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Advance Praise for the Book

‘This book will make you fall in love with several topics—exponentials, for example. What I like most about its contents is that it not only explains the concept concisely, but also enlists real-life applications of the same. This is handy and provides clarity to students so that they can see where they will actually apply this knowledge once they are out of the classroom. Give it a read. You will be glad that you did!’

—H.S. Anand, zonal director, Akal Academies

‘Just like magicians performing tricks with a wave of their wands, Aditi and Sudhir have turned maths into a fascinating “world of wonder” with their new book. Becoming a maths wizard is now astonishingly easy with their interesting tricks and amazing mathematical facts. Just go through the pages, and amaze and impress your friends and audience with your superpowers of the mind! It’s as easy as abracadabra!’

—Sharon Galstaun, academic head, St Karen’s High School and St Karen’s Secondary School, Patna

‘Aditi and Sudhir Singhal’s book How to Be a Mathemagician is for those who love maths as well as for people with maths-phobia. They have a knack of making this subject interesting and easy. Their sincere efforts and dedication in this field have given them a place among renowned and recognized authors of a subject that is of great value for today’s student’

—Goldy Malhotra, director, Academic Staff Training College and Administration, Manav Rachna International Schools

‘This book will make maths understandable to all learners. It will help students prepare for any entrance examination where arithmetic has weightage, and teachers and mentors will find it very useful. I congratulate Aditi and Sudhir on making learning maths fun’

—Lalit Sharma, president and principal, FCS Foundation School, Punjab

‘How to Be a Mathemagician is a brilliant piece of work to strengthen and expand mathematical notions. It is a wonderful resource for teachers who want to increase active participation of students in maths lessons. Magic tricks, problem-solving methods and calculation techniques are specially beneficial for the students’

—Sharmila Singh, principal, Pioneer Montessori Inter College, Eldeco-I, Lucknow

‘How to Be a Mathemagician is a wonderfully entertaining and interesting book for adults and children alike. It kept my children engrossed for hours. They enjoyed learning the concepts and doing the magic tricks with their friends. It’s written in a way that is easy to understand. The best part is that children don’t even realize they are doing maths while having so much fun. I would highly recommend this book for all ages’

—Sona Sood, professional photographer

‘This book is a treat for both children and adults alike. It is a collection of engrossing tricks that will keep you on your toes all throughout. This book is especially helpful in gaining insight into new ways of teaching some difficult concepts to children in a more friendly manner. I extend my heartfelt congratulations to both the authors of this book for creating a marvellous mathematical journey for us to experience’

—Ashima Gupta, PhD, economics
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Why do children dread mathematics?

Because of the wrong approach.

Because it is looked at as a subject.

Shakuntala Devi







Introduction

Mathematics is not just a subject but a part of our lives. Whether you are a child or a grown-up, a student or a professional, a musician or a magician, maths plays an important role in your daily routine. You can even find mathematical patterns in spiderwebs or honeycombs.

Learning maths can be made enjoyable if it is taught through activities, puzzles and games right from an early age. Many a time, we find that some students solve complex maths problems in minutes while some take a long time to solve even the basic ones. Contrary to popular belief, it’s not their level of knowledge that leads to this difference but the way they apply their knowledge.

This book is written with the aim of enhancing the power of reasoning, critical thinking and the problem-solving ability of the reader. It is intended for students, teachers and parents alike, as the learning of mathematics is not restricted to any age. For students who find themselves afraid of the subject, we have attempted to make it fun to learn and give them the confidence to approach each problem with a fresh perspective. We have also written this book for teachers, who can use many of the activities mentioned to make their classes livelier and show their students that maths need not be a dreaded subject. Parents can also pick up this book to make it easier to explain complex concepts to their children and help them develop a strong base in the subject. It contains mind-bending questions with unusual solutions, logic-related maths problems, interesting maths facts and proofs, and calculation tips that highlight the almost magical simplicity of the subject.These are effective methods that help in day-to-day application of mathematics, while reducing one’s dependency on gadgets as well as providing good practice for the types of questions that are asked in examinations and interviews.

The other section of this book contains some amazing magic tricks and enthralling activities—just flip the book to find them!

You might find some parts of the book challenging even after reading and rereading the solutions. If so, keep going. Even without necessarily understanding every detail, you will be surprised how much of the overall picture you are able to absorb by simply moving ahead.

So forge ahead, work your brain and unravel the secrets and mysteries of mathematics.
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PART A

PROBLEMS WITH SURPRISING SOLUTIONS
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WHICH PIZZA DO YOU PREFER?

Once I went to a restaurant with my kids, where they ordered a 12" pizza. After sometime, the waiter came and told us that they had, by mistake, served our order at another table. He apologized for the mix-up and offered us two 8"pizzas instead of one 12".

My kids were ecstatic when they heard this as they thought they would have more to eat and enjoy. But to their disappointment, I refused to accept this deal and insisted on our original order even though it meant a wait of another ten minutes.



The kids thought that I was making a mistake.

If you were in my place what would you have done?

Deal or no deal?




SOLUTION

We all know that the area of a circle is πr2, i.e. pi × radius2

The radius of an 8-inch pizza is 4 inches,

And the radius of a 12-inch pizza is 6 inches.

Area of two 8-inch pizzas = 2 × π × (4)2 = 32 π sq. inches

Area of one 12-inch pizza = π × (6)2 = 36 π sq. inches

So in which case are you getting more pizza?

Mathematics is not only to score marks in exams—mathematical concepts can be of great use in our day-to-day life if we apply them properly.
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EXPONENTIAL MYSTERY

Through the following experiment, we will lead you to a fact that is difficult to believe when you hear it for the first time. Therefore, we have also shared the mathematical explanation. So go ahead and surprise others as well.

Experiment:


	Take an A4 sheet (i.e. 8.27 × 11.69 inches) and fold it in half. Now the paper is twice as thick as before.

	Fold this paper in half again, it will be four times as thick as the original paper.

	Fold it a third time.

	Try folding it a few more times and see how far you can go.





It will be difficult to fold a normal paper more than seven or eight times.

You must have observed that the thickness of a folded paper is doubled each time it is folded, i.e. the number of layers of paper doubles with each fold. So you start with a single layer, then you have 2 layers, then 4, then 8, then 16, then 32, and 64 layers after six folds. After seven folds, you get 128 layers, as thick as a notebook.

The current record for folding a paper is twelve times, held by Britney Gallivan.

Let’s assume that we are able to fold the paper as many times as we want. In that case, after 23 folds, the paper would be 1 km thick.

Sounds unbelievable, doesn’t it? Let’s do some calculations to see how this is possible.

Consider a ream of 500 A4-size sheets of normal quality (i.e. 75–80 gsm). It is approximately 5 cm thick. So, we can say one A4 sheet would be around 0.01 cm or 0.1 mm thick.

Let us calculate the thickness after 27 folds:



= 13421772.8 mm

= 13.42177 km, which is much more than the height of Mt Everest.

It would take 30 folds to reach the equivalent of 100 km above us:

0.1 mm × 230 = 107374182.4 mm = 107.4 km

Similarly, it only takes 42 folds of paper to get from the earth to the moon.

It’s hard to imagine getting from here to the moon in 42 folds. This is because our brain is inclined to think linearly, not exponentially.


If you fold a sheet of paper in half, fifty times, how thick, do you think, the resulting paper will become?

The thickness will be 3/4 of the distance from the earth to the sun.

Unbelievable, isn’t it?



Thickness at 50 Folds



= 112.589990 × 106 km, which is over 112 million km.

This is about three-fourths of the earth–sun distance, which is 149.6 million kilometres. With 51 folds, you would burn in the sun.

This is the incredible power of an exponential, that small numbers can become huge by simply compounding what you have over and over again.

See the following table showing some more calculations of thickness per fold:




	Folds
n
	Number of folded layers
2n
	Thickness (in km)
(0.1 × 2n × 10–6)





	1
	2
	0.2 × 10–6



	2
	4
	0.4 × 10–6



	3
	8
	0.8 × 10–6



	4
	16
	1.6 × 10–6



	5
	32
	3.2 ×10–6



	6
	64
	6.4 ×10–6



	7
	128
	12.8 × 10–6



	8
	256
	25.6 × 10–6



	9
	512
	51.2 × 10–6



	10
	1024
	0.1 ×10–3



	11
	2048
	0.2 ×10–3



	12
	4096
	0.4 ×10–3



	13
	8192
	0.8 × 10–3



	14
	16384
	1.6 × 10–3



	15
	32768
	3.3 × 10–3



	16
	65536
	6.6 × 10–3



	17
	131072
	13.1 × 10–3



	18
	262144
	26.2 × 10–3



	19
	524288
	52.4 × 10–3



	20
	1048576
	104.9 × 10–3



	…
	…..
	…..



	30
	1073741824
	107.4 × 100



	35
	34359738368
	3.4 × 103



	40
	1099511627776
	109.9 × 103



	45
	35184372088832
	3.5 × 106



	50
	1125899906842624
	112.5 × 106





Paper-Folding Record

Britney Gallivan from California created a record by folding a paper12 times. She took a long piece of paper (a single roll of toilet paper) that measured 4000 feet (1.2 km) and folded it.

She also provided an equation that yielded the width or the length of the paper necessary to fold a piece of paper in a single direction:



Where, t represents the thickness of the material to be folded, L represents the length of a piece of paper to be folded in only one direction and n represents the number of folds desired.

This equation is also known as the paper-folding theorem.

Use of Exponential Thinking in Real-Life Situations

Such situation-based questions are often asked in interviews and exams.

Q: You are offered a job that lasts for seven weeks and given two options to earn your salary.

Option 1: Take ₹100 for the first day, ₹200 for the second day, ₹300 for the third day and so on. Each day, you are paid ₹100 more than the day before.

Option 2: Take 1 paisa for the first day, 2 paise for the second, 4 paise for the third and 8 paise for the fourth day. You are paid double the amount of what you were paid the day before.

Which do you choose?

If you have fully grasped the above mathematical fact, you will choose the second option.

Let’s explore the solution:


	In the first, add ₹100 to the previous day’s amount each day.

	In the second, start with 1 paisa and double the amount with each passing day.



Check the progress weekly.

By the time you reach the fourth week, it will be clear to you that the second option is better, as shown in the table below:




	Weeks
	Option 1
(Adding ₹100 each day)
	Option 2
(Doubling each day)



	Amount (in ₹)
	Amount (in ₹)





	1
	2800
	1.27



	2
	7700
	163.83



	3
	12600
	20,971.51



	4
	17500
	2,684,354.55



	5
	22400
	343,597,383.67



	6
	27300
	43,980,465,111.03



	7
	32200
	5,629,499,534,213.11



	Total
	122,500
	5,673,826,302,198.97
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SMART BUSINESS

Mr Kumar is a self-made man who made his small business reach great heights with his sharp intellect and quick thinking. His three sons, Jayesh (the oldest), Amit (the second) and Arjun (the youngest) are equally smart and diligent. One day, Mr Kumar thought to test his sons’ analytical thinking and business skills. He called his three sons and gave them this task:




‘Here are 90 apples for you to sell in the market,’ said Mr Kumar. ‘Jayesh, you will take 50 apples; Amit, you will take 30; and Arjun, you will take 10. All of you must sell your apples at the same price. For example, if Jayesh sells his apples at ₹15 per piece, you two will have to sell yours at the same price. And if Jayesh sells his apples for ₹10 each, you two will have to do the same. But no matter what price you pick, each of you must end up with the same amount of money from your individual apples.’



‘The other terms and conditions are that you cannot share your apples with each other. Jayesh must sell 50 apples. Amit must sell 30 and Arjun must sell the 10 apples that remain,’ Mr Kumar reminded them.

The task given by Mr Kumar seemed impossible. The amount collected from the sale of 50 apples will definitely exceed the amount earned from selling 30 or 10 apples at the same price.

But the three young men took on the challenge. They discussed among themselves for a while and went to the market and sold their apples as instructed. Jayesh sold 50, Amit sold 30, and Arjun sold 10 apples, all at the same price and each one of them earned exactly the same amount. Mr Kumar felt proud of his sons when they told him how they managed to do it.

Can you guess the solution?


SOLUTION

Jayesh started selling his apples at a price of 7 apples @ ₹10. He sold 49 of his apples at this price, but retained 1.

Amit sold 28 apples at this price, i.e. 7 @ ₹10, and kept 2.

Arjun sold 7 of his apples at this price, and retained 3 apples.

Then Jayesh sold his last apple for ₹30. In accordance to the rules set by their father, Amit also sold his remaining 2 apples for ₹30 each, and Arjun sold his 3 apples at ₹30 each.

Their earnings are summed up in the following table:




	Jayesh’s sale
	Price
	No. of apples sold
	Amount earned





	First Sale
	7 apples for ₹10
	49
	₹70



	Second Sale
	1 apple for ₹30
	1
	₹30



	 
	Total
	50
	₹100








	Amit’s sale
	Price
	No. of apples sold
	Amount earned





	First Sale
	7 apples for ₹10
	28
	₹40



	Second Sale
	1 apple for ₹30
	2
	₹60



	

	Total
	30
	₹100








	Arjun’s sale
	Price
	No. of apples sold
	Amount earned





	First Sale
	7 apples for ₹10
	7
	₹10



	Second Sale
	1 apple for ₹30
	3
	₹90



	

	Total
	10
	₹100





We can see that each of the brothers earned the same amount by selling different number of apples at same price. That’s called smart business.




Special Tip

Try to find the solution if the three men were asked to sell 25, 15 and 10 apples respectively.
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THE INVISIBLE THIEF

Two brothers, Raju and Mohan, brought watermelons from their respective fields to sell in the city market. When they reached the market, they got to know that only one stall is available. They decided to sell their stock together from a single stall. They had 30 watermelons each. Raju decided that he would sell his watermelons at ₹25 for 3, so that he would earn ₹250. Mohan decided to sell his watermelons at a higher price of ₹25 for 2 to earn ₹375.



However, they were confused whose watermelons to sell first. If they were to sell the expensive ones first, they would not get many customers, and if they sold the cheaper ones first, it would be difficult to sell the expensive ones later.

Finally, they decided to sell their watermelons in batches of 5—3 @ 25 and 2 @ 25, i.e. 5 @ 50

By the end of the day, all 60 watermelons were sold in 12 batches of 5 each.

They earned: 12 × 50 = ₹600 in total.

Then came the time to divide their earnings.

Mohan gave Raju ₹250 as his 30 watermelons were sold at 3 for ₹25.

He himself was left with ₹600 – ₹250 = ₹350

But he had calculated his earnings to be ₹375, by selling 30 watermelons at 2 for ₹25.

He wondered where the remaining ₹25 went. He was sure that he had sold the entire stock without making any mistakes in calculation. So who took away the ₹25?

Can you help him in finding his lost ₹25 and to find the invisible thief?


SOLUTION

If the brothers had sold their products individually,


	Raju would have sold 10 batches of 3 watermelons each. Each lot would have earned him ₹25. The total would have been ₹250.

	Mohan would have sold 15 batches of 2 watermelons each. Each lot would have earned him ₹25. The total would have been ₹375.





Understanding the above figure will solve the mystery of the missing ₹25.

‘R’ represents Raju’s 30 watermelons, which were to be sold at 3 for ₹25 and ‘M’ represents Mohan’s 30 watermelons to be sold at 2 for ₹25. The numbers in the last row correspond to the batches.

These 60 watermelons were divided into 12 batches of 5 each, sold for ₹25.

If you look at the last two batches, you will notice that these are not same as the other ones.

When the watermelons were sold in batches of 5 each, Raju’s 30 watermelons were sold off in the first 10 batches. All the remaining watermelons were Mohan’s. They should have sold these at the price that Mohan wanted, i.e. 2 for ₹25.

(2 @ ₹25) × (5 batches) = 25 × 5 = ₹125

Whereas, they sold these 10 watermelons for:

2 batches @ ₹50 = ₹100

Thus, there was a difference of ₹25.
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THREE IN A RACE

A, B and C are in a 100 m race, each running at a uniform speed.



If A beats B by 10 m and B beats C by 10 m, by how much distance does A beat C?

If you are thinking that C is 20 m behind A or at the 80 m mark, then think again. Solving it mathematically can get you the correct answer.


SOLUTION

When A crosses the 100 m line, B is at the 90 m mark, as it is given that A beats B by 10 m. Thus, we can say that B covers 9 m for every 10 m of A.

Similarly, since B beats C by 10 m, C covers 9 m for every 10 m of B.

So, when B is at the 90 m mark, C has covered nine-tenths of 90 m, which is 81 m.

Finally, when A crosses the 100 m line to win, B is at the 90 m and C at the 81 m mark. Thus, A beats C by 19 m and not 20 m as it seemed in the beginning.
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CLEVER SALESMAN

An insurance salesman knocks on the door of a home. When a lady answers, he asks, ‘How many children do you have?’

She replies, ‘Three.’



When he asks, ‘What are their ages?’, she decides that he is too intrusive and refuses to tell him. On his insistence she says that she can give him a hint about the children’s ages. She says, ‘If you multiply the ages of all three, you get 36.’

He thinks for a while and then asks for another hint. Then she says, ‘The sum of their ages is the number on the house next door.’ He then immediately walks to the house next door and comes back, saying, ‘I need one more hint.’ The lady replies, ‘I have to go, my eldest son is sleeping upstairs.’

The salesman said, ‘Thank you! I now have everything I need.’

He then knows their ages. Do you?


SOLUTION

First hint:

The lady said that the product of the ages of her three children is 36.

So let’s find all possible ways of representing 36 as the product of three factors:


	1) 36 = 12 × 3 × 1

	2) 36 = 6 × 3 × 2

	3) 36 = 4 × 3 × 3

	4) 36 = 36 × 1 × 1

	5) 36 = 9 × 4 × 1

	6) 36 = 18 × 2 × 1

	7) 36 = 9 × 2 × 2

	8) 36 = 6 × 6 × 1



At this stage, the information is not sufficient to guess the ages of three children. It can be any of these combinations.

Second hint:

The sum of their ages is same as the house number next door.

If we add up the combinations of factors given above, we get the following totals:

16, 11, 10, 38, 14, 21, 13 and 13.

If the number of the house next door was 16, 11, 10, 38, 14 or 21, the salesman would have guessed the ages without a doubt. But he still wasn’t sure. That means the house number is 13, as there are two combinations for that total, i.e. ‘9, 2 and 2’ and ‘6, 6 and 1’.

Third hint:

The lady said that her eldest son was sleeping upstairs.

That means the older siblings are not twins and she has an eldest child.

That’s how the salesman guessed the children’s ages as 9, 2 and 2 years respectively.
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SOLVING QUESTIONS WITHOUT ALGEBRA

Sonia bought 3 cupcakes and 2 doughnuts for ₹157. Anisha bought 1 cupcake and 2 doughnuts for ₹113 from the same shop. If all cupcakes cost the same and all doughnuts cost the same, how much does each doughnut cost?



We can easily solve such problems using algebra by considering the unknown quantities to be x and y and creating and solving two equations according to the given condition. It can still be solved if someone has not been introduced to algebra yet or is unclear about the concepts.

Can you determine the solution without using algebra?


SOLUTION

The difference between the amount paid by Sonia and Anisha is ₹44.

This is the price of 2 cupcakes.

As all cupcakes cost same, the price of each cupcake is ₹ 22.

Anisha bought 1 cupcake and 2 doughnuts for ₹113.

Cost of 2 doughnuts = 113 – 22 = ₹91

As all doughnuts cost same, the price of each doughnut is 
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COMPARING MOVIES

Percentages can be deceptive at first glance and reveal interesting statistics if understood properly. Consider the following example:

A movie ‘A’ is shown to a group of 90 people, out of which 63 people like it.

So the percentage of people who like ‘A’ in this group is



The same movie ‘A’ is shown to another group of 10 people, out of which 4 people like it.

So the percentage of people who like ‘A’ in this case would be



Another movie ‘B’ is shown to the same first group of 90 people, out of which 45 people like it.

So the percentage of people who like ‘B’ in this group is



The same movie ‘B’ is shown to the second group of 10 people, out of which 8 people like it.

So the percentage of people who like ‘B’ in this case would be



Based on this information, which movie do you think is liked by the most people? Movie A or Movie B?




	MOVIE A





	Group
	Liked by
	Percentage



	90 people
	63
	70%



	10 people
	4
	40%








	MOVIE B





	Group
	Liked by
	Percentage



	10 people
	8
	80%



	90 people
	45
	50%






SOLUTION




	MOVIE A





	Group
	Liked by
	Percentage



	90 people
	63
	70%



	10 people
	4
	40%



	Total:



	100
	67
	








	MOVIE B





	Group
	Liked by
	Percentage



	10 people
	8
	80%



	90 people
	45
	50%



	Total:



	100
	53
	





Hence we see that although at first glance movie ‘B’ seems to be more popular, it is actually movie ‘A’ that more people like.

To get the actual result, we need to calculate the percentage by taking both the cases together, as shown above.
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MATCHSTICK PUZZLES

These puzzles test your ability to think logically. As the main props, i.e. matchsticks, are easily available, it is also very easy to practise. So go ahead and don your thinking caps. Time yourself while solving the puzzles, and see if you get faster as you go along.

1. Move one matchstick and make a square.



2. Take only two matches away to leave behind two equilateral triangles.



3. Use 11 matchsticks to make 9.



4. Take away two matchsticks to leave two squares.



5. Take away six matches to leave 10.



6. Move one match to make the house face the opposite direction.



7. Remove 8 matches to leave just two squares.



8. Take away three matches to leave only three squares.



9. Arrange four matchsticks and a coin as shown below to represent a glass containing a ball. Can you move the ball out of the glass by just moving two matchsticks?



10. Change position of only one matchstick and make the following equation correct:



11. Move one matchstick to make four triangles:



MATCHSTICK EQUATIONS

The equations given below are incorrect. Can you rectify them by just moving a single matchstick?

Note: ‘X’ and ‘+’ are made using two matchsticks only.

1. XI – V = IV

2. X + V = IV

3. L + L = L

4. VI = IV – III

5. XIV – V = XX

6. IX – IX = V

7. X = VIII – II

8. VII = I

9. VII = III + II


SOLUTIONS

1.



2.



3.



4.



5.



6.



7.



8.



9.



10.



11.



MATCHSTICK EQUATIONS SOLUTIONS

1. XI – V = IV

X – VI = IV

or

XI – V = VI

or

XI – VI = V

2. X + V = IV

IX – V = IV

or

X – VI = IV

3. L + L = L

– L = L

or

L + I = LI

4. VI = IV – III

VI = IX – III

or

VI = IV + II

5. XIV – V = XX

XV + V = XX

6. IX – IX = V

IX – IV = V

7. X = VIII – II

X – VIII = II

8. VII = I

square root of 1 (i.e.√1 = 1)

9. VII = III + II

VI = III + III
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OBSERVATION-ENHANCING PUZZLES

The latest gadgets and advanced technology have made our life simple, but at the same time they have affected our mental abilities by adding numerous distractions. As a result, reduced attention spans and observational skills are a common problem. These fun-filled puzzles are meant to help fix that.

Calculate the value of each item given in the pictures and find the value of missing number.

PICTURE PUZZLE 1



PICTURE PUZZLE 2



PICTURE PUZZLE 3



PICTURE PUZZLE 4



PICTURE PUZZLE 5




SOLUTIONS

Picture Puzzle 1:

First row: 3 mangoes = 60, so the value of each mango is 20.

Second row: 1 mango + 4 bananas + 4 bananas = 28, so the value of each banana is 1.

Third row: 4 bananas – 2 pears = 2, so the value of each pear is 1.

In the fourth row, observing the number of items carefully and substituting the values, we get:

1 pear + 1 mango + 3 bananas =1 + 20 + 3 = 24.

Picture Puzzle 2:

First row: 3 rabbits = 24, so 1 rabbit = 8.

Second row: 1 rabbit + 2 carrots + 2 carrots = 16, so 1 carrot = 2.

Third row: 2 carrots – 2 shoes = 2, so 1 shoe = 1.

In the fourth row, observing the number of items carefully and substituting the values, we get:

1 shoe + 1 rabbit + 1 rabbit × 1 carrot = 1 + 8 + 8 × 2 = 1 + 8 + 16 = 25.

Picture Puzzle 3:

First row: 3 flowers = 30, so 1 flower = 10.

Second row: 1 flower + 5 leaves + 5 leaves = 20, so 1 leaf = 1.

Third row: 5 leaves – 2 buds = 3, so 1 bud = 1.

In the fourth row, observing the number of items carefully and substituting the values, we get:

1 bud + 1 flower × 4 leaves = 1 + 10 × 4 = 1 + 40 = 41.

Picture Puzzle 4:

First row: 3 pastries = 30, so 1 pastry = 10.

Second row: 1 pastry + 1 ice cream + 1 ice cream = 20, so 1 ice cream = 5.

Third row: 1 ice cream + 2 fries packs + 2 fries packs = 9,

so 1 fries pack = 1.

In the fourth row, observing the number of items carefully and substituting the values, we get:

1 ice cream + 1 fries pack × 1 pastry = 5 + 1 × 10 = 5 + 10 = 15.

Picture Puzzle 5:

6 + 6 + 6 = 18 (sum of numbers shown on the top of each die)

3 + 3 + 3 = 9 (sum of time displayed in the clocks)

3 × 3 – 3 = 6 (3 books in each pile)

2 × 3 – 2 = 6 – 2 = 4 (observe the number represented by each item in the row)
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HOW LONG DOES IT TAKE TO DOUBLE YOUR MONEY?

A penny saved is a penny earned. With so many options available to invest your hard-earned money in, it is often hard to decide what to choose to get the maximum returns. Even if we know the rate of interest, we have to depend on calculators to decide the tenure of our investment, making it confusing and time-consuming. But the magical numbers 72 and 115 can help you estimate how long it’ll take to double or triple your investment.

Magic of 72



To estimate the number of years required to double your investment at a given interest rate (compounded annually) you just have to divide 72 by the interest rate. It will give you an approximate answer. For example, if you want to know how long it will take to double your money at 12% interest per annum, divide 72 by 12. The answer is approximately 6 years.

Years required to double investment = 72 ÷ interest rate compounded annually

This formula is more accurate when the interest rate is less than 20%. You can compare the estimated answer arrived at by using 72 and the actual calculation from the following table:




	Rate of interest
	Years needed to double investment (magic of 72)
	Actual number of years needed





	1%
	72
	69.661



	2%
	36
	35.003



	3%
	24
	23.450



	4%
	18
	17.673



	5%
	14.4
	14.207



	6%
	12
	11.896



	7%
	10.286
	10.245



	8%
	9
	9.006



	9%
	8
	8.043



	10%
	7.2
	7.273



	11%
	6.545
	6.642



	12%
	6
	6.116



	15%
	4.8
	4.959



	18%
	4
	4.188



	20%
	3.6
	3.802



	25%
	2.880
	3.106



	30%
	2.4
	2.642



	40%
	1.8
	2.060



	50%
	1.440
	1.710



	60%
	1.2
	1.475



	70%
	1.029
	1.306





This formula is useful for financial estimates. If you want to know the interest required to double your money in a specific time period (compounded annually) then divide 72 by the number of years.

Interest rate required to double investment = 72 ÷ number of years

For example, if you want to double your money in six years, divide 72 by 6, to find that it will require an interest rate of about 12%.

Thus the magical formulas are:



T and R are the time period of the investment in years and the annual interest rate, respectively.


Special Tip

To know the approximate time period required to triple your money, use the following formula:

Years required to triple your investment = 115 ÷ interest rate compounded annually

For example, if the compound interest rate is 10%, it will take 11.5 years to triple your investment.






Riddle Time

Can you guess the word which is pronounced wrong by every mathematician?



Wrong. 
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DETERMINING THE UNIT DIGIT AT A GLANCE

In competitive exams, some questions require you to find the unit digit of the answer resulting from complex calculations, e.g. find the unit digit of:

(743)85 – (625)37 + (986)67

Such calculations are very time-consuming if you don’t know the trick to solve it. In this chapter, we will discuss and understand the secret to solve such complex questions.

We will see the pattern in the unit digit of the powers of all the numbers from 0 to 9 first.

A. Finding the unit digit of any power with bases 0 and 1

The unit digit of 0n and 1n will always remain 0 and 1 respectively.

B. Finding the unit digit of any power with base 2

The following table shows the possible unit digits of 2n:




	Power
	Unit digit





	(2)1
	2



	(2)2
	4



	(2)3
	8



	(2)4
	6



	(2)5
	2



	(2)6
	4



	(2)7
	8



	(2)8
	6





The above pattern of unit digits repeats itself after interval of 4.

To get the unit digit of 2n, follow these steps:

Step 1

Divide the exponent by 4.

Step 2

If there is any remainder, consider that to be n, i.e. the new exponent. Determine the result using the above table.

Step 3

If it is completely divisible by 4 (i.e. zero remainder), consider the exponent as 4, i.e. (2)4 which will mean 6 is the unit digit.

Let’s consider some examples.

Example 1:

Find the unit digit in (2)53


	Divide the exponent of 2 by 4, i.e. divide 53 by 4. The remainder is 1.

	Since 1 is the remainder, we will consider it to be the exponent of 2, i.e. (2)1.

	As (2)1 = 2, the unit digit of (2)53 will be 2.



Example 2:

Find the unit digit in (2)40


	Divide 40 by 4, i.e. 40 ÷ 4. The remainder is 0.

	Since it is completely divisible by 4, take 4 as the exponent of 2, i.e. (2)4.

	From the above table, the unit digit of (2)4 = 6. Hence, the unit digit of (2)40 will be 6.



C. Finding the unit digit of any power with base 3

The following table shows the possible unit digits of 3n.




	Power
	Unit digit





	(3)1
	3



	(3)2
	9



	(3)3
	7



	(3)4
	1





The above pattern of unit digits repeats itself after interval of 4. Hence, to find out the unit digit of 3n, follow these steps:

Step 1

Divide the exponent of 3 by 4.

Step 2

If there is any remainder, take it as the exponent and determine the result using the above table.

Step 3

If it is completely divisible by 4 (i.e. zero remainder), take 4 as the exponent, i.e. (3)4, which will always mean 1 is the unit digit.

Let’s consider some examples:

Example 1:

Find the unit digit in (3)74


	Divide 74 (the exponent of 3) by 4, i.e. 74 ÷ 4; the remainder is 2.

	Since 2 is the remainder, we will take it as the exponent of 3, i.e. (3)2.

	As (3)2 = 9, the unit digit of (3)74 will be 9.



Example 2:

Find the unit digit in (3)32


	Divide 32 (exponent of 3) by 4, i.e. 32 ÷ 4; the remainder is 0.

	Since it is completely divisible by 4, take 4 as the exponent of 3, i.e. (3)4.

	From the above table, the unit digit of (3)4 = 1. Hence, the unit digit of (3)32 will be 1.



D. Finding the unit digit of any power with base 4


	If the exponent is even, the unit digit will be 6.

	If the exponent is odd, the unit digit will be 4.



Examples:

The unit digit of (4)64 = 6

The unit digit of (4)63 = 4

E. Finding the unit digit of any power with bases 5 and 6

The unit digit of 5n and 6n will always remain 5 and 6, respectively.

F. Finding the unit digit of any power with base 7

The following table shows the possible unit digits of 7n.




	Power
	Unit digit





	(7)1
	7



	(7)2
	9



	(7)3
	3



	(7)4
	1





The above pattern of unit digits repeats itself after interval of 4. To determine the unit digit of 7n, follow these steps:

Step 1

Divide the exponent of 7 by 4.

Step 2

In case of any remainder, take it as the exponent of 7 and determine the result using the above table.

Step 3

If it is completely divisible by 4 (i.e. zero remainder), take 4 as the exponent, i.e. (7)4, which will mean 1 is the unit digit.

Let’s consider some examples.

Example 1:

Find the unit digit in (7)23


	Divide 23 (exponent of 7) by 4, i.e. 23 ÷ 4; the remainder is 3.

	Since 3 is the remainder, we will consider it to be the power of 7, i.e. (7)3.

	As the unit digit of (7)3 = 3, the unit digit of (7)23 will be 3.



Example 2:

Find the unit digit in (7)48


	Divide 48 (exponent of 7) by 4, i.e. 48 ÷ 3; the remainder is 0.

	Since it is completely divisible by 4, take 4 as the exponent of 7, i.e. (7)4.

	From the above table, the unit digit of (7) 4 = 1. Hence, the unit digit of (7)48 will be 1.



G. Finding the unit digit of any power with base 8

The following table shows the possible unit digits of 8n.




	Power
	Unit digit





	(8)1
	8



	(8)2
	4



	(8)3
	2



	(8)4
	6





The above pattern of unit digits repeats itself after interval of 4. To find out the unit digit of 8n, follow these steps:

Step 1

Divide the exponent of 8 by 4.

Step 2

In case there is any remainder, take it as the exponent of 8 and determine the result using the above table.

Step 3

If it is completely divisible by 4 (i.e. zero remainder), take 4 as the exponent, i.e. (8)4, which will always give 6 as the unit digit.

Let’s consider some examples.

Example 1:

Find the unit digit in (8)23


	Divide 23 (exponent of 8) by 4, i.e. 23 ÷ 4; the remainder is 3.

	Since 3 is the remainder, we will take it as the exponent of 8, i.e. (8)3.

	As the unit digit of (8)3 = 2, the unit digit of (8)23 will be 2.



Example 2:

Find the unit digit in (8)48


	Divide 48 (exponent of 8) by 4, i.e. 48 ÷ 4; the remainder is 0.

	Since it is completely divisible by 4, take 4 as the exponent of 8, i.e. (8)4.

	From the above table, the unit digit of (8)4 = 6. Hence, the unit digit of (8)48 will be 6.



H. Finding the unit digit of any power with base 9


	If the exponent is even, the unit digit will be 1.

	If the exponent is odd, the unit digit will be 9.



Examples:

The unit digit of (9)64 = 1

The unit digit of (9)63 = 9

Now, we can easily solve the questions based on finding the unit digit of large powers.

Example 1:

Find the Unit Digit in (295)98 + (612)33 + (893)72

Unit digit of (295)98 = unit digit of 598 = 5.

Unit digit of (612)33 = unit digit of 233 = unit digit of 2(4×8) +1 = unit digit of 21 = 2.

Unit digit of (893)72 = unit digit of 372 = unit digit of 34 = 1.

5 + 2 + 1 = 8

Hence, the final answer will be 8.

Example 2:

Find the Unit Digit in (743)85 – (625)37 + (986)98

Unit digit of (743)85 = 3

Unit digit of (625)37 = 5

Unit digit of (986)98 = 6

3 – 5 + 6 = 4

Hence, the final answer will be 4.




Riddle Time

Which of the following sentences is correct?

Nine and five are thirteen.

or

Nine and five is thirteen.



Neither is correct: 9 + 5 = 14 
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SHORTCUT TO FIND THE SUM

In quizzes, interviews and competitive exams, some questions test your calculation skills. Solving them using traditional methods takes up a lot of time, which is crucial in such situations. In this chapter, we will use a formula to quickly calculate the sum of all possible numbers formed using a given set of numbers.

Question: What is the sum of all three-digit numbers that can be formed using the numbers 1, 2 and 3, without repeating any digit?

Answer: In this case, we can simply write all the possible combinations of three-digit numbers and add them up:

123

213

132

312

321

231

So, their sum will be:

123 + 213 + 132 + 312 + 321 + 231 = 1332

But, what if the number of digits increases?

Say, you have to find the sum of all four-digit numbers that can be formed using the numbers 1, 2, 3 and 4, without repeating a digit.

In such cases, writing all possible four-digit numbers and then adding them is very time consuming and difficult.

Let’s learn a smart way to calculate it;

Let the four digits be A, B, C and D. Then, the number formed using them can be written in the following format:

1000A + 100B + 10C + D

Now, as we start placing numbers at the unit place, we have four options.

Then, for the tens place, three options will remain, as we cannot repeat a number.

For the hundreds place, two options will remain.

And for the thousands place, only one option will be left.

Hence, the total number of ways in which we can form four-digit numbers are:

4 × 3 × 2 × 1 = 24

Or using the ‘permutation and combination’ formula, there are 4P4 ways in which four-digit numbers can be formed from a given set of four numbers, with each number appearing only once:

4P4 = 4! = 4 × 3 × 2 × 1 = 24

Also, all four of these digits (1, 2, 3, 4) will be placed at each digit place an equal number of times. As the total possible numbers are 24, so we can say each of these four numbers will appear six times at each place. That means at the unit place 1 will appear six times, 2 will appear six times, 3 will appear six times and 4 will also appear six times.

Therefore, the total of the unit digits in all 24 numbers will be:

6(1 + 2 + 3 + 4)

Similarly, the total of the tens digits will be:

6 × 10(1 + 2 + 3 + 4)

In short, if we add all the digit places, we get:

6 × 1000(1 + 2 + 3 + 4) + 6 × 100(1 + 2 + 3 + 4) + 6 × 10(1 + 2 + 3 + 4) + 6(1 + 2 + 3 + 4)

= 6 × [1000(1 + 2 + 3 + 4) + 100(1 + 2 + 3 + 4) + 10(1 + 2 + 3 + 4) + (1 + 2 + 3 + 4)]

= 6 × (1 + 2 + 3 + 4) × [1000 + 100 + 10 + 1]

= 6 ×10 × (1111)

= 66660

As you have understood the concept now, we can see the direct formula for it as:


The sum of all the numbers that can be formed by using n non-zero digits is

If repetition is not allowed:

(n-1)! × (sum of the digits) × (1 . . . n times)

If repetition is allowed:

n(n-1) × (sum of the digits) × (1 . . . n times)



Let’s see some more examples to better understand the formula:

Example 1:

Find the sum of all four-digit numbers that can be formed using 1, 2, 3 and 4, if repetition of digits is allowed.

The formula when repetition of digits is allowed is:

n(n-1) × (sum of the digits) × (1 . . . n times)

= 43× (1 + 2 + 3 + 4) × (1111)

= 64 ×10 × 1111

= 711040

Example 2:

Find the sum of all 4-digits numbers that can be formed using the digits 2, 3, 4, 5, if repetition of digits is not allowed.

The formula when repetition of digits is not allowed is:

(n-1)! × (sum of the digits) × (1 . . . n times)

= 3! × (2 + 3 + 4 + 5) ×(1111)

= 6 ×14 × 1111

= 93324




Riddle Time

How many birthdays can an average person have?



One. All the others are anniversaries of one’s birthday. 
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MAGIC BY 11

Multiplication by the number 11 is very interesting and fast. In many cases the answer can be determined by just looking at the given numbers.

Let’s take a look at a few examples.

Example 1:

34 × 11

The answer can be given at a glance, i.e. 374. Here’s how:

To get the answer write 3 and 4 as it is and their sum (i.e. 7) in the middle.



So, 34 × 11 = 374.

Similarly, 61 × 11 = 671 (the sum of 6 and 1, i.e. 7, in the middle).

Example 2:

53172 × 11

For a bigger number like this, we write the first and the last numbers, i.e. 5 and 2 as it is and then starting from either end, keep writing the sum of the two digits at a time as shown below:



So, the answer is 584892.

This trick is easier to apply when the addition of numbers do not require a carry-over.

When a number needs to be carried over, we make a Dot Sandwich of the number, i.e. put a dot on both the sides of the number and carry on with the successive addition steps, as we will see in the next example.

Example 3:

6258 × 11


	Put two dots, one on each side of the number, i.e. . 6 2 5 8 .

	Starting from the dot on the right-hand side, taking two digits at a time, keep on adding in pairs till you reach the dot on the left; consider the value of a dot as 0.



Note: If at any step, addition results in a two-digit number, we write down the unit digit and carry over the tens digit to be added in the next step.



So, the answer is 68838.

Example 4:

5619 × 11

The answer can be directly given as

.5619. × 11 = 5 11 710 9 = 61809


For more such tricks of calculation using Vedic maths, visit our website, www.aditisinghal.com, or refer to our book How to Become a Human Calculator?






Riddle Time

How many times can you subtract 2 from the number 21?



Only once. After that it becomes 19. 
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WONDER OF 9s

Multiplication by 9 often lends itself to many tips and tricks, which can be quite handy not just for examinations but also for performing quick mental maths.

If a number is to be multiplied by another number consisting of only 9 or a series of 9s, the answer can be arrived in an amazingly simple way.

Example 1:

84 × 99

The answer will be in two parts, LHS (left-hand side) and RHS (right-hand side).

For LHS, subtract 1 from 84, i.e. 84 – 1 = 83.

For RHS, subtract this LHS answer from 99, i.e. 99 – 83 = 16.

The answer can simply be written as:



So, the answer is 8316.

Example 2:

752 × 999

The answer can be written in two parts as:



So, the answer is 751248.

This trick can be applied to any number provided that the number of digits in the multiplicand and the multiplier (the number comprising only of 9s) are the same.

Example 3:

810256 × 999999

LHS = 810256 – 1 = 810255

RHS = 999999 – 810255= 189744

So, the answer is 810255189744.

When there are more 9s in the multiplier than there are digits in the multiplicand, the same trick can be applied with a little modification, as shown below.

Example 4:

58 × 999

Since the multiplier here has three 9s, convert the multiplicand 58 into a three-digit number by adding a 0 in front. So, it becomes:

058 × 999

The answer can be directly written in two parts as:



So, the answer is 57942.

The process can be simplified even more:


	Reduce 1 from the multiplicand

	Write the extra 9(s) in the centre

	Subtract the answer of step 1, from rest of the 9s in the multiplier.



The next example should make this method clear.

Example 5:

542 × 9999

Here the multiplicand, 542, has three digits and the multiplier, 9999, has four digits. So in this case, there is one 9 extra in the multiplier.

The answer can be arrived directly as



Example 6:

453 × 9999999

453 × 9999999 = 452 / 9999 / 547= 4529999547


For more such tricks of calculation using Vedic maths, visit our website, www.aditisinghal.com, or refer to our book How to Become a Human Calculator?






Riddle Time

Which is heavier, milk or cream?



Cream is actually lighter than milk, which is why cream will rise to the top. 
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LEARNING THE TIMES TABLES

Times tables are the basic foundation concepts for doing calculations. Most students find it easy to memorize tables till 10 or 11, but not beyond that. Most children, as well as adults, tend to turn to calculators for calculations even as simple as 16 × 8.

In this chapter you will learn a magical technique of working out tables mentally, from 12 right up to 99. Using this technique, we set the Guinness World Record for teaching the largest maths class, in which 2312 students were taught tables till 99. We also share this technique in almost all our workshops, and thousands of teachers have given very positive feedback after teaching it to their students.

Times Tables from 12 to 19

Let’s understand the table of 12 first. It is easy to work out the table of 12 from the table of 2. Observe the pattern outlined on the next page:



Till 2 times 4 and 12 times 4, we are just shifting the factor to the tens place beside the product, i.e. in ‘2 × 3 = 6’, we are taking the factor 3 to the tens place beside the product 6 to get ‘12 × 3 = 36’.

For 12 × 5 too, we will follow the same process. But 2 × 5 = 10 has two digits in the product, so we will add the factor ‘5’ to ‘1’ at the tens place to get 6, and the ones place will remain as it is, as shown below, to get the product:



Similarly,




	In the same way, using the table of 3, we can write the table of 13.

	From the table of 4, we can get the table of 14.

	From the table of 5, we can get the table of 15.

	From the table of 7, we can get the table of 17.

	From the table of 9, we can get the table of 19.



You do not need to write out the entire table to determine only one particular product. Let’s make this clearer with an example.

Suppose you need to find the answer to 13 × 6.

We know that the table of 13 can be worked out from the table of 3, so visualize the corresponding multiplication from the table of 3 in your mind, and do the remaining calculation mentally, as shown below:



Practise this with any random product of tables 12 to 19 and check for yourself.

Some more examples are given below:




Rules to remember


	Before applying the above technique, the learner must know the tables till 9.

	The learner must be able to add two digits mentally.

	To arrive at the product, you need to add just the factor (of the corresponding table) in the ten’s place. The one’s digit remains as it is.





A Myth about Learning Tables

Tables are always thought of as something to be learnt by heart, by repetitively chanting or reciting them. Because we have been taught this way for generations, we assume that this is the best way to teach or learn tables. But if this is the best way, why is memorizing tables such a big problem for students, their parents and teachers?

Through our experience of working with thousands of students of different age groups, and experiences shared by other teachers, we observed that more than 80 per cent of students feel unequipped to tackle even the most basic arithmetic operations because they don’t know their tables thoroughly.

Learning anything becomes easy if we understand the pattern in it. For example, if someone tells you their number is 9810199101, you don’t have to put in effort to memorize it, as there is a pattern to it, i.e. 98-101-99-101, so it gets automatically stored in your brain. This is how our brain works, and mathematics is all about understanding patterns.

Learning tables will also become easy if we understand the patterns in them instead of just mugging them up.

Times Tables up to 99

Once you practise tables till 19 for a week, you may learn the following method to do tables mentally till 99.

For example, let’s take the table of 87.

First write down the table of 8 and then the table of 7 beside it:




	Table of 8
	Table of 7
	Process
	Table of 87





	16
	14
	(16 + 1)4
	174



	24
	21
	(24 + 2)1
	261



	32
	28
	(32 + 2)8
	348



	40
	35
	(40 + 3)5
	435



	48
	42
	(48 + 4)2
	522



	56
	49
	(56 + 4)9
	609



	64
	56
	(64 + 5)6
	696



	72
	63
	(72 + 6)3
	783



	80
	70
	(80 + 7)0
	870





Or you can calculate any single product as follows:



This way one can work out tables from 21 to 99 mentally.

To access the activity sheets for practising times tables, visit our website: www.aditisinghal.com




Riddle Time

I add five to nine, and get two. The answer is correct, but how?



When it is 9 a.m., add 5 hours to it and get 2 p.m. 
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AMAZING SQUARES

In this chapter we will learn an interesting trick that lets us easily find the squares of numbers with 5 as the last digit.

We follow this procedure for the trick:


	The answer comes in two parts—LHS and RHS.

	LHS is computed by multiplying the digit before 5 by its next consecutive number.

	RHS is always 25 as the number ends in 5, and we know that 52 = 25.



Let’s take an example to understand it better.

Example 1:

Find the square of 35.



LHS = The digit before 5, i.e. 3, is multiplied by its next consecutive number, 4.

i.e. 3 × 4 = 12



RHS = as the number ends in 5,

52 = 25

So, 352 = 1225.

Example 2:

Find 752.

LHS = 7 × 8 = 56

RHS = 52 = 25

So, 752 = 5625.

Example 3:

Find 1152.

LHS = 11 × 12 = 132

RHS = 52= 25

So, 1152 = 13225.

Some More Solved Examples:

852 = (8 × 9)/25 = 7225

252 = (2 × 3)/25 = 625

152 = (1 × 2)/25 = 225

1252 = (12 × 13)/25 = 15625

4052 = (40 × 41)/25 = 164025


For more such calculation tricks using Vedic maths, visit our website, www.aditisinghal.com, or refer to our book How to Become a Human Calculator?






Riddle Time

A certain number when written in words has four letters.

Take two letters away and you have four left.

Take one more letter away and you have five left.

What is the word?



The word is FIVE. 

Take away F and E, and you get IV (the Roman numeral for 4).

Take away I and you get V (the Roman numeral for 5).
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SIMPLIFYING MULTIPLICATION

The following tricks will help you perform calculations just by taking a look at the question.

Multiplying Any Number by 5

Since , first multiply the number by 10 and then divide it in half.

Example 1:

62 × 5

Just put one 0 at the right of 62 to multiply it by 10, and divide the number obtained in half:



Multiplying Any Number by 50

Since , to multiply a number by 50 add two 0s to its right and divide it in half.

Example 2:

38 × 50



Multiplying Any Number by 25

Since , to multiply a number by 25 add two 0s to its right and divide it in half twice.

Example 3:

84 × 25





Another Magical Multiplication

Now we will see a magical multiplication of two numbers, where:


	The digits in the units place add up to 10

	The digits in the tens place are the same



We will get the answer in two parts—LHS and RHS.

For LHS answer:

Multiply the tens place digit by its next consecutive number (i.e. n+1 if n is the digit).

For RHS answer:

Multiply the digits at the units place by one another.

Example 4:

24 × 26

4 + 6 = 10, so the digits in the units place add up to 10, and the digit at the tens place is 2 in both the numbers.



LHS = Multiply the digit at tens place, i.e. 2, by its next consecutive number.

2 × (2 + 1) = 2 × 3 = 6

RHS = Multiply the digits at the units place.

4 × 6 = 24

So, 24 × 26 = 624.


Special Tip

The number of digits on RHS is always double the number of 0s in the base.

(By base, we mean 10n, e.g. 10, 100, 1000, etc.)



Example 5:

59 × 51

At the units place, 9 + 1 = 10. And the tens digit is 5 for both numbers.



LHS = 5 × (5 + 1) = 5 × 6 = 30

RHS = 9 × 1 = 9, i.e. 09

(since the number of digits on RHS = double of the number of 0s in the base, and since 9 + 1 =10, the base is 10 and has one 0)

So, 59 × 51 = 3009.

Note: This trick also holds true for numbers with more than two digits as well, where the units digits add up to 10 and the remaining digits are the same in both numbers.

Example 6:

602 × 608

At the units place, 8 + 2 = 10, and the remaining digits are 60 for both numbers.



LHS = 60 × (60 + 1) = 60 × 61 = 3660

RHS = 2 × 8 = 16

So, 602 × 608 = 366016.


Special Tip

This method can also be extended to cases where groups of digits on the right in both multiplicand and multiplier add up to other bases such as 1000, 10,000 and so on, and the remaining digits on the left are the same in both numbers.



Example 7:

293 × 207

In this case, 3 and 7 in the units place add up to 10, but 29 and 20 don’t match.

So, we will just consider the common digits for the LHS and add the rest of the digits to check if they add up to a multiple of 10. So, 93 + 7 =100 can be taken as base and the remaining digit, i.e. 2, in the hundreds place is the same for both numbers.



LHS = 2 × (2 + 1) = 2 × 3 = 6

RHS = 93 × 7 = 0651

(RHS will have four digits as 100 is the base and has two 0s)

So, 293 × 207 = 60651.


For more such tricks using Vedic maths, visit our website, www.aditisinghal.com, or refer to our book: How to Become a Human Calculator?






Riddle Time

If 8 birds can eat 8 worms in 8 minutes, how long will it take 16 birds to eat 16 worms?



8 minutes 
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MAGICAL DIVISION

The following is an amazing trick that serves as the fastest method to divide when the denominator ends in 9, e.g. 19, 39, 69, 119, etc.

We simplify the division process by the use of auxiliary (supporting) fractions, where big denominators are converted into small, and thus more comfortable, denominators and the whole division is carried out by this new divisor through a very unique procedure.

Example 1:

Convert  to its decimal form

Conventional method:



Magical method:



Let’s understand this magical method.

Step 1

Add 1 to the denominator 29 to make it 30, and remove 0 from it by introducing a decimal point in the numerator, as shown:



This new fraction  is called the auxiliary fraction of , which will help to find the answer in a very easy and unique way. Now we will carry out step-by-step division by taking the divisor as 3 instead of 29.

Step 2

Divide 0.4 by 3. This will be a slightly different kind of division as  is an auxiliary fraction, not the original one.

Put the decimal point first and divide numerator 4 by denominator 3.



Write Q = 1 after the decimal point in the answer and place R, i.e. 1, before the quotient as shown below. Reminder and quotient taken together gives our next dividend as 11.



Step 3

Now divide 11 by 3.



Write 3 as the next number in the quotient and place 2 before 3 as shown to give 23 as next dividend.



Step 4

Divide 23 by 3, i.e. 23 ÷ 3 ⇒ Q = 7, R = 2

Write it as shown below:



Step 5

Next dividend ⇒ Q = 9, R = 0



The process can be continued up to any number of decimal places.



Discarding all the remainders, we get the final answer as:



Example 2:

Convert  to its decimal form.



Example 3:

Convert  to its decimal form.



Isn’t it like tossing off one digit after another mentally as if you already know the answer? This process takes only as much time as that needed to write the answer. That is why we call it Magical Division.


Special Tip

If the denominator ends with 7 or 3, you can use this magical trick by multiplying both the numerator and the denominator by 7 or 3, respectively, so that the resulting denominator ends in 9.



You can use this trick to impress your friends, by asking them to give you a single-digit or two-digit number. Let’s say your friend gives you 35. Write this number as the numerator of the fraction.

Now, you choose any number ending with 9 and greater than 35 and write it as the denominator of the fraction.

Let’s say you choose 89, so the fraction becomes .

As discussed above, find its auxiliary fraction as  and find the answer up to the desired number of decimal places, using 9 as divisor.


For more such tricks using Vedic maths, visit our website, www.aditisinghal.com, or refer to our book How to Become a Human Calculator?






Riddle Time

Divide 30 by a half and add 10. What is the answer?



70 
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QUICK CUBE ROOTS

Shakuntala Devi, popularly known as ‘the human computer’, was a great mathematician who often used to amaze her audience during her academic shows. One of these mathematical feats was finding the cube root of six-digit numbers at a glance.

What Is a Cube Root?

When a number is multiplied by itself twice, we get the cube of the number.

For example, cube of 4 = 43 = 4 × 4 × 4 = 64

Finding a cube root is just the reverse procedure of calculating a cube. It is actually finding the number which has been multiplied twice by itself to obtain the cube.

For example, 64 is the cube of 4, and 4 is the cube root of 64.

Similarly, 8 is the cube of 2, and 2 is the cube root of 8.

Normally, a lengthy prime factorization method has to be followed to find the cube root of big numbers. For example, let us find the cube root of 592704.

Conventional method:



Cube root = 2 × 2 × 3 × 7 = 84

The magical method explained below is much simpler:

Magical Method of Cube Root

To know the magic, let’s first take the cubes of numbers from 1 to 9.




	Number
	Cube
	Last digit of the cube





	1
	1
	1



	2
	8
	8



	3
	27
	7



	4
	64
	4



	5
	125
	5



	6
	216
	6



	7
	343
	3



	8
	512
	2



	9
	729
	9





We can see that each cube has a unique last digit. By observing the last digit of the cube, we can easily tell the last digit of its cube root.

Here is the chart of the last digits of cube roots:




	If a cube ends in
	Last digit of its cube root will be





	1
	1



	2
	8



	3
	7



	4
	4



	5
	5



	6
	6



	7
	3



	8
	2



	9
	9



	0
	0





Some observations from the above table:


	If a cube ends in 1, 4, 5, 6 or 9, its corresponding cube root also ends with the same digit.

	If a cube ends with 2, its cube root ends with 8 and vice versa.

	Similarly, the cube of 3 ends with 7, and the cube of 7 ends with 3.



Steps for Finding the Cube Root

Step 1

Starting from the right-hand side, divide the number into two groups by putting a slash after three digits.

Step 2

By observing the left-hand side group, the first digit of the cube root can be determined. Consider the perfect cube smaller than or equal to the number in this group and take its cube root as the first digit of the required cube root.

Step 3

By looking at the last digit of the given cube, we can find out the second digit of the cube root.

Example 1:

Find the cube root of 117649.

Step 1

117 | 649

Put a slash after three digits from the right side of the number.

Step 2



The perfect cube smaller than the first group number ‘117’ is 64, and cube root of 64 is 4.

So the first digit of the cube root is 4.

Step 3



The last digit of the given number is 9, so the last digit is 9.

So, the cube root of 117649 is 49.

Example 2:

Find the cube root of 19683.



Note: This method of finding cube roots is possible only for perfect cubes with a maximum of six digits.


For more such tricks using Vedic maths, visit our website, www.aditisinghal.com, or refer to our book How to Become a Human Calculator?






Riddle Time

If you take 3 apples from a group of 5, how many do you have?



3! You just took them yourself. 
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QUICK CALCULATIONS OF COMPOUND INTEREST

We all want to get maximum return on our savings or investments, so we look for the options where we can get more interest, i.e. return on investment is more. Let’s look at why compound interest is always more beneficial than simple interest.

What Is Compound Interest?

At the end of a fixed period, the interest that has become due is not paid to the lender, but is added to the sum lent (i.e. the principal amount), and the amount thus obtained becomes the principal amount for the next period. This process is repeated till the final amount is paid. The difference between the original principal and the final amount is called compound interest (CI). Thus, compound interest includes interest on interest.

General Formula for Calculating Compound Interest

Let, Principal = P, Rate = R% per annum, Time = n years, Amount = A.

When interest is compounded annually, the formula is:



Let’s take an example.

Example 1:

₹12,000 is borrowed at CI at the rate of 10% per annum. What will be the amount to be paid after 2 years?

P = ₹12000

R = 10% p.a.

T = 2 years



So, CI = A – P

= 14520 – 12000

= ₹2520

But there is another easier way of finding compound interest which will take less time.

Easiest Method of Calculating Compound Interest

Case 1: When the rate of interest is the same in both the years

If the rate of interest is R% per year, for 2 years, compound interest would be:



Let’s take the previous example again. Here, R = 10 and P = 12000.



So, using the above formula we calculated that CI is actually 21% and thus we directly found it for 2 years.

Case 2: When the rate of interest is different for each year

If the rate of interest is different in each of the two years, the formula will become:



Where a and b are the two different rates of interest.

Case 3: When the time period is 3 years

The formula in Case1 is applicable only when the time period is 2 years. If the time period is 3 years, we use the formula twice, i.e. first we calculate the effective rate of interest for the first 2 years and then use that along with the second formula for the third year.

Example 2:

Find the compound interest on ₹14,000 at 20% per annum for 3 years.

P = ₹14000

R = 20 % p.a.

T = 3 years

Here, the rate of interest for the first, second and third year is the same, i.e. 20%.

So, for the first 2 years,



We then take this interest rate as a, for the first two years, and the original interest rate, i.e. 20%, as b and put them in the formula presented in Case 2.

So, for 3 years,  of P



Thus, at the end of three years,



Thus, we have directly calculated 72.8% of the principal amount to get the compound interest for 3 years.

Example 3:

If the compound interest (CI) on a certain sum for 2 years at 5% is ₹115.50, what would be the simple interest (SI)?

Traditional method:



Shortcut method:

SI = 2 × 5 = 10% of principal amount.



Here, 10.25% of principal is ₹115.5.



So, now you have learnt a way of calculating compound interest that is very simple and easier to calculate than the traditional method.




Riddle Time

I am an odd number; take away a letter and I become even. What number am I?



Seven 
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THE PRIME CHECK

A prime number is a whole number that is greater than 1 and has only two factors, namely 1 and the number itself. For example, 2, 3, 5, 7, etc. are prime numbers.

In this chapter we will see how to check whether a given number is a prime number or not. Let’s take the number 39.

One way is to check its divisibility by all the numbers from 2 to 38. This method is very time-consuming and becomes increasingly difficult with larger numbers. For example, if we need to check whether 9837 is a prime or not, it is very difficult to use this method.

Shortcut Method


	If the number is even, surely it is not a prime number as it will at least have the number 2 as one of its factors.

	If the given number is odd and we do not know the factors of that number—as in the case of 239 or 541 or 9476571—take the square root of the number and check the divisibility of the number with the prime numbers less than its square root only; no need to check with the prime numbers beyond that.




How does it work?

If a and b are two factors of the given number, say N, and if a is smaller than the square root of N, the other factor b must be larger than its square root. So, checking the divisibility with prime numbers up to its square root will surely cover one of the factors and then there is no need to check it with the rest of the numbers.



Let’s consider a few examples.

Example 1:

Check if 37 is a prime number or not.

Since, 37 is an odd number, let’s find its square root first.



(In this case we can directly take it approximately 6 as we know  and the square of 7 is 49.)

Now, we need to check the divisibility of 37 only with the prime numbers less than 6, i.e. 2, 3, 5.

Divisibility by 2

37 is not even, so it is not divisible by 2.

Divisibility by 3

The sum of the digits is 3 + 7 = 10, which is not divisible by 3, so 3 is not a factor.

Divisibility by 5

37 does not end in 0 or 5, so 5 is not a factor.

So, 37 has no factors, other than 1 and 37 itself. Hence, 37 is a prime number.

Example 2:

Check if 239 is a prime number or not.

Since, 239 is an odd number, let’s find its square root first.



(If you remember that 152 = 225 and 162 = 256, you can simply take 15 as the approximate square root.)

Now, we need to check the divisibility of 239 only with the prime numbers less than 15, i.e. 2, 3, 5, 7, 9 and 11.

Divisibility by 2

As 239 is not even, it is not divisible by 2.

Divisibility by 3

The sum of the digits of 239 is 2 + 3 + 9 =14, which is not divisible by 3, so 3 is not a factor.

Divisibility by 5

239 does not end in 0 or 5, so 5 is not a factor.

Divisibility by 7

Double the last digit and subtract it from the rest of the digits and check the divisibility with the resulting number, i.e. for 239, double of 9 is 18 and 23 – 18 = 5, which is not divisible by 7, so 7 is not a factor.

Divisibility with 9

The sum of the digits of 239 is 14, which is not divisible by 9, so 9 is not a factor.

Divisibility with 11

Check if the difference of the sum of even-place digits and the sum of odd-place digits is 0 or a multiple of 11. In the above number it is (2 + 9) – (3) = 11 – 3 = 8, which is not a multiple of 11, so 11 is not a factor.

So, 239 has no factors, other than 1 and 239 itself. Hence, 239 is a prime number.


Special Tip

To check the divisibility of all the numbers less than 100, we just need to check the divisibility of the given number with 2, 3, 5, 7 and 9, since √100=10.





You can also do the primality test online using the following website: http://www.onlineconversion.com/prime.htm




Riddle Time

There are twelve ₹1 coins in a dozen, how many ₹2 coins are there in a dozen?



12 
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COMPARING SURDS

In competitive exams, some questions require you to arrange the given numbers in ascending or descending order. Most of the time, these are numbers with large exponents or surds, like  etc.

So, in this chapter we are sharing a trick to solve such questions especially with surds.

What Is a Surd?

Surds are numbers left in root form (√) to express their exact value, as it has an infinite number of non-recurring decimals. Therefore, surds are irrational numbers. For example,  etc.

In general, a surd is of the form: , where a is the radicand and n is the order of the surd, i.e. the nth root of a.

Comparison of Surds

Step 1

Check if the order of surds is same. Two surds of the same order can be easily compared by just comparing their radicands, e.g. .

Hence, 

Step 2

If the orders of two surds are different, e.g.  then first we reduce them to the surds of same order, by taking the LCM of the orders of the given surds and applying the following method:



Step 3

After making the order of surds the same, compare the radicand as in Step 1. The greater the radicand, the greater the surd would be.

Let’s take a few examples.

Example1:

Which is greater 

First of all, we will take the LCM of the orders of the given surds.

LCM of 2 and 3 is 6.



Example 2:

Which is greater, 

LCM of 3 and 4 is 12.



Clearly, 



Example 3:

Which is greater, 

LCM of 2 and 3 is 6.



Clearly, 



Example 4:

Arrange the following surds in descending order:



LCM of 3, 6 and 9 is 18.



Similarly, you may also compare powers of numbers by converting their exponents to the same number.

Example 5:

Which is greater, (2)40 or (3)30?

(2)40 = (2)4 × 10 = (24)10 = (16)10

(3)30= (3)3 × 10 = (33)10 = (27)10

Clearly, 27 > 16

∴ (3)30 > (2)40

Example 6:

Which is greater, (2)125 or [32 × (10)36]?



	(2)125	= (2)5 +120

	 	= 25 × 2120

	 	= 32 × 210× 12

	 	= 32 × (210)12

	32 × (10)36	= 32 × (10)3 × 12

	 	= 32 × (103)12




Clearly, 210 >103 (As 210 = 1024 and 103 = 1000)

∴ (2)125 > [32 × (10)36]




Riddle Time

How many eggs can you put in an empty basket that is one foot in diameter?



Only one egg, because after that the basket doesn’t remain empty any more! 








[image: Penguin walking logo]


PART C

INTERESTING MATHS FACTS
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RACES ON TRACKS

Why Athletes Start from Different Positions

In track races that are run in multiples of 200 m, competitors in each lane begin at different points around the track. At first glance, it appears as though everybody is running a different length. However, on the contrary, this is done to make sure that all athletes run the same distance. Confused? Read on for the explanation.

Running tracks are oval in shape and are made this way on purpose. If the participants are running a short race, say, 100 m, it is convenient to run in a straight line. Longer races of 200 or 400 metres could also be run in a straight line, but in that case, the required track would be very long and it would be a poor spectator sport. The reason making fields oval is that it is easier to build spectator arenas around them.

An official oval running track has two straights of length 84.39 m and two semi-circular ends with an inside radius of 36.50 m so that the track is 400 m around (using the inside lane).The runner is assumed to be running 0.30 m (approximately 1 foot) away from the inside edge. This gives a running radius of 36.80 m for the innermost track.

You can see now how the maths works out. A 400 m oval has two straights of 84.39 m and two curved sections of 36.80 m × p in length.

Total track length = (2 × 84.39 m) + (2 × 36.80 m × π)

= 168.78 m + 231.22 m = 400 m



400 m Track

If the starting point is the same for athletes A and B, as shown in above figure, the total length covered by athlete A in lane1 is equal to (2x + 2y) = 400 m.

The total length covered by athlete B in lane 2 is equal to (2x + 2z) > 400 m.

So, to compensate for this error, athlete B is asked to start in a different position.

To find this position, we use the formula circumference = 2πr

The distance covered along the straight path (2x) is the same for all the lanes. The variation occurs only along the curved path. The two arcs, which are semicircles, together constitute a circle.

The first lane has a radius of a.

So, 2y = 2πa

The second lane has a radius of a + a0.

So, 2z = 2π(a + a0)

2z = 2πa + 2πa

Thus, the difference in the curved length of lane 2 and lane 1 is:

2z – 2y = 2πa + 2πa

In accordance with the requirements of the International Association of Athletics Federations, each lane is 1.22 m wide.

So, a0 = 1.22 m.

Therefore, 2πa0 = 2 × 3.14 × 1.22 = 7.66 m

So, to compensate this defect of excessive length covered in lane 2, the athlete B is made to start from a location B1, 7.66 m ahead of the starting line.



This same concept is applied to all the nine lanes.






	Lanes
	Length Advanced



	Adjustment (approx. in m)for 400 m (2 arcs)
	Adjustment (approx. in m) for 200 m (1 arc)





	1
	0.00
	0.00



	2
	7.66
	3.83



	3
	15.32
	7.66



	4
	22.98
	11.49



	5
	30.64
	15.32



	6
	38.30
	19.15



	7
	45.96
	22.98



	8
	53.62
	26.81



	9
	61.28
	30.64





According to official rules, formal races cannot be run on tracks with more than nine lanes. As the number of lanes increases, so does the radius of the curve. If the radius gets too large, then the outer lane provides too much advantage as the curve is so gentle it seems to be a straight section of track; runners find it easier to run on a straight track instead of a curve.




Cautioning the witness to remember that she was under oath, the lawyer asked, ‘How old are you?’

‘Twenty-nine years and some months,’ she replied.

‘How many months?’

‘A hundred and ten.’
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MATHS BEHIND CREDIT/DEBIT CARD NUMBERING

All credit and debit cards have numbers printed on them (generally 16 digits). This signifies a unique account number for a particular card and reveals some information about the card issuer and its associated account. The card numbers are not randomly generated numbers, but rather have interesting maths behind them.



Let’s break it down cluster by cluster.

1. Card Number

Credit/debit card numbers are all numeric and between 12 and 19 digits. For example, MasterCard has 16 digits and American Express has 15 digits.

2. Major Industry Identifier

The first digit of the credit/debit card is the Major Industry Identifier (MII). It indicates the category of the entity which issued the card.


	1 and 2: Airlines

	3: Travel and entertainment

	4 and 5: Banking and financial services

	6: Merchandising and banking

	7: Petroleum

	8: Health care, telecommunications

	9: National assignment



3. Issuer Identification Number

The first six digits are the Issuer Identification Number (IIN). These denote the institution that issued the card. For example, Visa cards begin with a 4, while MasterCard ones start with numbers between 51 and 55.

Here is a list of some of the common card issuers and their IINs:




	Issuing network
	IIN ranges
	Number of digits



	American Express
	34, 37
	15



	China Union Pay
	62
	16–19



	Diners Club International
	300–305, 309, 36, 38, 39
	14



	Discover
	6011, 622126–622925, 644–649, 65
	16, 19



	JCB
	3528–3589
	16



	Maestro
	50, 56–69
	12–19



	MasterCard
	51–55
2221–2720
	16
16



	RuPay
	607
	16



	Visa
	4
	13, 16, 19





The Maths behind the Card Numbering

In a typical sixteen-digit credit card number, the first fifteen digits are determined by the issuing bank, but the last digit, called the check digit, is mathematically determined based on all the other digits.



It is very common to make a mistake while typing out a sixteen-digit number. Hence, the last digit is used to check if there are any errors.

Although, not all errors can be detected with a single check digit, one can still find out if one digit is wrong. Whenever an e-commerce application, for example, has to validate a card number, it checks this last digit before sending the rest of the information to the bank.

The exact mathematical formula for the check digit was invented by Hans Peter Luhn in 1954.The Luhn algorithm works in the following way.

Let’s suppose the number for which we need a check digit is 545762279823412 and the check digit is x. Then our final sixteen-digit card number is

545762279823412x

To calculate the check digit, follow these steps:

Step 1

Starting from the rightmost digit (i.e. the check digit), multiply every second digit (i.e. digits at even positions) by 2, e.g. 4 × 2 = 8. If you get a two-digit number after the multiplication, add these digits to get a single digit, e.g. 6 × 2 = 12, then 1 + 2 = 3.



Step 2

Add the resulting digits to the digits at the odd positions.



Step 3

The total obtained in Step 2 (i.e. 66 + x), should be divisible by 10, only then this number is a valid card number, according to the Luhn algorithm.

Thus the check digit (x) should be calculated accordingly, so that the final total is divisible by 10. In the above example, x must be 4, so that the total will be 66 + 4 = 70. (Remember, x can only be a single digit.)

Hence, the final valid card number is 5457622798234124.

Let’s see a few more examples.

Example 1:

Check whether the following would be a valid credit card number or not.

4162 0012 3456 7893

Step 1

Starting from the right, multiply the digits at even positions by 2. In case the result is a two-digit number, add the digits to make it a single digit.

Step 2

Add the digits resulting from the previous step to the digits at the odd positions.



Since, the total (60) is a multiple of 10, 4162 0012 3456 7893 may be a valid credit card number.

Example 2:

Check whether the following would be a valid credit card number or not.

6070 6432 1023 2453

Step 1

Starting from the right, multiply the digits at even positions by 2. In case the result is a two-digit number, add the digits together to get a single digit.

Step 2

Add the digits resulting from the previous step to the digits at the odd positions.



Since, the total (44) is a not a multiple of 10, 6070643210232453 is not a valid credit card number.




A mathematician organizes a lottery in which the prize is an infinite amount of money. When the winning ticket is drawn, and the jubilant winner comes to claim his prize, the mathematician explains the mode of payment:

‘1 dollar now, 1/2 dollar next week,

1/3 dollar the week after that . . .’
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WHY IS 1 ONE, WHY IS 2 TWO?

Arabic numerals or Hindu–Arabic numerals are made up of ten digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. These are the most common symbolic representations of numbers in the world today.

The decimal Hindu–Arabic numeral system was developed in India by AD 700. The development was gradual, spanning several centuries, but the decisive step was probably provided by Brahmagupta’s formulation of zero as a number in AD 628.

The Arabs picked up these numerals and popularized them, and they stood in contrast to the Roman numerals (I, II, III, IV, V, etc.).

Have You Ever Thought about Why 1 Is One, 2 Is Two, 3 Is Three?

It’s simple—check the number of angles in each figure!

Look at these numbers written in their primitive form, as shown in the following images:





And the most interesting one of them all,



While the true reason behind the numerals is lost to time, this is the most likely explanation.









27

IS ZERO EVEN OR ODD?



What do you think?

Is zero an odd number or an even number?

Can you explain why?

This is a common question we ask in many of our workshops, be it with teachers, students or working people.

Almost everyone has an answer to this one. Some say it’s even and some think it cannot be classified as even or odd. But when it comes to justifying this with a reason, they are dumbfounded.

So let us examine this matter.

For a number to be even, the following must be true:

1. The number must be divisible by 2

Divisible by 2 means when a number is divided by 2, it should leave 0 as remainder.

For example:

26 ÷ 2 gives quotient 13 and remainder 0.

Hence, 26 is even.

2. If you can write the number as 2 times something

For example:

26 = 2 × 13

Hence, 26 is even.

3. If it can be represented as a number plus itself

For example:

 26 = 13 + 13

 Hence, 26 is even.

Let us check the above conditions with 0,

1. 0 ÷ 2 = 0

2. 2 × 0 = 0

3. 0 + 0 = 0

All the above three conditions are true with 0. Therefore, zero is an even number.
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WHY IS DIVISION BY 0 NOT DEFINED?

The mathematician Bhaskara II (AD 1114–85) was the first to give the correct explanation of what division by zero means in his book Lilavati. Before him, Brahmagupta was the one who started working with 0 as a separate number, and tried to define operations using 0.

When someone needs to answer a question where they need to divide a number by zero, it sometimes leads to confusion and most of the times it is done wrong.

For example, they write: 

Although some people are aware of the fact that division by zero is not defined, they usually do not know the reason behind it.

Let’s understand why this is so.

Reason 1: Division is a process of repeated subtraction, till the remainder is 0

For example:

16 ÷ 2 = ?

16 – 2 = 14 First stage

14 – 2 = 12 Second stage

12 – 2 = 10 Third stage

10 – 2 = 8 Fourth stage

8 – 2 = 6 Fifth stage

6 – 2 = 4 Sixth stage

4 – 2 = 2 Seventh stage

2 – 2 = 0 Eighth stage

The final remainder 0 is reached at the eighth stage. Hence,16 ÷ 2 = 8.

Now, let’s divide a number, say 1, with 0 and try to solve it, using the process of repeated subtraction:

1 ÷ 0 = ?

1 – 0 = 1 First stage

1 – 0 = 1 Second stage

1 – 0 = 1 Third stage

1 – 0 = 1 Fourth stage

You can’t achieve the final remainder of 0, no matter how many attempts you make.

Reason 2: Division is the inverse process of multiplication

For example:

6 ÷ 2 = 3

2 × 3 = 6

Or

If a ÷ b = c, then b × c = a

Suppose 1 ÷ 0 = x.

Then x × 0 = 1.

But the product of any number with zero can never be 1.

So, it becomes clear why division by 0 is undefined.
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MATHEMAGICIAN TECHNIQUES FOR COMPETITIVE EXAMS AND INTERVIEWS
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AN INTERVIEW QUESTION

Interviews are an integral part of not just the hiring process in companies, but also of the admission process of reputed educational institutions. Let’s take a look at an interesting interview question.

A company was looking to hire a person for one of its senior posts. They made the final round of selection a tricky one to ensure that the most suitable candidate was picked. There were six candidates who reached the final round. They all were given this situation to solve:


There are five men. Two of them have red pens and three of them have blue pens. The men having ‘red pens’ always give the right answer whereas the ones having ‘blue pens’ always give the incorrect answers. Without looking at their pens you have to identify which of these men have red pens and which ones have blue pens. For this you are allowed to ask only one question to any of these men.



All the five men were made to stand in a row with their pens hidden in their pockets.

All the candidates were confused. They racked their brains trying to come up with a suitable question. The task seemed impossible.

After a few minutes, one candidate stepped forward.

Can you guess what question he asked?



He asked the first man in the row, ‘Who has which pen?’

The man pointed to each of the pen holders, starting with himself, and said, ‘Red, blue, red, red, blue.’

The other candidates started smiling. They had also thought of asking this question but, for them, this was not enough to solve the puzzle. This fellow is a simpleton, they thought.

The candidate smiled and said, ‘I have the solution. The second and the fifth man in the row have red pens and the rest have blue pens.’

The interviewers asked all the men to reveal their pens. The candidate’s answer was correct, and he was selected for the post. The rest were baffled as how he got the solution with just one question.

Can you figure it out?


SOLUTION

The chosen candidate was really smart—he had already judged that there are only two possible replies to the question he was going to ask.

If the first man has a blue pen, he will give an incorrect answer and in his reply there will be three men carrying red pens and two carrying blue, in this case ‘red, blue, red, red, blue’.

In case the first man has a red pen, his reply will be correct and he will only point out two men as carrying red pens, with the other three men having blue pens. Thus, his answer will be the actual solution.

In this case, the man replied, ‘Red, blue, red, red, blue.’ Since the candidate already knew that there are only two red pens, this is clearly the wrong answer, and all he had to do to get the right one is switch all the colours, i.e. ‘blue, red, blue, blue, red’.




Did you know?

ZERO is the only number which has many names, such as nought, naught, nil, zilch and zip.
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HANDSHAKES

Handshakes are a favourite topic of question setters, whether for puzzles, competitive exams or interviews, probably because they lend themselves so easily to problems of permutations and combinations.

For instance, how many handshakes occur when a group of 26 people shake hands exactly once with every other person at a party?




SOLUTION

The first person A can shake hands with 25 other people.

The second person B can shake hands with only 24 other people, as he/she has already shaken hands with person A.

In the same way, the third person C can shake hands with 23 people.

(Remember, A and B have already been greeted and no person shakes hands with themselves.)

So the total number of handshakes will be 25 + 24 + 23 + 22 + . . . + 3 + 2 + 1 = 325.

What if the number of people is higher, say 166, or n? Is there any formula to calculate it?

Considering that each person shakes hands (n – 1) times, and there are n people, there would be (n – 1)(n) handshakes, but this includes each handshake twice (A with B, B with A) so dividing it by 2 gives the correct answer.

Thus we can calculate it using the formula , where n is the number of people.

Another way of finding the formula:

We have seen above that if there are n people, then the total number of handshakes is:

(n – 1) + (n – 2) + . . . + 3 + 2 + 1

So we can use the formula of finding sum of first n natural numbers, which is  Here, we just need to find the sum of first n–1 natural numbers. So substituting n with n–1 we get the final formula for total number of handshakes as .



Another way of looking at this puzzle is:

At a party, everyone shook hands with everybody else. There were 66 handshakes. How many people were there at the party?

As we have discussed above that we can get the total number of handshakes using



where, n is the number of people.

So, 66 = 

Therefore, n = 12.

Let’s look at another example.

There are 10 cricket teams in a tournament. How many games must be played so that each team plays with every other team exactly once?

This is similar to the handshake puzzle. Each team playing every other team is similar to each person shaking hands with every other person.

Therefore the number of games that need to be played is



The concept can also be used to solve some traditional maths problems. Let’s see how we can relate the handshake problem to finding the number of diagonals in a polygon. The following are some shapes with their diagonals:






	Number of sides
	Number of diagonals



	4
	2



	5
	5



	6
	9



	7
	14



	8
	20



	9
	27





Let’s represent the handshake problem in pictorial form. Draw a rectangle and label it ABCD.



Think of the four points as persons A, B, C and D. A diagonal is a handshake with everyone except yourself and the two people adjacent to you.

Thus, in this case, person A cannot shake hands with themself, or persons B and D. This would imply here that if the total number of people is n, A will shake hands with n – 3 people.

Person B can only shake hands with D, since A and C are adjacent, and B won’t shake hands with themself. Again we have n – 3 handshakes rather than n –1.

So, just as the total number of handshakes was , the total number of diagonals = , where n is the number of sides of the polygon.


Did you know?

4 is the only number in the English language that is spelt with the same number of letters as the number itself.
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INVESTIGATING SQUARES



How many squares are there on a chessboard?

Observe a chess board having 8 rows and 8 columns.

It has 8 squares in each row and 8 squares in each columns, so most people initially would say the answer is quite simple as:

8 × 8 = 64 squares

But this is incorrect.

It requires a methodical approach to count squares in such investigations. The detailed solution follows on the next page.


SOLUTION

As you can see that apart from 64 ‘1 × 1’ squares, there is one ‘8 × 8’ square, and similarly more such squares as shown below:

1. Counting ‘8 × 8’ squares:



‘8 × 8’ square – ONE

2. Counting ‘7 × 7’ squares:



‘7 × 7’ squares – FOUR

3. Counting ‘6 × 6’ squares:



‘6 × 6’ squares – NINE

4. Counting ‘5 × 5’ squares:



‘5 × 5’ squares – SIXTEEN

5. Counting ‘4 × 4’ squares:



‘4 × 4’ squares – TWENTY-FIVE

6. Counting ‘3 × 3’ squares:



‘3 × 3’ squares – THIRTY-SIX

7. Counting ‘2 × 2’ squares:



‘2 × 2’ squares – FORTY-NINE

8. Counting ‘1 × 1’ squares:



‘1 × 1’ squares – SIXTY-FOUR

We can summarize the square’s pattern in the table as shown below.




	Square size
	Number of appearances on the board





	8 × 8
	64



	7 × 7
	49



	6 × 6
	36



	5 × 5
	25



	4 × 4
	16



	3 × 3
	9



	2 × 2
	4



	1 × 1
	1





Total number of squares on a chess board are = 1 + 4 + 9 + 16 + 25 + 36 + 49 + 64

= 12 + 22 + 32 + 42 + 52 + 62 + 72 + 82 = 204

Formula for ‘n × n’ Square Board

It’s clear from the above analysis that the solution in the case of ‘n × n’ is the sum of the squares from n2 to 12, that is to say n2 + (n–1)2 + (n–2)2+ . . . + 22 + 12

The formula to calculate the sum of the squares of the first n natural numbers is:





Now, find the total number of squares in a ‘10 × 10’ square board using the above formula.


Did you know?

From numbers 0 to 1000, the letter ‘a’ appears only once, and that is in 1000 (one thousand).
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INVESTIGATING TRIANGLES

Counting the number of triangles in a given image is a common question in most types of exams. While it is always possible to individually count out the triangles, it’s often time-consuming and you’re likely to make a mistake. Hence, we are going to show you the traditional method and then a simple one to quickly determine the answer.

How Many Triangles Can You Count in This Figure?



In the above figure, an equilateral triangle is filled with some smaller triangles, dividing the sides of the biggest triangle into four equal parts.

Investigate and find how many triangles, large or small, you can see in the above figure.

Traditional Solution:

A methodical approach is needed to count the total number of triangles in such investigations.

Let’s count the triangles by first counting the bigger triangles and then the smaller ones. Add the two figures, as we did in the last chapter, ‘Investigating Squares’.

Let us consider the length of the side of the smallest triangle as ‘one unit’. Then the length of the side of the biggest outermost triangle would become ‘four units’. Now we count the triangles.

Step 1

First count the bigger triangle with length ‘four units’.

There is only one triangle with length ‘four’, i.e. the outermost triangle, as shown in the Figure 32.1 below.


[image: How to Be a Mathemagician]
Figure 32.1



Step 2

Count the number of triangles with length ‘three units’.


[image: How to Be a Mathemagician]
Figure 32.2



There are three such triangles with length ‘three’, as shown above in Figure 32.2.

Step 3

Count the number of triangles with length ‘two units’.


[image: How to Be a Mathemagician]
Figure 32.3




[image: How to Be a Mathemagician]
Figure 32.4



There are six such triangles with length ‘two’, as shown above in Figures 32.3 and 32.4.

Do you notice that all these triangles are with the vertex facing upwards? Is there any triangle of length ‘two’ or more that is facing downwards?

Just see the image below (Figure 32.5) to identify one such possible triangle:


[image: How to Be a Mathemagician]
Figure 32.5



Step 4

Count the number of triangles with length ‘one unit’.


[image: How to Be a Mathemagician]
Figure 32.6



In Figure 32.6, you can see that there are ten such triangles with length ‘one’, facing upwards.

1 triangle in the first row, 2 in the second row, 3 in the third and 4 in the fourth.

Some triangles of length ‘one unit’ that are facing downwards as well are shown below in Figure 32.7.


[image: How to Be a Mathemagician]
Figure 32.7



In Figure 32.7, there are six triangles of length ‘one unit’ facing downwards.

So, the total number of triangles in the given equilateral triangle are = 1 + 3 + 7 + 16 = 27.

But this process is cumbersome and there are chances that you will miss out some triangles while counting. So let’s learn how you can get the answer directly without counting each triangle.


Formula for an Equilateral Triangle

The formula to calculate the maximum number of triangles formed by dividing a side of an equilateral triangle, having each side of length n units, in equal parts is:





Using the above formula, find the total number of triangles possible in the given image (Figure 32.8) and then verify it by counting them using a pattern method as discussed above.


[image: How to Be a Mathemagician]
Figure 32.8




Did you know?

Among all shapes with the same perimeter, a circle has the largest area.
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CRACK THE CODE

In these puzzles, you have to crack the code using the given clues.

Cracking the Code—1



Cracking the Code—2

Study the seven clues given below and place the numbers 1 to 9 into the nine positions. Each number should appear exactly once.

x x x

x x x

x x x

Clues


	1 is next to and directly to the left of 9

	9 is next to and directly above 6

	6 is further right than 4

	4 is next to and directly to the right of 8

	8 is next to and directly above 2

	2 is next to and directly to the left of 5

	5 is not next to 7



Cracking the Code—3


If ROSE is coded as 6821,

CHAIR is coded as 73456 and

PREACH is coded as 961473,

What will be the code for SEARCH?



Read more different interesting methods of cracking the code in our other book, How to Crack Mysteries.


SOLUTIONS

Cracking the Code—1


	All the possible numbers are 6, 8, 2, 1, 4, 0, 7 and 3.

	In the fourth clue, it is given that 7, 3, and 8 are all incorrect.

	The remaining numbers are 6, 2, 1, 4 and 0.

	In the fifth clue, 0 is the correct digit, as we have already ruled out 7 and 8.

	In the first clue, out of 6, 8 and 2, 8 is already incorrect. Assuming 6 is the correct number and in the right place, it will not satisfy the second clue (i.e. only one number is correct but wrongly placed). This means it is not 6 but 2 is the correct digit.

	In the third clue, two numbers are correct but placed wrong. Obviously, it is 2 and 0. So, 2 must be placed in the last place of the code and 0 in the first.

	In the second clue, out of 6, 1 and 4, 6 is not correct, so we are choosing between 1 and 4.

	As we already have 0 in the first place and 2 in the last place, the missing number is placed in the middle.

	Assuming 1 to be the correct number it should be placed correctly, but the second clue states that ‘one number is correct but in the wrong place’. That means it is not 1 but 4.

	So, the final code is 042.



Cracking the Code—2



	Top Row	7 1 9

	Middle Row	8 4 6

	Bottom Row	2 5 3




Cracking the Code—3


	If you observe closely, you will notice that each letter corresponds to one number;

	For example, R in ROSE and R in CHAIR both correspond to 6.

	Similarly, you have to find codes for all the letters in the word SEARCH.

	The last two letters in ROSE, i.e. SE = 21

	The next two letters can be found out from PREACH and CHAIR, i.e. A = 4 and R = 6.

	The last two letters can be found from PREACH, i.e. CH = 73,

	So the solution is: SEARCH = 214673.






Did you know?

Zero is the only number that can’t be represented in Roman numerals.
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OUT-OF-THE-BOX THINKING

While solving mathematical problems, we tend to follow specific steps using the standard formulas, etc. to reach the final answer. But in some situations, it is better not to follow the routine and think out of the box, maybe starting from the final answer and working backwards.

Let us illustrate this point with an example:

The sum of two numbers is 3 and their product is 5. Find the sum of the reciprocal of the two numbers.

If we follow the common method of solving this problem, we will initially create two equations and then solve them as given below.

Let the two numbers be x and y.

x + y = 3

 xy = 5

Solving first equation for y, we get y = 3 – x

Substituting this value of y in the second equation, we get:

 x(3 – x) = 5

3x – x2 – 5 = 0

x2 – 3x + 5 = 0

Using the quadratic formula, we get:



Sum of the reciprocals of x and y is:



Now let us try the other approach, viz., working backwards from the solution.

We have to find:



It’s already given in the questions that

x + y = 3

xy = 5

Thus the required solution of our problem is:



This example clearly shows how much time and effort can be saved by taking an out-of-the-box approach in some cases.


Did you know?

There is an active search for finding larger and larger prime numbers.

The largest one found so far is 274,207,281 – 1.
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PRESENTATION OF DATA

In this chapter we will learn how presentation of data is important and can make even a complex problem simple to work out.

Question:

Find the numerical value of the following expression:



The normal method to solve this problem is to simplify the terms in the bracket:



After this, you will convert them into decimals or cancel out the common factors of some, and then multiply it. But this method is very lengthy and cumbersome.

Now, let us try to convert the problem in a simpler way by changing the way it is presented and then solve it, as shown below:



Using the formula (a2 – b2) = (a – b)(a + b), we get:



You can see how a problem which seemed so complex in the beginning is solved in a simple way just by changing the way it is presented.


Did you know?

10! means ‘10 factorial’. 10! = 10 × 9 × 8 × 7 × 6 × 5 × 4 × 3 × 2 × 1 = 3628800.

3628800 seconds exactly equals 42 days, or 6 weeks.
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ARE YOU MATHS SMART?

Using your calculator, how would you work out the following?


	Two consecutive numbers whose product is 5402.

	Three consecutive numbers whose product is 32736.

	Two two-digit numbers whose quotient is 0.578125.

	Two two-digit numbers whose product is 1357.

	Two consecutive numbers whose squares add up to 3613.

	Two numbers with a sum of 100 and a product of 1539.

	Three numbers with a sum of 100 and a product of 31248.

	The sum of two numbers is 14 and their difference is 10. Find the product of the two numbers.

	The difference between a two-digit number and the number obtained by interchanging the digits is 27. What is the difference between the two digits of the number?

	A number on being divided by 5 and 7 successively leaves the remainders 2 and 4 respectively. Find the remainder when the same number is divided by 5 × 7 = 35.



Before looking at the solutions on the next page, first try to solve the questions yourself.


SOLUTIONS

1. Two consecutive numbers whose product is 5402

By trial and error we could find that 60 × 61 = 3660 and 80 × 81 = 6480.

So we then try some pair in between. And to reduce the search we look for pairs which will give 2 as the units (or ones) digit.

A better strategy is to find the square root, which lies between the two consecutive numbers.



So,73 × 74 = 5402

Hence the consecutive numbers whose product is 5402 are 73 and 74.

2. Three consecutive numbers whose product is 32736

Let’s find the cube root of 32736, which should be close to any of the three numbers:



So, 31 × 32 × 33 = 32736

Hence the three consecutive numbers whose product is 32736 are 31, 32 and 33.

3. Two two-digit numbers whose quotient is 0.578125





Hence the two two-digit numbers are 37 and 64.

4. Two two-digit numbers whose product is 1357

Expressing 1357 as a product of prime factors, we have

1357 = 23 × 59.

Hence, the two two-digit numbers whose product is 1357 are 23 and 59.

5. Two consecutive squares whose sum is 3613

Let’s find half of 3613.



Now, look for the squares immediately above and below



Therefore, 422+ 432 = 1764 + 1849 = 3613

6. Two numbers with a sum of 100 and a product of 1539

By prime factorization:



Also, 81 + 19 = 100.

So, the numbers are 81 and 19.

7. Three numbers with a sum of 100 and a product of 31248



Also, 48 + 21 + 31 = 100.

So, the three numbers are 48, 21 and 31.

8. The sum of two numbers is 14 and their difference is 10. Find the product of the two numbers.

The product can be directly found using the formula:



The two numbers, x and y, can also be easily found as:



Hence, the product of the two numbers is 24 and the numbers are 12 and 2.

9. The difference between a two-digit number and the number obtained by interchanging the digits is 27. What is the difference between the two digits of the number?

Difference between the two digits =



10. A number on being divided by 5 and 7 successively leaves the remainders 2 and 4 respectively. Find the remainder when the same number is divided by 5 × 7 = 35.

The required remainder = d

Where, d1 = the first divisor = 5

 r1 = the first remainder = 2

 r2 = the second remainder = 4

The required remainder = 5 × 4 + 2 = 22.




Did you know?

40 when spelt out (‘forty’) is the only number with letters in the alphabetical order, while ‘one’ is the only one with letters in the reverse order.
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CALENDAR AT YOUR FINGERTIPS

This chapter will cover an amazing technique that will let you master 500 years of the calendar. Using this trick, you can instantly tell the day on which any particular date of a given year falls.

You can tell your friends and relatives the day they were born just by asking their date of birth. And of course, the technique is very useful in competitive exams that ask tricky questions related to dates and ages.

Memorizing 500 Years of the Calendar

If we observe any date, there are four main things:


	Date

	Month

	Century

	Year



We give each of these some particular codes. The sum of all these codes helps determine the day of the week on which any given date falls.

Let’s understand the process and memorize the codes:

Code for Date

Divide the date by 7. Then write the remainder as the code of the date.

Let’s say the date is 23, then 23 ÷ 7 will result in 2 as the remainder.

So, the code for the date (23) is 2.

If the date is 6, then 6 ÷ 7 will result in 6 as the remainder

So, the code for the date (6) is 6.

Codes for Months




	Month
	Code





	January
	1



	February
	4



	March
	4



	April
	0



	May
	2



	June
	5



	July
	0



	August
	3



	September
	6



	October
	1



	November
	4



	December
	6





Table 37.1

The month codes seem difficult to memorize as they don’t follow any immediately discernible logic. Here are some easy ways to memorize these codes with the help of some associations:




	Month
	Code
	Association





	January
	1
	January is the 1st month of the year.



	February
	4
	A leap year comes about every 4th year.



	March
	4
	March is immediately after February, and so it shares the same code of February.



	April
	0
	On April Fool’s day we become 0s (fools) from heroes.



	May
	2
	May reminds us of 2 options—may be or may not be.



	June
	5
	June ends in ‘e’, the 5th letter of the alphabet.



	July
	0
	July can be pronounced as jOOly, where the Os look like 0s.



	August
	3
	15th August (Independence Day) reminds us of India’s tricolour flag, so the code is 3.



	September
	6
	September begins with the letter ‘S’ and so does ‘six’. Hence, the code is 6.



	October
	1
	The ‘t’ of October is reminiscent of 1.



	November
	4
	The ‘N’ of November looks like the Roman numeral for 4 (IV).



	December
	6
	Think of December as Dicember. A dice has 6 sides, so the code is 6.





Codes for Years


[image: How to Be a Mathemagician]
Table 37.2



To learn techniques to memorize the codes of years, refer to our book

How to Memorize Anything.

Codes for Centuries




	Century
	Code





	1600s
	6



	1700s
	4



	1800s
	2



	1900s
	0



	2000s
	6



	2100s
	4





Table 37.3

Observe that the pattern 6, 4, 2, 0 repeats.

The code for the current century 2000 is 6 or –1.

(Instead of adding 6 you can subtract 1 to simplify the calculation, it will give the same result.)

Example 1

Now, let’s consider the date 23 May 1992.

Date: 23 ÷ 7 gives remainder 2.

Month: May = 2 (refer to Table 37.1).

Year and century: 1992 = 0 + 3 = 3 (refer to Tables 37.2 and 37.3).



Adding all the codes together, we get:

2 + 2 + 0 + 3 = 7

This final sum 7 will indicate the day of the week. Each day has its own code, as shown in the table below.

Codes for Days




	Day
	Code





	Sunday
	1



	Monday
	2



	Tuesday
	3



	Wednesday
	4



	Thursday
	5



	Friday
	6



	Saturday
	7 or 0





Table 37.4

Clearly, 23 May 1992 was a Saturday.

Let’s consider a few more examples.

Example 2

28 March 1980

Date: 28 ÷ 7 gives remainder = 0.

Month: March = 4 (refer to Table 37.1).

Year and century: 1980 = 0 + 2 = 2 (refer to Tables 37.2 and 37.3).

Adding all, we get 0 + 4 + 2 = 6.

6 is the code corresponding to Friday (refer to Table 37.4).

Hence, 28 March 1980 was a Friday.

Example 3

5 April 2010

Date: 5 ÷ 7 gives remainder = 5.

Month: April = 0 (refer to Table 37.1).

Year and century: 2010 = 6 + 5 = 11 (refer to Tables 37.2 and 37.3).

Total: 5 + 0 + 11 = 16.

Again, 16 ÷ 7 gives remainder = 2.

2 stands for Monday.

Note: When the final total is more than 7, divide it again by 7. The remainder thus obtained corresponds to the code of the day.

In Case of a Leap Year

If the given year is a leap year, and the months are January or February, the day will be the one previous to what you have calculated. For example, if by your calculation it is a Thursday, the actual day will be Wednesday.

Example 4

23 February 1976

Date: 23 ÷ 7 gives remainder = 2.

Month: February = 4 (refer to Table 37.1).

Year and century: 1976 = 0 + 4 = 4 (refer to Tables 37.2 and 37.3).

2 + 4 + 4 = 10

10 ÷ 7 gives remainder as 3, so the answer is Tuesday.

Ideally the day should be Tuesday, but 1976 is a leap year, so we subtract a day to arrive at the correct answer: Monday.

Note: As soon as you hear the months of January and February, immediately check if it is a leap year (if the given year is divisible by 4, it means it is a leap year).

If the year is a leap year, but the date for which the day needs to be calculated is between March and December, there is no need for any adjustment.

With practice you can tell the day of any date within a few seconds.

How to Calculate Year Codes

Instead of referring to the table, there is a method to calculate the code for the year.

Let’s find the code for the year 98.

Step 1

Divide the year by 4.

98 ÷ 4 gives quotient = 24, remainder = 2.

Step 2

Ignore the remainder and add the quotient obtained to the year,

i.e. 24 + 98 = 122.

Step 3

Divide 122 by 7 and consider the remainder obtained as the code,

i.e. 122 ÷ 7 gives quotient = 17, remainder = 3.

This remainder (3) is the code for the year 98.

Another Method for Calculating the Year Code

You will find that calendar codes repeat themselves after every 28 years. So, we can subtract maximum multiples of 28 (84, 56 or 28) from the given year and then add the quarter of that number to itself, i.e. if the year is 98, subtracting 84 (multiple of 28) from it, we get:

98 – 84 = 14

Now, add the approximate quarter of 14, i.e. 3, to itself to get 17.

Divide it by 7 and find its remainder, i.e. 3.

So, 3 is the code for 98.

This method of first subtracting the multiple of 28 allows us to work with smaller numbers, thus speeding up our calculations.

Let’s consider a few more examples.

Example 5

Rohit was born on the first Monday of March 1952. On which date was he born?

First, let’s find the day of 1 March 1952.

1 March 1952

1 + 4 + 0 + 2 = 7

7 means the day was Saturday.

If 1 March 1952 was a Saturday, the date on the first Monday was 3 March.

So, Rohit was born on 3 March 1952.

Example 6

Which day of the week did 8 September 1783 fall on?

8 September 1783

1 + 6 + 4 + 5= 16

16 ÷ 7 gives 2 as the remainder.

2 indicates Monday.

Hence, 8 September 1783 was a Monday.


Did you know?

The number 5 is pronounced as ‘Ha’ in Thai language.

555 is also used by some as slang for ‘HaHaHa’.
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COOL MATHS

While solving maths problems, you have to utilize time in the best possible manner. In this chapter, you will learn some revolutionary techniques we call Cool Maths. These techniques will enable you to determine answers in almost a quarter of the time the traditional approach requires. Let’s understand it using some maths problems:


	Consider the nine-digit numbers formed by using each of the digits 1 to 9 once and only once, e.g. 145673928 or 938267145. How many of these are prime numbers?

	The ratio of the ages of A and B is 7:4. After five years, the ratio of their ages becomes 11:7. Find the age of A.
 (a) 14 years (b) 21 years (c) 28 years (d) 16 years

	If x2 + 792 = 1722 – 882 – 8203. Find the value of x.
 (a) 86 (b) 89 (c) 83 (d) 93




SOLUTIONS

1. Traditional Method:

First we try finding the possible nine-digit numbers formed using each digit from 1 to 9.

Total such possible numbers are 9! = 362880

It is very difficult to find all the numbers and then check for primality.

Cool Maths:

The nine-digit numbers are formed using each digit once and the sum of digits from 1 to 9 is:

1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 = 45

That means if you add up the digits of each of the numbers so formed, you will always get a total of 45, which is divisible by 9.

Any number the sum of whose digits is divisible by 9 is itself divisible by 9.

This means that each of the possible 9! (362880) nine-digit numbers is divisible by 9.

So, we can easily say that none of these numbers are prime.

2. Traditional Method:

Given the ratio of the ages of A and B = 7:4

Let the common ratio be x.

Then, the age of A = 7x years

And the age of B = 4x years

After 5 years, age of A = (7x + 5) years and age of B = (4x + 5) years.

As after 5 years ratio of their ages = 11:7

Therefore,



So, present age of A = 7 × 4 = 28 years.

Using this method we spend about a minute or so (time may vary from person to person) to solve it. But with Cool Maths, we can solve it in just 10 seconds.

Cool Maths:

We use substitution method (also known as reverse engineering) to solve such questions.

The ratio of the present ages of A and B = 7:4

This shows that the present age of A is a multiple of 7.

After 5 years, the ratio of their ages becomes 11:7.

So, after 5 years, the age of A is a multiple of 11.

Now we use the above understanding and start eliminating the options given.

Let’s start by checking multiples of 7.

Option (a): 14 years, 14 is a multiple of 7, but after 5 years it becomes 19, which is not a multiple of 11. So reject this option.

Option (b): 21 years, 21 is a multiple of 7, but after 5 years it becomes 26, which is not a multiple of 11. So reject this option as well.

Option (c): 28 years, multiple of 7. After 5 years it becomes 33, which is a multiple of 11.

Hence, option (c), i.e. 28 years is the right answer.

So instead of solving for the correct answer, we just eliminate the wrong answers to get the correct answer easily.

3. Traditional Method:

Given that:



This method will take a few minutes to solve, but using the Cool Maths method, you can solve it in less than a minute.

Cool Maths:

We use the units digit method (refer to Chapter 12, ‘Determining the Unit Digit at a Glance’ for more details).

x2 + 792 = 1722 – 882 – 8203

Let’s find out the units digit of RHS first:

1722 : as the number ends in 2, so its square ends in 4.

882 : as the number ends in 8, so its square ends in 4.

8203 : ends in 3.

So, using the above units digits we can easily get the units digit of ‘1722 – 882 – 8203’, which is same as:

4 – 4 – 3 = 0 – 3 = 7

It will not be –3, as we are finding the units digit.

So to subtract ‘3’ after getting ‘0’ at the units place, we take one 10 from the tens place and it becomes 10 – 3 (using the concept of place value).

Thus the RHS units digit will be 7.

Now let’s take the LHS:

792: as the number ends in 9, its square ends in 1.

So, to make the units digit of LHS = RHS, x2 must end in 6,

so that 6 + 1 (units digit of x2 + units digit of 792) will become 7.

Given options for x are:

(a) 86 (b) 89 (c) 83 (d) 93

You can see that out of the given options, the square of only 86 ends in 6.

So the correct answer is option (a), i.e. 86.




Did you know?

1729 is known as the Ramanujan’s number. When the great Indian mathematician was lying ill in the hospital, Dr Hardy came to visit him. He said the number of the taxi in which he had come, 1729, was a boring number. Suddenly Ramanujan’s face lit up and he said that it is not a boring number. It is the only number that is the sum of two cubes in two different ways.

103 + 93 = 1729 and 123 + 13 = 1729









Acknowledgements

We would first like to thank the God Almighty for empowering us with the intellect and belief to write this book.

We thank our parents, for their belief in our capabilities and for their unconditional love and support.

A big thanks to our teachers from school and college, especially respected R.L. Singhal and Rajendra Kalra, whose encouragement and guidance laid the foundation for all our work in mathematics.

Thanks to M. Saquib, for transforming our imagination into illustrations that enlivened the pages of this book.

We extend our special thanks to Milee Ashwarya, editor-in-chief (commercial and business), Penguin Random House. It is because of her persistent efforts that we could bring out with our third book.

We greatly appreciate the help of Roshini and Cibani, our editors, in the presentation of the content—they gave the book its present shape and enabled us to make it better.

A warm thanks to our friend Jaya Kalwani, for her constant feedback and support throughout the making of this book. Her keen interest and valuable inputs helped us refine and fine-tune the text.

Thanks to our kids, Devansh and Ishaan, who are the first ones with whom we played all these maths tricks. Their excitement encouraged us to share it with others.

We’d like to thank all the students and teachers who participated in our numerous maths workshops over the years. It was their valuable feedback and constant encouragement that motivated us to spread our knowledge, both magical and mathematical.

Finally, thanks to everyone whose names we have missed out but who have lent their support, in any way, to the book.







CONTENTS

Introduction

PART A: MAGIC WITH MATHS

1. Maths Telepathy

2. Magic Using the Dictionary

3. Trick to Impress Anyone

4. Giving the Answer before Knowing the Question

5. The Magical Cards

6. Magic Sum

7. Mathemagical Eye

8. Magical Window

9. Mysterious Magical Numbers

10. Mathmania 

11. Arith-Magic

12. Guessing One’s Age by the Size of One’s Shoe

13. Magical Symbols

14. Magic with Dice

15. Calculator Magic

16. Calendar Tricks

PART B: FUN WITH NUMBERS

17. Creativity of Ramanujan

18. Gymnastics with Numbers

19. New Year Numbers

20. Magic Squares

21. Maths Tambola

22. Improving Concentration Using Numbers

23. Maths Mnemonics

Follow Penguin

Copyright







Introduction

Magic holds a strange fascination for kids and grown-ups alike. On the other hand, maths is something that invokes fear in many. A magician’s tricks tend to amaze us and push our brains into overdrive, trying to discover how the trick was performed, whereas tricky maths equations create a mental block. This book is an attempt to draw out the similarities between maths and magic and, in the process, make you fall in love with numbers.

This section of the book contains magic tricks and other fun-filled activities. The speciality of the tricks taught in this book is that you can perform them anywhere, at any given time, and entertain yourself, your friends and family. You can use these in classrooms, parties, at work or even while travelling. By mastering these tricks, you will be able to give people the impression that you can read their minds or do calculations faster than a computer. The other section of this book (just flip the book around to find it!) contains mathematical facts, calculation tips, maths problems and even teaches you some tricks to improve your concentration.

To perform the tricks given in this book your main prop will be you. For some of the tricks, you might need some basic things, such as a pen, a sheet of paper and a deck of cards.

Some of the secrets in each section of the book will amaze you, and we are sure that after reading this book you will have a fresh perspective on mathematics. We wish you luck as you embark on the journey to become a mathemagician.
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PART A

MAGIC WITH MATHS
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MATHS TELEPATHY

Wouldn’t it be wonderful if you could read other person’s mind? Let’s learn a trick to predict a number flashing in someone else’s mind and make everyone believe that you are a mind reader. We call it maths telepathy!

All you need is:

– A paper

– A pen

MAGIC TRICK 1

Step 1

Ask a person in the audience to write down a three- or four-digit number with distinct digits, i.e. without repeating any number. For example, 2684.

Step 2

Tell them to multiply this number by any single-digit number, other than zero. Say, 2684 × 6 = 16104.

Step 3

Tell them to multiply the result with another single-digit number. Say, 16104 × 3 = 48312.

Step 4

Tell them to write a number formed by rearranging the digits of the answer, in any order: For example, 48312 can become 81324 or 48123 or 32184 or 31248, etc. Let’s take 83124.

Step 5

Ask them to consider the numbers obtained in step 3 and step 4, and subtract the smaller number from the larger one. In the above example, it should be 83124 – 48312 = 34812.

Step 6

Ask them to circle any one of the digits from the answer, other than zero.

Say, they circled 4 in 3  8 1 2

Step 7

Now you say:

‘I don’t know which number you selected in the beginning and which numbers you multiplied it with.

‘Just concentrate on the number you have circled.

‘Now tell me the digits of the number that you didn’t circle, slowly one by one and in any order.’

Step 8

The person tells you the digits they did not circle, say 3. . . 1 . . . 8 . . . 2.

Listening to these digits and applying the magic you will be able to guess that the encircled number is ‘4’.



A magician never reveals his or her secrets, but we, as educationists, believe that knowledge increases by sharing.
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Let us understand the secret that will empower you to guess the circled number even without knowing any of the numbers that the person has thought of in their mind.


	The trick lies in the end when the user tells you the remaining digits, which they did not encircle. All you have to do then is to add all those digits in your mind. In the above example, it will be 3 + 1 + 8 + 2 = 14.

	If the answer is more than 9, add the digits of the number again until you get a single-digit number. Say the answer after adding the digits in above example is 14, then add 1 + 4 = 5.

	Subtract this final number from 9 and you will get the encircled number, i.e. 9 – 5 = 4. Magic!

	When you take any number and subtract it from the number obtained after changing the position of its digits, the result is always a multiple of 9.

	For any random number the user takes, you have to follow the first three steps to get the circled digit.



To see more general proof, refer to Chapter 3: ‘Trick to Impress Anyone’.
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MAGIC USING THE DICTIONARY

In this trick, we will learn some magic that involves using not just numbers but also a dictionary full of words. We use this trick in many of our sessions.

All you need is:

– A paper

– A pen

– A dictionary

MAGIC TRICK 2

Step 1

Ask one person from the audience to write down any three-digit number (all the digits should be distinct, i.e. without repeating any digit) on a piece of paper and not show it to anyone.

Step 2

Then ask them to reverse the digits to form a new number and subtract the smaller number from the larger one.



Step 3

Now ask them to open the dictionary to the page corresponding to the number obtained in Step 2 and look up the fourth word on that page.

Step 4

Ask them to tell you the first letter of that word and close the dictionary.

Step 5

Now bring the dictionary to your ears as if it is whispering the word to you and magically reveal that word!

Everyone will be amazed and will wonder if you were really talking to the dictionary or if you could read a person’s mind.
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The logic lies in the following:

The difference between a three-digit number and its reverse is always a multiple of nine.*

So, you have only nine possible answers as page numbers, they are:

page 99, page 198, page 297, page 396, page 495, page 594, page 693, page 792 or page 891.

Just memorize the fourth word on these pages (i.e. only nine words) and do the magic.

*To see a more detailed algebraic proof, read Chapter 3.
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TRICK TO IMPRESS ANYONE

Once we conducted a workshop for teachers from various prominent schools of Mumbai. Almost all the teachers shared the concern that most students fear algebra. Although they understand the topic, they do not find it interesting. I remembered a magic trick that relied heavily on algebra without seeming to. I decided to show it to them so that they could understand how teaching algebra can be made enjoyable by linking it to day-to-day concepts.

I took a piece of paper and scribbled a word on it. Then I folded it and gave it to one of the teachers. Everyone was curious about what was going to happen next.

MAGIC TRICK 3

Step 1

I asked that teacher to give me a random three-digit number with distinct digits. She said, ‘725,’ and I wrote it on the board.



Step 2

I asked her to pass on that folded piece of paper to another teacher. I told this next teacher to tell me the number we get from reversing the digits of the previous number. ‘527,’ she replied. I wrote it down below the first number.



Step 3

The paper was then passed on to another teacher, and he was asked to calculate the difference between the two given numbers.

‘198,’ he replied.



Step 4

Now as the paper was passed on to another teacher, she was asked to give the number obtained by reversing the digit of this new number. ‘891,’ she replied.



Step 5

I wrote 891 under 198 and asked everyone to add the two.



At this point, I told one of the teachers sitting in the front row to open the book on my table. I had used this book earlier to explain some concepts to them. She was asked to go to page 108 and to read out the ninth word of the first line.



‘We,’ she said.

Then I asked the teacher who had the folded piece of paper in her hand to open it and read aloud the word scribbled on it. ‘We,’ she said.



Everyone in the room was astounded. They all wanted to know how I knew the word even before the teachers gave me random numbers.

‘Well, it’s the magic trick of algebra.’ I smiled.
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Let us understand the trick using algebra.

Step 1

Let us denote the three digits of the three-digit number as a, b and c. Then keeping the place value in mind, we can say that the three-digit number would be:

100a + 10b + c

Step 2

The number obtained by reversing the three digits is:

100c + 10b + a

Step 3

Subtracting the smaller number from the larger number, we get:



Since, a and c are distinct single-digit numbers, the possible values of (a – c) are:

1, 2, 3, 4, 5, 6, 7, 8 or 9

And the only possible results of their product with 99 are:

099, 198, 297, 396, 495, 594, 693, 792 or 891

When you add any of these numbers with the reverse of itself, you will always get 1089.
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GIVING THE ANSWER BEFORE KNOWING THE QUESTION

Let’s learn a simple but amazing trick that leaves everyone flabbergasted. We often use this trick in our workshops and seminars as a curtain-raiser. It always results in the same response, that of amazement and disbelief.

All you need is:

– A small piece of paper

– A pen

MAGIC TRICK 4

Step 1

On a small piece of paper, write a seven-digit number, say 2545767. Fold this paper and give it to someone sitting in the front row in the audience or one of your friends. Tell them not to open it till they are asked to do so.



Step 2

Begin by saying, ‘Let’s start the magic by writing some random six-digit number,’ and write a number on the board or on another paper or a notebook. Let’s say it is 345769.



Step 3

Ask someone from the audience or your friend to tell any six-digit number and write it below the number written in step 2. Let’s say that the person gives 762014.



Step 4

Now you write one more six-digit number below these two numbers, say 337985.



Step 5

You can ask the same person or another person to give one more six-digit number and write it below the written numbers. Let’s say they give 185637.



Step 6

Finally, you write another six-digit number below these four numbers, say 914362.



Step 7

Ask the audience or your friends to add these five numbers and write the total at the bottom, which, in this case, is 2545767.



Step 8

Now tell the person you gave the slip of paper in the beginning to open it and reveal the number written on it.

Everyone will see that the number written on that paper is the same as the total of these five numbers, i.e. 2545767.


Special Tip

This trick will work with any number of digits, so you are not limited to a six-digit numbers. You may start with a five-digit or ten-digit number or even higher to perform this trick. But remember that the number of digits should be the same for all numbers.
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	The first step is to think of any six-digit number in your mind, such as 345769 in the above example. Now you have to do a simple and quick calculation.

	Add ‘22’ to the first digit of your number. Here it is 3, so 3 + 22 = 25.

	Now subtract 2 from the last digit. Here it is 9, so 9 – 2 = 7.

	Let the other digits remain.

	
This is the number that you are going to write on a piece of paper and give to someone in the audience and it will be the final answer.


	On the board, write the first six-digit number that you thought of, in this case 345769.

	Ask someone from the audience or your friend to give a six-digit number below yours. In this case we assume that the person gave 762014.

	Now it’s your turn to write another six-digit number below it, making it appear to be just a random number. However, actually it is not. To write the new number you have to subtract the first digit of the number given by the other person from 10 and subtract all other digits from 9.



	Again ask for one more random number from the audience, 185637 in this case.

	Repeat the previous calculation to give your next number as shown below:



	Finally, ask the audience to add all the five numbers to get the answer as 2545767. And ask the person holding your slip of paper to reveal the number written by you before you begun and show that you knew the answer before the question. Magic!



Now let’s discover how it works:


	Actually, the number you had written after the audience’s number was arrived at by deducting the first digit from 10 and rest from 9, so the sum of the audience’s number and the one given by you will become 1099999, 
 i.e. 762014 + 337985 = 1099999 and 
 185637 + 914362 = 1099999

	So, we already knew that we are adding ‘1099999 + 109999 = 2199998’ to our initial number, or we can say ‘2200000 – 2’. That’s why we added ‘22’ to the first digit and subtracted ‘2’ from the last digit of our initial number to get the total sum in advance.
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THE MAGICAL CARDS

A deck of cards is an amazing prop/tool used by magicians and illusionists in many different ways. We too can’t resist sharing a trick or two with playing cards. In this magic trick, you will learn how you can predict the card chosen by another person without even looking at it.

Material required:

– A deck of cards

– A calculator (optional)

MAGIC TRICK 5

Step 1

Take a deck of cards and shuffle it two or three times or ask someone in the audience to come and do it for you.



Step 2

Now you can ask the same person or someone else to select any card from that deck. Ask them to check it. If it is a face card (i.e. jack, queen, king) or the number 10, they will have to pick another card. (This trick can only be played with cards numbered 1–9, where the ace is considered 1). Once your volunteer has a number card, ask them to keep the card and show it to no one.

Let’s suppose the chosen card was the ‘7 of spades’.



Step 3

Now you also take one card from the deck and make sure only you know your card and no one else can see it. In case you get a face card or the number 10, select another one. Let’s say you got the ‘4 of clubs’.



Step 4

Ask your volunteer to mentally multiply their card number by 2.

In this example it will be:

7 × 2 = 14

Step 5

Ask them to add 2 to the answer.

14 + 2 = 16



Step 6

Now ask them to multiply the newly obtained answer by 5.

16 × 5 = 80

Step 7

Then ask to subtract 6 from the new number.

80 – 6 = 74

Step 8

Finally ask your volunteer to show their chosen card to the audience. Place your card next to that card. Your volunteer’s card will be the first digit of the final number and your card will be the second digit. He or she will see that the number formed is actually the final answer given by them. Magic!




Special Tip

You can call one or two people on stage to perform this magic or involve all participants if it is a small group. You can also ask them to just visualize any card in their mind other than jack, queen, king and 10, instead of choosing a card from the deck.
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Let us understand how the final answer came out as a combination of your and the other person’s cards.


	As mentioned earlier, we play this trick only with cards numbered 1 to 9.

	Then we ask the participant to multiply the card number by 2 and then add 2 to the result.
(7 × 2) + 2



	Then the participant is supposed to multiply the new number by 5. So actually, we are multiplying the number by 10(first by 2 and then by 5). Here it was 7 × 10 = 70.

	We also added 2 in between which is also multiplied by 5 in the next step, which means we are adding 10 more to the number, as in our example it was :
(7 × 2 × 5) + (2 × 5)

70 + 10 = 80



	Now finally we ask the participant to subtract a number from his final answer. This number is actually the magic trick. It is not a fixed number that you can use in all situations, but will change according to your card number. You have to choose this number by subtracting your card number from 10. In the given example, your card number is 4, so this magic number would be ‘10 – 4 = 6’. Subtracting this number, i.e. 6, from 80 gives 74 as final answer.



Audience card: 7

Your card: 4

Steps done by participant:
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MAGIC SUM

This ‘Magic Sum’ trick is absolutely amazing and we are sure you are going to love it.

All you need is:

– Two sheets of paper

– A pen or a pencil

MAGIC TRICK 6

Step 1

On a piece of a paper, make a table with four rows and four columns and write the numbers 1 to 16, as shown below:



Step 2

Tell your audience that you are going to write down the final answer even before you begin. On another small piece of paper, write ‘The sum of the four circled numbers is 34’, fold it a few times and keep it aside.

Step 3

Ask a person from the audience to come and circle any number on the table. See the example shown in the figure.



Step 4

Ask them to cross out all the numbers in the same column and row of the number that they circled.



Step 5

Ask the person to circle any of the remaining numbers, i.e. which is neither circled nor crossed out.



Step 6

Ask them to repeat Step 4, i.e. to cross out all the numbers in the column and row to which this newly circled number belongs.



Step 7

Instruct your volunteer to repeat steps 5 and 4 until you are left with four numbers circled and all the others are crossed out.



Step 8

Finally ask them to add the four circled numbers.

2 + 7 + 9 + 16 = 34

Unfold the piece of paper on which you had written your prediction, which says ‘The sum of four circled numbers is 34’, and reveal it to the audience.
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Let’s see how we can predict the sum of the circled numbers:

Whenever you make an array of consecutive numbers, the sum of the four circled numbers, as per the directions given in the trick, will always be the sum of the numbers of either of the two diagonals.

Every combination of four numbers entails picking no two in the same row or column, i.e. when you transpose the columns of two numbers in different rows, you add and subtract the same distance to the diagonal. Thus the total sum remains the same as the sum of the diagonal.

Hence, in our example, the numbers in one of the diagonals are 1, 6, 11 and 16. Adding them, we get:

1 + 6 + 11 + 16 = 34

The numbers in the other diagonal are 4, 7, 10 and 13. On adding these we get:

4 + 7 + 10 + 13 = 34

And this will also be the sum of the circled numbers.




Special Tip


	If you are asked to perform the above trick again but with different numbers, you can make a table of consecutive numbers starting from a number other than 1. Then quickly add the numbers of one of the diagonals to get the number you need to predict.
For example, you can make a table from 11 to 26:



For the prediction sum, just add the numbers of one of the diagonals of the table. In this case, you will get 74.


	You may also try the trick with larger grids as well, say 5 × 5, and write consecutive numbers in it. The prediction sum of the remaining numbers will always be the sum of the numbers of either of the diagonals.











7

MATHEMAGICAL EYE

In this trick we will show you how to use your mathemagical eye.

All you need is:

– 20 objects (you may have similar or different objects)

MAGIC TRICK 8

Step 1

Place 20 objects on the table and turn around so that you cannot see them.

Step 2

Ask your friend or someone from audience to remove at least 1 and a maximum of 10 objects. Hence, the number of objects that remain on table will be 10 or more.

Step 3

Ask that person to add the two digits of the number of objects remaining on the table (e.g. if the number of remaining objects is 17, then the sum is 1 + 7 = 8). Whatever the result, ask them to remove that many objects from the table.

Step 4

Now, ask them or another person to give you some of the remaining objects.



Just by seeing the number of objects given to you, you can tell the number of objects remaining on the table using your mathemagical eye.
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	You started with 20 objects.

	After removing 1 to 10 objects, the number of objects remaining on the table will be between 10 and19.

	If you add the 2 digits of the remaining number of objects and subtract it from the number itself, you will always get 9, as shown below:






	Remaining objects
	Sum of the digits
	Result





	19
	1 + 9 = 10
	19 – 10 = 9



	18
	1 + 8 = 9
	18 – 9 = 9



	17
	1 + 7 = 8
	17 – 8 = 9



	16
	1 + 6 = 7
	16 – 7 = 9



	15
	1 + 5 = 6
	15 – 6 = 9



	14
	1 + 4 = 5
	14 – 5 = 9



	13
	1 + 3 = 4
	13 – 4 = 9



	12
	1 + 2 = 3
	12 – 3 = 9



	11
	1 + 1 = 2
	11 – 2 = 9



	10
	1 + 0 = 1
	10 – 1 = 9






	Keeping this rule in mind we asked the person to add the digits of the number of objects remaining on the table and then remove that many objects again.

	So, in the last step, when the person gives you some of the objects from the table, you just need to subtract them from 9 to get the final number of objects remaining on the table.











8

MAGICAL WINDOW

This magical trick can be performed with a person of any age group, using some number cards.

All you need is:

– Chart paper or some plain white paper

– A pen

– A cutter

CREATING MAGICAL CARDS

Step 1

To make the game, cut out seven rectangular cards from the paper, of equal size (say 8" × 6").

Step 2

On one card, write the numbers from 1 to 20, as shown in Figure 8.1 below.


[image: How to Be a Mathemagician]
Figure 8.1



Step 3

On the remaining 6 cards, cut out the windows (the shaded boxes) in the pattern shown in Figures 8.2 to 8.7 and also write down the numbers in the bottom two rows of the cards.


[image: How to Be a Mathemagician]
Figure 8.2




[image: How to Be a Mathemagician]
Figure 8.3




[image: How to Be a Mathemagician]
Figure 8.4




[image: How to Be a Mathemagician]
Figure 8.5




[image: How to Be a Mathemagician]
Figure 8.6




[image: How to Be a Mathemagician]
Figure 8.7



Now the game is ready!

HOW TO PLAY THE TRICK

Step 1

Ask your friend or a volunteer to think of a number from the ‘main card’ and let them tell you on which of the other 6 cards the number appears in the bottom rows.

Step 2

There will be 3 cards on which it appears. Stack these cards on top of the other and place these on the main card, aligning the edges.

The number your friend thought of will appear in the magical window!
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There are a total of 20 numbers on the main card, i.e. from 1 to 20, and there are 6 mask cards (cards with some cut out windows).

Every number of the main card (i.e. from 1 to 20) is there on exactly 3 cards of these 6 mask cards.

There are 20 different ways of selecting 3 cards out of 6. This can be calculated using the mathematical formula of ‘permutation and combination’ as follows:



So you can have 20 different numbers shown within the magic window which is unique with each combination of 3 cards.

This happens because the windows are cut in such a pattern so that each combination of 3 cards leaves only a single window uncovered.
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MYSTERIOUS MAGICAL NUMBERS

In this chapter you will see tricks that will make you exercise your brain like never before. You will get a unique answer at the end of each trick irrespective of the number you pick.

A. FANTASTIC FOUR


	Start with any whole number and write it out in words.

	Count the number of characters in its spelling (count spaces and hyphens as well) to get a second number.

	Count the number of characters in the second number to get a third number.

	Continue this process until you arrive at a unique number that keeps repeating.



Which magical number is it?

B. A SURPRISING NUMBER


	Enter 999999 into your calculator.

	Then divide it by 7.

	Now throw a dice and multiply the previous result with the number on your dice.

	Arrange the digits of the product from lowest to highest and write it to form a six-digit number.



What is this number?

C. EVEN, ODD AND MORE


	Start with any number.

	Count the number of even digits, the number of odd digits and the total number of digits.

	Using the above answers, write the digits of new number as: (number of even digits) (number of odd digits) (total number of digits)

	For the next number, repeat the second step again, i.e. count even, odd and total digits to get another new number.

	If there are no odd digits or no even digits, write ‘0’ in its place.

	Repeat steps 2 and 3, and continue until you get a repeating number.



What is the magical repeating number?

D. HAPPY BIRTHDATE


	Multiply your birthdate (in DDMMYY format) by 8.

	Add your original number (i.e. your birthdate) to the answer obtained.

	Add ‘8’ to the result.

	Now add the individual digits of the result obtained in the previous step. If the sum is more than one digit, take that sum and add up its digits. Continue adding up digits until only one digit is left.



What is the final magical digit?

E. SPECIAL DIVISORS


	Start with any number greater than 1.

	Write down all its divisors, including 1 and the number itself.

	Add each digit of all these divisor(s).

	Repeat steps 2 and 3 until you get the same number again and again.



What magical number did you get finally?

F. SUBTRACTION SERIES


	Write any four-digit number with at least two different digits.

	Rearrange the digits from largest to smallest and write the new number.

	Rearrange again from smallest to largest (the reverse of step 2) and write it below the previous number.

	Subtract the two numbers and write down the result, (remember to include leading zeros in both cases so that the number remains in four digits).

	Keep repeating the above steps (2, 3 and 4) until you arrive at constant magical difference.



What is the magical difference number?


SOLUTIONS

A. FANTASTIC FOUR

The magical number is: 4.

Example 1:


	Start with any whole number and write its numeral in words:



5  FIVE


	Count the number of characters in its spelling (count spaces and hyphens as well) to get a second number:



FIVE  4


	Count the number of characters in the second number to get the third number:



FOUR  4

Example 2:

Start with 163.

163  One hundred and sixty-three

23  Twenty-three

12  Twelve

6  Six

3  Three

5  Five

4  Four

B. A SURPRISING NUMBER

The surprising number is: 124578.

Example 1:


	Enter 999999 into your calculator.

	Then divide it by 7.



999999 ÷ 7 = 142857


	Now throw a dice and multiply the previous result with the number on your dice, say 3.



142857 × 3 = 428571


	Arrange the digits of the product from lowest to highest and write it to form a six-digit number.



124578

Example 2:

999999 ÷ 7 = 142857

Let’s say the number on dice is 6,

142857 × 6 = 857142

Arrange the digits of the product from lowest to highest, we get: 124578

C. EVEN, ODD AND MORE

The magical number is: 123.

Example 1:

Let’s choose 60864127689,

No. of even digits = 8 (0 is an even number)

No. of odd digits = 3

Total no. of digits = 11

So the new number = 8311

Now again,

No. of even digits = 1

No. of odd digits = 3

Total no. of digits = 4

So the new number = 134

Applying recursion,

No. of even digits = 1

No. of odd digits = 2

Total no. of digits = 3

So, the magical answer is 123.

D. HAPPY BIRTHDATE

The final magical digit is: 8.

Example 1:


	Multiply your birth date by 8.



Say, 110690 (for 11 June 1990) × 8 = 885520


	Add your original number to the product obtained.



885520 + 110690 = 996210


	Add 8 to the result.



996210 + 8 = 996218


	Now add the individual digits of the result obtained in last step.



9 + 9 + 6 + 2 + 1 + 8 = 35

3 + 5 = 8

E. SPECIAL DIVISORS

The magical number is: 15.

Example 1:

Start with any number greater than one, say the number is 20.


	Write down all its divisors, including 1 and itself.



Divisors of 20 are: 1, 2, 4, 5, 10 and 20


	Add all the digits of these divisor(s).



1 + 2 + 4 + 5 + 1 + 0 + 2 + 0 = 15


	Repeat steps 2 and 3 until you get the same number again and again.



Divisors of 15 are: 1, 3, 5, 15

1 + 3 + 5 + 1 + 5 = 15

F. SUBTRACTION SERIES

The magical difference number is: 6174.

Example 1:


	Write any four-digit number with at least two different digits:



1027


	Rearrange the digits from largest to smallest and write the new number:



7210


	Rearrange again from smallest to largest (or reverse of above) and write it down below the previous number:



7210

0127


	Subtract the two numbers and write down the result, (remember to include leading zeros in both cases so that they are all four-digit numbers):






	Keep repeating the above steps until you arrive at a constant magical difference.





The final magical answer is 6174.

The number 6174 is also known as Kaprekar’s constant.




Special Tip

If we take a three-digit number instead of a four-digit one, the magical subtraction result would be 495.

Try to find the magical subtraction result for a five-digit number.
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MATHMANIA

This is a cool mind-reading trick, which you can perform even without coming face-to-face with the person, for example, on the phone.

All you need is:

– A paper

– A pen or a pencil

– A calculator

MAGIC TRICK 10

Step 1

Ask your volunteer to write down any four-digit number.

Step 2

Tell them to write the same number again alongside to make it an eight-digit one.

For example, if their number is 4567, it should be written as 45674567.

Step 3

Ask them to divide it by 137.

45674567 ÷ 137 = 333391.

Step 4

This new resulting number should then be divided by the original number.

333391 ÷ 4567 = 73.

Step 5

Now say, ‘I can tell you that you have a two-digit number as your answer. Just keep this number in your mind and let us see if I can read it.’ Wait for a few seconds before saying, ‘Aha! 73 it is . . . Am I right?’



‘Aha! 73 it is . . . Am I right?’


MATHS BEHIND THE MAGIC 10


	When you ask someone to write any four-digit number twice to get an eight-digit number, it is mathematically the same as multiplying your original number by 10001.
4567 × 10001 = 45674567


	The only ‘prime’ factors of 10001 are 137 and 73, i.e. 137 × 73 = 10001, that means
4567 × 137 × 73 = 45674567


	After Step 1, you asked your volunteer to divide the eight-digit number by 137 and then the resulting number by the original number.





This is the same as:



So, with the above explanation it is clear why we will always get 73 as the final answer.




Special Tips


	You can make a new trick from this one by asking the participant to write a three-digit number instead of a four-digit one. Say, the number is 123.

	When the participant writes the number twice, it will become a multiple of 1001, i.e. 123123 = 123 × 1001.

	The prime factors of 1001 are 7, 13 and 11, i.e. 1001 = 7 × 13 × 11.

	Now tell your volunteer to divide the six-digit number by 7, the original number and 13. The final answer would be 11.

	While dividing, you can alternatively use any of the two numbers from 7, 13, 11, along with the original number in any sequence and accordingly change the prediction of the final answer.











11

ARITH-MAGIC

This is an amazing trick where you actually lead the other person to the desired result without them even realizing it. You can use this trick in many variations.

All you need is:

– A paper

– A pen

– A calculator

MAGIC TRICK 11

Version 1


	Ask your volunteer to think of any number, (preferably with two or three digits, so that it’s easy to calculate).Tell them to write it on a piece of paper.

	Then square that number (i.e. multiply the number by itself).




	Ask them to add the result to the original number.

	They should now divide the result by the original number.

	Ask them to add 17 to the result.

	Tell them to subtract the original number from the result.

	Finally, they have to divide the result by 3.



If the calculations are correct, the final answer must be 6.

This result stands for any number that you thought of initially.

Now if you want to repeat this trick, bring about a little variation.

Version 2


	Think of any number and write it down on a piece of paper.

	Square the number (multiply the number by itself).

	Add the result to the original number.

	Divide the result by the original number.

	To the result, add 19.

	Subtract the original number from the result.

	Divide the result by 4.



The answer will always be 5.

Although the volunteer is using their own number as a part of calculations that you are not aware of, you discreetly guide them to the answer you want.


MATHS BEHIND THE MAGIC 11

The first secret of this trick is that the final answer will remain the same irrespective of the number you choose initially, provided you follow the steps in the same sequence.

Step 1

Since you do not know your volunteer’s number, replace it with a variable:

x

Step 2

Square that number (i.e. multiply the number by itself).

x × x = x2

Step 3

Add the result to the original number.

x2 + x

Step 4

Divide the result by the original number.



Step 5

To the result, add 17.

x + 1 + 17 = x + 18

Step 6

Subtract the original number from the result.

x + 18 – x = 18

Step 7

Divide the result by 3.

18 ÷ 3 = 6

So now you know how the final answer is always 6.

Now use a similar calculation method to verify the second version of this trick.
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GUESSING ONE’S AGE BY THE SIZE OF ONE’S SHOE

Age, weight, height and shoe size are personal information known only to a person or someone close to them. By using the magic of maths in this trick, you can surprise anyone by guessing these details accurately.

All you need is:

– A paper

– A pen or a pencil

MAGIC TRICK 12

Ask a volunteer to write down their age on a piece of paper.

Ask them to follow these steps:


	Multiply the age by 1/5 of 100.

	Add today’s date (i.e. if it is 20 June, add 20).

	Multiply by 20% of 25.

	Now add your shoe size.

	Finally, subtract five times the date.





Ask them to tell you the final answer.

Depending on the number of digits in the answer, you can predict the age and the shoe size:

The last two digits stand for the shoe size. The remaining digits tell you their age.

For example, if the final answer is:


	906: 9 (age), 06 (shoe size)

	1208: 12 (age), 08 (shoe size)

	3410: 34 (age), 10 (shoe size)

	10009: 100 (age), 09 (shoe size)




Special Tip

You may use the trick to guess the height and weight of a person, or any other two parameters.



HOW TO PLAY THE TRICK

Let’s understand the calculation with an example.

Suppose, the person writes down their age as 24 and follows the given steps:

Step1

Multiply it by 1/5 of 100, i.e. by 20.

24 × 20 = 480

Step 2

Add today’s date. Let’s say today is the 15th day of the month, then, 480 + 15 = 495

Step 3

Multiply by 20% of 25, i.e. by 5.

495 × 5 = 2475

Step 4

Now, add your shoe size; say the size is 7, then,

2475 + 7 = 2482

Step 5

Subtract 5 times today’s date from it. In this case, subtract 5 × 15, i.e. 75.



Then the last two digits of the final answer will always tell the size of the person’s shoe and the remaining digit(s) will tell the person’s age.


MATHS BEHIND THE MAGIC 12

Let’s follow the steps using variables a and b, where a stands for age and b stands for shoe size.



	■ Multiply the age by 20	: a × 20 = 20a

	■ Add today’s date	: 20a + 15 (assuming today’s date is 15)

	■ Multiply by 5	: (20a + 15) × 5 = 100a + (15 × 5)

	■ Add the shoe size	: 100a + (15 × 5) + b

	■ Subtract 5 times today’s date	: 100a + (15 × 5) + b – (15 × 5)

	■ Answer	: 100a + b




From the above calculations, it is clear that


	The place value of age in the final answer will always be hundreds or more as it is multiplied by 100.

	As the shoe size is never more than two digits, it will always be in the ones and tens place in the final answer.
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MAGICAL SYMBOLS

Add to your performance skills with this different kind of trick.

All you need is:

– A chart of magical symbols

MAGIC TRICK 13

Step 1

Ask a person from the audience to think of a two-digit number between 20 and 99.

Step 2

Ask them to add the two digits together.

Step 3

Subtract this sum from their original number.



Step 4

Display the copy of the magical symbols chart shown above and ask the person to find the resulting number on the symbols chart and focus on the symbol beside that number.

Step 5

After a few seconds, hide the chart.

Correctly guess that the corresponding symbol is: ☺.


MATHS BEHIND THE MAGIC 13

Let’s understand the working using an example.

Suppose a participant picks 37.

Adding both the digits, we get 3 + 7 = 10.

Subtracting this sum from the original number, we get 37 – 10 = 27.

Symbol corresponding to 27 is ☺.

You will always get those numbers that are represented by ☺.

Let’s see how:


	Take the digits of our two-digit number as a and b, where a is at tens place and b is at ones place.

	Since a is in the tens place, it should be multiplied by 10 and the number will be written as:
10a + b


	When we add the two digits, we get:
a + b


	Subtracting this sum from our original number, we get :
(10a + b) – (a + b) = 9a


	That means, the final answer will always be a multiple of 9. So, very smartly, in our symbol chart, we have put the same symbol (☺) for all multiples of 9, i.e. 18, 27, 36 and so on.






Special Tip

You can prepare more symbol charts, each with a different symbol used for the multiples of 9. That way, you can play the same trick on the same audience again and again till they notice the secret.
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MAGIC WITH DICE

Dice are not just useful for playing board games, but also for performing magic tricks. For this one, we will use three regular dice.

MAGIC TRICK 14

Step 1

Give your friend or some spectator three dice and turn around so that you aren’t facing them.

Ask them to roll the three dice without telling you the outcome.

Step 2

Ask them to choose one of the three numbers.

Step 3

Tell them to multiply the selected number by 2.

Step 4

Ask them to add 5 to the new number.

Step 5

Tell them to multiply the result of Step 4 by 5 and add the number of the second dice to it.

Step 6

Instruct them to multiply the new result by 10 and add the number of the third dice to it.

Step 7

Now tell the person to subtract 125 from the new number.

Ask that person to tell you the final total.

Now pretend to summon your magical powers to guess the numbers on the dice.

Here comes the magic!

Mentally, just subtract 125 from the final total to get a three-digit number. Surprise everyone by revealing these three digits as the three numbers of the dice rolled.


MATHS BEHIND THE MAGIC 14


	Let us consider the outcomes of the three dice as a, b and c.

	Choose one of these three numbers, suppose a, as the first number.

	Multiplying the number by 2 it becomes,
2a


	Adding 5 results in
2a + 5


	Multiplying it by 5 gives us
(2a + 5) × 5

10a + 25


	Adding the second number:
10a + 25 + b

Or

(10a + b) + 25


	Multiplying it by 10 gives us
100a + 10b + 250


	Adding the remaining third number, we get:
100a + 10b + 250 + c


	Subtracting ‘125’ from it will result in:
100a + 10b + c + 125


	Now again you have to subtract ‘125’ mentally, from the result told by the spectator. You will get the final number as
100a + 10b + c




Thus you will always get a three-digit number with the first digit as a, second digit as b and third digit as c.
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CALCULATOR MAGIC

This trick will convince people you are a mathemagician whose mind is as fast as a calculator. Everyone will wonder how you can perform complex calculations in seconds.

All you need is:

– A paper

– A pen or a pencil

– A calculator

MAGIC TRICK 15

Step 1

Ask a person from the audience to volunteer and request them to type any number between 1 and 900 on the calculator. Tell the person to keep this a secret. (If your calculator can display more than ten digits, the user can also pick a number greater than 900.)

Let’s assume that the person types 891 on the calculator.

Now tell them to follow these steps.

Step 2

Multiply this number by 3.

891 × 3 = 2673

Step 3

Multiply the result by 7.

2673 × 7 = 18711

Step 4

Multiply the result by 37.

18711 × 37 = 692307



Step 5

Then multiply the result by 11.

692307 × 11 = 7615377

Step 6

Multiply the result by 13.

7615377 × 13 = 98999901

Ask the person to tell you the final answer.

Now, just by looking at this number you will be able to guess the number the volunteer chose in Step 1, i.e. 891.


MATHS BEHIND THE MAGIC 15


	In this trick, we have multiplied the number by 3, 7, 37, 11 and 13. The product of these numbers is:
3 × 7 × 37 × 11 × 13 = 111111


	So, we are actually making the person multiply the number by 111111.

	The final answer will have digits in a particular pattern. It could be one of the following patterns:
RRRRRR

F RRRRR L

F RRRR B L

FF RRR BB L

Let me explain what these letters stand for.

R: Repeat—these are the repeating digits, located in the centre of the number.

F: First—these are located at the beginning of the number right before the ‘repeat’ digits. There can be one, two or no ‘first’ digits.

L: Last—this digit is located at the end of the final answer. There can be at most one digit that can be considered the ‘last’.

B: Between—these come between the ‘repeat’ and ‘last’ digits. There can be one, two or no digits between ‘repeat’ and ‘last’.


	Let’s see how these F, R, B, L patterns in the final answer will eventually lead us to the original number.




	a) Subtract B (between) from R (repeat). Make sure that the number of digits is the same for both. That means if there is only one number between ‘repeat’ and ‘last’, deduct it from only one digit of the repeated number, i.e. R.

	b) Subtract the difference obtained in the above step from the entire ‘first’ digits (F or FF.)

	c) Prefix the new answer to L (last) digit to get the original number.



To understand the procedure better, let us take few examples.

Example 1:

The person chooses 891.

After following the procedure of the trick, the final result would be



To get the original number, simply do the following:


	9 – 0 = 9 (i.e. R – B)

	98 – 9 = 89 (i.e. FF – answer of Step 1)

	Attach 89 to 1 to get 891 (i.e. answer of Step 2 and L digit)



Example 2:

The person chooses 555.

After following the procedure, the final result would be 61666605.

So, in this resulting number:

First digits (FF) = 61

Repeat digits (RRRR) = 6666

Between digit (B) = 0

Last digit (L) = 5

To get the original number, simply do the following:


	6 – 0 = 6 (i.e. R – B)

	61 – 6 = 55 (i.e. FF – answer of Step 1)

	Attach 55 to 5 to get 555 (i.e. answer of Step 2 and L digit)



Example 3:

The person chooses 548.

After following the procedure, the final result would be 60888828.

So, in this resulting number:

First digits (FF) = 60

Repeat digits (RRRR) = 8888

Between digit (B) = 2

Last digit (L) = 8

To get the original number, simply do the following:


	8 – 2 = 6 (i.e. R – B)

	60 – 6 = 54 (i.e. FF – answer of Step 1)

	Attach 54 to 8 to get 548 (i.e. answer of Step 2 and L digit)



Example 4:

The person chooses 127.

After following the procedure, the final result would be 14111097.

So, in this resulting number:

First digits (FF) = 14

Repeat digits (RRR) = 111

Between digit (B) = 09

Last digit (L) = 7

To get the original number, simply do the following:


	11 – 09 = 2 (i.e. R – B)

	14 – 2 = 12 (i.e. FF – answer of Step 1)

	Attach 12 to 7 to get 127 (i.e. answer of Step 2 and L digit)



Example 5:

The person chooses 6.

After following the procedure, the final result would be 666666.

So, in this resulting number:

Repeat digits (RRRRRR) = 666666

As the answer has only ‘repeat’ digits after being multiplied by 111111, the original number must be a single number, i.e. 6 in the case.

Let us summarize the above process of getting the original number from the answer using the F, R, B, L digits pattern:


	a) If the final answer has only ‘repeat’ digits, i.e. repeated numbers that means the original number is that single number. For example, if the final answer is 666666, the original number is 6.

	b) If the ‘between’ digit does not exist, attach the ‘first’, i.e. F, digit to the left of the ‘last’, or L, digit to get the original number. Say, the final answer is ‘2555553’, then the original number would be ‘23’.

	c) If the ‘between’ digit(s) exist, subtract them from the same number of digits in the ‘repeat’.

	Subtract this difference obtained in the above step from the ‘first’ digits, F or FF.

	Prefix the newly obtained digit(s) to the L digit to get the original number.
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CALENDAR TRICKS

A calendar is a good example of how maths is an inbuilt part of our everyday lives. In this chapter, we will explore some mind-boggling patterns of numbers present in a calendar. You can use the calendar of any month or any year.

Let’s take a look at January 2017:



Magical Pattern 1:

Select any row of numbers (i.e. horizontal lines) and add its first and the last number. Let’s take first row of the above calendar as shown below:



Adding the first and the last number of the row, we get:

1 + 7 = 8

The result ‘8’ is double of the middle number between 1 and 7, i.e. double of 4.

Similarly,

2 + 6 = 8

(i.e. double of middle number between 2 and 6)

That shows that the middle number is always the average.

Also when you sum up all the numbers of this row, you will get:

1 + 2 + 3 + 4 + 5 + 6 + 7 = 28

The result is 7 times the middle number 4 (i.e. 7 × 4 = 28), as the middle number is the average number of the row.

Try and check the above pattern with other rows. Which means the total of the second row should be 77 (i.e. 7 × 11 = 77) and the total of the third row should be 126 (i.e. 7 × 18 = 126).

Magical Pattern 2:



Choose any section of the calendar that includes a 3 × 3 square grid, as highlighted in the above image.

Now, add the three numbers of the middle row of the grid, then add the three numbers of the middle column of the grid and also add the three numbers that appear on the right diagonal and left diagonal separately, of the selected grid, as shown below:

9 + 10 + 11 = 30

3 + 10 + 17 = 30

4 + 10 + 16 = 30

2 + 10 + 18 = 30

The middle row, middle column, both diagonals add up to the same number!

Try and check the above pattern by taking 3 × 3 grid in other sections of the calendar, as highlighted in the below images:



Magical Pattern 3:



Select any section of the calendar that includes a 3 × 3 square grid, as highlighted in the above image. In the above grid you can see that ‘13’ is the middle number. So, if you add the side numbers to it you will always get double of 13, i.e. 26, as shown below:

6 + 20 = 26

12 + 14 = 26

5 + 21 = 26

7 + 19 = 26

So, it shows that the middle number is the average of all the nine numbers of the grid.

Thus, it gives us a special trick to sum up all the numbers of the grid.

Multiply the middle number by total numbers in the grid (i.e. 9), and we will get the sum of all the numbers present in the grid, as shown below:

5 + 6 + 7 + 12 + 13 + 14 + 19 + 20 + 21 = 117

This is same as 13 × 9 = 117

Try the above trick of finding the sum directly by using other different 3 × 3 grids.


Special Tip

You can surprise your friends using the above formula by asking them to choose any 3 × 3 grid of your calendar and then compete with them in finding the total of all the numbers of the selected grid.



Magical Pattern 4:



This time, select a rectangle of 20 numbers, i.e. 5 × 4 rectangular grid.

You can get the sum of all the 20 numbers in the grid in a few seconds. The trick is to add the smallest and the largest number in the grid and then multiply it by 10.

So, the sum of the numbers in above grid would be:

(2 + 27) × 10 = 290

Amazing, isn’t it? Try the above trick with other such 5 × 4 rectangles and amaze everyone.


MATHS BEHIND THE MAGIC 16

The magical patterns in a calendar exist because the numbers are in a special maths sequence, known as Arithmetic Progression (AP). An AP is a sequence of numbers with a fixed difference between any two consecutive numbers. So using the properties of AP we can clearly understand the secret of the patterns discussed above.

In a 3 × 3 grid of a calendar, consecutive rows have a difference of 7 and consecutive columns have a difference of 1. For diagonals, it is 6 and 8 (or –6 and –8, depending on whether you count downwards or upwards).

Three consecutive terms in any arithmetic sequence can be written as a, a+d, a+2d.

Then, the average  of the outer two numbers is equal to ‘a+d’, which is the middle term.

Similarly, using the properties of AP, we can understand that the formula given above in Magical Pattern 4 for a 5 × 4 grid are as follows:

Let’s consider the first number of the grid as n, then all the numbers in the grid can be written in the following pattern:



Now, sum of all the numbers in this grid

= n+ n+1 + n+2 + n+3 + n+4 + n+7+ n+8 + n+9 + n+10 + n+11 + n+21 + n+22 + n+23 + n+24 + n+25

= 20n + 250

= 10(2n + 25)

= 10[n + (n + 25)]

= 10(smallest number in the grid + largest number in the grid)










[image: Penguin walking logo]


PART B

FUN WITH NUMBERS
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CREATIVITY OF RAMANUJAN



Srinivasa Ramanujan is undoubtedly one of the greatest Indian mathematicians who contributed significantly to the field. He had a great knack of finding patterns in numbers and could apply his mathematical bend of mind to any situation.

In the Journal of the Indian Mathematical Society, he once gave this equation for the readers to solve:



For the next three issues of the journal, i.e. about six months, he waited for someone to come up with the solution, but no one responded. Everyone thought it was too difficult to solve this infinitely nested radical problem. The editor of the journal thought the equation was incorrect. But to their surprise, Ramanujan revealed that the answer of this equation was simply ‘3’.

They were astonished when Ramanujan told them that he created this problem when he first learnt about square roots. He gave the following solution for the equation:



It’s amazing to think that a single-digit number can be represented in such a complex way.

Similar to this exercise, the following chapter, ‘Gymnastics with Numbers’, will encourage you to use numbers in different ways and represent them innovatively.
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GYMNASTICS WITH NUMBERS

Over the years, we have shared many number-based activities with more than 20,000 teachers, who have in turn used them while teaching their students. These activities encourage you to think of the right mathematical operation to use in each scenario, thus making you confident of solving other maths problems and creating a question for desired answers.

The beauty of these activities is that they are equally enjoyed by everyone, be it a ten-year-old child, a parent or a teacher.

A. GYMNASTICS WITH ‘4’:

In this activity we will form all the numbers using only number ‘4’.

Rules to follow:


	Write numbers from 1 to 12 as a combination of only four 4s (i.e. the number ‘4’ is to be used exactly four times, neither less nor more).

	You can use any mathematical operation(s) to get your number, (like +, –, ×, ÷, etc.). For example, number ‘1’ can be written as , which means multiple combinations are possible, but you need to give only one combination for each number.

	You can also concatenate (form a series of) numbers (e.g. 44 and 444).

	You can use decimal (.4), square root (√), factorial (!), etc.



Answers to some numbers are already given here. Try your hand at finding the remaining ones:






Remember to use the rule of BODMAS and proper brackets in your solutions.



For answers turn to page 93.


Special Tip

This activity is like a puzzle. The interesting part is that, you don’t have to stop at 12, you can easily go till 100 or even beyond using the number 4 exactly four times.



For more answers of forming numbers up to 1000, using four 4s visit our website: www.aditisinghal.com

B. GYMNASTICS WITH ‘5’:

In this activity we will form all the numbers using only the number ‘5’.

Rules to follow:


	Write numbers from 1 to 12 as a combination of only five 5s (i.e. the number ‘5’ is to be used exactly five times, neither less nor more).

	You can use any mathematical operations to get your number (like +, –, ×, ÷, etc.).

	For example, number ‘1’ can be written as 

	You can also concatenate numbers (e.g. 55 and 555)

	You can use decimal (.5), square root (√), factorial (!), etc.



Answers to some numbers are already given here, try finding the remaining ones






Remember to use the rule of BODMAS and proper brackets in your solutions.



For answers, turn to page 94.

C. GYMNASTICS WITH ‘6’:

In this activity we will form all the numbers using only number ‘6’.

Rules to follow:


	Write numbers from 1 to 12 as a combination of only six 6s (i.e. number ‘6’ is to be used exactly six times, neither less nor more.)

	You can use any mathematical operations to get your number (like +, –, ×, ÷, etc.).

	For example, number ‘1’ can be written as .

	You can also concatenate numbers (e.g. 66 and 666).

	You can use decimal (.6), square root (√), factorial (!), etc.



Answers to some of the numbers are already given here, try finding the remaining ones:






Remember to use the rule of BODMAS and proper brackets in your solutions.



For answers, turn to page 96.

D. GYMNASTICS WITH ‘3’:

In this activity we will form all numbers using only the number ‘3’.

Rules to follow:


	Write numbers from 1 to 12 using only three 3s (i.e. the number ‘3’ is to be used exactly three times, neither less nor more).

	You can use any mathematical operations to get your number (like +, –, ×, ÷, etc.)

	For example, number ‘1’ can be written as 

	You can also concatenate numbers (e.g. 33 and 333),

	You can use decimal (.3), square root (√), factorial (!), etc.



Answers to some of the numbers are already given here, try finding the remaining ones:






Remember to use the rule of BODMAS and proper brackets in your solutions.



For answers, turn to page 97.

For more answers of forming numbers, visit our website: www.aditisinghal.com


Solutions for gymnastics with number ‘4’:





Solutions for gymnastics with number ‘5’:





Note: 5! = 5 × 4 × 3 × 2 × 1 = 120

Solutions for gymnastics with number ‘6’:





Solutions for gymnastics with number ‘3’:





Note: 3! = 3 × 2 × 1 = 6

6!! = 6 × 4 × 2 = 48

n!! = n × (n – 2) × (n – 4) . . . × 2, where n is even

n!! = n × (n – 2) × (n – 4) . . . 3 × 1, where n is odd
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NEW YEAR NUMBERS

Over the years, while interacting with the teachers, students and others who attend our maths workshops, we have found out that the key difference between those who have a good understanding of the subject and those who don’t is in the way they deal with numbers. It is not that the latter have less knowledge, but they are more dependent on procedures and try to memorize facts instead of understanding the concepts. They fear using numbers flexibly. For example, 31 – 6 is easier to calculate when we think of it as 30 – 5, but the less confident ones merely count backwards from 31.

So to develop number sense and flexibility with numbers, we are sharing one more version of the activity shared in the last chapter, i.e. ‘Gymnastics with Numbers’. Earlier we created numbers using only one particular digit, say 4, 5, 6, etc. In this chapter we use four digits of the current or any special year to make all the numbers, e.g. year 2017 is made up of digits 2, 0, 1 and 7. This way, students will get a new perspective on how maths is a part of their daily life.

Rules to follow:


	Write numbers from 1 to 12 as a combination of only four digits present in the current year (i.e. if the year is ‘2017’, the digits to be used are 2, 0, 1 and 7 only).

	You can use each of the four digits only once.

	You can use any mathematical operations to get your number (like +, –, ×, ÷, etc.).

	You can also concatenate (form a series of) numbers (e.g. 21 and 721).

	You can use decimals (.2), exponents, square roots (√), factorial (!), Int ([]) (i.e. greatest integer function), etc.

	Remember to use the rule of BODMAS and proper brackets in your solutions.



Answers to some of the year numbers are already given here. Try finding the remaining ones:





	YEAR 2018



	Numbers
	Solution





	1
	(2 – 1) + (8 × 0)



	2
	 



	3
	2 + 1 + (8 × 0)



	4
	 



	5
	 



	6
	 



	7
	 



	8
	 



	9
	8 + 1 + 2 × 0



	10
	2 + 8 + 1 – 0!



	11
	 



	12
	 





Grid: 1







	YEAR 2017



	Numbers
	Solution





	1
	 



	2
	(2 × 1) + (7 × 0)



	3
	 



	4
	 



	5
	 



	6
	 



	7
	 



	8
	(2 × 0) + 1 + 7



	9
	 



	10
	 



	11
	 



	12
	(2 + 1)! + 7 – 0!





Grid: 2



Note: 0! = 1





	YEAR 2001



	Numbers
	Solution





	1
	1200



	2
	 



	3
	 



	4
	 



	5
	 



	6
	 



	7
	(2 + 1)! + 0! + 0



	8
	10 – 2 + 0



	9
	 



	10
	 



	11
	 



	12
	10 + 2 + 0





Grid: 3







	YEAR 2000



	Numbers
	Solution





	1
	 



	2
	2 + 0 + 0 + 0



	3
	2 + 0! + 0 + 0



	4
	 



	5
	 



	6
	 



	7
	 



	8
	 



	9
	 



	10
	



	11
	 



	12
	(0! + 0! + 0!)! × 2





Grid: 4







	YEAR 1999



	Numbers
	Solution





	1
	 



	2
	 



	3
	 



	4
	√9 × 195



	5
	 



	6
	 



	7
	 



	8
	√9 + √9 + √9 - 1



	9
	9 × 199



	10
	 



	11
	 



	12
	 





Grid: 5







	YEAR 1995



	Numbers
	Solution





	1
	 



	2
	 



	3
	√9 + 199



	4
	 



	5
	 



	6
	 



	7
	 



	8
	5 + √9 - 19



	9
	5 + √9 - 19



	10
	 



	11
	 



	12
	 





Grid: 6







	YEAR 1990



	Numbers
	Solution





	1
	 



	2
	 



	3
	 



	4
	 



	5
	 



	6
	√9 + √9 × 10



	7
	 



	8
	 



	9
	9 × 190



	10
	19 – 9 + 0



	11
	 



	12
	 





Grid: 7







	YEAR 1947



	Numbers
	Solution





	1
	 



	2
	 



	3
	 



	4
	4 × 197



	5
	4 + 197



	6
	 



	7
	 



	8
	 



	9
	 



	10
	9 + 147



	11
	 



	12
	 





Grid: 8




Special Tip

You can make this activity more interesting by doing it on the birthday of a child using his or her year of birth or while discussing some special historic event.



For more answers of forming numbers for other years visit our website: www.aditisinghal.com


SOLUTIONS





	YEAR 2018



	Numbers
	Solution





	1
	(2 – 1) + (8 × 0)



	2
	(2 × 1) + (8 × 0)



	3
	2 + 1 + (8 × 0)



	4
	8 ÷ 2 + (1 × 0)



	5
	8 ÷ 2 + 1 + 0



	6
	8 – 2 + 0 × 1



	7
	(8 – 1) + 0 × 2



	8
	(2 + 1) × 0 + 8



	9
	8 + 1 + 2 × 0



	10
	2 + 8 + 1 – 0!



	11
	2 + 1 + 8+ 0



	12
	2 + 1 + 8 + 0!





Grid: 1







	YEAR 2017



	Numbers
	Solution





	1
	(2 – 1) + (7 × 0)



	2
	(2 × 1) + (7 × 0)



	3
	2 + 1 + (7 × 0)



	4
	7 – 2 – 1 – 0



	5
	7 ÷ 1 – 2 + 0



	6
	7 + 1 – 2 + 0



	7
	(2 + 1) × 0 + 7



	8
	(2 × 0) + 1 + 7



	9
	7 + 2 + 1 × 0



	10
	2 + 0 + 1 + 7



	11
	2 + 1 + 7 + 0!



	12
	(2 + 1)! + 7 – 0!





Grid: 2



Note: 0! = 1





	YEAR 2001



	Numbers
	Solution





	1
	1200



	2
	2 + (10 × 0)



	3
	2 + 1 + 0 + 0



	4
	2 + 1 + 0! + 0



	5
	2 + 1 + 0! + 0!



	6
	(2 + 1)! + 0 + 0



	7
	(2 + 0!)! + 0! + 0



	8
	1 0 – 2 + 0



	9
	(0! + 0! + 1)2



	10
	10 + (2 × 0)



	11
	10 + 2 – 0!



	12
	10 + 2 + 0





Grid: 3







	YEAR 2000



	Numbers
	Solution





	1
	2 – 0! + 0 + 0



	2
	2 + 0 + 0 + 0



	3
	2 + 0! + 0 + 0



	4
	2 + 0! + 0! + 0



	5
	2 + 0! + 0! + 0!



	6
	(0! + 0! + 0!) × 2



	7
	(2 + 1)! + 0! + 0



	8
	2(0! + 0! + 0!) or
(0! + 0! + 0!)! + 2



	9
	(0! + 0! + 0!)2



	10
	



	11
	int(sqrt(sqrt(sqrt(sqrt((20+0-0!)!)))))



	12
	(0! + 0! + 0!) × 2





Grid: 4







	YEAR 1999



	Numbers
	Solution





	1
	19 – 9 – 9



	2
	√9 – 199



	3
	√9 × 199



	4
	√9 + 199



	5
	



	6
	



	7
	



	8
	



	9
	9 × 199



	10
	9 + 199



	11
	



	12
	





Grid: 5







	YEAR 1995



	Numbers
	Solution





	1
	1995



	2
	(19 – 9) ÷ 5



	3
	√9 × 195



	4
	√9 + 195



	5
	5 × 199



	6
	5 + 199



	7
	5 + √9– 19



	8
	5 + √9 ×19



	9
	5 + √9 + 19



	10
	5 + (√9)! – 19



	11
	5 + (√9)! × 19



	12
	5 + (√9)!+19





Grid: 6







	YEAR 1990



	Numbers
	Solution





	1
	1990



	2
	19 + 90



	3
	√9 × 190



	4
	√9 + 190



	5
	√9+ √9 – 1 + 0



	6
	√9 + √9 × 10



	7
	√9 + √9 + 1 + 0



	8
	(√9)!+ √9 – 1 + 0



	9
	9 + 190



	10
	19 – 9 + 0



	11
	(√9)! + (√9)! – 10



	12
	(√9)! + (√9)! × 10





Grid: 7







	YEAR 1947



	Numbers
	Solution





	1
	1947



	2
	√4 × 197



	3
	4 – 197



	4
	4 × 197



	5
	4 + 197



	6
	(4 + 9 – 7) × 1



	7
	4 + 9 – 7 + 1



	8
	4 × (9 – 7) × 1



	9
	4 × (9 – 7) + 1



	10
	9 + 147



	11
	9 + (7 – 4) – 1



	12
	(9 × 1) + 7 – 4





Grid: 8
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MAGIC SQUARES

Magic squares have fascinated people for ages. Since ancient times, these magic squares have been a part of various rituals in different parts of the world. In India, you can find them in Ganesha Yantra, Lakshmi Yantra, etc., as symbols that are believed to increase wealth.

The oldest magic square of the fourth order was found inscribed in Khajuraho, India, dating back to the eleventh or twelfth century. This magic square is also known as the diabolic or panmagic square.

In ancient times, people believed that magic squares could prevent certain diseases. Certain tribes would wear a magic square made of silver around the neck as a talisman against plague.

Magic squares are square grids with a special arrangement of numbers in them. These squares are magical because every row, column and diagonal adds up to the same number, known as the magical sum or constant.

Figure 20.1 shows a fourth-order (i.e. 4 × 4) magic square, with 64 as the magical constant.


[image: How to Be a Mathemagician]
Figure 20.1



The magical constant, 64, is obtained not just by adding the numbers in any column, row or diagonal but also by adding four numbers from the square in many different ways.

Some of the combinations of four numbers, in this magic square, adding to 64 are shown below:


[image: How to Be a Mathemagician]
Figure 20.2




[image: How to Be a Mathemagician]
Figure 20.3




[image: How to Be a Mathemagician]
Figure 20.4




[image: How to Be a Mathemagician]
Figure 20.5



The sum of each of the four columns (Figure 20.2), four rows (Figure 20.3) and two diagonals (Figure 20.4 and Figure 20.5) is 64, as highlighted in the figures above. Some of other possible combinations are as follows:


[image: How to Be a Mathemagician]
Figure 20.6




[image: How to Be a Mathemagician]
Figure 20.7




[image: How to Be a Mathemagician]
Figure 20.8




[image: How to Be a Mathemagician]
Figure 20.9




[image: How to Be a Mathemagician]
Figure 20.10




[image: How to Be a Mathemagician]
Figure 20.11




[image: How to Be a Mathemagician]
Figure 20.12




[image: How to Be a Mathemagician]
Figure 20.13




[image: How to Be a Mathemagician]
Figure 20.14




[image: How to Be a Mathemagician]
Figure 20.15




[image: How to Be a Mathemagician]
Figure 20.16




[image: How to Be a Mathemagician]
Figure 20.17




[image: How to Be a Mathemagician]
Figure 20.18




[image: How to Be a Mathemagician]
Figure 20.19




[image: How to Be a Mathemagician]
Figure 20.20




[image: How to Be a Mathemagician]
Figure 20.21




[image: How to Be a Mathemagician]
Figure 20.22




[image: How to Be a Mathemagician]
Figure 20.23




[image: How to Be a Mathemagician]
Figure 20.24




[image: How to Be a Mathemagician]
Figure 20.24




[image: How to Be a Mathemagician]
Figure 20.25



Try to find other combinations or visit our website, www.aditisinghal.com, for more such magic squares.

HOW TO CONSTRUCT A MAGIC SQUARE

To construct a magic square with a magical constant between 22 and 99, use the following grid as reference:


[image: How to Be a Mathemagician]
Figure 20.26



In this 4 × 4 magic square, there are twelve fixed numbers and four other numbers that are calculated using a variable x, where x is the magical constant for which you are creating a magic square. In the above example (in Figure 20.1), the magical constant (x) is 64.

Now try to create a magic square with the constant of 36, using the above pattern.


Special Tip

If you have to make two magic squares of two different numbers for the same audience, you can use the following grid also, so that audience does not recognize the pattern of fixed numbers.


[image: How to Be a Mathemagician]
Figure 20.27





You can even create birthday magic squares for people around you. These squares are customized according to a person’s date of birth, so it’s a great way to make someone feel special.

Formula for Creating a Birthday Magic Square


[image: How to Be a Mathemagician]
Figure 20.28



Think of the birth date of the person as AA-BB-CCDD, where AA is the date, BB is the month, CC is the first two digits of the year and DD is the last two digits of the year.

For example, the birthday magic square of 02-10-1997 is as follows:


[image: How to Be a Mathemagician]
Figure 20.29



The magical constant of the above magic square is 128.

The sum of each of the four columns (Figure 20.30), four rows (Figure 20.31) and two diagonals (Figure 20.32 and 20.33) is 128 as highlighted in the figures below.


[image: How to Be a Mathemagician]
Figure 20.30




[image: How to Be a Mathemagician]
Figure 20.31




[image: How to Be a Mathemagician]
Figure 20.32




[image: How to Be a Mathemagician]
Figure 20.33



You can find more combinations in the above magic square as discussed earlier in the chapter.


In a birthday magic square, sometimes some numbers may repeat in a grid, but we can still get the magical constant in them, e.g. if the date is 03-03-2003, the number 3 is repeated thrice in the first row itself.




Special Tip

Using the above formula, you can create a magic square for any special date.









21

MATHS TAMBOLA

In this chapter, we are introducing a maths game that can be played in parties, classrooms or in small get-togethers. Playing this game will not only improve your concentration and mental calculations but it is a lot of fun too. We call it ‘maths tambola’. It is similar to the game Tambola (also known as Bingo or Housie). The important difference is that instead of calling a number directly, say 44, the caller may say ‘11 × 4’ or ‘11 × 2 × 2’ or ‘88 ÷ 2’ or ‘35 + 9’, etc.

Materials required:


	Tambola tickets

	Calling-number game sheet (given in this chapter)

	A pen/pencil/toothpick for each players to strike out the called numbers in their tickets



Rules:


	Give one Tambola ticket to each participant/player.

	Using the game sheet, the caller needs to say the expression given corresponding to the number he wants to call.

	If the number arrived at after doing the mental calculation exists on a player’s ticket, the player has to strike it out.

	Once a player gets a particular winning combination,* he or she has to claim it immediately.

	Caller has to verify the winner by matching the struck-out numbers on the ticket with the called-out numbers.

	Game ends when all the Full Houses are successfully claimed.



*The winning combinations are:


	Early 5: The first ticket with five struck-out numbers

	First/Second/Third Row: The first ticket with all numbers struck out in a particular row

	Corner with Star: The first ticket with all four corner numbers and the central number struck out (first and last numbers of top and bottom rows along with the third number of the middle row)

	Full House/First House: The first ticket with all its numbers struck out

	Second House: The second ticket with all its numbers struck out and so on



Sample ticket:



GAME SHEET



According to the participants, you may change the arithmetic expressions of the original numbers as per your choice.
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IMPROVING CONCENTRATION USING NUMBERS

In any kind of work we do, be it painting, playing a sport or studying, concentration plays an important role. All successful artists, sports persons, scientists, writers and other creative performers have very high levels of concentration. Here, we are going to use ‘counting’ as a tool to help us improve our concentration and attention span.

Rules:


	Count the number of symbols or images in a block without actually touching the images or any other part of the block.

	Do not try to count using fingers or any equipment.

	Maximum time allowed for counting images in a block is three minutes.

	Continue counting the number of symbols in a block till you get the same answer for three consecutive times, then move on to the next block.



Block 1



Block 2



Block 3



Practising counting on these blocks improves your concentration, reading speed as well as problem-solving skills.
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MATHS MNEMONICS

A mnemonic is a memory aid, such as an abbreviation, rhyme or mental image that helps you remember something. In this chapter, we are introducing some maths mnemonics in the form of acronyms, sentences and various other associations which will help you to remember maths facts and formulae.

1. Arithmetic (Spelling)

Mnemonic: A Rat In The House May Eat The Ice Cream.

The first letter of each word of the sentence collectively forms the word ‘ARITHMETIC’.

2. Greater Than or Less Than (> or <)

How can you tell which symbol stands for greater than or less than?

Mnemonic: The symbol ‘>’ or ‘<’ can be seen as alligator’s open mouth.

‘The hungry alligator will open its mouth wider towards the larger number.’

3. Metric Units in Order


	Kilo

	Hecto

	Deca

	Units (metre, litre, gram)

	Deci

	Centi

	Milli



Mnemonic: King Henry Died Unexpectedly Drinking Chocolate Milk.

OR

King Henry Danced (Merrily/Lazily/Grandly) Drinking Chocolate Milk.

For the standard units, you can insert ‘merrily’ (for metre), ‘lazily’ (for litre) or ‘grandly’ (for gram).

4. Mode and Median

(i) Mode:

The mode is the value that occurs the most.

‘MOde’and ‘MOst’, first two letters in both the words are common.

OR

The MODE is the Most Occurring Data Entity.

(ii) Median:

The median splits the data down the middle, like the median strip on a road.

5. Simple Interest Formula

Interest = Principle × Rate × Time

I = PRT

Read as ‘I am going to PaRTy’.

6. Speed, Distance and Time

Distance = Speed × Time

D = ST

Remember it as DuST: ‘When I was driving at a high speed, my car got covered with DuST.’

7. Value of Pi (p)

Count the number of letters in each word:


	(i) Pi (π) to 7 decimal places
May I have a large container of coffee?
3.1415926

	(ii) Pi (π) to 10 decimal places
May I have a large container of coffee ready for today? 3.1415926535



8. Area and Circumference of Circle


	(i) Area of a Circle
 Apple pie are square: A = p × r2

	(ii) Circumference of a Circle
Cherry pie delicious: C = p × d



9. Complementary and Supplementary Angles


	(i) A corner is a 90° angle, and a Corner is Complementary.
A straight angle is 180°, and Supplementary angles are Straight angles.

	(ii) In the alphabet, the letter ‘C’ for complementary comes before the letter ‘S’ for supplementary, and in the number line 90 comes before 180.

	(iii) The word complementary has one p, the word supplementary has two p’s. We can take one p to represent 90º and two p’s to represent 180º.



10. Trigonometry Function Properties

Which trigonometry functions are positive in each quadrant?

All in Quadrant I

Sine in Quadrant II

Tangent in Quadrant III

Cosine in Quadrant IV

This sequence can be memorized using the abbreviation ‘ASTC’.

Mnemonics to remember ‘ASTC’:

A Smart Trigo Class

All Students Take Calculus

All Stores Take Cash

To know more maths mnemonics and to learn the detailed procedure of creating your own, refer to our book How to Memorize Anything.
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