based on the size of the deposited sediments, it is further classified 

into arenaceous sedimentary rock formed by little larger sediments and argillaceous 

sedimentary rocks formed by smaller sediments.  

• Organically formed sedimentary rocks are formed by the deposition of remains of plants 

and animals. On the basis of nature of sediments, it is classified as calcareous and 

carbonaceous Rock.  

• Sedimentary Rocks are generally softer, easily weathered, permeable/porous/pervious, 

found in layers or strata and contain fossils. 

• Sedimentary rocks are valuable as they are source of fossil fuels, source of rich soils and 

inorganic sedimentary rocks are used as building materials. 

• Metamorphic rocks are those igneous and sedimentary rocks which have undergone 

physical or chemical change due to heat and pressure.  Based on the source, they are of two 

types: meta-sedimentary rocks formed from sedimentary rocks and meta- igneous rocks 

formed from igneous rocks.  

• Metamorphic rocks are hard, cannot be easily weathered, impermeable/non porous/ 

impervious rock, fossils are rarely found, not found in layers, and have banded structure 

and interlocking crystals. 

• Metamorphic rocks like gneiss and marvel are used for building purpose, quartzite for 

making glass, slate for roofing and graphite for manufacturing pencils. 
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Answer the following questions in your notebook.  

1. Define rocks in your own words. 

2. Mention different types of rock based on the information. 

3. Differentiate between extrusive and intrusive igneous rocks. 

4. Distinguish between acidic and base igneous rocks types. 

5. Name the types of sedimentary rocks based on origin. 

6. Distinguish between arenaceous sedimentary rocks and argillaceous sedimentary rocks. 

7. Which type of rocks is rich in fossils? 

8. How is meta-igneous rock different from meta- sedimentary rock? Explain. 

9. Explain four different processes of metamorphism. 

10. Mention the uses of three main types of rock. 

11. How does the rock cycle occur? 

 

 

 

Self-check for Learning 
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3. ENVIRONMENTAL SCIENCE 

3.1. People and their Environment 

Introduction 

The environment is everything that surrounds us, both natural and man-made. The natural 

environment includes both biotic communities such as plants, animals and micro-organisms and 

abiotic components such as soil, temperature, water and air. For the need of resources, humans 

have been interacting with their environment since time immemorial. They interact with the 

environment in a number of ways, which can be seen everywhere. In the process, human 

societies have influenced the natural environment and have also been affected by the 

environment.  

The interaction of people with the environment can be in many ways: 

1. The way humans depend on the environment.  

2. The way humans try to modify the environment.  

3. The way humans adapt to the environment to meet their needs.  

1. The Way Humans Depend on the Environment  

Natural resources are those resources that exist in a natural state and are used by living 

organisms to survive and function. Natural resources provide a variety of ecosystem services to 

people, including the provision of resources such as water, timber, food, energy, land for farming 

and many more. Additionally, people also utilize resources for economic growth and 

development.  

Our need for resources is vast and it is growing as the population increases. So, to meet their 

needs, humans have been continuously extracting these non-renewable resources at an alarming 

rate. 

 

  

• Describes how humans depend on natural resources. 

• Analyse the impact of human interactions on natural resources.  

• Evaluate the changing relationships of humans with the 

environment. 
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Figure: Dependence on the Natural Environment by Human 

2. The Way Humans Try to Modify the Environment 

For thousands of years, humans have modified the physical environment by clearing land for 

agriculture or damming of streams/rivers to store and divert water. While these modifications 

directly impact the local environment, they also impact environments, farther away, due to the 

interconnectivity of Earth’s systems. For example, when a dam is built, less water flows 

downstream. This directly affects the communities and wildlife located downstream, who depend 

on it. 

Expanding population, industrialization and need of land for development of expanding cities 

has led humans to cut down trees selfishly. Deforestation results in degradation of land, loss of 

habitats and biodiversity, depletion of natural resources and so on.   

These destructive impacts of humanity on its natural environment is known as “Ecocide”  

3. The way humans adapt to the environment to meet their needs  

Human societies have been harvesting and utilizing natural resources since their evolution. They 

have conquered a wide range of environment and have used, changed or even displaced 

ecosystems for their purpose. 

However, there are a few environmental conditions, which humans cannot modify. Hence, they 

adapt to such conditions for their survival. Some of these adaptations include: 

• taking benefit of the natural slope of the land for irrigation 

• building houses on higher ground to avoid flood 

• wearing warm clothes to survive in cold climate 

There is a never-ending process of mutual adjustment or adaptation, and change between human 

social systems, and the environment. 

 

 

 

Water 

Timber Air 

Food 

Land Energy 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
309       Arts-Environmental Science-Classes XI&XII  
 

Complete the table. 

Sl. No. Objects Impacts on environment (During production and 

transportation). 

1 Notebook  

2 Shoe  

3 Classroom Table  

4 Green board  

Human Societies and Ecosystem: The Changing Relations 

Human-ecosystem interaction is sustainable when social systems and ecosystems are co-adapted. 

Similarly, interaction is unsustainable when coadaptation becomes weak. A sudden change in the 

social system or ecosystem can disrupt the co-adaptive relationships, thereby reducing the 

ecosystem’s resilience and its ability to provide essential services. 

Factors leading to changing relations between human societies and ecosystem are; 

i. Human migration 

When people move to a new area where the ecosystem is different, they typically have little 

knowledge about the new ecosystem and therefore lack values, knowledge and appropriate 

technology and social institutions that are needed for sustainable interaction with their new 

environment. 

ii. Productions and industrialization 

Our relationship with the environment changed with industrialization, which began in the 

eighteenth century. Prior to industrialization, the impacts of human activity were not very 

significant because the technologies used were not capable of modifying the environment on a 

large scale. People at that time lived in agricultural societies using hand tools and simple 

technologies with limited environmental impact. Industrialization has allowed for a greater 

exploitation of resources. These changes have rapidly increased the human impact on the 

environment. 

iii. New technologies 

Advances in technology have increased natural resource exploitation by enabling people to 

exploit more resources.  We now use powerful chainsaws to cut down trees and apply chemical 

fertilizers and pesticides to increase crop production. 

Traditional hunting societies used weapons such as spears, bows and arrows, which were not 

effective to damage the population of their food sources. It was safe for hunters to kill as many 

animals as possible. However, the same resources can be overexploited when new technology, 

 ACTIVITY 1 
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such as guns, is introduced and hunters continue to kill twice as many. These changes have 

rapidly increased the human impact on the environment. 

iv. Urbanization and alienation from nature 

As the cities grow, natural habitats get destroyed and natural areas get replaced by the urban 

spaces. This has potential impacts on environment and social aspects: 

• People who live in cities are deprived of natural environment and lack emotional feelings for 

nature and its benefits.  

• This emotional need for nature has been termed biophilia, which is generally develops 

during the childhood when a child has access to nature. 

The emotional attachment of humans with nature enhances knowledge on the environment which 

is necessary for sustainable interaction. The psychological well-being and happiness that occurs 

as a result of more intense contact with nature, offers ‘considerable mental health benefits’ and 

often the countryside is considered as a ‘natural health service’.  

• People constantly depend on the environment. During the process, we negatively impact 

the environment.  

• There are many factors that lead to the changing of human societies with an environment. 

• When we protect endangered species, plant trees, adopt green and cleaner technology 

etc., we make positive impact on our environment. 

Answer the following questions in your notebook. 

1. What measures will you recommend your family members and community people to avoid 

negative interaction with the environment? 

2. People make demands on ecosystems to provide services that improve the quality of their 

lives. Because the capacity of ecosystems to satisfy human demands is limited, we need to 

be aware of what we really want from life and what we really need from ecosystems. List 

the things that are most important for your quality of life. How much of your list is about 

consumer goods? What are the implications of your list for demands on ecosystem? 

3. Childhood contact with nature seems to be important for the knowledge and judgment that 

people need for sustainable interaction with ecosystems as adults. What kind of contact did 

your father/mother/grandfather/grandmother have with nature as a child? How did their 

childhood experiences influence their attitudes and actions toward ecosystems as an adult? 

 

 Summary 

 

Self-check for Learning 
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3.2 Ecological Footprint 

Introduction 

Ecological Footprint 

The word ‘footprint’ generically refers to human impact on the earth. A lot of resources are 

consumed by humans to make lifestyle better. The Ecological Footprint is a measure of bio-

productive land and sea on an individual, population or activity which requires to produce all the 

resources it consumes and also to absorb the waste it generates. Ecological Footprint accounts in 

measuring the demand and supply of nature.  

 

 

 

 

 

 

 

 

 

 

 

 

On the demand side, Ecological Footprint measures an individual or a population’s demand for: 

• plant-based food and fiber products, 

• livestock and fish products,  

• timber and other forest products, 

• space for urban infrastructure, and  

• forest to absorb its carbon dioxide emissions from fossil fuels. 

On the supply side, a city, state, or the nation’s biocapacity represents its bio-productive land and 

sea area, including: 

• forest lands,  

• grazing lands, 

• Explain the Ecological Footprint. 

• Measure Ecological Footprint of an individual. 

• Understand forest resource as an important bio-productive area 

in Bhutan. 

Figure: Ecological Footprint 

Source: https://www.overshootday.org/kids-and-teachers-corner/what-is-an-ecological-

footprint/ 

 

https://www.overshootday.org/kids-and-teachers-corner/what-is-an-ecological-footprint/
https://www.overshootday.org/kids-and-teachers-corner/what-is-an-ecological-footprint/
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• cropland,  

• fishing grounds,  

• built-up land and  

• land required to absorb carbon emission. 

Bio-Productive Areas 

 
Figure: Bio-productive areas. 

Source: https://www.footprintnetwork.org/our-work/ecological-footprint/ 

The resources required by the human are derived from the bio-productivity area of the Earth. 

Bio-productivity areas of the earth include both land and sea that provide resources we consume 

and absorb the waste we generate, such as cropland, grazing land, forest, built-up land and 

fishing grounds.  

Bio-productive area such as cropland is used for production of crops and foods required by 

humans. Forest is an important bio-productive area used as a source for raw material in 

construction, fuel and carbon absorption. For instance, in 2008, 12 billion hectares of              

bio-productive area was available out of 51 billion hectares of the Earth to support a human 

population of 6.7 billion. If we are to calculate the bio-productive area available for an 

individual, it would be only 1.9 hectares. 

Forest resources as bio-productive area of Bhutan 

A forest is a natural self-sustaining biotic community, predominantly of trees, shrubs and other 

woody vegetation, which provides invaluable renewable natural resources. Forest plays a crucial 

role for the survival of all living organisms in many ways. Forest provides food, shelter and 

space for all living things, and it is the source of various kinds of wood and non-wood products 

that contribute to the economy of the country.  

https://www.footprintnetwork.org/our-work/ecological-footprint/
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Large number of the population depends on forest and forest products for their livelihood. Owing 

to this dependency, natural resources are excessively used and overexploited, which threatens the 

sustainability of resources. The exploitation of forest resources has impact on the following 

areas: 

i. Economy 

Forest and forest products provide a wide range of economic benefits which contribute to the 

overall economy of the country. Economic benefits include trade of forest products, employment 

opportunities, and energy supplies. The collection of Non-Wood Forest Products (NWFPs) is one 

of the most viable alternatives for improving the rural economy. Bhutan has high value NWFP 

like Cordyceps sinensis and Matsutake commercialized to expand the income generating source 

for the people. 

The loss of forest productivity due to degradation has severe decline in revenue of the country. 

The overexploitation of forest and forest products lead to exhaustion of resources, thereby 

affecting the livelihood of the people.  

ii. Environment 

Forests play an important role in the biogeochemical cycle. It acts as a carbon sink that helps in 

maintaining the purity of the air by absorbing carbon dioxide. Forest also regulates the 

temperature and rainfall of the ecosystem. Forest products are biodegradable and eco-friendly. 

The environmental recreational activities and unplanned extraction of forest products result in 

biodiversity loss, ecological dysfunctions and natural resources degradation. It also reduces the 

capacity of the forest as a carbon sink. For example, the harvest of timber reduces the forest 

cover, thereby decreasing the biodiversity, imbalances biochemical cycles, and also reduces the 

capacity to absorb carbon dioxide. It also leads to soil erosion, landslide and floods. 

iii. Society 

The forest provides amenity services like recreation and ecotourism. It brings aesthetic 

enjoyment and spiritual fulfilment, and open serves as inspiration for art, culture and folklore. 

Forest also provides opportunities to enhance science and education. Forest and forest products 

ensure employment and preservation of rural life. For example, the resources for bamboo 

products and traditional wooden products are provided by forest. Besides employing people in 

rural areas, it also preserves the age-old traditional skills of art and crafts. 

The increased dependency on forest and forest products has exploited the environment beyond 

recovery. Conventional and inefficient practices of extracting forest products have also deprived 

employment, aesthetic amenities and other benefits. 

Calculating Ecological Footprint 

The amount of resources required by humans and availability of bio-productive areas is best 

explained by the Ecological Footprint. Ecological footprint is measured in terms of global 

hectares (gha) at global level. The average productivity for all productive land and water on 
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Earth in a given year is termed as global hectares (gha). In other words, it is a unit of measure of 

productivity of land and water for a year of the Earth. The productivity of different types of land 

can be compared by using this common unit. The hectare of different biologically productive 

land such as crop land, pasture, fisheries, etc., is thus converted to global hectare for comparison. 

The conversion is achieved by multiplying the Ecological Footprint of each person with 

equivalence and yield factors. 

Equivalence factor is productivity-based scaling factor that converts a specific land type (such as 

cropland or forest) into a universal unit of biologically productive area, a global hectare. Yield 

factor is a factor that accounts for differences between countries in productivity of a given land 

type. Each country and each year have yield factors for cropland, grazing land, forest and 

fisheries. Equivalence and yield factor for Bhutan in 2010 is shown in the Table. 

For example, if an area of one hectare can produce material required by the community and 

absorbs waste of about 20 tonnes, but the total amount of bioproduct required and waste 

produced by a person is 30 tonnes per year, then: 

Ecological footprint of a person (per-capita) is = 30 tonnes x 1 hectre 

       20 tonnes 

Therefore, the ecological footprint of a person (per-capita) is = 1.5 hectares. This means that a 

person consumes and disposes waste to the ecosystem 1.5 times the bio productivity of the land. 

Thus, a person is over-exploiting the natural resources. 

Ecological Footprint varies across the globe since people in different parts of the world consume 

resources and generate waste in varying amounts. Thus, ecological footprint can be compared at 

individual, regional, national or at global scale. If a population’s Ecological Footprint exceeds 

the region’s biocapacity, that region runs an ecological deficit.  

1. Calculate the Ecological Footprint considering an area of one hectare that produces 

material and also absorbs waste of about 10 tonnes, but the total amount of bioproduct 

required and waste produced by you is 15 tonnes per year. 

2. Design a poster to increase public awareness on lowering the Ecological Footprint in 

your community. 

Benefits of Calculating Ecological Footprint 

Ecological Footprint analysis a consumption and lifestyles of individual, country or any activities 

and check this against nature's ability to provide for this consumption. This tool can inform 

policy by examining to what extent a nation uses more or less than is available within its 

territory, or to what extent the nation's lifestyle would be replicable to worldwide. 

 ACTIVITY 1 
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The Ecological Footprint can also be a useful tool to educate people about carrying 

capacity and over-consumption, with the aim of altering personal behaviour. Ecological 

Footprints may be used to argue that many current lifestyles are not sustainable. 

• Bio-productivity areas of the earth include both land and sea that provide resources we 

consume and absorb the waste we generate. 

• If a population’s Ecological Footprint exceeds the region’s biocapacity, that region runs 

an ecological deficit. 

• Ecological Footprint is a useful tool to educate people about carrying capacity. 

• A forest is a natural self-sustaining biotic community, predominantly of trees, shrubs and 

other woody vegetation, which provides invaluable renewable natural resources. 

Answer the following questions in your notebook.  

1. Define Ecological Footprint. 

2. List down some bio-productive land and sea areas. 

3. What are the benefits of measuring Ecological Footprint?  

4. List down some of the benefits of forest as important bio-productive area in Bhutan.       

 

 

 

 

 

 

 

 

 

 

 Summary 

 

 Self-check for Learning 
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3.3  Pollution 

Introduction 

Pollution 

Our planet in its natural state is balanced and suitable for growth, development and reproduction 

of all living organisms. However, due to rapid urbanization and industrialization, the 

environment is polluted to an extent that it has become a cause of concern to all forms of life on 

the Earth. Human activities such as agriculture, industry and transportation, and natural 

phenomenon such as volcano, forest fire, produce a large amount of wastes as pollutants. 

Pollution is the introduction of substances or energy that causes adverse changes in the 

environment and living entities.  

Types of Pollution  

There are different types of pollution, which are either caused by natural events or by human 

activities.   

Pollution is classified into the following types: 

1. Air Pollution 

2. Water Pollution 

3. Soil Pollution 

Besides these three types of pollution, other types exist such as light pollution, noise pollution, 

thermal pollution and radioactive pollution.  

1. Air Pollution 

Air pollution refers to the release of harmful contaminants such as 

chemicals, toxic gases, particulates and biological molecules into the 

earth’s atmosphere. These contaminants are quite detrimental, and in 

some cases, pose serious health issues. Some causes that contribute 

to air pollution are: 

• Burning fossil fuels. 

• Mining operations. 

• Exhaust gases from industries and factories. 

• Define pollution. 

• Explain different types of pollution. 

• Identify some possible impacts of pollution on human health 

and biodiversity. 
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The effects of air pollution vary based on pollutants. But generally, the impact of air pollution 

ranges from: 

• Increased risk of respiratory illness and cardiovascular problems 

• Increased risk of skin diseases 

• May increase the risk of cancer 

• Global warming 

• Acid rain 

• Ozone depletion 

• Hazards to wildlife 

Industrial Melanism 

Industrial melanism is where natural selection pressures due to the man-made influences led to 

colour changes in various species. With the advent of the industrial revolution, many areas in 

North America and Europe started getting covered with black carbon. The species that relied on 

camouflage to avoid predators either adapted to the changing circumstances or got extinct. The 

process of industrial melanism refers to micro-evolution due to the changes in the species. 

The peppered moth Biston betularia f. typica is a light-coloured species with dark patches that 

helps them to camouflage against the lichens on the barks of the trees. F. carbonaria which is a 

sub-species of F. typica had undergone some mutation and changed to a dark coloured moth with 

light patches. In the polluted areas, the light-coloured species could not protect themselves from 

the predators. This was because the lichen population had reduced due to pollution and the light-

coloured species were easily visible on the tree barks. This replaced the F. typica species with 

the F. carbonaria species. 

Since Europe has started using environment-friendly modern technologies, the selection pressure 

from predation has reversed and the moth is returning to its typical variety. This process is 

slower than the initial change because the allele is recessive for light colour and the copies from 

both the parents are required. This is called reverse industrial melanism. In Australia, one species 

of snakes living in water, with black and white stripes has become completely black due to urban 

pollution. 

1. What is industrial melanism? 

2. How can you link industrial melanism to air pollution? 

3. Can you think of any other species of animal that would undergo such changes in future 

considering if we do not reduce air pollution? 

 

 

 

 

 ACTIVITY 1 
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2. Water Pollution 

Water pollution occurs when toxic pollutants and particulate 

matter are introduced into water bodies such as lakes, rivers and 

seas. These contaminants are generally introduced by human 

activities like improper sewage treatment and oil spills. However, 

even natural processes such as eutrophication can cause water 

pollution. 

Some of the significant causes of water pollution are: 

• Dumping solid wastes in water bodies. 

• Disposing untreated industrial sewage into water bodies. 

• Human and animal wastes. 

• Agricultural runoff containing pesticides and fertilizers. 

The effects of water pollution are very pronounced in our environment.  Some of the 

consequences of water pollution include: 

• Disruption of the ecosystem. 

• Threats to marine life. 

• Increased risk of water-borne diseases. 

• Increased toxic chemicals (such as mercury) in water bodies. 

• Eutrophication. 

3. Soil Pollution 

Soil pollution refers to the degradation of land due to the 

presence of chemicals or other man-made substances in the soil. 

The xenobiotic substances alter the natural composition of soil 

and affect it negatively. These can drastically impact life directly 

or indirectly. For instance, any toxic chemicals present in the soil 

will get absorbed by the plants. Since plants are producers in an 

environment, it gets passed up through the food chain.  

Some of the common causes of soil pollution are: 

• Improper industrial waste disposal. 

• Oil spills. 

• Acid rain which is caused by air pollution. 

• Mining activities. 

• Intensive farming and agrochemicals (like fertilisers and pesticides). 

• Industrial accidents. 

The effects of soil pollution are: 

• Loss of soil nutrients, which renders the soil unfit for agriculture. 
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• Impacts the natural flora and fauna residing in the soil. 

• Degrades vegetation due to the increase of salinity of the soil. 

• Toxic dust (such as silica dust) can cause respiratory problems or even lung cancer. 

Effects of Pollution on Human Health and Ecosystem 

Some of the toxic materials that have severe impacts of human health and ecosystem are: 

Chemical fertilizers contain toxic substances like nitrates, sulphates, phosphates, etc. These 

substances reaching the human body can cause health hazards. For instance, nitrates from the soil 

contained in vegetables can react with haemoglobin to form methaemoglobin in blood, which 

reduces the O2 carrying capacity of the blood. Methaemoglobin causes headache and dizziness. 

Urea is the most commonly used nitrogen fertilizer worldwide. The overuse of urea in 

agricultural fields affects the soil organisms, especially the earthworms which are known for 

their roles in soil fertility. 

Pesticides used in agriculture contain chemicals like hexachlorobenzene and butachlor, which 

get accumulated in plants and soil. They reach the animal body through the food chain. Presence 

of pesticides in the animal body may affect reproduction, hormonal imbalance and cause 

respiratory related diseases. Pesticides also affect the habitats of organisms reducing the species 

diversity in an ecosystem. 

Oil spill can happen during storage, transportation and use. The chemicals present in the 

petroleum products are hydrocarbons like propane and butane, and aromatic hydrocarbons like 

benzene, toluene and xylene. These petrochemicals can cause cancer, respiratory disease and 

skin problems in humans. They also deteriorate the water quality, which affects the habitats and 

wildlife. 

Heavy metals like lead (Pb), zinc (Zn), mercury (Hg), cadmium (Cd), and nickel (Ni) are toxic 

in nature and affect the health of organisms. They also reduce the percolation capacity of the soil 

because these heavy metals clod the soil particles. 

Soil contaminated by heavy metals poses great threats to human health as the harmful metals 

reach our body through the food chain. 

Waste like sewage, animal waste, industrial waste and municipal waste are dumped in the soil. 

They decrease the quality of soil and reduce its water holding capacity. They also have toxic 

effects on plants. 

• Pollution need not always be caused by chemical substances such as particulates (like 

smoke and dust). 

• Pollutants can make its way up the food chain and eventually find its way inside the 

human body. 

• Toxic chemicals can bioaccumulate in living beings. 

 Summary 
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Answer the following questions in your notebook. 

1. How does Biomagnification affect the environment? 

2. How does our lifestyle contribute to pollution? 

3. Maintain a log book for a week to record solid waste generated at your home. Write a 

report based on the type of waste you have observed and how these wastes will impact 

our environment. 
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3.4 Climate Change 

Introduction 

Climate Change 

Climate change can be defined as any significant change in climate that persists for an extended 

period, typically decades or longer. The climate of a particular region is measured by assessing 

the patterns of variation in temperature and precipitation over a long period of time. On the other 

hand, weather only describes the short-term conditions of these variables in a given region.  

Evidences of Climate Change 

Some of the evidences of climate change are: 

1. Global temperature rise: The major global surface temperature reconstructions show 

that the Earth has warmed since 1880.  

2. Sea level rise: Global sea level rose about 17 centimetres (6.7 inches) in the last century. 

The rate of sea level rise in the last decade, however, is nearly double that of the last 

century. 

3. Warming ocean: The oceans have absorbed much of this increased heat with the top 700 

meters (about 2,300 feet) of ocean showing warming of 0.30 degrees Fahrenheit since 

1969. 

4. Shrinking of ice sheets: Greenland and Antarctic ice sheets have decreased in mass. 

Data from NASA’s gravity recovery and climate experiment show that Greenland lost 

150 to 250 cubic kilometres of ice per year between 2002 and 2006, while Antarctica lost 

about 152 cubic kilometres of ice between 2002 and 2005. 

5. Glacial retreat: Glaciers are retreating almost everywhere around the world, including in 

the Alps, Himalayas, Andes, Rockies, Alaska and Africa. 

6. Decrease in snow cover: Satellite observations reveal that the amount of spring snow 

cover in the Northern Hemisphere has decreased over the past decades and that the snow 

is melting earlier. 

 

 

• Explain climate change. 

• List down the impacts of climate change. 

• Use phenological observations to understand climate 

change.   
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Causes of Climate Change 

The environment by itself is stable due to ecological balance in nature. The degradation of the 

environment occurs as people tend to carry out excessive exploitation and unscientific 

management of natural resources in the craving for fast materialistic development. For example, 

a catastrophic and misguided interference with nature resulted in the ‘dust bowls’ that hit North 

America in the 1930s. The fertile soil seemed ideal for intensive agriculture, but a combination 

of deep ploughing and a lack of crop rotation weakened the soil structure. So, the main 

anthropogenic activities that lead to the alteration of the composition of atmosphere, resulting in 

climate change are:  

1. Burning of Fossil Fuel: Since the industrial revolution began, there has been extensive 

combustion of fossil fuels such as coal, oil and natural gas to run factories, cars, and 

produce electricity. For instance, every year, industries across the globe release billion 

tons of carbon dioxide into the atmosphere. 

2. Vehicular Emissions: Globally, about 33 percent of the carbon dioxide is released from 

the automobiles. On an average, for each liter of petroleum fuel a vehicle burns, 2.3 

kilogram of carbon dioxide is emitted into the atmosphere. 

3. Farming and Agriculture: Carbon dioxide, nitrous oxide and methane are produced 

from farming and agriculture activities. Carbon dioxide is produced through various 

agricultural practices like tillage and farm machinery use. Use of nitrogenous fertilizers 

can lead to increase in the levels of nitrous oxide in the atmosphere. Livestock farming 

accounts for an extensive amount of the world’s methane emissions in the atmosphere. 

1. What are some of the anthropogenic activities in your locality that you see as potential 

contributors of climate change? 

2. Climate change can also happen due to natural factors. What are some of the natural 

factors that might cause climate? 

3. Write a short note on the migration status of your locality and how it is impacting the 

environment. 

4. Explain the term biophilia.  

Impacts of Climate Change on: 

a. Ecosystem and biodiversity 

Climate forms an indispensable part of an ecosystem, and any variation in the climate has the 

potential to change the structure and function of an ecosystem. Increase in global temperature, 

for instance, can change the terrestrial ecosystems altogether. This may force species to shift 

their habitat range. For example, snow leopards (Panthera uncia) typically inhabit the area 

between the tree line and the permanent snow line. However, the increase in the temperature has 
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forced the animals to move further up the mountain slopes, endangering the snow leopards due to 

scarcity of food. 

b. Water resources 

Water is basic needs of all life forms. For many countries, it is also the source of the economy. 

The climate change due to increase in temperature causes water to evaporate from water bodies. 

Streams and lakes start to dry resulting in lesser outflow of water. 

c. Agriculture productivity and food security 

Climate change can make environmental condition favourable for the growth and reproduction of 

pests and pathogens. The outbreak of pests and pathogens affects the agricultural productivity 

and reduces food security of the nation. Besides, an increase in the average temperature of the 

atmosphere has immense impacts on crops production and productivity. 

d. Human lives 

Human societies depend on ecosystems for the natural, cultural, spiritual, recreational and 

aesthetic resources. Consequently, impacts of climate change on health conditions are both direct 

and indirect. Direct impacts are related to weather conditions such as heat and cold waves and 

flash floods. Indirect health impacts can arise from crop failures, conflicts, hunger, malnutrition 

and spread of infectious diseases due to changing environmental conditions. Some of the existing 

health issues and potential future health hazards from global warming and climate change are 

vector-borne diseases, water-borne diseases, respiratory diseases and malnutrition. 

 

Figure: Impacts of climate change. 

Source: http://thebritishgeographer.weebly.com/the-impacts-of-climate-change1.html 

http://thebritishgeographer.weebly.com/the-impacts-of-climate-change1.html
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1. Conduct an interview with your parents or any elderly people in your family to understand 

how climate system in your locality has changed over past decades. 

Phenology  

It is the study of recurring seasonal life cycle of plants and animals and its relationship with 

environment. It is increasingly being used as a tool to study the impact of climate change on 

plants and animals. Across the globe, phenology has been used as an indicator of climate change.  

Phenology, as an indicator, shows the state of environmental conditions at a given period of time 

for a specific area. Changes in phenological events of plants and animals are among the most 

sensitive ecological response to climate change. Therefore, phenology is also called, ‘globally 

coherent fingerprint of climate change’. Monitoring of such events provides a first-hand insight 

into the impact of climate change on biodiversity and its impact on plants and animals. 

Phenology observation and recording  

Phenology observation and recording is powerful way of learning about the environment and its 

changes. It plays a vital role in understanding how climate change impacts plants and animals. 

Phenological events of plants can be observed using various methods. Depending on objectives 

and scale of investigation, it can be carried out in ways as listed. 

1. Single species and population observation 

Phenology observation and monitoring can be made on single species of plants or animals. 

Single species observation can be done if the objective is to understand phenological events of a 

species in detail. On the contrary, in population observation, the events of the entire population is 

observed and monitored to study the phenological events of the entire species and how they 

interact with each other. 

2.  Status and event observation 

i. Status observation: In status phenology 

observation, observers visit the site 

regularly to observe phenological stages of 

plants and animals. Life stages, or 

phenophases, are reported as a series of 

yes or no questions in the observing or 

reporting form as shown in the Table. 

ii. Event observation: Event observation 

entails observing the occurrence of 

particular event of plant phenophases, or 

life cycle such as first onset of leaf, flower or migration of birds. The observation of life 
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cycle event using event-based approach results in one data record compared to the multiple 

data records for the same event observed with the status monitoring approach. 

3. Hands-on and satellite-based observation 

Hands-on phenology observation entails visiting the plants or sites and physically carrying out 

the observation at a specific site. Whereas, satellite-based monitoring entails observing the 

phenology of the entire landscape from satellite and deriving the information through a satellite 

image interpretation. 

1. Study the Figure given below and answer the questions that follow. The diagram 'A' 

represents life cycle of a bee and the diagram 'B' represents life cycle of a peach tree. 

 

 

 

 

 

 

 

 

 

 

 

i. Fill in blanks. 

A: Life cycle of a bee:                              B: Life cycle of a peach tree 

1...........          1............ 

2...........          2............ 

3...........          3............ 

4...........          4............ 

                 5............       

ii. How does the delay of phenophase of the bee affect the life cycle of the peach tree? 

iii. What are the factors that influence the phenophases in this example?  

iv. What does an area of overlap of two circles, A and B represent? 

 

 ACTIVITY 3 

Figure: Phenophases of Bee and Peach 

A 

2 

5 
1 

4 

B 

3 

2 

5 

1 

3 
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 Climate change can happen due to anthropogenic factors and natural factors. 

 There are various impacts due to climate change. 

 Phenology is the study of recurring seasonal life cycle of plants and animals and its 

relationship with environment. 

 Phenology helps in understanding climate change. 

Answer the following questions in your notebook.  

1. List down some of the impacts due to climate change in Bhutan. 

2. What are some of mitigation measures you will adopt to reduce climate change? 

3. State the importance of phenology in understanding climate change. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Summary 

 

Self-check for Learning 
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3.5 Hazard Types, Causes and Disaster 

Introduction 

Disaster 

Disaster implies a sudden and overwhelming and unforeseen event that has an impact on human 

lives and the environment. It is the result of different hazards that are of various natures such as 

geophysical, hydrological, climatologically, biological and others. It has significant impacts on 

human life causing loss of properties, injuries and even the loss of lives, disruption in transport 

and network communication, destruction of social service facilities and damage to the 

environment. 

Damages caused by a disaster can be effectively contained if there is a systematic effort to 

reduce exposure to hazards; potential hazard monitoring equipment is installed; preparedness 

capacity of the community is developed; and effective management and early warning system is 

in place. The early warning system is one of the important components of the system to reduce 

the risk from various hazards. It is used to forecast, transmit and disseminate the warnings of 

potential hazards. 

The impact of natural or man-made hazard which causes environmental loss, increased mortality, 

illness or injury, and disruption to livelihood of the people living in the vulnerable area is called 

disaster. A disaster occurs when a hazard occurs in vulnerable community. The combination of 

hazards, vulnerability and the capacity to reduce the potential negative consequence of disaster 

determines the risk. 

A. Hazard 

Hazard is a potential source of damage that may pose threat to life, health, environment or 

property to the extent of causing a disaster. Hazards can be either natural hazards or man-made 

hazards. 

 

 

 

 

 

 

• Define disaster. 

• List the types of hazards and their causes. 

• Explain common hazards and disasters that Bhutan is 

vulnerable to. 

Natural Hazards 

Earthquakes, volcanic eruptions, cyclones, floods, 

landslides, avalanches, storms and tsunamis. 

Man-made Hazards 

Pollution, global warming, degraded 

environment and nuclear radiations. 

Hazard 
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Not all hazards may result in disaster. Hazards are termed disasters when they occur in heavily 

inhabited areas causing heavy loss of lives and properties, and vast damages to environment that 

exceed the ability of the community to cope with its own resources. However, if these hazards 

take place in an area that is desolate without any harm to lives, property and hence, it is not 

termed as a disaster. 

B. Types of Hazards 

a. Geophysical Hazards 

These are hazards brought about by the physical processes in the Earth’s crust. They include the 

following: 

i. Earthquake 

Earthquakes are caused due to the sudden release of accumulated stress around the faults in the 

Earth’s crust. Stresses build up on both sides of a fault because of the continuous tectonic plate 

motion. When the stress between the tectonic plates becomes high, the rock layer in the Earth 

crust is displaced accompanied by release of energy in the form of wave causing tremors. An 

earthquake usually lasts for a minute but aftershocks can be felt for many days. The level of 

damage caused depends on many factors such as the magnitude, depth of the earthquake (focal 

depth), and vulnerability of the structures and their distance from the earthquake’s origin 

(epicenter).  

ii. Volcano 

Volcano is the eruption of molten lava, rock fragments, hot vapour, ash, and gases through a 

crater or vent of a mountain or a hill. Volcanoes are generally found where tectonic plates are 

diverging or converging. Magma is generated at converging plate boundaries where subduction 

occurs. The sinking plate melts as the plate descends into the asthenosphere. This generates 

magma, which rises through the other plate to form volcanoes. As magma travels through the 

Earth mantle, more magma is generated due to the further melting of plates. 

b. Hydro-meteorological Hazards 

They are potential threats posed by hydrological phenomena in the form of flood, tsunami, and 

cyclone affecting the lives and the environment. 

i. Flood 

Flood is the inundation of a normally dry area due to the rising water in an existing waterway, 

such as a river, stream, or sea due to torrential rain, storm, and melting snow, or volcanic 

eruption in the sea and earthquake. Flooding is a longer-term event than flash flooding. It may 

last days or weeks whereas, flash flood is a short-term event caused by heavy or excessive 

rainfall. 

Flash floods are usually characterized by raging torrents after heavy rains that rip through river 

beds, urban streets, or mountain canyons sweeping everything before them. Flash floods are 

sudden and unpredictable. Therefore, if it occurs in the vulnerable communities, it is far more 



  SELF-INSTRUCTIONAL MATERIALS 
 

 
329       Arts-Environmental Science-Classes XI&XII  
 

devastating than the normal food. Flash floods can also occur due to bursting of dams and 

outburst of glacial lakes.  

iii. Landslides 

Landslide is a sliding movement of mass of soil, rocks and debris down a slope, mainly due to 

increase in water content in the landmass. Landslides can be triggered by both natural and man-

induced changes in the environment. It can be due to intensive deforestation on steep slopes, 

construction of roads and other structures without proper planning making land vulnerable to 

landslides. It can also be triggered due to weaknesses in the composition or structure of the rock 

or soil, topography of the land, heavy rainfall, and seismic and volcanic activities.  

iv. Avalanche 

An avalanche is a sudden mass movement of snow and ice down a mountainside. An avalanche 

occurs when the load that the mountain can hold exceeds its limit. However, a single event or a 

trigger is usually needed to kick start the process, such as earthquakes or tremors, a sudden 

increase in snowfall, skiers stepping onto the fragile snowpack, snow vehicles causing 

vibrations, or high velocity winds. 

v. Tsunamis 

A tsunami is a series of massive sea waves generated by sudden undersea tectonic plate 

movement or earthquake, or even volcanic activities. Tsunami propagates across thousands of 

kilometers over the ocean and smashes onto coastal land with powerful high waves causing 

devastating impacts on lives. 

vi. Cyclones 

Cyclone, hurricane and typhoon are different names for the same phenomenon. Cyclone is a 

large-scale air mass that rotates around a center of low pressure. Cyclones circulate in anti-

clockwise in the Northern Hemisphere and in clockwise direction in the Southern Hemisphere. 

Cyclones are storms formed when the temperature of the sea water rises above 26 degree 

Celsius. The warm moist air evaporates from the surface of the sea creating an area of low 

pressure. The surrounding air rushes in to fill the low-pressure area but because of the spinning 

of the Earth, the air is bent inward which then spirals upwards with a great force. As the warm 

moist air rises, condensation takes place forming a massive cumulus cloud. The heat released 

during condensation further lowers the pressure and strengthens the force and amount of the air 

rushing in, speeding up the rate of rotation. This forms a huge circle of moisture loaded cumulus 

clouds spinning at a very high speed with a calm cloudless centre called “eye’. These storm 

systems can result in severe thunderstorms, violent winds, heavy flooding, and devastating 

waves. 

c. Climatological Hazards 

Stable climatic condition is essential for healthy vegetation, adequate water supply, food for 

livelihoods. Extreme changes in climatic over a long period of time can result in drought, floods, 

and even wildfires. 
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i. Droughts 

Drought is an extreme climatic event characterized by below normal precipitation over a period 

of months or years. Hot dry winds, shortage of water, high temperatures and high rate of 

evapotranspiration due to climate change can contribute to drought. It led to severe water 

shortage, drop in crop yield, food supply, and decline in thousands of livestock and its 

productivity due to dramatic shortage of water and fodder. The change in food production 

situation has a deep impact on the world food prices. The abnormal shortage of water adversely 

affects ecosystem services, employment, migration and health and hygiene of communities. 

ii. Wildfire 

It is the fierce fire that spreads rapidly, destroying vegetation and animal species. Wildfires are 

caused by lightning or by humans either deliberately or due to their negligence. Wildfire leads to 

environmental changes such as vegetation and ground cover, air quality, alteration of soil 

properties and disturbance of hillside stability. These changes brought about due to the wildfire 

can directly or indirectly have hazardous impact on the lives of people, properties and the 

environment. 

iii. Heat waves 

A heat wave is a prolonged period of excessively high temperature which is usually accompanied 

by high humidity. It is measured relative to the usual temperatures of the area. It occurs when 

air pressure rises at a height of about 10,000 to 25,000 feet above the ground and blocks the 

warm air rising from the ground. At this level, the warm air cools and becomes dense. This cold 

dense air acts as a dome, capping the atmosphere and trapping heat instead of allowing it to light. 

Without the light there is little or no convection, which minimizes the chances of rain. Instead, 

there is excessive increase in temperature and build-up of moisture. If this situation persists for a 

longer period, it results in heat waves. 

d. Biological Hazard 

Biological hazard is the devastating effect caused by an extensive spread of disease, virus, and 

sudden growth in the population of certain kinds of plants, animals or insects. Biological 

disasters may be epidemic or pandemic. Epidemic is an outbreak of disease like cholera, plague, 

etc. that spreads very quickly affecting a large number of individuals within the population, 

community or region at the same time. On the other hand, pandemic is a widespread epidemic 

that spreads across a continent or even worldwide. For example, the spread of AIDS, swine flu, 

etc. 

e. Extra-terrestrial Hazard 

Celestial bodies such as asteroids, meteoroids, and comets sometimes fall on the Earth’s surface 

with tremendous force. Such an impact has the potential to cause catastrophic effects on human 

and environment. This is termed as extra-terrestrial hazard. The extra-terrestrial hazards can lead 

to disasters on the land, which depend on the sizes of the celestial bodies reaching the Earth. The 

heat emitted during the impact with the Earth’s surface causes serious damages to the 
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environment. In addition, the collision can cause earthquakes, tsunami, wildfires, and very 

visibility due to dust and soot.  

f. Man-made Hazard 

The advancement in technologies and industrialization has increased the number of structures 

such as tall buildings, dams, oil and chemical factories, and nuclear power plants. Some of these 

hazards have a long-lasting impact on life and the environment including the biogeochemical 

cycle of the Earth. For example, industrial hazard and war. 

 

1. Maintain Environmental Profile by writing about any hazard and disaster that are 

common in your locality or in Bhutan. Refer textbook for further details in writing 

Environmental Profile. 

• Hazards are termed disasters when they occur in heavily inhabited areas causing heavy 

loss of lives and properties. 

• Damages caused by a disaster can be effectively contained if there is a systematic effort 

to reduce exposure to hazards; potential hazard monitoring equipment is installed; 

preparedness capacity of the community is developed; and effective management and 

early warning system is in place. 

• Biological hazard is the devastating effect caused by an extensive spread of disease, 

virus, and sudden growth in population of certain kind of plants, animals or insects 

Answer the following question in your notebook.  

1. Write down the impacts of disaster on: 

a) Socio-economic structure 

b) Environment.  

2. Select one of the common hazards in Bhutan. Write down some of the ways to mitigate it. 

3. Some of the hazards have a long-lasting impact on the biogeochemical cycle of the Earth. 

Describe one example of such impact. 

 

 

 

 

 

 ACTIVITY 1 

 Summary 

 

 Self-check for Learning 
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3.6 Natural Resources Degradation 

Introduction 

Natural resources are resources that exist (on the planet) independent of human actions. 

These are the resources that are found in the environment and are developed without the 

intervention of humans. Common examples of natural resources include air, sunlight, water, soil, 

stone, plants, animals and fossil fuels. 

The natural resources are naturally occurring materials that are useful to man or could be useful 

under conceivable technological, economic or social circumstances or supplies drawn from the 

earth such as food, building and clothing materials, fertilizers, metals, water, and geothermal 

power.  

Some of the important Natural Resources are: 

1. Air: Clean air is important for all the plants, animals, humans to survive on this planet. 

So it is necessary to take measures to reduce air pollution. 

2. Water: 70% of the Earth is covered in water and only 2 % of that is freshwater. Initiative 

to educate and regulate the use of water should be taken. 

3. Soil: Soil is composed of various particles and nutrients. It helps plants grow. 

4. Iron: It is made from silica and is used to build strong weapons, transportation and 

buildings 

5. Forests: As the population increases, the demand for housing and construction projects 

also increases. Forests provide clean air and preserve the ecology of the world. 

Types of Natural Resources 

Based on the availability, there are two types of natural resources: 

1. Renewable: resources that are available in infinite quantity and can be used repeatedly 

are called renewable resources. Examples include forest, wind, water, etc. 

2. Non-Renewable: resources that are limited in abundance due to their non-renewable 

nature and whose availability may run out in the future are called non-renewable 

resources. Examples include fossil fuels, minerals, etc. 

 

 

• Define natural resources. 

• Explain the factors that cause over-exploitation of natural 

resources.  
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Differences between Renewable and Non-Renewable Resources 

Renewable resource Non-renewable resource 

It can be renewed as it is available in 

infinite quantity 

Once completely consumed, it cannot be 

renewed due to limited stock 

Sustainable in nature Exhaustible in nature 

Low cost and environment-friendly High cost and less environment-friendly 

Replenish quickly Replenish slowly or do not replenish naturally at 

all 

1. List down some of the renewable and non-renewable natural resources that are being 

used by the people in your locality. 

Overexploitation of Natural Resources 

The exploitation of natural resources at a rate faster than its rate of regeneration resulting in 

degradation or depletion of the resources is termed as overexploitation of natural resources. Over 

harvesting of wild species, unsustainable hunting, fishing and logging, and illegal trade of plants 

and animals are some examples of overexploitation. Overexploitation occurs as a result of direct 

and indirect exploitation. The causes of direct exploitation of natural resources include 

commercial activities such as logging operations or trading of endangered species, mining, etc. 

Indirect exploitation is the occurrence of unintentional exploitation during the process of direct 

exploitation. For example, mining is the direct exploitation of natural resources; destruction of 

vast areas of forest cover in the process of mining is the indirect exploitation of natural 

resources.  

Overexploitation of natural resources results in intensive land degradation, floods, drought, 

desertification, extinction of species and disturbances to the stability of an ecosystem. Some of 

the practices which lead to improper resource utilization resulting in their degradation. 

1. Pollution: Pollution, in whatever form, whether it is air, water, land or noise is harmful for 

the environment. Air pollution pollutes the air that we breathe which causes health issues. 

Water pollution degrades the quality of water that we use for drinking purposes. Land 

pollution results in degradation of earth’s surface as a result of human activities.  

2. Overpopulation: Rapid population growth puts strain on natural resources which results in 

degradation of our environment. Mortality rate has gone down due to better medical 

facilities which have resulted in increased lifespan. More population simply means more 

demand for food, clothes and shelter. You need more space to grow food and provide 

homes to millions of people. This results in degradation of natural resources. 
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3. Deforestation: Deforestation is the cutting down of trees to make way for more homes and 

industries. Rapid growth in population and urban sprawl are two of the major causes of 

deforestation. Apart from that, use of forest land for agriculture, animal grazing, harvest for 

fuel wood, forest fire and logging are some of the other causes of deforestation. 

Deforestation contributes to global warming as decreased forest size puts carbon back into 

the environment. 

4. Extensive farming: Activities such as deep ploughing, over-cultivation 

for crop production, lack of crop rotation, improper surface drainage, monoculture, 

excessive use of fertilizers and use of heavy machineries cause degradation of soil and 

other natural resources. These activities drastically affect the soil fertility and render it 

useless. In the extreme cases, it may leave patches of land dry and increasingly arid, losing 

its wildlife and vegetation over time. This is known as desertification and is one of the most 

common environmental problems gripping the world today. 

5. Natural Causes: Things like avalanches, quakes, tidal waves, storms and wildfires can 

totally crush nearby animal and plant groups to the point where they can no longer survive 

in those areas. This can either come to fruition through physical demolition as the result of 

a specific disaster, or by the long-term degradation of assets by the presentation of an 

obtrusive foreign species to the environment.  

1. The figure below shows the impacts due to over exploitation of natural resources. 

Understand each of the impacts and answer the questions that follow. 

 

 

 

 

 

 

i. How do you think that over exploitation of natural resources will impact in losing culture 

in the community? 

ii. For Bhutan, how over exploitation of forest resources will bring negative impacts on the 

economy of the country. 

iii. State one example of impacts on human health due to over exploitation of natural 

resources. 

IMPACT

S 

Human Health 

Loss of Culture 

Loss of Biodiversity 

Loss of Tourism Industry 

Economic impact Climate Change 

Ozone layer depletion 

 ACTIVITY 1 
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In a balanced ecosystem, there is harmonious interaction and symbiotic relationship among the 

species. The availability of food, water and shelter in the ecosystem determines the carrying 

capacity of a particular ecosystem.  The carrying capacity is the number of organisms which a 

particular habitat can support without disrupting the balance in the ecosystem. The carrying 

capacity varies over time in response to the availability of food, water, shelter and environmental 

factors like temperature, precipitation, soil composition, pH, humidity, and salinity. 

Overexploitation of natural resources results in a dramatic decline in the carrying capacity of an 

ecosystem. Therefore, a decline in carrying capacity is an indication of overexploitation. For 

example, if an animal species declines due to extraction of resources from the forest, it indicates 

that the forest is overexploited. 

 Natural Resources are naturally occurring materials that are useful to man. 

 Natural Resources can be categorized into renewable and non-renewable based on 

availability. 

 Degradation of natural resources has many impacts. 

 The carrying capacity varies over time in response to the availability of food, water, 

shelter and environmental factors like temperature, precipitation, soil composition, pH, 

humidity, and salinity. 

Answer the following questions in your notebook.  

1. What are the key natural resources? 

2. How do humans depend on natural resources? 

3. Which natural resources are most over exploited in your locality? 

4. What are foreseeable impacts you see in your locality due to over exploitation of natural 

resources? 

 

 

 Summary 

 

 Self-check for Learning 
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3.7 Disaster Management 

Introduction 

Disaster Management 

Our Earth’s system by itself is stable due to the balancing nature of the environment. However, 

with the changing time environment experiences different forms of changes due to natural 

phenomenon and anthropogenic activities. These factors lead to occurrence of different forms of 

disaster.  Generally, natural disasters are caused by hydro-meteorological events like cyclones, 

thunderstorms, hailstorms, blizzards, heavy snowfall, etc. Climatological disasters are events 

caused by extreme temperature like heat waves, cold waves, drought and wildfires. Geophysical 

disasters are caused by earthquakes, landslides, tsunamis and volcanic activity. Biological 

disasters are either epidemic or pandemic such as plague, COVID-19, AIDS, Ebola, H1N1, 

potato blight, rice blast, etc. that may wipe out the whole species of a community. 

The impending natural disaster cannot be prevented but measures can be taken to minimize the 

possible risks by adopting proper disaster management like disaster mitigation strategies, early 

warning systems, first aid services and rehabilitation after the disaster. 

Disaster management is a systematic plan which requires tools and professionals for monitoring 

and predicting different types of natural calamities. It also includes minimizing by following 

proper disaster risk reduction (DRR) procedures.   

Disaster Monitoring Tools 

Disaster monitoring tools include early warning systems for disasters such as Global Positioning 

System (GPS), Seismograph, creep meter and other technologies. The early warning system is 

the provision of timely and effective information that facilitates individuals exposed to hazard to 

prepare for effective response. 

Disaster Risk Reduction (DRR) 

The geo-physical location of Bhutan makes it one of the most seismically active regions in the 

world. The strong earthquake on 21 September 2009, the most devastating in Bhutan's recent 

history, killed 12 people and damaged a large number of houses, public buildings, and cultural 

and religious monuments. Climate change is causing glaciers to recede forming glacial lakes.  

• Discuss the instruments and technological innovations that 

help to reduce disaster. 

• Explain the process of disaster risk management. 

• Understand the importance of having a Family Emergency. 

Plan for disaster. 
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Some of the glacial lakes have high potential to outburst that results in glacial lake outburst flood 

(GLOF).  

DRR is a systematic approach to identify, assess and reduce the risks of disaster. It aims to 

minimize the vulnerabilities, avoid or limit the adverse impacts of hazards on people and 

properties. The identification of risks and preparing a disaster risk map as in DRR, is one of the 

ways of reducing the impacts of disaster. One of the components of DRR is to develop and 

maintain a disaster risk map. A good risk map will clearly mark the risk area and community 

resources with clear symbols, which is informative and easy to read.   

1. Ask for information from elderly people to find out any significant dangers your 

community has faced in the past, or would face in future. You may ask what disasters have 

taken place in this area. What happened? When did it happen? What did people do?  

2. Prepare a risk map by following the instructions given below. 

a. Using the information, draw a risk map for the community or your school. You may 

include 

i. School (Academic blocks, MP hall, Toilets, Hostels, Staff quarters) 

ii. Hospital/BHU 

iii. Police station 

iv. Army Camp 

v. Fire station 

vi. Town 

vii. Electricity sub-stations 

viii. Factories 

ix. Houses 

x. Water tanks 

b. Draw a different symbol for each kind of building to differentiate them. Identify all the 

roads, rivers, electricity lines, water supply and sewage systems and waste dumps. 

Provide a legend for your map. 

c. Identify the high, moderate and low risk areas and shade them in different colours.  

d. Indicate areas for safe evacuation and help centres on the map. 

e. Mark the route with clear directions for entry and exit during the disastrous event. 

Disaster Risk Management 

Disaster risk management involves the systematic process of using administrative decisions, 

operational skills and capacities to implement policies. It also consists of strategies and coping 

capacities of the society to lessen the impacts of natural hazards and technological disasters. 

Some of the strategies to of disaster risk management are: 

 

 

 ACTIVITY 1 
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a. Disaster mitigation  

Mitigation focusses on long term measures for reducing the risk and impact of a hazard or 

disaster. These activities are designed to reduce the risk of loss of life and injury with good 

evacuation plans, environmental planning, and standard structural designs. For example, 

improving the quality of structures of schools, houses and other buildings minimize the risk 

during a disaster.  

b. Disaster preparedness 

During the preparedness phase, governments, organizations, and individuals develop plans to 

save lives, minimize disaster damage, and enhance disaster response operations. Preparedness 

measures include preparedness plans, emergency exercises/training, warning systems, 

emergency communications systems, evacuations plan and training, resource inventories, 

emergency personnel/contact lists, and public information/education. Preparedness actions 

depend on the incorporation of appropriate measures in national and dzongkhag development 

plans.  

c. Disaster relief 

This is a coordinated multi-agency response and recovery phase to reduce the impact of disaster. 

Relief activities include rescue, relocation, providing food and water, preventing disease 

outbreak, and disability. It also includes restoring vital services, such as telecommunications and 

transport, providing temporary shelter and emergency health care.  Relief activities occur during 

the emergency phase, which follows the impact of the disaster. The focus in the response phase 

is on meeting the basic needs of the people until more permanent and sustainable solutions can 

be found. Humanitarian organizations are actively involved in this phase of the disaster 

management cycle.  This phase leads into the reconstruction (rehabilitation) phase.      

d. Disaster rehabilitation 

Once emergency needs have been met and the initial crisis is over, people and communities 

affected need support as they are still vulnerable. Post disaster activities continue until all 

systems return to normal or better. Rehabilitation includes temporary housing, public 

information, health and safety education, reconstruction, counselling programs, and economic 

impact studies. During this phase, the lessons learned are applied to mitigate or prevent the 

effects of future recurrence of disaster.   

e. Emergency plan 

Emergency plan is the systematic procedures that clearly detail what needs to be done, how, 

when, and by whom before and after the time an anticipated disastrous event occurs.  It helps the 

communities to reduce hazards, loss of life, property and harm to the environment. 
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1. Use the check list given in the Table to find whether your neighbors have a family disaster 

plan. Interview one of the family members. Advocate the importance of having a Family 

Emergency Plan. 

 Assessment and planning Y

e

s  

N

o 
1.  

We hold a family disaster planning meeting every 6 months. We identify our 

risks and use this checklist for our planning. 

  

2.  We identified exits and alternative exits from our house and building.   

3.  

We searched for and identified hazards in our home (e.g., furniture or 

equipment that can fall or slide during earthquake or flood) and our 

environment (e.g., hazardous materials sites). 

  

4.  We know our emergency persons contact number(s). It is ………….   

5.  
We know that we will only use the telephone in case of physical emergency 

after a disaster.  

  

6.  

We know where we would reunite  

Inside the house: ……………….…                                                                                                                  

Outside the house: …………………....                                                                                                               

  

7.  
We made our copies of important documents, and key addresses and phone 

numbers. We keep one in our evacuation bag. 

  

8.  We participate in emergency planning with our community.   

9.  We make our expectations known to local, regional and national policy 

makers. 

  

Physical protection   

1.  

For earthquake: We have fastened tall and heavy furniture, appliances, large 

electronics, lighting fixtures and other items on the wall which otherwise 

could kill us or our children. 

For storm: We have shutters or similar window protection. 

For flood: We have retention wall, good drainage systems 

  

2.  
We know never to light a match, lighter, or any other flame after an 

earthquake until we are sure there is no danger of escaping gas anywhere 

around. 

  

3.  

Our building has been designed and built according to seismic, wind or flood 

codes, or it has been inspected by a qualified engineer, and required repair or 

retrofit has been completed. 

  

4.  We maintain our building, protecting it from damp, and damage. 
  

 ACTIVITY 2 
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5.  We have a fire extinguisher and maintain it once a year.   

6.  
We have secured family heirlooms and items of cultural value that could be 

lost to future generations. 

  

7.  
We have limited, isolated, and secured any hazardous materials to prevent spill 

or release. 

  

8.  

We keep shoes and flashlights with fresh batteries, by our beds.  

For flood: We keep flotation device or life-jacket on the highest floor in the 

building.  

For fire: We have cleared away fire hazards from around our home.  

For water and debris flow, we have created channels and are prepared to make 

sandbags. 

  

9.  
We have protected ourselves from glass breaking with heavy curtains, window 

film or shutters. 

  

10.  We consciously reduce, reuse and recycle.   

Response capacity: Skills and supplies 

1.  We know how to use a fire extinguisher.   

2.  We know how to turn off our electricity, water and gas.   

3.  

For advanced warning: We understand early warning systems and know how to 

respond.  

For earthquake:  We have practiced «duck, cover and hold» and identified safest 

places.  

  

4.  

We have gathered survival supplies in our home and made up evacuation bags 

for our home and car. (including 5 litres of water per person per day and 

food for 3 days, prescription medications, water, high energy food, flashlight, 

battery, first aid kit, cash, change of clothing, toiletries and special provisions 

we need for ourselves, including elderly, physically challenged, small children, 

and animals.). 

  

5.  
We know principles of incident command systems or similar standard 

emergency management system for organizing post-disaster self-help in our 

community. 

  

6.  
We have learned first aid, light search and rescue, fire suppression, wireless 

communication, swimming, or community disaster volunteer skills. 
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• Disaster management is a systematic plan which requires tools and professionals for 

monitoring and predicting different types of natural calamities. 

• The early warning system is the provision of timely and effective information that 

facilitates individuals exposed to hazard to prepare for effective response. 

• The identification of risks and preparing a disaster risk map as in DRR, is one of the ways 

of reducing the impacts of disaster. 

• Mitigation focusses on long term measures for reducing the risk and impact of a hazard 

or disaster. 

Answer the following the questions in your notebook. 

1. Explain Disaster Risk Reduction process. 

2. Differentiate between disaster mitigation and disaster relief. 

3. Why is it important to have a Family Emergency Plan for disaster? 
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3.8 Biodiversity Conservation 

 

Introduction 

Biodiversity Conservation 

Biodiversity loss has various consequences on the environment and humans. It is critical to 

ensure the sustainability of the ecosystem and the overall ecological health of the Earth. 

Conservation of biodiversity is a process of protection of biodiversity through scientific 

management methods. The urgency in the conservation of biodiversity in Bhutan is expressed 

through the adoption of Gross National Happiness (GNH) as the national development 

philosophy. Environmental conservation is one of the four pillars of Gross National Happiness to 

ensure that socio-economic development is not at the peril of the environment.  

Globally, conservation efforts include in-situ and ex-situ conservation approaches. The general 

biodiversity conservation initiatives through in-situ and ex-situ conservation approaches are 

illustrated in the Figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Explain in-situ conservation and ex-situ conservation. 

• Describe conservation initiatives in Bhutan.  

• Analyse the government laws and policies on Conservation 

Plan for disaster. 
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Types of Biodiversity Conservation 

a. In-situ conservation 

In-situ conservation is a strategy of conserving flora and fauna in their natural habitats. It is the 

protection and management of biological diversity through a network of protected areas in their 

natural habitats. This includes the protection of total ecosystems in the form of National Parks, 

Wildlife Sanctuaries, Strict Nature Reserves, Biological corridors, declaring forests and lakes as 

sacred. 

i. National Parks 

A national park is a large area of land used for conservation purposes in its natural state. The 

International Union for Conservation of Nature (IUCN) defines national park as, “large natural 

or near natural areas set aside to protect large scale ecological processes, along with the 

complement of species and ecosystems characteristic of the area, which also provide a 

foundation for environmentally and culturally compatible spiritual, scientific, educational, 

recreational and visitor opportunities.”  In Bhutan, the national parks are Wangchuck Centennial 

Park, Royal Manas National Park, Jigme Dorji Wangchuck National Park, Jigme Singye 

Wangchuck National Park (Black Mountain Park) and Thrumshingla National Parks covering 

about 12,282 square kilometre. 

ii. Wildlife Sanctuaries 

An area of land managed to conserve wildlife is called wildlife sanctuaries. In such areas, other 

activities like collection of forest products, harvesting of timber, private ownerships of land and 

tilling of lands are permitted as long as they do not interfere with the wellbeing of animals. 

Bumdeling Wildlife Sanctuary, Sakteng Wildlife sanctuary, Phibsoo Wildlife sanctuary and 

Khaling wildlife sanctuary cover more than 2500 sq. km area. 

iii. Strict Nature Reserves 

The IUCN defines strict nature reserve as ‘strictly protected areas set aside to protect biodiversity 

and also possibly geological or geomorphological features, where human visitation, use and 

impacts are strictly controlled and limited to ensure the protection of conservation values.’ 

The Jigme Khesar Strict Nature Reserve covering an area of 644 square kilometre in Haa and 

Samtse region is the only strict reserve area in Bhutan. It protects temperate forests of the 

country from broad leaf to alpine meadows and small lakes. Jigme Khesar Strict Nature Reserve, 

according to the Red List of threatened species of 2010 of IUCN, protects endangered and 

vulnerable species such as snow leopard, clouded leopard, red panda, Asiatic Black Bear, Golden 

Cat, leopard cat, musk deer, serow, takin, wild dog and Assamese macaque. It is the only 

protected area without permanent human residents, except for a few yak herding nomads. 
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iv. Biological corridor 

Biological corridors connect all the protected areas into a single uninterrupted area. The corridors 

act as a reliable, cost effective strategy to conserve metapopulations of wide-ranging species, 

promote migration and gene flow for all species, and allow species to adapt to changing climate 

and environment. For instance, Bhutan has nine corridors connecting the national parks, 

sanctuaries and wildlife reserves.  

1. Draw a map of Bhutan showing all the National Parks, Sanctuaries and Biological 

corridors. 

2. How establishment of biological corridors will contribute to biodiversity conservation? 

b. Ex-situ Conservation 

The conservation strategy in which threatened or endangered species of plants and animals are 

reared and preserved outside their natural habitats is called ex-situ conservation. Ex-situ 

conservation of wild varieties of domesticated crops provides great opportunities to plant 

breeders and genetic engineers to transfer desired traits in high yielding varieties. It is the source 

of genetic material for reintroduction to the wild and for future breeding programmes of   

domestic species. The ex-situ conservation can be achieved by the following establishments: 

i. On site collection 

This includes development of biodiversity conservation centres, botanical or zoological gardens 

and aquariums. The Royal Botanical Garden, the National Herbarium at the Forest Research 

Division in Taba, Gharial Conservation program at Phuntsholing, and Takin preservation at 

Motithang are some examples of onsite collection establishment. These facilities are used for 

recovery programmes of indigenous practices and diversity of flora and fauna. 

They are also used for research and educational purposes. They are useful to educate people 

about the threatened status of species and factors that cause threats to biodiversity. 

ii. Gene bank 

Gene Bank is an institute that collects and stores genetic materials of flora and fauna. Genetic 

materials of animals are preserved for reproduction, genetic engineering and preservation of 

threatened species. Similarly, tissues and vegetative parts of all native species and varieties of 

crops are stored for sustainable use and food security. Seed gene bank is one of the effective 

institutions in preserving a variety of native seeds. For example, the Royal Bhutan Gene Bank 

was established to conserve germplasm of traditional crop varieties native to Bhutan. In the seed 

gene bank, fresh seeds are dehydrated and then stored in special rooms under anaerobic 

conditions at a low temperature of - 10°C to -20°C. At these low temperatures, the rate of 

metabolisms slows down, which prevents the seed from germinating. These preserved seeds can 

germinate into plants and produce fresh seeds, even after several decades. 

 ACTIVITY 1 
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Read the following story and answer the questions that follow. 

Control of Collective Sokshing Use 

In the village of Khankhu, the local people collectively maintain their pine forest as a ‘sokshing’. 

The village has a system, dating back in history and passed down as a customary norm, that 

facilitates leaf litter collection in an equitable way. No individual may collect leaf litter before 

‘Ri Tangni’ (releasing or opening the forest); a period determined each year by the villagers. 

During ‘Ri Tangni’, all villagers have unlimited access to the forest, so that each household hires 

as many labourers as possible to maximize the leaf litter collection. This informal forest 

management system is simply an agreed set of rules and practices which are commonly 

understood, strictly observed and verbally passed down from one generation to the next. This is 

an interesting contrast to the loose, but nevertheless well-respected individual ‘sokshing’ 

institutions. Proprietors of collective ‘sokshing’ seriously confront rule infractions. If an 

individual is seen collecting leaf litter before ‘Ri Tangni’, the observer will inform other 

households in the village. Individuals from the households will then collectively confront the 

transgressor, immediately confiscate the contraband, and return it to the forest. In some serious 

cases, the community has taken the rule breaker to court.  

Source: Lam Dorji, Institutions in Forest Management: A 

Case Study of Sokshing Management in Bhutan  

1. How has ‘sokshing’ management helped biodiversity conservation?  

2. What will happen if this practice continues in the phase of increasing population?  

3. Critically analyze the advantages and disadvantages of ‘sokshing’ management on 

biodiversity.  

Environmental Conservation Policies and Acts 

Some of the Environmental Conservation Policies and Acts are discussed below: 

• The National Forest Policy 2011 ensures that Bhutan’s forest resources and biodiversity 

are managed sustainably to provide a wide range of social, economic and environmental 

benefits while maintaining the constitutional requirement of a minimum of 60% of the 

country’s total area under forest cover.  

• The Environmental Assessment Act 2000 directs the government to ensure that 

environmental concerns are taken into account when formulating, renewing, modifying and 

implementing any policy, plan or program. It requires the issuance of environmental 

clearance as a prerequisite to the approval of any development activity. 

 ACTIVITY 2 
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• The Pesticide Act of Bhutan 2000 encourages the practice of organic agriculture and 

integrated pest management with a centralized system that controls and limits the import, 

sale and use of pesticides.  

• The National Environment Protection Act of Bhutan 2007 mandates the protection of 

forest, biodiversity and ecosystem integrity. Therefore, this Act calls for conservation of 

natural resources to be based on a participatory approach aimed at achieving an equitable 

sharing of the costs and benefits of conservation among resource users. It also calls for 

conservation and protection of wetlands, alpine regions, watersheds, and other vulnerable 

ecosystems in addition to the existing protected areas. 

• Bhutan has adopted various laws and policies for the conservation of the environment. 

• Conservation of biodiversity is a process of protection of biodiversity through scientific 

management methods. 

• Environmental conservation is one of the four pillars of Gross National Happiness to 

ensure that socio-economic development is not at the peril of the environment. 

• Biodiversity conservation is of two types, ex-situ and in-situ conservation. 

Answer the following questions in your notebook.  

1. Differentiate between in-situ and ex-situ conservation. 

2. How does ex-situ conservation promote biodiversity? 

3. Identify some of the biodiversity conservation methods the people in your locality are 

practicing. 

4. How enforcement of Environmental Assessment Act 2000 will benefit in conserving 

biodiversity?  

 

 Summary 
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ANSWERS FOR THE SELF-CHECK FOR LEARNING 

SONNET 

1. A sonnet is a fourteen-line poem with a fixed rhyme scheme and usually written in 

iambic pentameter.  

2. The given poem fulfils the features of a Shakespearean sonnet as it:  

✓ Has 14 lines.  

✓ Is written in iambic pentameter with five pairs of unstressed and stressed 

syllables. 

✓ Has used the abab cdcd efef gg rhyme scheme. 

✓ Has three quatrains and a couplet. 

✓ Deals with the theme of love. 

TENSES 

Covid-19’s brunt to the education system? 

The conventional, classroom-cantered education in Bhutan is (present simple) under an 

assault. But not the education system as a whole. The virtual learning system that the 

ministry of education espouses may (present simple) be a temporary measure, but this is 

(present simple) not altogether a new thing. We are (simple past) in Information 

Technology age. Continued learning is (present simple) a feature of modern lives. 

Classroom education is (present simple) important for a wholesome experience of 

education, but learning is (present simple) no more confined (simple past) to classrooms 

alone. It is (present simple) about time students learned (past simple) in a flexible 

environment and reflect (present simple) on the fundamental things they learned (past 

simple) in schools privately. 

Schools have been closed (present perfect) for the last two months. The government 

worries (present simple) parents are (present simple) burdened and students aren’t getting 

(present continuous) adequate lessons.  Parents worry (present simple) about their work, 

the virus, and the children at home. They worry (present simple), might (past simple) 

mobile phones do (present tense) more harm than benefit through online learning? They 

worry (present simple) about their graduations and entry (present simple) into the world of 

work. 

Debates on social media are (present simple) divided. Some think (present simple) what the 

government is doing (present continuous) is (present tense) the right thing, while others 

think (present simple) prolonged closure of schools is (present simple) not wise. The later 

believe (present simple) it is (present simple) safe to resume classes as long as we don’t 

(present simple) have local transmission. Some worry (present simple) that a prolonged 

lack of social experience might (past simple) have a psychological impact on young 

people. Some are (present simple) worried children are getting (present continuous) too 

much free time for roaming instead of studying. These worries are (present simple) 

understandable, but they also expose (present simple) the shortcomings of our approach 

(present simple) to education.  
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Worrying about mobile phones doing more harm than good to the students is (present 

simple) rather misplaced. We cannot (present simple) escape its influence. Children know 

(present simple) the world of the internet; they are (present simple) digital natives. It is 

(present simple) us the digital immigrants who almost mindlessly associate (present 

simple) IT with negative impacts and bad influences only. Of course, I am not suggesting 

(present continuous) the character of the IT age is (present simple) sagacious and saintly. It 

has (present simple) a negative side. And especially in this age of over information, safely 

navigating through the internet is quite like navigating (present continuous) across a river 

full of deadly aquatic beasts. My point here is (present simple), we have (present simple) 

no alternative B. IT has (present simple) become a part of our lives, from the breakfast 

table to the bed. It is (present simple) a part of our culture, like (present simple) it or not. 

The worry, I believe (present simple), partly originates (present simple) in our reluctance to 

accept IT as a part of a common good. Of course, we will have (future perfect) challenges 

initially, but we must (present simple) learn to live with it. Educated parents can (present 

simple) monitor their kids for now because city kids are (present simple) more likely 

vulnerable to the negative influences of IT. But in time, all of us have (present simple) to 

come to terms with IT.  

The educational establishment must (present simple) consider teaching how to learn, that is 

(present simple), how to be responsible digital citizens. 

Information Technology is (present simple) an indispensable tool for a 21st-century 

knowledge worker. Lessons from school only form foundations. Keeping up with 

innovation and discoveries is (present simple) an individual responsibility.  So, should we 

perhaps expect (present simple) our education system to helps us make (present simple) 

ourselves confident autodidacts? The nature of jobs is changing (present continuous) so 

much so that what we know (present tense) today might perhaps slip into obsolescence in 

ten years.  A continuous process of unlearning and relearning will define (future simple) a 

competent modern worker. Although it sounds (present simple) alarming, we are (present 

simple) not caught off guard, however. Learning and acquiring new skills was (simple 

past) never easier than it is today. At a click of the mouse, we have (present simple) access 

to an endless repository of knowledge. You no more have (present simple) to go to 

Massachusetts Institute of Technology to attend Professor Gilbert Strang’s amazing classes 

on calculus, for example – you’re (present simple) only a will away from it. Take (present 

simple) your laptop or phone and you’re (present simple) in his class! 

Our notion of education should shift from reading books and passing examinations to 

facing unpredictable situations with tact and confidence, to becoming resilient.  The focus 

should be more on general life skills rather than the traditional system of summative 

assessment, which highlights a learner’s retention power and ignores the application 

aspect. In the face of the change, the best investment one can make is (present simple) to 

teach oneself to learn outside the supervision of an inflexible system. 

Source: Kuensel Corporation Ltd.  May 26, 2020 
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ACTIVE AND PASSIVE VOICE 

1.  

i. The trees were blown down by the wind. 

ii. The letter was posted by Tobden. 

iii. The manager received us. 

iv. The treaty is being signed by the king. 

v. The principal will give the instructions.  

2.  

i. Active Voice. A letter was being written by him.  

ii. Active Voice. The room had been cleaned by us. 

iii. Passive voice. You can write this story. 

iv. Passive Voice. Someone has taken my pen. 

v. Passive Voice. My sister ate the whole cake. 

Open ended  

 

MATRIX 

3.  [
12 17
11 27

]             4. [
3 −2
5 −5
7 −8

]               5.[
−2 −1 0
−1 0 −7
0 3 −4

]              6. [
25 0 0
0 25 0
0 0 25

] 

7. 𝑥 = 1, 𝑦 = 2, 𝑧 = 3 

REMINDER AND FACTOR THEOREM 

1.    k = 8               2.  a = - 37, b = 26.            3. (3x – 4) (x – 2) (x + 2) 

BRAIN AND SPINAL CORD  

1.  A person will fail to respond to stimuli as a result person’s tissues or cell will be 

damaged if the stimulus is harmful. 

2.  Alcohol affects the cerebellum and muscular coordination is disrupted, so person loses 

its body balance. 

3.  Frontal lobe. 

4.  Hypothalamus. 

5.  Withdrawal of hand when pricked with a needle. 
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GENE CLONING  

1.  cDNA is synthesised from functional mRNA. Genomic DNA has introns whereas 

cDNA has no introns. cDNA is not found in cell.  

2.  Open ended. 

IMMUNITY AND DEFENSE MECHANISM  

1. Sweat and sebaceous gland secret sweat and sebum which contain lactic acid, which 

checks the growth of microorganism. Sweat also contains lysozymes that kill bacteria.  

2. The statement is true because many of the infectious diseases are communicable 

disease, for example, COVID-19 is a droplet transmissible disease, and tuberculosis is 

also transmitted through droplet infection and AIDS sexually transmitted disease. In 

such a case, maintain personal and public health is very important to prevent the 

spread of disease. 

3. Colostrum is rich in antibodies and good bacteria which provides the infant immunity 

against infections and protect from illness. 

INHERITANCE 

1. 2……. IA I        4…… IB I       5……AB          6……. II 

2. Homozygous alleles are identical to each other. Example TT 

Heterozygous alleles are not identical to each other. Example Tt 

3. Codominance 

4.  50% 

5. Refer the dihybrid cross in the notes. 

6.  

a) Alleles are alternative forms of gene 

b) First filial generation obtained by crossing the gametes of the parental generation 

c) Dominant alleles mask the effect of other alleles and express itself. Alleles that 

can’t express itself in presence of dominant alleles is recessive alleles. 

d) Genotype is the genetic make-up of an organism 

e) Phenotype is the observable characteristics. 
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1. An efferent arteriole is narrower than afferent arteriole. As a result, blood flowing in 

glomerulus develop high blood pressure. Therefore, blood filters out from glomerulus 

and enters the Bowman’s capsule. This filtration taking place under extraordinary 

force is called ultrafiltration. 

2. Useful substances from filtrate are reabsorbed into the blood for the second time. 

3. Yes, a person can survive with a single kidney because the function of both the kidney 

is the same. 

4. From the religious point of view, there are no other greater merits than donating a 

kidney to needy ones. From the social aspect, kidney transplantation is an expensive 

process. Even if one can afford also it is difficult to get a donor. Biologically, it is 

difficult to get a compatible donor. Often donor's kidney is rejected by the recipient. 

BIODIVERSITY AND ITS CONSERVATION 

1. Gene bank plays an important role in conserving a large number of plant and animal 

species from getting extinct.  

2. Breed their young ones in captivity. 

CHEMICAL EQUILIBRIUM AND LE CHATELIER’S PRINCIPLE 

i.  

(a)  

Step 1: Identify the disturbance or stress on the system. 

Adding NaCl produces Na+ ions and Cl− ions as the salt dissolves. Looking at the given 

equilibrium Cl− is in the equation and the disturbance is the increase in concentration of 

the Cl− ion. 

Step 2: Use Le Chatelier's principle to decide how the system will respond. 

By Le Chatelier's principle, the equilibrium position will shift to reduce the concentration 

of Cl− ions. 

Step 3: Decide whether the rate of the forward reaction or the rate of the reverse reaction 

is increased and state the resulting shift in equilibrium. 

The reverse reaction uses Cl− ions and hence the rate of the reverse reaction will increase. 

The reverse reaction is favoured and the equilibrium will shift to the left. 

(b) The solution will appear more blue as more blue CoCl4
2− ions are formed. If the 

reaction is exothermic, the ΔH will be negative. An increase in temperature favours 

the endothermic reaction which is a reverse reaction, therefore, the yield of 

product (2HI) will decrease. On the other hand, a decrease in temperature favours 

the exothermic reaction which is a forward reaction, therefore, yield of product (2HI) 

will increase. 
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ELECTROCHEMISTRY 

a. Copper  

b. Cu (aq) + 2Ag+(aq) → Cu2+(aq) + 2Ag(s) 

c. 0.46V 

SUBSTITUTION AND ADDITION REACTION OF ALKANE, ALKENE AND 

ALKYNES 

i. 
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ii. It states that when a compound HX is added to an unsymmetrical alkene, the 

hydrogen atom gets attached to the carbon with the most hydrogen atoms attached 

to it already. 

iii.  

 
 

SUBSTITUTION AND ELIMINATION REACTION OF HALOALKANES 

1. In a primary haloalkane, the OH− ion (or other nucleophile) approaches the 

halogenoalkane molecule from the backside of the bromine atom, whereas in a 

tertiary haloalkane, that other side is completely cluttered up by alkyl groups, and so 

the nucleophile can't get at the slightly positive carbon. Thus, primary haloalkane 

undergoes SN2 and tertiary haloalkane undergoes SN1 reaction. 

2. For a reaction mechanism with several steps, the rate determining step is the slowest 

step and can be compared to the neck of a bottle. The rate at which water flows 

through a bottle is determined by the width of the neck of the bottle and not by the 

rate at which the water is poured into the bottle. Like the neck of the bottle, the 

slowest step of a reaction determines the rate of the reaction. 

3. n-propyl bromide will undergo EN2 reaction with alcoholic KOH since it is a 

primary haloalkane. 
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OXIDATION OF ALCOHOL 

1.  

CH
3
CH

2
CH

2
OH + [O]

-H
2
O

¾ ®¾¾ CH
3
CH

2
CHO + [O]

-H
2
O

¾ ®¾¾ CH
3
CH

2
COOH  

 

2.  

Primary Alcohol Tertiary Alcohol 

Alcohol which has ONE alkyl group 

(R) linked to carbon atom attached to 

the –OH group. 

Alcohol which has THREE alkyl group 

(R) linked to carbon atom attached to 

the –OH group. 

General formula: R-CH2-OH General formula: R3-CH-OH 

 

3.  

 
4. Tertiary alcohol does not undergo oxidation because of absence of hydrogen atoms 

attached to carbon atom attached to the –OH group. 

 

CARBONYL COMPOUND 

1. Cannizzaro’s reaction is the reaction involving simultaneous oxidation and reduction 

of an aldehyde containing no α-H atom. 

2. a. Acetaldehyde or CH3CHO 

 

    b. 
4NaBH

3 3 2CH CHO + 2[H] CH CH OH⎯⎯⎯→
 

 

CARBOXYLIC ACID AND ITS DERIVATIVES 

1. Fluoroacetic acid is stronger than chloroacetic acid 

2. Brisk effervescence due to evolution of CO2 gas 

1. Other unit of kinetic energy, potential energy and mechanical energy can be kg 

m2/s2.  

2. Potential energy and kinetic energy. 
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3. Yes, they have same unit i.e. joule. 

4. The total mechanical energy is conserved when there is no dissipation of energy. 

1.  

a. 

Force Centripetal Force 

It exists in linear motion. It exists in circular motion.  

It can be calculated using formula, F = ma. It can be calculated using formula, 𝐹 =
𝑚𝑣2

𝑟
. 

b. 

Acceleration Centripetal acceleration 

It exists in linear motion. It exists in circular motion. 

It can be calculated by using formula, 

𝑎 =
𝐹

𝑚
. 

It can be calculated using formula, 𝑎𝑐 =
𝑣2

𝑟
. 

2. Circular motion of hands of wall clock, rotational motion of a fan, etc. 

HOOKE’S LAW AND POISSON’S RATIO 

1. Because the material of the spring loses its elasticity and does not regain its original 

configuration.  

2. Steel because it has high modulus of elasticity compared to brick and stone. 

CAPACITOR 

1. The capacitance increases. 

2. The capacitance of the capacitor decreases. 

3. Parallel combination is preferred over series combination. 

ELECTROMAGNETIC INDUCTION – PART I 

1. D. can either increase or decrease. 

2. B. the relative motion between the coils and the magnet produces change in 

magnetic flux. 

3. By moving a magnet near a coil, by moving a coil near a magnet and changing 

strength of electric current in the neighbouring coil.  

ELECTROMAGNETIC INDUCTION - PART II 

1. 8 A       

2. 6A/s 
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BARRIERS TO COMMUNICATION  

1. Language barriers for illiterate drivers and pedestrian.  

2. Use of Dzongkha signboard so that illiterate people can understand. 

FINANCING  

➢ Equity share is considered as the most popular source of capital for the business 

due to the following reasons 

➢ Economical and unlimited resources: it is very cheap method of raising capital than 

raising funds by issuing of debentures and borrowing from financial institutions. 

➢ No dividend without profit and tax concessions: it does not create any permanent 

burden on the company, since dividends are to be paid only when there are profits. 

Moreover, dividends declared by the company are exempted from income tax in the 

hands of the shareholders. 

➢ No charge on asset: shares can be issued without creating any charge over the 

assets of the company as security for the money advanced. Therefore, assets are left 

free and may be used for raising additional finances. 
➢  

➢ Appreciation to the value of shares- market value of shares increases as per the 

performance of the company.  

➢ Ownership and sharing management: the shareholders are the real owner of the 

company.  

➢ Diffusion of risk: if the company suffers losses, the risk of loss can be distributed 

among a large number of shareholders.  

3. Borrowing from banks, and borrowing from some foundations.  

MARKETING  

1. Price, place, promotion, distribution, advertising and choice of advertising media. 

2. Television, social media as it has wide coverage. 

CIRCULAR FLOW OF INCOME  

1.  The Circular Flow of Income will be as follows: 

a. If the import is equal to export, it means that payments to the rest of the world equal 

receipts from the rest of the world, thereby the circular flow of income will be 

balanced/equilibrium. 

b. If the import is more than export, it means that payment to the rest of the world is 

more than receipts from the rest of the world, thereby the circular flow of income will 

be imbalanced/disequilibrium due to leakages. 

c. If the import is less than export, it means that payment to the rest of the world is less 

than receipts from the rest of the world, thereby the circular flow of income will be 

imbalanced/disequilibrium due to injection. 

2. Open ended 
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3. Open ended 

TRADE – PART I  

1. Open ended 

2. Open ended (Students can analyse the trade of Bhutan, both internal and external 

and note their observations) for an example: Internal trade can be, people from 

Thimphu are buying Bhuray gho and kira from Trashigang Radhi. External trade 

can be, Bhutan imports machinery from India and Bhutan exports Desho Paper. 

TRADE – PART II  

1.  

Absolute Cost Theory Comparative Cost Theory 

According to Adam Smith, the fundamental 

basis of international trade is the differences in 

absolute cost. Absolute cost refers to when a 

nation can produce a commodity at a lower 

cost compared to another country. This result 

due to differences in fertility of the soil, 

climate conditions, resource endowment and 

technology. Hence, a country specializes in 

the production of that commodity in which it 

has absolute advantages and imports the 

product in which it has absolute 

disadvantages. 

 

 

 

 

According to David Ricardo, the 

theory of comparative advantage says 

that, even if one country is less 

efficient in the production of both the 

commodities, there is still a basis for 

mutually beneficial trade. 

Comparative advantage refers to a 

situation where a country can produce 

both the goods at an absolutely lower 

cost than other country. However, a 

nation has a greater comparative 

advantage in the production of one 

commodity as compared to other 

product; thus, a country specializes in 

the production of that commodity 

which can produce more efficiently. 

On the other hand, the other country 

produces the goods at a higher cost but 

it concentrates on the production of 

that commodity in which it has lower 

comparative disadvantages and 

ignores the one for which it has a 

greater comparative disadvantage. 

2. The three stages of comparative cost: 

a. Before specialization 

Cost of 

production(kgs) 

Bhutan  Japan  

Chili 12000 4000 

Oranges 8000 6000  
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Bhutan has an advantage in the production of both chilli and orange before specialization. 

However, Bhutan has to specialize in the production of one commodity and Japan in the 

production of other commodity. This can be explained by the following example. 

                                          Bhutan                 Japan 

Chili (kgs)                12000                  4000 

                             Ratio-   3:1 

Orange (kgs)           8000                    6000 

                           Ratio-   4:3 

Bhutan is better than Japan in the production of both commodities; however, Bhutan 

should specialize in the production of chilli, since it has a greater advantage in producing 

it. 

b. Specialization 

Cost of production(kgs) Bhutan  Japan  

Chili 24000 0 

Orange 0 12000  

Now Bhutan concentrates in the production of chilli since it already produces more of it 

than orange production. Similarly, Japan specializes in the production of orange because its 

orange production is more than chilli production. 

c. After specialization  

Bhutan would be able to produce 24000kgs of chilli when all its resources are diverted 

towards the production of chilli. Similarly, Japan could produce 12000 kgs of oranges 

when all its resources are diverted into oranges production. Therefore, both countries can 

involve in trade by exchanging their surplus production 

3. The importance of trading for the countries are: 

No individual or region can produce all that is required: An open economy exchanges 

goods and services as they cannot produce everything that they need and want to consume. 

For Example: Bhutan cannot produce sophisticated machinery so Bhutan imports from 

India. Also, Bhutan export many things to India, say cordyceps, etc. 

To earn profit: Countries trade to earn profit. Some countries enjoy the cost advantage in 

the production of certain goods and sell to countries with cost disadvantage.  In a way, they 

enjoy a huge amount of profit. 

To promote trade relations with other countries: Some countries trade to build and 

promote mutual understanding for having a trade. For example: Bhutan trades with India to 

strengthen the existing trade relationship and build a stronger economy. 

Vent for surplus: When a country produces more than what the country can consume, it 

produces a surplus. These supplies are exported to other countries where the needs are 

limited.  
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To earn foreign currencies: Trade allows the exchange of goods and services among 

countries. This allows the earning of foreign exchanges such as dollars, rupees, yens, and 

pounds. For example: Bhutan earns rupees by exporting apples to India.  

For economic development:  Trade allows countries to import technologies and advanced 

machinery that contribute to the economic activities fostering economic development. 

Likewise, increased trade may help to spur greater domestic economic growth and drive 

further improvements in living standards. 

Trade takes place due to the difference in the cost of production: A country has a cost 

advantage over another country in the production of a good if it can produce it at a lower 

cost. Some countries exports goods in which they enjoy cost advantage allowing them to 

enjoy a variety of goods with a good profit margin. 

DEPRECIATION 

Solution:  

Acquisition cost of Plant & Machinery  

Purchase price     = Nu. 800,000 

Add: import duties and installation charges = Nu.   75,000 

      = Nu. 875,000  

Useful life of asset  = 5 years 

Scrap value after 5 years =Nu. 10,000 

Depreciable amount             = 875,000-10000 

               =865,000 

 

Annual depreciation expense =  
865,000

5 𝑦𝑒𝑎𝑟𝑠
  = Nu. 173,000  

Happiness Engineering Private Company Ltd.  would depreciate the Plant & Machinery by 

Nu.173,000 annually for 5 years. 

Depreciation Schedule 

Year 
Opening 

Balance 
Depreciation 

Carrying Amount (Book Value) 

at the year-end (Nu.) 

2019 875,000 173,000 702,000 

2020 702,000 173,000 529,000 

2021 529,000 173,000 356,000 

2022 356,000 173,000 183,000 

2023 183,000 173,000 10,000 
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STORES LEDGER 

1.  

i) It is easy to follow if price of materials does not change frequently. 

ii) Units sold or issued to production are in order of their purchases. 

2. The goods sent by the supplier is received by the Receiving Department after 

counting and verification. The same is than forwarded to store where the store 

keeper records the same in detailed form example goods received number, date of 

receipts, name of supplier, description, quantity and code of materials, etc. On the 

goods received note. 

3. Advantages of store ledger. 

i) It facilitates the ascertainment of cost of material received. 

ii) It tells the quantity as well as value of the material received. 

COST SHEET 

1.  

a. False  

b. True 

c. False  

d. True  

e. True  

f. False  

g. True  

h. False 
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4.  

Cost Sheet for the period 31/03/18. No of units produced :1000                                             

Particulars    Total Cost  
Cost per  

unit (Nu) 

Direct Material       20,000      

Direct Labour         8,000      

Prime Cost          28,000  28.00 

Works/ Factory Overheads       

Indirect labour (in factory)         2,500      

Supervision cost (in factory) 1,000      

Factory Premises Rent 1,600      

Factory Lighting  600      

Oil for Machine  100      

Depreciation of Machine            500  6,300  6.30 

Works Cost/ Factory Cost    34,300  34.30 

Office and Admin. Overheads       

Office Overheads 8,000      

Office Salaries  2,000      

Misc. Expenses 1,000  11,000  11.00 

Cost of Production   45,300  45.30 

Selling and Distribution overheads    6,000  6.00 

Total Cost    51,300  51.30 

Profit 20% of Total Cost           10,260  10.26 

Sales    61,560  61.56 

5.  

1. A  

2. D 

3. B 
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NEWS AND FACTORS DETERMINING NEWS 

1. News is what people want to hear or need to know, but it is difficult to define, largely 

because stories can be presented in a variety of ways. 

2. The factors determining news values are as follows:  

✓ Proximity 

✓ Timeliness  

✓ Prominence  

✓ Novelty 

✓ Conflicts 

✓ Impact 

✓ Interest 

✓ Relevance 

✓ Usefulness 

✓ Secrecy 

3. The impacts of fake news are: 

✓ It can create discord 

✓ It causes confusion 

✓ It negatively affects real and needy people 

✓ It promotes propaganda 

✓ It kills journalism 

✓ It erodes trust and faith  

✓ It promotes wrong people 

NEWS PUBLICATION  

1. Open ended 

ENERGY RESOURCES 

1. Resources is anything that has the utility and ability to satisfy human wants. 

2. Important characteristics of resources are: 

1.Utility - should be useful for humans to satisfy their needs and wants. For 

example; Petrol, coal, iron etc are important resources for us today while these 

items were not the resources for the prehistoric people as they were not aware of 

the use of these items. 

2. Accessibility- resources should be accessible in order to derive utility, so utility 

of resource depends on their accessibility. For example: Minerals buried deep 

underground cannot be called as resource as we cannot derive utility from them.  

3.Adequate supply - should be in adequate quantity to satisfy human needs and 

wants. For example: Minerals found in various parts of the country are not 

considered as resource as their quantity is not adequate to satisfy human needs. 

3. Types of energy resources based their supply are renewable and non-renewable 

energy resources. 
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4.  

Renewable energy resources Non- Renewable energy resources 

1. Can be renewed by nature, so can 

be used again and again. 

1.Cannot be renewed by nature, so 

cannot be used again and again. 

2. Its supply can be maintained 

through proper precautions 

2.It takes thousands of years to 

replenish. 

3. Ecofriendly in nature 3.Not ecofriendly 

5. Types of energy based on time of use are between Conventional & Non- 

Conventional energy resources. 

Conventional energy resources Non-Conventional energy 

resources 

1.Used since ancient times. 1.Newely invented and recently used. 

2.Energy can be obtained by using 

traditional method. 

2.Energy can be obtained by scientific 

method. 

3.Initially cheap but becomes costly 

in the long run. 

3.Initially expensive but becomes cheap 

in long run 

4.They are difficult to use. 4.They are easy to use  

6. Electricity generated from diesel generator of 256 KW was 1st introduced in 

Phuentsholing, Bhutan in 1966. However, the 1st hydro power plant (360 KW) was 

installed in Thimphu in 1967. In 1968, Samtse, Sarpang and Samdrup Jongkhar were 

electrified with the supply from Assam and West Bengal. The permanent flow of 

most of the rivers has made the generation of electricity feasible. The hydro power 

cooperation between Bhutan and India was started with the signing of Jaldhaka 

agreement in 1961 and the Jaldhaka power station was commissioned in 1972. 

During the 1970s, Bhutan and India began to look more closely into hydropower 

potential. 

7. Four positive impacts are: 

1. It can substitute consumption of fuel wood which causes deforestation. 

2. It reduces the consumption of fuel wood and fossil fuels which are not eco-

friendly. 

3. It accelerates the industrialization and other developmental activities. 
4. It creates a lot of employment opportunities. 

          Four negative impacts are: 

1. Construction and connection are very expensive. 

2. Construction and connection are causes destruction to the environment. 

3. Construction of dams and bursting of dams disturbs the river ecosystem 

downstream. 

4. Short circuit often causes house fire. 
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ROCKS  

1. Rocks are the solid materials made up of minerals that make the earth’s crust. 

2. Different types are Igneous, sedimentary and metamorphic rocks. 

3. Extrusive igneous rocks are formed by solidification of magma on the earth’s 

surface while, intrusive igneous rocks are formed by solidification of magma below 

the earth’s surface. 

4. Igneous rocks which contain a high percentage of silica are considered as acidic 

igneous rocks and those that contain low percentage of silica are considered as base 

igneous rocks. 

5. They are mechanically formed sedimentary rocks, organically formed sedimentary 

rocks and chemically formed sedimentary rocks. 

6. Arenaceous sedimentary rocks are formed by sediments of larger size while 

Argillaceous sedimentary rocks are formed by sediments of smaller size. 

7. Sedimentary rocks are rich in fossils. 

8. Meta-igneous rocks are metamorphic rocks formed from igneous rock while meta- 

sedimentary rocks are formed from sedimentary rocks. 

9. Four types of metamorphism are dynamic metamorphism caused by pressure, 

thermal metamorphism caused by heat, regional metamorphism caused by the 

movement of the earth’s crust that takes place over a very large area and 

local/contact metamorphism caused by coming in contact with other rocks that 

takes place over a small area. 

10. Precious minerals like diamond, platinum, gold found in Igneous rocks are used for 

making jewellery. Some igneous rocks are used as building materials. Sedimentary 

rocks are valuable source of fossil fuels, rich soils and inorganic sedimentary rocks 

are used as building materials. Metamorphic rocks like gneiss and marvel are used 

for building purpose, quartzite for making Glass, Slate for roofing and graphite for 

manufacturing pencils. 

11. The first rock forming the crust of the earth was the igneous rocks. When igneous 

rocks get weathered, eroded and deposited, they change to sedimentary rocks.  Both 

igneous and sedimentary rocks when subjected to pressure and heat, they convert to 

metamorphic rocks. 

Metamorphic rocks also get weathered, eroded and deposited to form sedimentary 

rocks. Under the influence of various earth movements, igneous, sedimentary and 

metamorphic get deep inside the earth and form magma. Various volcanic activities 

eject magma on and near to the earth surface and when solidifies change to igneous 

rocks. In this way the rocks are continuously changing from one type to another 

and this process is known as rock cycle. 
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PEOPLE AND ENVIRONMENT 

1. To avoid negative interaction with the environment, the recommendation to the 

family members and community people can be using the natural resources 

judiciously without overharvesting, minimizing wastage of energy and reducing 

pollution. 

2.  

Things important for the 

quality of life 

Consumer 

goods 

Implication to ecosystem 

1.   Food 

2.   Air 

3.   Water 

4.   Car 

5.   Cloths 

6.   Mobile Phones 

7.   Books 

Car 

Cloths 

Mobile Phones 

Books 

Mining of natural resources, cutting 

down of trees and killing of animals 

for the raw materials. 

The old and worn out materials will 

be pollutants to the natural 

environment. 

3. The contact of father/mother/grandfather/grandmother with nature as a child will be 

their dependence for food, fresh water and air, wild vegetables and fruits. Their 

dependence on nature in their childhood will have great influence in their attitudes 

and actions toward ecosystems as an adult by showing various kinds of nature 

friendly behaviour (waste management, prevention of forest fire, planting trees, 

etc.) 

ECOLOGICAL FOOTPRINT 

1. The Ecological Footprint is a measure of bio-productive land and sea an individual, 

population or activity requires to produce all the resources it consumes and also to absorb 

the waste it generates. 

2.  Some of the bio-productive land and sea areas are forest lands, grazing lands, cropland, 

fishing grounds, built-up land and land required to absorb carbon emission. 

3. Ecological Footprint calculation helps in analysis of consumption and lifestyles of 

individuals or any activities and checks this against nature's ability to provide for this 

consumption. It also informs policy by examining to what extent a nation uses more or less 

than is available within its territory, or to what extent the nation's lifestyle would be 

replicable worldwide. 

4.  The benefits of forest as important bio-productive area in Bhutan are: 

i. Source of resources for water, air and wood products. 

ii. Generation of income for the country through selling of forest products. 

iii. Helps in carbon sequestration 
 

POLLUTION 

1.      Biomagnification occurs when pollutants like heavy metals are dumped in water and 

soil. It not only pollutes the water and soil; the whole ecosystem is affected through 

biomagnification. Once soil and water are polluted, these pollutants enter into the plants 

and subsequently into the animals through food chain. Thus, it slowly pollutes and damage 

whole ecosystem or environment. 
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2.      If we lead a luxurious lifestyle by utilizing many resources, we will contribute 

towards pollution of an environment. The more resources we consume, the raw materials 

will be harvested from the environment by companies. Which we are indirectly polluting 

the environment. The waste produced from us will be also more if we lead the luxurious 

lifestyle. 

3.      Each student will maintain the log book for a week to record solid waste generated at 

your home. The report will be written based on the type of waste like degradable and     

non-degradable waste produced at their home. Accordingly write the impacts of these 

wastes to the environment. Impacts of waste to the environment include pollution of water, 

air and land, damaging of plant growths, cause of diseases to living organisms and spoiling 

the aesthetic of surrounding. 

CLIMATE CHANGE 

1. The impacts of climate change in Bhutan are: 

✓ Occurrence of GLOF (Glacial Lake Outburst Flood) 

✓ Melting of glaciers. 

✓ Change in weather patterns. 

2. The mitigation measures to adopt for reducing climate change are 

✓ Conserving forest. 

✓ Use of renewable natural resources and 

✓ Managing waste. 

3. Phenology, as an indicator, shows the state of environmental conditions at a given 

period of time for a specific area. Since, the phenophase of plants and animals are 

dependent with climate, the change in phenophase indicates the change in climate. 

Therefore, phenology is also called, ‘globally coherent fingerprint of climate change’. 

Monitoring of such events provides a first-hand insight into the impact of climate 

change on biodiversity and its impact on plants and animals. 

HAZARD TYPES, CAUSES AND DISASTER 

1. Some of the impacts of disaster on: 

a. Socio-economic: It has significant impacts on socio-economic by causing loss and 

damages of properties, loss of lives, disruption in transport and network 

communication and destruction of social service facilities. 

b. Environment: The disaster can cause pollution, diseases, global warming, climate 

change and mass destruction of living organisms. 

2. One of the common hazards in Bhutan is landslides. To mitigate the landslide, we need 

to plant more trees, decrease logging and forest clearance, minimize shifting culture, 

reduce animal grazing and prevent forest fire. 

3. Hazards such as industrial waste has a long-lasting impact on the biogeochemical cycle 

of the Earth. The hazardous materials dumped on land disrupts the biogeochemical cycle 

by degrading the soil quality and damaging plants and animals. Once these components 

of the environment are degraded, the natural biogeochemical cycle such as the nutrient 

cycle will be disturbed. 
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NATURAL RESOURCES DEGRADATION 

1. Some of the key natural resources include air, water and forest that are essential for 

the survival of living organisms. 

2. Humans depend on natural resources for various means in the form of socio-economic 

benefits, cultural purpose and for the ecological benefits. 

3. Students need to seek help of your parents to answer this question. The expected 

answer would be forest, minerals and land. 

4. The foreseeable impacts due to over exploitation of natural resources like forest, 

minerals and land are: 

✓ Decrease in carrying capacity of the area. 

✓ Contributes toward climate change. 

✓ Socio-economic impacts and 

✓ Loss of culture is associated with these natural resources. 

DISASTER MANAGEMENT 

1. Disaster Risk Reduction is a systematic approach to identify, assess and reduce the 

risks of disaster. It aims to minimize the vulnerabilities, avoid or limit the adverse 

impacts of hazards on people and properties. 

2. The difference between disaster mitigation and disaster relief are: 

Disaster Mitigation Disaster Releif 

Mitigation focuses on long term measures for 

reducing the risk and impact of a hazard or 

disaster. These activities are designed to reduce 

the risk of loss of life and injury with good 

evacuation plans, environmental planning, and 

standard structural designs. 

This is a coordinated multi-agency 

response and recovery phase to reduce 

the impact of disaster. Relief activities 

include rescue, relocation, providing 

food and water, preventing disease 

outbreak, and disability 

3. Emergency plan is the systematic procedures that clearly detail what needs to be done, 

how, when, and by whom before and after the time an anticipated disastrous event 

occurs.  If we have a Family Emergency Plan, it will help to reduce hazards, loss of life 

and property. 

 

 

 

 

 

 

http://www.businessdictionary.com/definition/systematic.html
http://www.businessdictionary.com/definition/procedure.html
http://www.businessdictionary.com/definition/need.html
http://www.businessdictionary.com/definition/disastrous-event.html
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BIODIVERSITY CONSERVATION 

1.  Differentiate between in-situ and ex-situ conservation. 

In-situ Conservation Ex-situ Conservation 

In-situ conservation is a strategy of conserving 

flora and fauna in their natural habitats. It is the 

protection and management of biological 

diversity through a network of protected areas 

in their natural habitats. 

The conservation strategy in which 

threatened or endangered species of 

plants and animals are reared and 

preserved outside their natural habitats is 

called ex-situ conservation 

  

2.   In ex-situ conservation strategy, the threatened or endangered species of plants and 

animals are reared and protected. Therefore, these living organisms will be saved from 

getting extinct. 

3.   Some of the biodiversity conservation methods the people in the locality are practicing 

are adopting of forest, planting of trees, seeking permission for requirement of forest 

products, etc. 

4.   The enforcement of Environmental Assessment Act 2000 will benefit in conserving 

biodiversity as one of the mandates of this act is the requirement of environmental clearance 

as a prerequisite to the approval of any development activity. This will help in conserving 

the environment without exploitation by any developmental activities. 

 

 




