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CONSTITUTION OF INDIA
Part IV A

FUNDAMENTAL DUTIES OF CITIZENS

ARTICLE 51 A
Fundamental Duties- It shall be the duty of every citizen of India:

(@

®)

()
(d)
(e)

)

(b)
®

(k)

to abide by the Constitution and respect its ideals and institutions,
the Natonal Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national struggle for
freedom;

to uphold and protect the sovereignty, unity and integrity of India;
to defend the country and render national service when called upon to do so; -

to promote harmony and the spirit of common brotherhood amongst all the
people of India transcending religious, linguistic and regional or sectional
diversitics; to renounce practice derogatory to the dignity of women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests, lakes, rivers,
wild life and to have compassion for living creatures;

to develop the scientific temper, hfimanism and the spirit of inquiry and reform;
to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective activity so
that the nation constantly rises to higher levels of endeavour and achievements.
who is a parent or guardian to provide opportunities for education to his child or, as
the case may be, ward between age of six and fourteen years.
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The National Anthem _

Jana-gana-mana adhinayaka, jaya he
Bharatha-bhagya-vidhata.
Punjab-Sindh-Gujarat-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga

Uchchala-Jaladhi-taranga
Tava subha name jage,
Tava subha asisa mage,
Gahe tava jaya gatha.
Jana-gana-mangala-dayaka jaya he
Bharatha-bhagya-vidhata,
Jaya he, jaya he, jaya he,
Jaya jaya jaya, jaya he!

4

'3 ]

India is my country. All Indians are my broth-
ers and sisters.

I love my country, and I am faroud of its rich
- and varied heritage. 1 shall always strive to
be worthy of it.

Ishall give respect to my parents, teachers and
all dders and treat everyone with courtesy.

I pledge my devotion to my country and my
people. In their well-being and prosperity
alone lies my happiness.

State Council of Educational Research and Training (SCERT)
Poojappura, Thiruvananthapuram 695012, Kerala

Website : www.scertkerala.gov.in
¢-mal : scertkerala @ gmail.com
Phone : 0471 - 2341883, Fax : 0471 - 2341860
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Joining angles
Can you draw this angle?

Draw another angle on top like this:

D

How many angles at A now?
ZCAB =............
ZIML S e
Do you see one more large angle?
How much is it?
ZDAB = .........s
How did you compute it?
ZDAB = 45° + 30 = 75°
mwﬁmbabw.ﬂwméunnudmmglam

shown. Write the third angle as a sum or difference
and compute its measure:

D
C

D
C
80°
3
A B
ZCAB = = isssessess BB sesscsnsuse
D
C
1200
45
A B




On both sides
Draw alineanda perpendlcularto itas bclow

-

-

H

A

Now draw an angle within it like this:

50°

A

What is the measure of ZDAC?

Let’s stretch AB a bit to the left:

3
o
3
E
:
&
-

How much is ZDAE?

............

Rl I

Do you see how £ZDAE is related to ZDAB ?

WL .? el 0 s S LY e -
o oo Rl T O Fan B " Te.n . :

| D

.
|
|
|
I

50°
E A B
Now look at this figure: D

Can you compute ZDCA?

How about drawing a perpendicular at C and splitting
this angle?

E D
. 60°
A = B
How much is ZDCE?
So, how much is ZDCA?
ZDCE =90° - 60° = 30° D
LZDCA =90° + 30° = 120°
1200 60°
A C B




Joining angles
Can you draw this angle?

30r

Draw another angle on top like this:

D

ZDAC = ..o
Do you see one more large angle?
How much is it?
ZDAB = ......conuns
How did you compute it?
ZDAB = 45° + 30F = 75°
In the figures below, the measures of two angles are

shown. Write the third angle as a sum or difference

and compute its measure:
D
C
60°
A B
ZDADS ... TR SO

B
D
C
80
>
A B
LOCAB = onnnns = rvreererens = irerdisees
D
C
© 1200
A B




On both sides
Draw alineanda perpendlcu!ar to itas bclow

Now draw an angle within it like this:

Do you see how £DAE is related to ZDAB?

e il
-’.J‘}L‘.r-.“.‘{"""‘ °’ b R LT - o

| D
-
|
|
|
|

50¢
E A B
Now look at this figure: D

What is the measure of ZDAC?

Let’s stretch 4B a bit to the left:

) )

How muchis ZDAE?

2
o
&
g
8
-

Can you compute ZDCA?

How about drawing a perpendicular at C and splitting
this angle?

E D

A C B
How much is ZDCE?
So, how much is ZDCA?

LDCE =9(r - 60° = 30°

ZDCA =90° + 30° = 120°

1202 60°




Like this, can you compute the angle on the right in
the figure below?

130r

In the figures below, the angles made on either side
by joining two lines are shown; the measure of one
angle is given. Compute the measure of the other:

o
V.

What do we see in all these?

A pair of angles got like this is called a linear pair.

Angle calculation
e Howmuchis ZACE in this figure?

E

S0°

A Cc B

« How much s the angle between the two slanted
lines in this figure?

o In the figure below, ZACD = ZBCE. How
much is each?

30°




Cutting across

In the figure below, how much is the angle on
the left?

75°

Suppose we extend the upper line downwards:

105° 75°

Now there are two more angles underneath.
How much is each?

The angles at the top and bottom, on the left of the
slanted line form a linear pair.

There is such a linear pair on the right also.
Now can’t we compute these angles?

105° 750

™ 105°

In the figure below also, two lines cut across each
other. Can you compute the other three angles
marked?

What do we see from all these?
M&m*-hbymhu

Now can't you calculatc the angles marked in each
of the figures below? Write them in the figure.

45°

/
/

135s

—




’  Lot's do i

| " 2 WEdlyfigucd some angles i gtyen. Find |
all other angles.
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C

33 o e

RN Al 2 oty
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~
Must improve
e Applying the geometrical ideas learnt in
new contexts.
o Explaining the concepts of linear pair and
~  opposite angles, using ideas relating to
__angles. )
e Solving problems using the knowledge JF
relating to angles.
— J
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Parallel Lines




Parallel Lines

sides of a rectangle?

We get a line by joining any two points; on the other hand,
do any two lines meet at a point?

What about the lines got by extending a pair of opposite

ie e IR0

o=

e e e g -

Do they meet however much we extend them?

Wlmaboutlhcloﬁmduglnsidns?

Why?
Look at this quadrilateral:
Ifwumnd and bottom sides, do they meet?




What if we draw a quadrilateral like this?

Does any pair of opposite sides meet if we extend them?

Same distance
Don’t you know how to draw a rectangle?

How do we draw a rectangle of leﬁgth 5 centimetre and

Distance

Would these lines meet, if extended?

S

How about these?

Look at the distance between the lines in both
the figures:

-

There are several ways, right?
First draw a horizontal line 5 centimetre long and draw a
vertical line at one end, 2 centimetre high:

Next at tHe other end of the vertical line, draw a

§

o~

5 cm

perpendicular 5 centimetres long. Joining the other end of
this perpendicular to the end of the first line makes our

rectangle:
Now extend the top and bottom sides of this rectangle; we

[T
5
o™
5 em
geta pair of parallel lines:
So if we take a line and a point 2 centimetres from it, how
[T -
B
H i

I
v ¥ ¥

What can we say about the distance between
two parallel lines?

'

In GeoGebra, draw a quadrilateral. Use the
Line through two points tool to extend the
sides,

Do they meet?

Use move tool to drag the comers of the quad-
rilateral. When do the sides fail to meet?




do we a draw a parallel to the line through the point?

First draw the perpendicular to the line through the point:
See the figure:  §

gl
|
.
Then draw the perpendicular to this perpendicular through

Perpendicular and paraliel

Look at the perpendicular lines to the honzon-
tal.

Are they parallel?

Now see this;

L

A perpendicular is drawn to the horizontal line

and then a perpendicular to the perpendicular the point:
1s drawn.
Are the horizontal lines parallel?”
2cm
' Instead of actually drawing the first perpendicular, we can

There are tools in GeoGebra to draw parallel u;eamler.

and perpendiculars to a line, First draw a line oy
and mark a point on it. Select the Perpen-
dicular line tool, and click on the line and point,
to get a perpendicular to the line through the
point. Such a perpendicular can be drawn
through a point not on the line also. Try draw-
ing a perpendicular to this perpendicular.

To draw a line parallel to another, the Parallel
line tool is used. Mark a point not on the line.
Select this tool and click on the line and the
point, to get the parallel through the point. Drag
the point using the Move tool. What happens
if the point is on the line?

‘:'?

L

Tl "o "l "o " "W

E 8 " "

Now by shifting the set square upward and putting its square
comer at the point, we can draw the parallel:

—




What if the point is below the line?

What did we see here?

Through any point not on a line, we can draw a parallel line.
How many parallels can be drawn through a point not on a
line?

Same direction
Opposite sides of a rectangle are parallel:

This can be said in a different manner: Two perpendiculars
to the same line are parallel.

IT-261/3 MATHS-7 (E) Vol-1

Draw line AB in GeoGebra and mark two
other points C, D on it.

- - &

Abh T D B

Now select the Slider tool and click on the
GeoGebra screen. In the dialog box, select the
Angle option by clicking on the small circle
beside it. Against the Name, type a. Now click
Apply.

Select the Angle with given size tool and
click on B and D. In the dialog box, type a as
Angles and click OK. Now we get a point

B”. Join D and B’ by a line.

#

a=30r B

A ¢ _~D B
Now make another slider named b. Select the

Angle tool and click on B and C in that order.
In the dialog box, type b as the angle and click

OK. Join the new point B” with C.

,T/C/BB

Use the Move 100l to change the values of a

and b. What happens 1o the lines? When do
they fail to meet?

Try these with a single slider for the angles at
C and D.
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Not a square, but...

You know how to draw rectangles, using a set
square, What if we use another comer, instead
of the square one? ‘

Vit

Does any pair of opposite sides meet, when
extended?

/// ///

Now look at this figure:
K K

Are the slanted lines parallel?
What would happen if these lines are extended upwards?

What if the lines are like this?

Would the lines meet if extended upWa{ds?
Suppose we.extend them downwards? ¢

If the lines are not to meet either way, by how much should
the right line be slanted?



/ / When parallels cut

Now draw a figure like this in your notebook:

A

45°

4cm P

Draw a pair of parallel lines.

B
Is there a quick and easy way to draw a line parallel to 4B | And another pair cutting across them.
through P?
In the quadrilateral shown below, both pairs of opposite / /
sides are parallel:
30°
5 ¢cm
Can you draw this with the same lengths and angle?
A quadrilateral like this, with opposite sides parallel, iscalled | | ook at the figure made between them:
a parallelogram.

Parallels and angles .

In the figure below, the top and bottom lines are parallel: o D

! wrszceni] 0 e

/ ioad g b33l e

How much is the angle marked on the top?
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Rectangle and parallelogram

Cut out a cardboard rectangle:

i L 1 N
-

R By o P g Lt M A

Now cut a triangle through the bottom comner
as shown below:

Is this a parallelogram?
Why?

Sure they did! Arms
and legs of chairs,
eye glasses,...

¢

Did the kids get
any examples of

B
parallel lines? ‘

Parallel lines should have the same slant with any other

fine:
%

50°

/

There are other angles here. Can you figure out those?
First look at the three angles below:

%

50°

va

What are the relations between the four angles made by
two lines cutting across each other?

%

13(0r 500

&y”m

Can’t you find out the angles at the top also like this?

139;4

50°% 1300 X




In the next figure also, the lines at the top and bottom are

parallel:
b

40°

i

Write down the measures of the other seven angles in this

figure.

What we have seen here can be written thus:

In the figures below, there is a pair of parallel lines and a
third line cutting across them. In each figure, the measure
of one angle is given and another angle is marked. Find out
its measure and write it in the figure itself.

/

45°

J-‘”..

Unchanging shapes

Place two straight and slender twigs parallel
to.gach other. Place another one across and

paste them together:

Now break at the middle to get two pieces:

Place one piece over the other. All these
angles match, don't they?

| Push some more
fo right. The
angles must be




Bl |

Angles of a parallelogram
All angles in a rectangle are right angles.
- |

A hsﬁ-——-”‘/

ml
What about the angles in a parallelogram?

g

Sk TR &

Can you find the angles in the first parallelo-
gram?

A 60 A 60°
60°
= Matching angles
60 120° / 60° When a line cuts across a pair of parallel lines, eight angles
are formed:

/ /
Now find the angles in the second one. n/

Ruined!

Hey! It's /’

“3& In the figure, the bottom line makes four angles, and the
them. e o
We can pair one angle at the bottom with one at the top in
several different mys.Somesu:h are equal; others

mﬁ%my(mmng s 1@0’)




Let's look at the pairs of equal angles, For convenience,
they are divided into two types. Look at the pair of angles

marked in the figure below:

%

Of these, the angle at the bottom is on top of the hori=~natal
line, and on the right of the slanted line; the angle at the top
also is on top of its horizontal line, and on the right of the
slanted line.

There are three more pairs of angles which are at similar
positions at the bottom and top:

L

b L

J
/

/II‘H' Mol
v A‘t

‘3 - i L - |. TS
Afghe ﬂdlmtiﬁ 1wﬁ' N ngvgq. r;ﬁﬂ”

positions, are called corresponding angles.

Corresponding angles

Y
P
HBetow PQ Q
Léf of XY
A B
Below AR
Lent of X
X
b '§
P Q
Below N
Right of XY}
A ~ B
mtd"o iR J ’

Right of 17




Alphabet angles
Draw the letter N as below:

What is the relation between the two angles
marked?

Now look at the letter M,

Sec any relation between the angles?
Draw a line down the middle and see:

Equal angles from the bottom'and top can be paired in

- another manner. See the angles below:

A

The bottom angle is on top of the horizontal line, and on
the right of the slanted line

What about the top angle?

At the bottom of the horizontal line, and on the left of the
slanted line.

We can pair the equal angles in three other ways, with the

positions quite the opposite: /

g

Ll it o
s el “noihece

Angfa"' : J%éﬁsuchpamng._' in, Mmposm ions,
are called alternate angles.

G T



In the figure below, the pair.of parallel lines and the cutting |
line are all named. The measure of one angle is also given.

Complete the tables below by writing the names and |
measures of all pairs of corresponding and altemate angles:

A P
/ / Corresponding and alternate
X © R Y Look at the picture.
| Pairs of corresponding angles are of the same
colour.
B Q

Corresponding angles

Names Measure

LACY, LPRY 60°

What about this picture?

Alternate aajle:

Names Measure
LZACY, LORX 60°

In short,

The angles formed by a line cutting across two parallel
lines can be paired in several ways, choosing one angle
of the four made with one line and one of the four made
with the other. Of these, eight pairs have equal angles.
Based on the positions with respect to the lines, angles
info uch peferscalledcorrspondingsad yigle
in the other four are called altemate.




In GeoGebra draw a line AB and a parallel
line through C.

Mark points D and F on these and join them.
Mark two points G and H as in the figure.

H
& 3 G
o/
A / B
Next select the Angle tool and click on G, F,

H in that order and then on B, D, F.

Now we can see the measure of these angles.

/H
s¢ G

E
DASS
A / B
Use the Move tool to change the position
of F.

Find the other angles at F and D like this.

We can also colour these angles. Right click
on any angle and select Object properties.
In the menu, click on Color and choose a
colour. Choose the same colour for equal

angles at the top and bottom.

Supplementary angles
Let's have another look at a picture of a two parallel lines

cut by a third line:

4

50°

Lé

How much is the marked upper angle?
There is such a pair of supplementary angles on the left of

50°

130°

7~

The angles in each of these two pairs are called co-interior.
There are also two pairs of co-exterior angles.




In the figure below, the linés AB and PQare parallel and
the line XY cuts them at Cand R. Find all the pairs of co-
MWMWMMWMMW Sums of angles

Look at the parallelogram:

and measures.
A P
X C R Y
Can you write the measures of the other three
angles?
: - What is the sum of all the angles?
B Q

Now look at this parallelogram:

Co-interior angles Co-exterior angles / /

of No angle is given.

But can't you say what the sum of the two
angles on the left is?

Parallel lines and triangles
See this figure:

B What about those on the right?

AT

So, what is the sum of all four angles?

N -
N\

A line starting from-Ris-to be drawn, parallel to AX.




Triangle and parallel lines

Draw a triangle like this in a piece of card-
board.
C A

/

™\
/ \\
60°

Al .

A : B

Now place a Jong and thin stick along the side
BC and stick a pin through it at C.

Rotate the stick upwards till it is parallel to
AB.

40°

Leor

A B
Now what angle does the stick make with BC?
And with AC?
So, how much is the angle at C in the triangle?

dainogl

How do we do this?
The angles at A and B are co-interior, right?
. B Y
500
A X
Draw this in your notebook.

Next draw a slanted line through B in this figure. Let the
angle with AB be 70°. This line is not parallel to AX. Let the
point at which this line meets AX benamed C:
B Y
60°
700

50°
A c X

Now ABC is a triangle. And we know the angles at 4
and B.

How much is the angle at C?
The lines AC and BY are parallel. Concentrate on these
and the line BC: -
B Y
60°
/7 10°
.
/
/ c YEO
/
Lo :
A = (’IHT 5 X




ZACB and ZCBY are alternate angles:

B
60°
70°
50° 60°
A C X

Likewise, can you compute the angle at C in the triangle
below?

B

//;\
40°

A C

How about extending AC and drawing a line from B parallel
toit, like the first figure?

B Y
A/"X

40°
A ¥ X

We have to calculate ZACB.

First, we note that it is equal to ZCBY (Why?).

To find ZCBY, we need only know ZABY; and this angle
together with ZA4 make a co-interior pair.

So’ -

ZABY = 180° - 40° = 140°
From this we get

ZCBY 7]40"-60°=80°
Thus we find 3 2

/ o
MCB=ACB{:—= 80° e d

Parallelogram and triangle

Look at this parallelogram:

R

What is the relation between the angles marked
red?

And the angles marked green?
And those marked in different colours? - -

Now join the opposite comers to make two
triangles:

What is the relation between the angles marked
blue?

And those marked yellow?

What is the sum of three angles of different
colours?

What is the sum of the three angles of each
triangle?




Theorem and proof

How do we conclude that the sum of the angles
in any triangle is 18077 Is it enough if we draw
several triangles, measure the angles and
check the sum? How can we say for sure that
for a triangle not among these, the sum is 180°7

In any tnangle, we can draw a line through
one vertex, parallel to the opposite side. And
then using the relations between angles made
by parallel lines, we can see that the sum of
the angles of a triangle is 180°,

By doing this, we achieve much.

. Even if we change the triangle, the
arguments used do not change. So, the
conclusion of these arguments also is
true for the changed triangle.

. Properties of parallel lines can be easily
recognized. But the fact that sum of the
angles of a triangle is 180°, is not
immediately obvious. This is an example
of establishing complex ideas, starting
from simple truths.

. When arguments are linked one after
another using ideas of parallel lines, we
not only get the theorem that sum of
the angles of a triangle is 1807, but also
see why it is so.

leheﬁ;qubqve,

The measures of the angles are given by the letters a, b, c.
What is the relation between them? :

Let's draw parallel lines as before.
B Y

From this figure, we see that
LCBY=LACB =¢°

B E

4\ '\c X

LA + LABY =180°25D



That s, G
atb+c'=180
What do we get from this?

1tnmmnofuuaﬂgugi-nyhhuuhn5ulm_

7 Let's do it!

¢ Find out the pairs of parallel lines in the figure below:

B p F 4 L N
110° 100°
80° 70° L,
4 C E G K M
e Inthe figure below, AB and CD are parallel. Compute
all the angles in the figure.
E

c D
A B

o Inthe figure below, a parallelogram is divided into
four triangles by the diagonals. Calculate the angles of
all these triangles.

.

Unchanging relation

In GeoGebra, use the polygon tool to draw tn-
angle ABC. Using the Angle tool, we can get

the measures of its angles.

BO° 40°

Now draw a line DE and mark a point F on it
Select the Angle with given size tool and click
on E and F in that order. In the dialog box, type

o as the angle and click OK. We get a new
Point E’. With the same tool, click on E" and F
and type in P as the angles. We get a new
point E”. Click on E” and F and type 7 as the
angle to get another point E”. Join FE” and
FE”. In this picture, we have ZEFE' = ZA ;
ZLE'FE" = £B; ZE" FE" = £C. Give the same
colours to equal angles.

Use the Move tool to change the triangle's
angles. The angles in the figure on the right
also change. What remains unchanged?




Drawing parallelograms
Let's draw a parallelogram using GeoGebra

First draw two lines AB and BC. Use the
Parallel line tool to draw the line through C
parallel to AB and the line through A parallel
to BC. Mark the point D where the lines meet.
Use the Polygon tool to complete the paral-
lelogram ABCD.

o
77

Lines sticking out may be deleted.

Now right click on AB and select Trace on.
Do this for BC also. Select the Move tool,
click within the parallelogram and drag up-
wards, What do you get?

B

In the figure above, AB and DE are parallel. Compute
the angles of both triangles.

In the figure below, PQ and RS are parallel. Calculate
all other angles in the figure.

R

C

38

5_5.

In the figure, AB and CD are parallel. Compute the

g
)

k
-r!‘[

D



™ P
/{\
0 T R ’

Drawing pictures

. Try to draw these pictures using GeoGebrs
In the figure, PR and ST are parallel. Is there any rela- ¥ A T T
tion among the angles of the two triangles?

o D
X
4 B

In the figure above, AB and CD are parallel. What is

- Use the Regular Polygon tool to draw the
the relation between the angles of the small and large (s trikngle
iangles? |

e Draw aline AB and a line CD parallel to it. Draw a
line EF cutting across these lines at the points Mand
N. Measure and write down one of the angles so made.
Calculate the other angles. Write down the pairs of
corresponding angles, alternate angles, co- interior
angles and co-exterior angles.
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Achievements

On my own

With teacher’s

help

~
Must improve

Explaining parallel lines as lines which

are a constant distance apart.

Explaining parallel lines in terms of per-
pendicularity and slant.

Drawing parallel lines using different
methods and proving that they are par-

Explaining paraliel lines using models.

Given one angle made by a line cutting
across a pair of parallel lines, comput-
ing the other angles and justifying the

computation.

Using computer to describe various

properties of parallel lines.

Explaining the classification of pairs of
corresponding, alternate, co-interior

and co-exterior angles.

Proving that the sum of !_ﬁé-_ar':gles ofa |

triangle is 180°.




3

Unchanging Relations

-—
—
o —




R

Measures and relations

We can draw squares of different sizes. The
perimeter and area change with the length of
sides. But in all the squdres, the perimeter is
always four times the length of side; and the
arca is the product of the length of side by
itself.

There are many such situations where even
though the measures change, certain relations
between them do not change. For example, if
we take several objects made of iron, their
volume and weight will be different. But if
we divide the weight by the volume, we get
the same number, 7.8, This is called the density
of iron. Similarly if we do this for objects made
of copper, weight divided by volume gives 8.9.
This is the density of copper.

In such contexts, the unchanging relation
between measures is denoted using letters.
For example, if we write the weight of an object
made of iron as w and the volume as v, then
we can wrile

w =78y

If we take copper instead of iron, the relation
will be

w= 89

In general, if the weight of an object is w, its
volume is v and if it is made of a material of
density d, then their relation can be written as

w = dv

Measures and numbers
One side of a square is 3 centimeters.
What is its perimeter?

What about a square of side 5 centimeters?

The perimeter of any square is four times the length of a
side, right? And don't you remember how we wrote it ina
short form using letters?
If we write s for the length of a sides of a square and p for
the perimeter, then we can write '

p=4xs
We also know that when we write such relation between
numbers using letters, we don't write the multiplication sym-
bol % (and why). So, we write the relation between the
length of side s and perimeter p of a square as

p=4s

What about a rectangle, instead of a square? -
If we know the lengths of two unequal sides, how do we
find out the perimeter?
If we denote the length of each side as / and b and perim-
eter as p, how do we write the relation between p, / and b?

How do we write the relation between the lengths of sides
ofarectangle and its area using letters?



Number relations

Look at these sums:
...... 1.£2.=-3
243 =5
3+4 =17

We add two consecutive natural numbers,

Now look at these:
2x1)+1 =3
2x2)+1 =5
@x3)+1 =7

We double natural numbers and add 1.
How come we end up with the same numbers?

Let's take a natural number and do the first operation. For
example, if we start with 7, the next natural number is 8;
and the sum

7+8=15
Suppose we write the 8 here as 7+ 17 We see that
7+7+1=2xN+1=15

This we can do for any natural number instead of 7.

Can we do this only wuh natuml number-s"

For example let's take the fraction, half. There is no meaning
in saymg the next fract:on, but we can say, the number got
by adding one toit. That is, half and one make one and a
half. The half we started with, together with the one and a
half we got now makes two.
Onmcothahand,donﬂ)lmghalfnmkcsom.anﬂgﬁqaddnd
to it makes 2. That is,

1ol 42 wi)={2 ")1
2+12-_2+(2-+1) (..x2+

Measures and numbers

Numbers were invented by Man to indicate
and compare various measurements. For
example, instead of saying, “a large group of
people”, if we say, “a group of hundred
people”, one gets a clear picture. Or instead
of saying “walked some distance”, we can be
more precise and say, “walked two and a half
kilometers”.

Length, weight and time are measured directly
using instruments; area, volume and density
are not directly measured, but are got by
computations. For that we need operations
with numbers. For example, to find volume of
a rectangular block we must measure its
length, width and height and calculate the
product.

In course of time, men started thinking about
operations with pure numbers without linking
them to measurement. For example, after

discovering that
to compute the perimeter of a rectangle,
instead of measuring all four sides and

adding, we need only measure two
different sides and then double their sum

they went on to discover the number principle
that

instead of multiplying two numbers
separately by two and adding, we need only
multiply their sum by two,
Much latter, we started writing this using letters
as

2+ =2(x+y)



Number theory

We have seen that general properties of |

operations on numbers can be stated in
shorthand, using letters.

For example, the fact that
zero added to any number gives the same
number.
Can be shortened to
x + 0 = x, for any number x
Similarly, the fact that

To find the sum of two numbers, they can
be added in any order

can be written

x +y =y +x, for all number x and y.

Simple ideas like these which are easily
recognised need not be shortened in this
manner.

But look at this:

Adding to a number, one more than itself,
and adding one to double of the number
give the same result.

It is much more convenient to shorten the
claborate statement as

x+(x+1)=2x+ 1, for any number x.

Here we must note an important thing. It is
casy 1o remember such shorthand formulas,
but to use them in time, we must know their
meaning clearly.

Folding umbrellas are casy to carry; but if we
don’t know how to open them, we are sure to
get wet.

This computation is right, whatever fraction we start with.
So we can extend the fact given above.

This general property of numbers can be denoted in a
shorter form using letters. For this, let’s write x for the
number we start with. One added to it is x + 1; and the
sum of these is x + (x + 1). Next, x doubled is written as
2x; and one added to this is 2x+ 1. So the general property
we have discovered can be written thus;

This mathematical shorthand of writing number related facts
using letters, is called algebra.

Let’s look at a simple example. Suppose, to one number
we add another and then subtract the added number. What
do we have now? The first number back, right?

If we take the first number as x and the added number
(whwhmluumbhmd)asy,mmwemwmemalgdn

what happens as

Note that this is a general principle, which applies to all
for example both 2 + 2and 2 x 2 give 4. But x +x
=xxx is nota general principle (if we replace 3 for 2, it
becomes incorrect).

Now do each of the following operations on several numbers
and describe the results in a different form. Write each such
relation in ordinary language. Theri write it as an algebraic
expression, using letters. szadt (o0



« Add toanumber, two more than the number.
e Add one to a number and subtract two.

. meanumber,subtmctanpthcrandtlmaddmioe
the subtracted number.

+  Addtoanumberthe double of itself.

« Add two consecutive natural numbers and find the
number, one less than this.

« Addtwo consecutive odd numbers and subtract the
even number in their middle.
« Toanumber, add another and subtract the first.

« Toanumber, add another and then add this sum to the
first number.

« Subtract two times a number from five times the
number.

. Addtwotimes a number with three times the same
number.

However we add
What is 38 + 25 + 752

We can add in the given order:
38 +25 =63

63 +75 =138
25 + 75 =100
38 + 100 =138
We don’t need pen and paper to do it the second way.
Now try this:
1,2

+- +=
29 3t3

To do this easily, which two numbers would you add first?
What do we see from these twosums? "

_

Two operations, one result

Adding one to twice a number is an arithmetical
operation and the number got by doing it is
the result. For example, doing this on 3 gives
7,and on 10 gives 21.

Adding one to a number and then adding the
sum to the original number is another operation.
For example, this operation on 4 gives
4+(4+1)=9. These two operations done on
the same number give the same result. It 1s
this fact that we write in algebra as

x+x+D=2x+1

In this, the short form x + (x + 1) on the left
side means, adding a number to one more than
the number, The form 2x + 1 on the right
means, doubling a number and adding one to
it. The equal sign says that these two operations
lead to the same result.

Similarly, we can write the operation of
doubling two numbers separately and adding
as 2x + 2y in algebra. The algebraic form of
the operations of doubling the sum of two
numbers is 2 (x + ¥). The general principle
that these two operations on the same pairs of
numbers give the same result is written

2x + 2y = 2(x + y) for all numbers x, y.

Many general properties of numbers have a
similar form, starting that apparently different
operations give the same results.



Arithmetic and algebra

Studies on numbers are gencrally known as
arithmetic; and stating them using letters is
algebra

In arithmetic, the operations of adding 3 and 7
is written 3 + 7, The sum, or the result of the
operation, is 10, And we write,

347 =10
combining the operation and the result.

In algebra, the operation of adding two
numbers can be written x + v. How do we
write the sum? We cannot find it without
knowing the actual numbers added. So we can
only write x + y for the sum also,

But the fact that

Any number added to itself is double the
number
can be written in algebra as
v + x = 2x, for all number x.

Note that this is not a general principle, but
is the very definition of multiplication by 2.

Yes! Whenever I

" ,  don't know a
What do you meant
YOou miean e O
Algebra is easy? write x.

L y

|

' To find the sum of three numbers, either we can find the

sum of the first two and add this to the third, or we can find
| the sum of the last two and add this to the first. This we
- can state in another form

| We can show the order of operations using brackets. For
example, we can write the first sum like this:

(38+25)+75=38+(25+175)
And the second sum like this
1 2 _ 1,2
(29+3) + 5 =29+ (3+3)

So we can write the general principle of adding three
numbers using algebra:

Now suppose we went to calculate 36 + 25 + 64.
Isn’t it easier to add 36 and 64 first?

First write 25 + 64 as 64 + 25 and then write the full sum
as (36 + 64) + 25.

That is, addition of numbers can be done in any order.
Now try to find these sums in your head:

o 49+125+75 o 347+63+37

o 88+72+12 o L3 4s
4 4

o 155+4025+075 o 82+36+64

Addition and subtraction

We have seen the general principle of adding three
numbers.
gl

What if we subtract repeatedly, instéad of adding?

Fioen ¢ whhoal

o




Look at this problem:
Unni had 500 rupees with him and gave 100 rupees
to Appu. Sometime later, Abu borrowed 50 rupees
from him. Now how much money does Unni have ?
After the loan to Appu, he had
500 — 150 = 350 rupees
And after lending money to Abu, he had
350 — 50 = 300 rupees
We can also think in a different way. The total money he
lent is
150 + 50 = 200 rupees
So what he finally has is
500 — 200 = 300 rupees

In other words, whether we do (500 — 150) — 50 or
500 — (150 + 50), we get the same number as the result.
Similarly can you'do this in your head?

218 -20-80
How can we state what we have seen here as a general

principle?

And in algebra?

Instead of adding or subtracting two nurmbers in succession,
mpposeweaddonenumbermd-mbmanotba’?
Look at this problem. *

There were 38 children when the class started.

5 came in late. Sometime later, 3 went to attend the

Maﬂ:dtbmeﬁbgflowumymindwdmnmﬂ

: ell 2TV

: ’sﬁoﬂﬁs-mthnordqfofevenw.WhenSnmjoined.

m" “m_ ] " -
38+5 =43

Difference of difference

Finding the sum of three numbers is very
natural. So three is actually no need to keep in
mind the algebraic expression

x+y)+z =x+(y+2)

Its only use is that it sometimes make
computation casicr. For example, in calculating
29 + 37 + 63, if we can quickly see 37 + 63
100, then the total can be casily formed as 129.
(To add in the given order may require pen
and paper).
But we must be careful with subtraction.
The meaning of

(10-3)-2

is, subtract 3 from 10 and then subtract 2 from
the resulting 7; that is, the final result is 5.

What about this?
10-(3-2)

First subtract 2 from 3 to get |; then subtract
this 1 from 10, to get 9.

In other words, these operations give different
results. But the result of both (10— 3) - 2 and
10 — (3+2) is 5. We must keep in mind the
general result

(x=y)=z=x-(*+2)
and its meaning:
instead of subtracting two numbers one
after another, we need only subtract their

8



Theory and practice

To do 25 + 20 - 15, we can first add and then
subtract to get 45 — 15 = 30; or we can
first do the subtraction and then addition to
get 25 + 5 =30.

Butin 25 + 10~ 15, it is easy to se¢ that we

cannot do the subtraction first.

In operations like this with actual numbers, it
1s casy to sce that certain operations cannot
be done. But when we write them in algebra,
we must also state the conditions which make
them true.

That is why in writing
(x+y)-z=x+(y-2)

we also write the condition y > z.

And when 3 children left, there were
43-3 =40

If instead, we look at the events together, we can compute
like this: 5 children came in and 3 others left. So the final

increase in number is only

5-3=2
At the beginning there were 38 children.
So the total number now is

38+2 =40

Thus, instead of adding one number and then subtracting
another, we can subtract the second number from the first
and add. For example,

(108 +25)— 15 = 108 + (25— 15) = 118

We should be a bit careful here. To compute like this, the
number subtracted should be less than the number added.
For example, look at this problem:

25+10-15
To do this, we cannot first subtract 15 from.10.

and paper:
o (135-73)-27

. (37-1%)_§ T
(298-45)-35
(128 + 79) - 29
(298 +4.5)-3.5

. (l49+3%)—2~'i

Subtracting and adding

Look at this problem. 5 |

Gopu had 110 rupees in his sa séox.Hetookwt 15
rupees (o buy a pen. He got a peni for 10 rupees. He

I R——————



now?
Let’s first compute in the order of what Gopu did. When
he took out 15 rupees, the box had
110 = 15 = 95 rupees
Since he put back 5 rupees, the box now has
95 + 5 = 100 rupees

After all this have happened, we can also think like this: he

took out 15 rupees and put back 5 rupees; so the actual
decrease in the box is only

15 =5 =10 rupees
So the box now has
110 = 10 = 100 rupees
Writing the first computation as (110 — 15) + 5 and the
second as 110 — (15 —5), what we see is that
(110-15)+5=110-(15-5)
That is, instead of subtracting a number and then adding

another, we need only subtract the difference of the second
from the first. For example,

2= 1T+ T=29 (17 =Ty=19
Can we do this in all problems of subtracting and then
adding? For example, can we rewrite
(29-7) +17
in this manner?
So, the change of operation is written in algebra as

Now use this idea to calculate these without pen and paper.
o (135-713)+23

bs-83) + 3
(19-6.5)+5.5
: 135-'(35:-‘} i
e 42-(32-2

A0 8 -
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returned 5 rupees to the box. How much is in the box |

Less and more

Look at these differences:

10-9 =1
10-8 2
10-7 =3
10-6 = 4

When we subtract less, we get more, nght?

How much more?

When one is subtracted, we get one more;
| when two is subtracted, we get two more.
L In general
When less is subtracted, the result is
more; whatever less is subtracted, that
much more is the result.
Let’s write this in algebra. First note that if x
and y are two numbers, then y subtrated from
xXisx—y
Now taking another number z, the number
y —z is z less than y; so x — (v —2) is z more
than x — y.
Thus,

x=(p-2)=kx-y)+z

No use weeping! If you
lessen your lazginess,
you will get more.




Sum and difference

What happens when we add the sum and
difference of two numbers?

Difference is the smaller number subtracted
from the larger, sum is the small number added
to the larger.

For example, taking the numbers as 7 and 3,
the sum 1s 7 + 3 and difference is 7 - 3
Without reducing these to 10 and 4, if we write
their sum, we get

(7+3)+(7-3)

Here the larger number 7 is added twice; the
smaller 3 is added once and then subtracted

So that net result is 7 + 7 = 14,

In other words, changing the order of

operations, we find
(T+DN+(0-N=(T+ND+(3-3)=14

It is this fact that we write as the general
algebraic rule,

x+ty)+tlx-¥)=x+x)+(-y) =%«

Brother! That is
algebraic shorthand
Jor you!

You mean this large
mathbook became so
small on translation?

Sums and differences

Athulya often teases her classmates with her new
discovenes. Today she had a new trick. “Think of any two
numbers and give me their sumand difference; I can tell

you the numbers,”

“Sum is 10 and difference is 27, Rahim started.

“Easy! numbers are 6 and 47, Athulya said.

“Sum 16, difference 57, mischievous Jessy challenged.

Athulya thought for a moment and said,

“Nice try! Numbers an. 10! andst”
try 7 2

How did Athulya find the numbers?

How do we find two numbers, using their sum and
difference? . g

Let’s take the numbers as x and y. Then the sum isx +y. If
we take the larger number as x, the difference is x - y.
Using these, we have to find x and y.

To find x from x + y, we need only subtract y:
x+p)=y=x
But we don’t know y.
What if we add x again?
(x+y) —y‘ +x =x+x=2

Subtracting y and then adding x is the same as adding x
and then subtracting y, night?

(x+y)t(x-y) =
What does this mean?

Adding sum and difference gives twice the larger number.

notoisi.
Forexample, Rahim’s sum is 10 and difference is 2. Their

sum is 12, This is twice his lw So the larger
number is 6; and his smaller numbétis 10— 6= 4.



Now let’s look at what Jessy said: sum 16, difference 5;
their sum is 21. So the larger number is half of this and so
itis 10 1 ; the smalleris 1610 3 =5 7.
Do you get Athulya's trick?
We can see another thing here. Subtract the difference from
the sum:
x+y)=(x-y) =@x+y)-x+y
=xty-xty
=x-xtyty
=2y
What does this mean?

Subtracting the difference from the sum gives twice the
smaller number.

For example, in Rahim’s case, sum is 10 and difference 2.
So, double the smaller number is 10 — 2 = 8, and so the
smaller number is half of this, which is 4.

The sum and difference of some pairs of numbers are given
below. Can you find the numbers?

e Sum 12, difference 8
s Sum 140, difference 80
e Sum 23, difference 11
e Sum 20, difference 5

Addition and multiplication

We have seen that twice a number added to thrice the
number gives five times the number. (The last problem in
the section Number relations)

What is the algebraic form of this statement?

] 1‘!_l 'f:‘!
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Different ways
Look at this problem:

The price of a book and pen together is
16 rupees. The price of the book 1s 10
rupees more than that of the pen. What
is the price of each?

If we forget about books and pens and look at

the prices as mere numbers, the problem is
like this:

The sum of two numbers is 16 and their
difference is 10. What are the numbers?

Double the larger number is 16 + 10 = 26; so
the larger number is 13. And then the smaller
number is 16 — 13 = 3. Thus the price of the
book is 13 rupees and the price of the pen is 3
rupees.

There is another way. Instead of a book and
pen, suppose two books are bought. Since the
price of the book is 10 rupees more, we would
have to give 10 more rupees; thatis, 16 + 10 =
26 rupees.

This is the price of two books. So, the price of
one book is 13 rupees.

4




Calendar math

Take any month's calendar and mark four

numbers making a square:
[ v [ 2] 5]
s |6 |7 3_ _'. 10 n
2| B y 14 | (18] |_|3 17 | 18
9 |20 | n | n 23 | 4 | 2
% | 1 1 |29 | 3

In the picture, the sum of the chosen numbers
is 8+9+ 15+ 16 =48, Divide this by 4 and
subtract 4. We get the first number 8, right?

Why does this happen?

If we take the first number as x, the numbers
marked are

f x+1
* dent]
!

X

x+7 x+8

Their sum is
x+(x+D+x+Nx+8)=4x+ 16
We can write this as
dx +16=(4 x x)+(4 x 4)
=4(x +4)

This is adding 4 to the first number and then
multiplying by 4.

So to get back the first number we need to
divide by 4 and then subtract 4,

This we can state in another manner.

Instead of multiplying a number by 2 and 3 separately and
adding, we need only multiply this number by 5.
For example,

2x16)+(3x16)=5x16=80
In this, suppose we take other numbers instead of 2 and
3?7
Look at this problem:
inama&couference, two rooms are used for discussion.
In one room there are 40 people and in the other, 35. At

tea-time each is to be given 2 biscuits. How many biscuits
are needed?

In the first room, we need
40x2 =80
And in the second,
35x2= 170
So altogether, we need
80 +70= 150
We can also think like this: The total number of people is
40 +35=175
So the number of biscuits needed is
75x2=150

Whatdoweseehcre?lnsteadofmuttiplying?. by 40 and
35 separately and then adding, we need only multiply their
sum 75 by 2.

This can be done in multiplication by fractions also. For
example, if we add half of 4 and half of 6, weget2+3=
5; halfof the sum 10 is also 5.

What general principle do we see in all these?

— e




How do we write this in algebra? Another trick

: xz+yz=(x +y) z, for all numbers x, y, z | Take any month's calender and mark nine

What about subfraction? numbers |nawm. instead of four. .

Musdsy | Toesdny Wobsesdsy Thursey | Fridey |~ Seteotey

mltlplyjli mlnnbmby a number I R G EE N L .
separately and subtracting give the same result s | 6| 7 [(8)](s)] ()] b

! “!mmm'!ﬁ'm.:_ 1 * 13| 18 ;'gf;'l_égzr‘_l_v_i 18

L S 2 RS w | 2 ||| %

Xz = yz = (x =) 2, for all numbers x, y, z
Now try these problems.

Their sum in the picture above is 144. And it
is 9 times the middle number 16.

o 63x12)+(37x12) o (15%3) + (5%3) Mark other numbers like this and check
¢ 4 whether this happens everytime.

. ( XZO) ( x20) . (65 x11) - (55x11) To see why this is so, take the middle number
as x. We can fill in the other numbers like this.

o (21x23) — (11x23) « (135x40)-(35x40) [ [ [x-7] | [x-8]x-7]x-6]
x— | X g+l x- | X x+1
: x+7 ) L,r*l‘) x+7 x*SJ

i)/ Let's do it! oy wr
: In this, if we match up pairs like x -8, x + 8§,

we can see without any computation that the
sum is 9x. That is 9 times the middle number.

¢ From the square below, take any 9 numbers making a
square. Find the relation between their sum and the
number at the middle of the square. Justify this relation
using algebra.

Why are you Don't you
doing nothing seed I am x

and it is

when all others

are working? always free!

1 2 3 B 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

25 26 27 28 29 30
31 | 32q|e33 | 34 | 33iglqid6

igR guﬁ ) - i plaseg

Now try thid ##th 25 numbers in a squdfé! '
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Achievements On my own With teacher’s Must improve
help
s Finding general principles in arithmeti-
cal operations.
e Writing general principles in ordinary
languages.
» Expressing relations between numbers
and operations using letters.
¢« Using general principles to make com-
putations easier. %
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Repeated Multiplication




Power of products

This is an old story. A poor man went to a rich
man for help. Said the rich man, “I can give
you a thousand rupees a day for thirty days;
or | can give you one paisa the first day, two
paise the third day and so on, doubling each
day for thirty days. Choose which you want.”

Which is the better deal?

Let’s see

The first offer will get the poor man 30000
rupees in 30 days.

What about the second?
| +2+4+8+16+..

We must add the thirty numbers. Do you know
how much it 18?7 1073741823 paise. That is
more than one crore rupees!

Yes! The
who made a deal nith you.
I've lost my crores and you

can crow over it!

same nich man

You should've
) been more careful

with_ yourjoonm!

Multiply again and again
Look at these figures:

How many cells are there in the first square?
What about the second and third squares?

If we continue like this, how many cells would be there in
the next square?

Let’s look at the problem like this:

The first square has four cells. And the next one has four
suchsquares.

Soithas 4 x4 =16 cells.

The third square is made up of four squares like second
one and so it has 16 x4 = 64 cells.

What about he next?
64 x 4 = 256 cells.

We can write like this also:

i the first s 4
in the second square 4 x4
,-umg@"mw :ﬁv’foﬂ;x 4
What about the 10* square?” 11l
AX4x4AX4x 4 x4 x4%4x4x4cells.

T
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Instead of writing in this elaborate manner, we write it shortly
as 4'°. And read "4 raised to 10",

If we do the actual multiplication, we can see that it is
1048576.

Now we can easily say that the number of cells in these
squares are 4,47 4° .., So that the number of cells in the
20" square is 4°°, the number of cells in the 100 square is
4" and so on. When it becomes difficult to compute the
actual numbers, we can use a computer.

The numbers 4, 4%, 4°, 4%, which we saw here are called
powers of 4.

4’ is the second power of 4.
4’ the third power of 4.

And so on. If need be, we can write 4 itself as 4' and call
it the first power of 4.

In 4, the number 3 is called the exponent (or power).
We also call the second power of a number, its square and
the third powet, its cube.

Exponentiation :

Just as the name of repeated addition is called multiplica-
tion, the name for repeated multiplication is
exponentiation.

Let's look at some more examples.
What are the powers of 3?
How do we compute 3', 32,3%,...7
We can compute the powers one by one as
3' =3
32 = 3x3=9
P = 3x3x3=9x3=27
How do we compute 37

Instead of computing powers one after another as above,

let's see if there is another way. Forexample 1, o
36 = IxFuIxIx3Ix3 « b

Instead of multiplying one by one, let's take three at a time.

{ T
_JI:

Exponentiation

We usually do the four operations of addition,
subtraction, multiplication and division in arith-
metic. Exponentiation is the fifth operation. Just
as multiplication by natural numbers is repeated
addition, exponentiation is repeated multiplica-

tion.

The first four operations are indicated by a
symbol (+, —, X, +) between the numbers op-
erated on. But no such symbol is used to indi-
cate exponentiation.

The notation is to write on the upper right of
the number multiplied, the number showing
how many times to multiply, in a smaller font.
For example, 4 x4 x4 = 4



Sum of powers

What part of each square is shaded?

! i
- in the first square.

In the second?
! ]
b -
2 4 4
We can look at it this way.

I'he unshaded part is i
So, the shaded part is

1 k3 1

+ +

2 4 8 8
And from the fourth,
1 1 | | 1
. + — +
2 4 8 16 16
We can continue this:

+
2 2
- -

+

1
SR R

¥
-

1
In general, the sum of the powers %. 1% » ¥

and so on is equal to the last power subtracted
from 1 ;)

3 = 3x3x3)x(3x3x3)
= 27x27
= 729
How about 2*?
29

t

2x2%x2X2)X(2X2X2%x2X2)
16 x 32
= 512
Can you compute this in any other way?
Now compute these powers:
. 2° o 3
o 10° T L

Power of ten
What are the powers of 10?
They can be written 10, 10%, 10°%, ... s
How do we compute them?
100 = 10x10= 100
100 = 10x10x 10= 1000
So what is 10*?

Suppose we want to compute powers of 20,
How do we compute 20*?

20‘=20x20x20x20
= 2x10)x(2x10)x(2x10) x(2x 10)
=2x2x2x2)x(10x10x 10x 10) .
= 16 x 10000 = 160000
What about 2* x 57
We can write itas (2x2x2x2)X(5X5x5x5x%5)
Reordering the numbers, this becomes,
2xS)x(2x5)x(2x5)x(2x5)%x5
= 10x10x10x10x5
= 10"%x5=50000 ©
What is 100*?

o 4
o 100*

o2
o 0%

w ad nes

100° = 100X 100 % 100 .




We can write this as 103 10 x 10 % 10 x 10 x 10
100° = 10°

= 1000000
Now try these problems.
» Write hundred, thousand, ten thousand, lakh, 10 lakh

and crore as powers of 10.

» Compute the powers.

= 30¢ s 50° = 2007

Place value
How do we split 3675 according to place values?
(3 x 1000) + (6 x 100) +(7 x 10) + 5
Using powers of 10, we can write this as
(B3x10)+(6x 10+ (7x10)+5

Can you split these numbers like this?
o 1221 e 60504 e 4321 o 732
What about decimals?
How do we split 362.574?
362574 = (3 x100)+ (6% 10)+2
sx L yfrx-L" (4x t

We can write this as

; ) 1 1 Al 1)
' - 4
(3x10%)+(6 % l[))+2+(5>< 0 .+(7.x'l—or '+( e )
Try to split these numbers like this

e 437.54 o 23.005 e 4567 e 201

Fatorization
We can factorize any number as a product of prime
numbers. For example, we can write 72 as
T2=2x2x2x3 %03  oa
l]'m-ng ﬁsmuwﬁm '|'"' El [
72 =2x3" -0

Another sum
O R YN
' 4 L b
If we multiply the numbers on cither side by §,
we gel
iy g R !
1 R I e ) §
3( 2 .4 s) 3[ sJ
That is,

CONEHIRE ]

44241 =

8=1
Likewise, multiplying either side of

by 16, we get
B+442+1 =161
Rearranging the numbers, we get

14244 = 8§~
1+2+4+8 = 16-1

That is,
244 = §-2
2+44+8 = 16-2

Using powers, we can write this as
240 = -2
24242 = 2'-2
AMqu,mm '3 5

In general, the sum of the powers 2, 27, 2 ,
and so on, is equal to 2 subtracted from the
next power to the last. I



"_

Numbers in science

Science often requires large numbers. For
example, the average distancg between the
Earth and Sun is 149000000 kilometres. This
is written in scientific notation as 1.49 x 10%,
Similarly, the distance travelled by light in one
year is about 9.46 x 10" kilometres. This dis-
tance is called a light year. Astronomical dis-
tances are often given in terms of light years.
The star nearest to the Earth is the Sun. The
next nearest star is Proxima Centauri, which
is about 4.22 light years away, that is, about

3.99 x 10" kilometres. We can describe this’

in another way. Light rays from this star take
more than four years to reach the earth. Thus
what we now see is how the star was four
years ago. So even if the star dies now, we
would go on seeing it for four more years!

Hey! Prsast !

'mm&mmmuumhmm
' 1000 =2x2x2%x5%x5x5
=2xs
Now try to write the numbers below as product of powers
of prime numbers.
* 36
« 750

e 225 e 500 e 632

e 625 « 1024

Powers of a fraction
Look at these pictures:

i

What part of the first square is coleured?
And in the second? : :_;) i
=)=

"y

1 1
2 5




That s,

1o Liong Wt ouy ity ey e
4 X 4 16
In the thrid square, what part is colourd?

16 64

|-

This is the product of three 3'&

If we continue like this, what part of the next square should
be coloured? '

And in the fifth square?

‘We must multiply together five % 's.
1

‘We can shorten this as (-4—]’.

gk

i4x4x4x4x4

1
X=X
3

&)=
B|=
|-

4 |
=iE
b
64x16
e
1024

That is in the fifth square, only io%ofsqummdbe
coloured. =7 ey
We can write the repeated multiplication of any fraction as
a power like this, For example, .

(5] -

wlw

o ,U4‘-l---‘

=z oftai Loy

Project

Last digit

The last digit of every power of 10 is 0. What
is the last digit of a power of 57

What about 6?

Look at the last digits of powers of 4; are they
all the same?

What are the last digits?

Check the last digit of the powers of other
single digit numbers.

One more question: What is the last digit of
2%




increase or decinase?
We have seen how the powers 2, 4, 8, 16,
of 2 grow very fast. Do the powers of other

numbers also increases like this?

!
What are the powers of 7

But these have become smaller and smaller,

right?

-

And the powers of | ?

3
And the powers of 7

F

What are the numbers whose powers become
larger and larger? And what numbers have
smaller and smaller powers?

What about the powers of 17

1728 103

B cm—— IR

25 = 3 s
Compute the powers given below:

HEROROREC)

Powers of decimal

What is (1.2)*?
(128 =12x12
= 1.44
Can you compute (1.5)"like this?
What is (0.2)*?

We know that 2*= 16

2
WecanwriteO.ZasE.

[

(0.2)*

S|
Rt

[ 3%
ks

s

16
10000
= 0.0016

Can't you do this without writing it out?
Can you compute (0.3)*in your head?
What is 3*7
How many decimal places would (0.3)? have?
12*=1728. Can you find out (1.2)* and (0.12)" using this?
Compute the powers given below:

o (LI OO . 1)
Given that 16° = 4096, can you tompute these powers?

o (1.6) o« (0167 o (0.016)

I



Multiplication rule

We know how to write the sum of two multiples of a
number as a single multiple of the same number:

(B3%x2)+(5%2)=(3+5)x2=8x2

Why is this true?
Ix2=2+2+2
52 =2+2+42+2+2
And so
(B3x2)+(5%x2)=2+2+2)+(2+2+2+2+2)
=2+2+2+242+2+2+2
=8x2

Similarly, we can find the product of powers.

For example, -2° x 2°

2= 2x2x2
2= 2x2X2%x2%2
Then,
x5 = 2X2XYX(2X2%2%2%2)
= 2X2X2X2X2X2%X2%2
= 28

Suppose we multiply the third and fifth powers of some
other number?

2P (2] = (BaMidddd)
[3]3 x[i]s - (3"3“3]’{3”3"3“3“3 :

I 1A A T TR (R RN
= XX X=X X=X =K

3, 3032333 3,3

-
3
Whatifweindicatcﬁmwbeusx? ‘1Y e

¥xx’=(x xxlmgwi(xxx)(xxqum =
=xxx‘x:qé.r_xx‘xxxxxx. =xt

Muiltiples and powers

For any natural number » and for any number
(natural number or fraction) x, the notation
nx or n % x is used to denote the sum of x
taken »n times. And x* denotes the product of
x taken » times.

Look at the rule for adding multiples of a
number by natural numbers, and multiplying
powers of a number:

mx+nx = (m+nk

——

XX x*

We can multiply a number by fraction also,
but it is not repeated addition. For this
multiplication, it is still true that mx + nx
(m + n) x, even when m and » are fractions
But if n is a fraction, the symbol x* as yet has
no meaning.



Multiples < 1 powers of 2
All powers of 2 are even; but all even numbers
are not powers of 2. For example, 6 1s an cven
number, and not a power of 2. But
6=2+4=2'+2?
We can also write
10=2+8=2'+2"
12=4+8=21+2
4=2+4+8=2'+2'4+2
Check whether other even numbers can also
be written as sums of powers of 2.
For example, can we write 100 as a sum of
the powers of 27

If we look at the powers of 2 one by one, we
see that 2* = 64 is less than 100, while
' = lZSismorelhanlOO.Vﬁggnslanby
- @
. i B
1002+ +36 54

And then we note that 2’_3..; Mék 36 md

2* =64 > 36, so that we can write | |
36 =2+ 4wh 2k § 1o o
SRR

L

Thus
100 =26 425+2" (. f |
4

Now try to write 150 as a sum of powers of 2,
using this technique.

Now suppose we take some other powers:
XX = (xXX)X(xXxXXXX)
= XXXXXIXXXXXX
= x*
Let's write the exponents also as m, 1.
Then in general,
'(xxxx;xmxx).(rxxxxxmxx)
X"Xx" = s - i AL = et

n times

(xxxXxX... XX)
= -

m + n times

- xta

What is the general principle here?

How do we say this in ordinary language?
There are two facts here

Try the problems given below, using this idea.
o  What powerof2 is got by multiplying 2* and 2*?

o Whatis the number 102 x 10° in ordinary language?
o Whatpowerof 2 is twice 2'°?

e What must be added to 2'° to get 2''?
« What must be added to 3" to get 3'?

e Thetable below gives some powers of 2.




Using this, compute these products.
o l6x64 o 64x256

e 32x512 e 128 x256

Division rule
Is there any trick to compute the quotient of two powers
of the same number, as for product?

For example, what is 4°+ 427
Using the product rule,
F=4x4
So what do we get on dividing 4° by 4*?
¥+4= 4
Likewise, how do we compute 57+ 5?7
How do we write 57 as multiple of 57

What about 8% + 867
To get 8%, by what should we multiply 8'67

For this, we need only find what should be added to 16 to
get 23.

23-16=17
So
8% = g6 7
Now can't you find 8%+ 8'6? .
This we can do for powers of fractions also,

For example, let's divide [%]'6 by (;T

Aisbefon'e,ifwewri_m'__;_ e LS Y

cre- T

Odd numbers and powers of 2

We saw that even numbers can be written as
sums of powers of 2. Any odd number, except
1, is | added to an even number. So, we can
write it as sums of powers of 2 and 1.
For example, to split 25 like this, we first write
25=24 + 1
Then we write 24 as sum of powers of 2 as
before
24=16+8=2'+2
Thus
25=2'+2+1
In general, any natural number can be written
as the sum of some of the numbers 1, 2, 2°_..

There is only one odd

number which does not

contain an even number.
And that is...




S btraction and division

We have rules for subtracting multiples of a
number, just as we have rules for adding such
numbers. There is also a condition that we
can only subtract the smaller from the larger.

That s

mx ~ nx = (m - n) x, for any number x
and for any natural numbers m, n with

m>n

What about powers?

m
L §

o e A
X
Here, we must also state the conclusion

x20

As in the case of addition, the rule for sub-
traction of multiplies hold, even when m and n
are fractions.

Then we can find

6 7
HjRd 6 el

Now let's see in general what we get when we divide a

- power of a number by a smaller power.

Let's write the number as x. Since the operation is division,

x should not be zero. Let's write the larger exponent, as

m and the smaller exponent as 7.

Now how do we compute x* + x*?
What should be added to n to make it m?
So,

o xR
From this we get -
d -n
v ket s
Thatis,

As in the case of multiplication, can you say this in ordinary
language? '
Not try these problems.

« What power of 2 we get on dividing 2°by 27

e Whatis 10°+ 10*? |

o What power of 2 is half of 2'? -

« Look at the table of powers of 2 in page 58. Using it,

can you compute these quotients?
. 64+16 . 512+32
» 1024 +128 = 16384 + 2048
. I |
!‘rulmz‘ x-;,:_? L odonun i o e A

«  Bywhat should 7¢ be multiplied to get 7°?




Another division

Look at the last but one problem above:
We have ™
1
28 ;i. =2t +23=25
From this we get,
1
B+2= 3
Likewise, from the last problem, can you find 7 + 7%?
We have
25 _|_‘. -7 Division and subtraction -
s 1 When fractions are also taken into account,
and from this we get we can divide a small number by a large

TsTo= _l‘. number also; the result would be a fraction.
4 So we can consider division of a larger power

by a smaller power also.

- 1

x

=y L3

x X
There is no analogous rule for multiplies. There

is no way we can subtract a larger number
from a smaller number as yet.

o Simplify:

P ¥ six s
N = LI~ o S B ]

82 x 8 $£x 4 1W0*x 10°
o Fxsj . 4zx4' " m

+  Whatpowers of - dowe getondividing 5*by 5

o  Whatisthe decimal form of the number got, on dividing
10* by 10"?

e Whatnatural nimberis gotby dividing (-;-fby [;]'?

By what natural number should (0.25)" be multiplied
to get (0.25)*7 saugriin, eyt

Fs




Pouch problem
100 one-rupee coins are to be put into several
pouches, such that any amount upto 100 rupees
can be taken without opening any pouch. Can
we do it? )
Put a single coin in the first pouch. 2 coins in
the second, 4 in the thrid and so on, using
powers of 2.
1+2+4+8+16+32=64~-1=63
Put the remaning 100 -~ 63 = 37 coins in a
single pouch.
Now if the rquired amount is less than 63, we
split it into powers of 2 (and 1 if needed) and
take the corresponding pouches. For example,
35=32+2+1
so that we need only take the first, second
and the sixth pouch.
For amounts larger than 63 rupees?
For example, to take 65 rupees, first take the
last pouch of 37 rupees. We need 65 - 37 =
28 rupees more. And this can be done by
fitt
28=16+8+4

« Make a table of powers 3, and use it to find these

produicts and quotients.
o 81X9 o 729x81 o 6561 +243
o 243%81 o 218749 o 59049 +729

Power of powers
Can we write 64 as the power of a number?
In what all ways can we do this?
2° =64
4 =64
8 =64
64' =64
Likewise, can we write 3'? as powers of other numbers?
312 = 36x3¢
= (729) x (729)
=79
There is another way:
37 =38 3
= (3*x 3% x 3*
= 81 x 81 x 81
= 81*
And one more:
312 = 36x 3¢
= (@FxI)x(FxIP)
=2Tx27x27%x27
=27
Is there any other? Try!
In these, what does 3°x 3° mean?
Itis the product of two 39, right?.
We can shorten it as (3°).



(3 = 3% 36

= 36+6

= 36!2
= 3!2
Similarly, we can write 3*x 3*x 3% as (3%)".
So,
(Y = 3*x3x3
= 34 +4+4
- 34 x3
= 3I2
In the same way, we can write
@) = 42x Px 4
= 42%3
= 46
(54)e = §4x6
= 524
and so on.

Now let's look at such powers of fractions.
2 2
Whatdo&s[(g) Imean?
_2_ Zx E Zx 2
3 3
Thatis,
32+24-2—2x2-‘=36
30l 3

In general, for any number x and for any natural numbers
m, n

Wi

XK ™
n times

» times

") =

215 adt 24

= ymm il D SN

Project

Some natural numbers can be written as sums
of consecutive natural numbers

For example,
3=1+2
7= 3+4
I5=1+2+3+4+5=7+8

But some natural numbers cannot be split like
this. For example, 4 cannot be written in this
form.

Can you find the specialty of those numbers
which cannot be written as sums of consecu-
tive natural numbers?



Perfect numbers

Ihe factorsof 6are 1,2, 3, 6

I'he sum of the factors other than 6 itself is
|1 +2+3=6

Now let's look at 28:
28=2 x 7

And so its factors can be listed as

| 2 2!

7 2x7 22x7 .
And the sum of factors other than 28 itself is
142+22+7+(2xN=T+T7+14=28

Next let's look at the factors of 496
2* x31.=16x31 =49
Since 31 is a prime number, the factors are
| . 22 2' 2l

31 2x31 2x31 2°x31 2°x31

In this, the sum of the numbers in the first row

is
1 #2422+ +2'=2-]1=13]
(see the section, Another sum)

And the sum of the numbers, except 2% 31 in

the second row is
(1+2+2+2x31=(2*-1)x 3l
(2*x 31) =31
S0 the sum of the factors except 496 iself is
3L+ (2*x31) -31= 2'%x3] =496
Numbers like 6, 28 and 496 are called perfect

numbers

Now can you write these as a single power?

o (4% e (3 x9

e (2%) x2¢

Write each of these as powers of different numbers.

3 o 4° o 2" s S5
Factors
What are the factors of 327

1,2,4,8, 16,32

Except 1, all these are powers of 2. So we can write the
factors of 32 as

1,2, 25 2% 02
What about the factors of 817
81 =34
And so the factors are
g A
Now let's find out the factors of 72.
2=22x3
Let's look at a definte scheme to write all factors.
First we write | and all factors which are power of 2:
LA 2
Multiplying these by 3 gives four more facors:
3, 3982053, 2 %3

Multiplying the first four factors by 3’ instead, we get an-
other four factors:

P 2P PP 2P



Are there any more?
How about writing down the factors of 2007
200=8x25=2x5°

We can list the factors in order as below.
ik s 2 28 2
5 2x5 2% 2 x5
5? 25 208 N
What about the factors of 2407
240 = 16x15=2'x3 x5
We can list the factors like this: 3
1 2 2 2 24
3 2%x3 22x3 %3 2*x3
3 2x5 22x5 225 2 x5

IS 2x3x5 2x3Ix5 22xIX5 XIS
Now list the factors of the numbers below like this
o 64 e 125 e 48 e45 o 105

ﬁ Let's do lt_l
e

o If2*=128, whatis 2°*'?
o If3*=729, whatis 3*-'?
e In3% 3% 3! 3741 which is an even number?

s If6" is computed, what would be the digit in one's
place?

i 1f5¢xsi,= ;}—a,thenwhttisx?

32 =2 number of factors
81 = 3¢ number of factors §
7 = 2’ x }’ number of factors 12

-

Write some more numbers as products of pow-
ers of primes and also the number of factors

they have.

How did you calculate the number of factors?

Is there any relation between the numbers in
exponents and the number of factors?




Looking  back -

@

(

Achievements

On my own

With teacher’s
help

Must improve

Describing exponentiation as the op-

eration of repeated multiplication.

Justifying the rules of exponentiation.

Using the rules of exponentiation to

solve problems.

Describing the positional system of no-

tation using exponentiation.

Logically justifying number relations

associated with powers.
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Area of a Triangle
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Dot Math Halving N

In the picture below, the horizontal and vertical | Cut out a papcr rectangle 4 centimetres wide and 3
dots are one centimetre apart. i

= T N “ “ » . “
T - o v O “ ©

| ® s o B . i - B

|

|o 2 @ @ © B ° ]

l e © . o “ - » B
< B . ® e ¥ . .

What are the areas of the coloured figures
below?

Nowwehavetﬁromcmng!es.%atistheareaofmh?

To see that it’s half the big rectangle, we need only fold it
across.

So the area of a small rectangle is half the area of the large
rectangle. That is,

-;-x'lz = 6sqare centimetres

b 4 b 4

In the above picture, draw other figures by
joining dots and find out their areas. Cmmwnmemmmy her way?
Another haif
. Cmmnapaperrectmglemoennmetmsmdeands

This can be done using the Grid option in

GeoGebra. Select the Polygon tool and click

at various ilﬁnq:lions of the grid lines to

draw different figures. .

Calculate the area of these. To check the
answers, sclect the Area tool and click within f
each figure.




Drawalinefrom  Different halves
f comerlocomeras A rectangle can be halved by cutting vertically

% - shown. or horizontally along the middle:
10 ecm
The rectanlge is split into two triangles. SR M=
Are their areas equal?
Can we fold and check as before?
How about cutting them out?
Thenputoneopto;o‘fﬂ‘iéddiér, = o b 3 R

So, what is the area of each triangle? ‘
The area of a triangle is half the area of the rectangle.

Thatis’ " PN i . e g = o
i o < 10X 8 =40sq cm. We can alsdrcut cormer to coffier'to make two
triangles of half the area.
Do you notice anything about the angles of these triangles? _ B .
g .
P

| What happens when we draw a slanted line

. through the middle?
A triangle with a right angle at one comer is called a right | 7
angled triangle. : 5 : :
Whatis the sre | Didn't we get two quadrilaterals of half the
oftheright angled triangle | area?
shownon theright? .  §

‘ Such a quadrilateral with only one pair of par-
' allel sides is called a rrapezium.

xotio b Jon




Cut out two right angled triangles like this and place them

Paralielogram and rectangle

How do we compute the area of this paral-
lelogram?

- |

What is the area of this rectangle?
Cut out a right angled triangle from the left as | Themofﬂaeﬁghtmgleduimglehhalfofthis,ﬁght?
shown below.
Area of the triangle =% X4 x5
=10 sq. cm.
In this, 4 and 5 are the lengths of the perpendicular sides of
the right angled triangle.
Thus we have the method to compute the area of a right
And place it on the right like this: Pelting N

Now we get a rectanlge of the same area.




I cm

2em 4 cm
'I‘heareeofanghtangledmglels%aqmcenh-
metres. anofﬁ:epepcndlcularsndeslsl&eunme-
mlong.Whatasﬂlelengﬁlof&:eother?

'Ihepe:pendwulamdesofanghtangledtnangiem
12 and 15 Fmdmetreslong. Another right mgled
| ame are hasoneofﬁ:epapcndlcuhr
long. What is the length of the

ectan 3

In the picture below, what part of the rect-
angle is the red triangle?

The answer is given in the next page. But think
a bit before tuming to it.

He looks a real Not when it
T’Io{kbead! comes to calcu-
lating triangle




Other triangles
Rectangle and triangle Look at this triangle:
How about cutting the rectangle into two
smaller rectangles?

Noangle of it is right.

How do we calculate the area?

I'he area of the red triangle in each of these
pieces is half the area of that piece. So the | Can we cut it into two right angled triangles?

sum of their areas is equal to half the area of Look at the earlier problems you have done.

the original rectangle.

I'be original red triangle is made up of these

two smaller red triangles.

IMus the area of the original red triangle is

hall the area of the original rectangle. '

So to compute the area, what all lengths are to be meas-

What about the red triangle above? .
| 2cm 4 cm

’ Area = (-l-xzxa)+ (lx4x3)
2 2
Draw a rectangle in GeoGebra and mark a

point on the top side. Select the Polygon tool = 3+6
and draw a triangle as in the problem. Colour

it red. Select the Area tool and find the area e .
of the triangle We can calculate the area of any triangle like this.
' = |
Drag the pont on top and see what happens | What is the general method to calculate the area of a
o the area M? 8 ‘

[




To find the area, first draw a perpendicular from the top

comer to divide it into two right angled triangles.

A

Now some lengths are to be measured.
Let's write letters for these for the time being.

So, how do we write the area?

The sum of the areas of two right angled triangles is .

1 1
—xoXE |+ | SxyXz

1
= el
2 2}2

= -;-(x+y)z

In this, x-+ s the length of the bottom side.

|

C———xFy-———>

D5 8V

T
Valgreio

Rectangles within rectangle
Look at this rectangle:

Do you see any relation between the areas of
the red rectangles?

Think for a moment before turning the page
for the answer.



So, howdoweoompute!hcamof a triangle?

Rectangles wii=ir The .‘. ﬁi . -.‘..,... 2 E;; ‘.
The diagonal of the large rectangle divides it one side with &em from the op-
into two right angled triangles of equal area. m Hllg. : { /

Each of these triangles is made up of the red
rectangle within it and two small right angled
trangles.

The arcas of right angled triangles of the same
colour are equal.

So, the area of the red rectangles are also
equal.

What if we draw rectangle through some other
point on the diagonal?

In GeoGebra, draw a pair of horizontal lines,
8 units apart. On the bottom line, mark two
points D and F 4 units apart. Mark a point B
on the top line and draw ADFB using the
Polygon tool. What is the area of this triangle?
Check the answer using the Area tool. Now
drag B and see what happens to the area.




_ G FE

4cm 10em

Square division

Draw a square and mark the mid points of its
sides.

g o8 i i
- -
« ,1"' 1.-!‘"
Another triangle y
e C _ A Join these to the corners of the square as
shown below:
- Y
B =
How do we compute its area? We get a square at the centre:
How do we draw a perpendicular from A4 to BC?
How about extending BC to the right? . . B
A Lg !
What part of the original square is this?

: ey
Nuwhowdowmleﬁib&umofwcz

WeauMBbewthCD&an AABD.

T T e




Square division
Cut out a figure like this in paper.

Rearrange the triangular pieces like this:

Nowwguﬁveaqmofeqmluu.

B | ¢ b
Area of AABD = x BD x AD -
AACD also is aright angled triangle. ' ’i

| Area of AAC =%XCDXAD
i
Now we can find the area of A4BC -~

Area of A4BC = Area of AABD — Area of AACD

= 3 XBD xAD - 3 x CDx AD

= 3 X(BD~CD)x AD
| From the picture,
BD-CD =BC
Thus we have

Areaof AdBC = 3 X (BD — CD) x AD

’ = % xBCxAD

So, the small square is — oflheonpllaql-a. Measure BC, AD gnﬁeon;putetheam :

el |

Here AD is the height measured from BC.

So for triangles of this kind also, area is half the product of
a side and the height from it.




Look at this triangle:

Compute the area of the triangle by measuring out the

needed lengths.
Let's do It!
Trapezuim
- 8 ) = p /
¢  Arectangular plot is 30 metres long and 10 metres 10 cm 4 cm
wide. Within it, a triangular part is marked for plant-
ing plantain. B
/4/// 7 ////
/% // - ; 14 cm | 6em |

In the figure ABCD is a rectangle and EFG is

. . a right angled triangle.
. Whatis the sESUEERS i What are the areas of the trapezuims AFED,
= What is the area of the triangular part to the | and £CBF?

right of the area for plantain?

o What is area of the trapezium to the left of the
plantain area?

e InAABC, the angle at B is right. Its area is 48 square
centimetres and the length of BC is 8 centimetres. | %
The side of BC is extended by 6 centimetres to D.
What is the area of AADC?

2rg oele LI I0 OF
s obiag
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Achlevements

On my own

With teacher’s
help

Must improve

s Explaining the methods to compute
the area of a right angled triangle.

e Explaining how the area of any trian-
gle can be computed by splitting into
right angled triangles.

e Solving problems on computation of
triangular areas.




Square and Square Root
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Rows and columns

Look this picture:

e © ©¢ o o o

© © o o o ©

e © ¢ o o o

e ¢ © o © o
Triangular numbers Dots in rows and columns make a rectangle.
See the dots arranged in triangles: | How many dots inall?

a Did you count the dots one by one?

o e Siadr s Can you make other rectangles with 24 dots?
How many dots ::n: there in each? :::t:::yo:r':::ed::q::r\::n cod to make a square?

ah Can you remove some dots and make a square? How

How many dots would be there in the next | many?

triangle? Numbers which can be arranged in squares are called

Such numbers as 1, 3, 6, 10, ... are called | square numbers.

triangular numbers. Do you see anything special about of the number of dots
The first triangular number is 1. making a square?
The second is 1 +2 =3. Squares
: What are the ways in which we can write 36 as the product
Thethirdis | +2+3=6. of two bers?
What is the tenth triangular number? 2x18, 3x12, 4x9
We can also write

36=6%x6
And we have seen that it can also be shortened as 36 =6°.
36 is 6 multiplied by 6 itself; that is, the second power of 6.

There is another name for this:
36 is the square of 6.
Then what is the square of 57
Whuiltheaqmreof-;-?
1 1 1
2%2° 3




Perfect squares

1,4,9, 16, ... are the squares of the natural numbers.
They are called perfect squares.

What is the perfect square after 16?

Why is 20 not a perfect square?

Letus look at the succession of perfect siquares in another
way.

To reach 4 from 1, we must add 3.
To reach 9 from 4? Siquares and triangles

We can state these as Look at these pictures:
4-1 =3

9-4 =35 ® °
16-9 =7 | h: e e
® *e
All these differences are odd numbers, right?
So, the difference of two consecutive peirfect squares is an

Each square is divided into two triangles.

odd number. Let's translate this into numbers:
Let's write this as, 1 4 =1+3
4=1+3 9 &3+6
9=4+5=1+3+5 16 =6+10
16=9+7 =1+3+5+7 Check whether the same pattern continues.
Whatsdg ' ' "
i e By - . -
e SRS T .
we get the perfect squares. two consecutive triangular numbers.
This can be seen from these pictures a'lso. What is the sum of the seventh and eighth

triangular numbers?

o]
e o
1+3=4

Can you write down the squares of natiral numbers upto
20, by adding odd numbers? You can proceed like this

2 =1

2 = 1+3=4
37 = 4+45=9
g = 9+7=16




Increase and decrease
Look at this number pattern:
] =]
4 =]1+2+1
9 = 1+2+3+2+1

o e o riou iy A0 o0

Can you split some more perfect squares like
this? '

v

What is the relat ion between the number of consecutive
odd numbers from 1 and their sum?

What is the sum ©f 30 consecutive odd numbers starting
from 1?

Tricks with tenn
The square of 10 is 100. What is the square of 100?

In the square of 1000, how many zeros are there after 1?
What about the scjuare of 10000?
What happensto the number of zeros on squaring?

So how do we spot t!?e perfect squares among 10, 100,
1000, 10000 and| so on?

Is one lakh a perfe:ct square?

Now find out the squares of 20, 200 and 2000.
Is 400000000 a prerfect square?

What if we put in one more zero? ‘
Now some probleims. Do them all in your head.

o Find out the sqjuares of these numbers.
= 30 = 400 = 7000 = 6x10%

» Find out the perfect squares among these numbers.
= 2500 = 36000 = 1500
s 9x107 w 16x10*
Next square
What is the square: of 217
Waita bit before you start multiplying. .
The square of 20 is 400, isn't it? So to get the square of
21, we need only indd an odd number.
Which odd number?

' Let'smn&mnd:eh;ginning.WecanMite'

2 = P3=P4+(1+2)
3 =245=0242+3)



5 = 42+9=4Z+(4+5)
and so on. Continuing like this, how do we write 2127
212

207 +(20+21)
Thatis,

]

212 400 + 41 =441
Now we can continue as before with
222

and so on.

= 441 +43 =484

How do we find out the square of 101?

102 |

100% = 10000
What more shoulfi we agd ; ;__ﬂ_ﬁ? e
100+101 =201 T
So,

101 = 10000 +201=10201 -
¢ Find out the squares of these numbers using the above
idea.

= 51 = 61

» Compute the squares of natural numbers from 90 to
100. '

Fraction squares
A fraction multiplied by itselfis also a square.

s 121 = 1001

. 3
W]mtlsthesquareofz?
3Y_ 3.3 33 9
4} s 4T o4 16
That is,
3y 9 %
a) 16 42

So to square a fraction, we need only square the numerator
and denominator separately.

Square difference
We have see that

-
22 =1+ (1+2)
3 =24+ (2+3)
4 =3 + (3+4

and so on.

We can write these in another manner also:

22 - P =1+2
3 -2=2+3
4 -3 =3+4

In general, the difference of the squares of
two consecutive natural numbers is their sum.

Now look at these:

52_31 =

What is the relation between the difference
of the squares of alternative natural numbers
and their sum?

Sir, why can't we
square away these
differences?

Iy
))




Now do these problems without pen and paper.
e Find out the squares of these numbers.

: ' AN 0
L] ; - '5 = 3 - 2
e  Which of the fractions below are squares?
‘ : R
L l—s' L] ; L 25 ] 4
SRy o gt
9 18

Decimal squares
What is the square of 0.5?

We know that 5° = 25. How many decimal places would

Look at the last digit of squares of natural | be there in the product 0.5 % 0.5?
numbers from | to 10: w,

Why? "
1,4,9.6,5,6,9.4,1,0 i 5 ?
2= —  right
Now, look at the last digits of squares of natural 10 gh

numbers from 11 to 20. Can you find out the square of 0.05?

Do we have the same pattern? You have computed the squares of many natural numbers.
LARe Kiog da,' = ther thing: Does any perfect | {jging that table, can you find out the square of 0.15?
square end in 27

Which are the digits which do not occur at the V)0 e POSIEN M0 SR foas

end of perfect squares? « Find out the squares of these numbers.

Is 2637 then a perfect square? .12 = 012 « 0013

To decide that a number is not a perfect | o  Which ofthe following numbers are squares?
square, we need only look at the last digit. a 25 s 025 = 0.0016

Can we decide that a number is a perfect
square from its last digit alone? = 144 = 144

What is 5% x 4°?
¥x #£=25x16=...... '
There is an easier way:
x4 =5x5x4%x4
= (5x4)x (5% 4)
=20x20 ‘ .

= 400




Can you find out the products below like this, without pen

PEEETE IE Ta25e . (157 %02 Look at misP;cnu;m i :
What general rule did we use in all these?
T p—— TIIL
: (A A 11
eoo e

Dots in a rectangle.

Can you rearrange the dots to ther
rectangle?

Can you rearrange the dots to Mc a square?
i
What about for three numbers? Start like this:

Square factors _
How do we write 30 as a product of prime numbers?

o

So how do we factorize 900? Vi
How many more are needed to make a
900=30°=(2x3 x5 =22%x3*x5 square?
Similarly, using the facts that 24 = 2* x 3 and 24 = 576, seoly
we get Paee
Ll 11 ]

576=242= (2 x 32 = (DR x P =2 x 3

How many dots were there in the original
rectangle? How many in this square?

Can you write each number below and its square as a

product of prime powers? I What do we see here?

1 =
o 35 o 4% o 72 g oo

Can we do this for all rectangular
e 36 e 49 . arrangements?

The numbers here are 3, 4, 5.

you note any peculiarity of the exponents of the factors So. for this trick 1o work, what should be the

ofthe squares'? , relation between the number of dots in each
row and column of the rectangle?
We can write this in numbers as
We have to draw a square; and its area must be 9 square 2 = (1x3) +1
centimetres.
3= (2x4) +1
How do we do it? = (3x5) +1
The area of a square is the square of the side. Try to continue this.




Square root of a perfect square

784 is a perfect square. What is its square root?
784 is between the perfect squares 400 and
900; and we know that thed quare roots are
20 and 30. So V784 is beWeen 20 and 30.
Since last digit of 784 is 4, its square root should
have 2 or 8 as the last digit. So V784 is either
22 or 28.

784 is near to 900 than 400. So V784 must be
28. Now calculate 28° and check.

Given that 1369, 2116, 2209 are perfect
squares, find their square roots like this.

So if the area is to be 9 square centimetres, what should be
the side?

To draw a square of area 169 square centimetres, what
should be the length of a side?

For that, we must find out which number squared gives
169. Looking up our table of squares, we find 13%=169.
So we must draw a square of side 13 centimetres.
Here, given a number we found out which number it is the
square of. This operation is called extracting the square
roof.
That is, instead of saying the square of 13 is 169, we can
say in reverse that the square root of 169 is 13.
Justaswewrite

137=169
as shorthand for statement "the square of 13 is 169", we
write the statement "the square root of 169 is 13" in
shorthand form as :

.1 169 =13

(the extraction of square root is indicated by the symbol
Vo)
Similarly, the fact that the square of 5 is 25 can'also be
stated, the square root of 25 is 5. In short hand form,

52=25

V25 =5

s 8l

Ingeneral

Now find out the square root of these numbers:

* 100 e 256 LT (f o
. - . E <

4 25 Wty
L l-“ L ] om ’ i I"n[ b



Square root factors

How do we find the square root of 122 57

Since a product of squares is the squane of the product,
we need only write 1225 as a product o f squares.

First factorize 1225 into primes: 0

1226 =5§*% 72 7.

And we can write i

2 X 72 = (5 b 4 7)2=3f"'
i

So, 1225 = 35° o |
From this, we get /1225 =35 ! @ Project
210N

Let's take another example. What is the:, \/3069 ?

As before, we firstfactorize 3969 into pt imes. S —
3969 = 32x 32x T2 _167i98perfectsquarcandthemoriudigits
18 /.

= (3 X3 x 7)1
The next perfect square 25 also has digit
- From this, we get /3969 3><3>$7 sum 7.
Now compute the square roots of these . The digit sum of 36 is 9.

¢ 256 o 2025 o 441 o 9216 o 1089 | Thesum of the digits of the next perfect square
49 is 13. If we add the digits again, the sum is

o 15625 ¢ 1936 o 3025 o 12544 AT R et E s digic s Oridinnd 103
15 single digit number) of perfect squares starting
; L.t"» do m 1 from 1.
# ' f Do you se any pattern?
» Thearea ofa square plot is 1024 squzure metres. What | 15 3324 is perfect square?
is the length of its sides?

o Inahall, 625 chairs are arranged in ro'¢ /s and columns,
with the number of rows equal to the: number of col-
umns, The chairs in one row and one: column are re-
moved.Howmanychamrunain? i

. Tbeannofacertmnnumberofconw:uﬁveoddmm—
bers, starting with 1, is 5184, How ma:d iy odd numbers
are added?

» The sum of two consecutive natural n1imbers and the
square of the first is $5329. What are thi: numbers?

B BT (e | e e e <




help

Describing squares and perfect squares
with examples.

T

Explaining squares and perfect squares
with examples,

Explaining the peculiarities of squares
logically.

e e —

ibing methods to compute th

- .

Descr
are ; SERFTTep S %

Explaining the peculiarities of square
roots with examples.

Solving practical problems using square
and square root.







Who's the fastest?

"We have to find the fastest runner in the school. How do

we do it?" The teacher asked.

Olympics 2012 4
"Let everyone run 100 metres”, Raji said.
Look at the table showing the first five in men's ’

100 metres sprint in the London Olympics Reghu had another idea: "How about everyone running for

N Tie | minute?"
Na . (in seconds)
. They all went to the ground.
1.| Usain Bolt 9.63 '
And all ran 100 metres.
2.| Yohan Blake 9.75
3.| Justin Gatlin 979 - These were the best four:
4.| Tyson Gay 9.80 | ( Name Time )
5.| Ryan Baily 9.88 1. Shyam 16 second
How much time do you take to run 100 2. Joy 18 second
9 54 P~
— 3. Reghu 18 second
L 4. Musthafa 17second )
Who won the race?

Is it easy to conduct a race as Reghu suggested?

Sports meet

' Reghu and friends went in a bus to the sports meet at
| Kozhikode. They started at 7 in the morning and reached
| there at 10, travelling 150 kilometres. Would the speed
. have been the same during the entire trip? .

Could have been 40 kilometres the first hour, 60 kilome-
tres the next and 50 kilometres the last hour.

It's in such instances that we calculated the average,




Here, the distance travelled is 150 kilometres.
And how much time did it take?

So, we can say they travelled %o =50 kilometres in one
hour, on average. |
We can put it this way: the average speed of the bus was |
50 kilometres per hour,
This we write 50 km/h.
Augrage Spsaa
Celina and Beena went to Kozhikode for the State Arts
. . =i : . Be yowr age and
Festival. Celina travelled in a jeep, covering 90 kilometres | I il g 3 o
in2 hours; Beena came in a car, travelling 150 kilometres | there in no time average speed!

in 3 hours. Which vehicle is faster? brother!
The jeep travelled 90 kilometres, right? \ £ Ne
And took 2 hours for the trip.
So what is its average speed?
% =45 km/h

The average speed of the car can also be computed like
this.

Which is greater? : e e ‘“
Now try to solve these problems: G y M‘,"

o Sudheertravelled in a train, covering 240 kilometres in Ly ..
3 hours to reach Thiruvananthapuram. Ramesh came : L, ;
in another train, travelling 120 kilometres in 2 hours. =
Which train is faster? How much faster? -

) I
o A train took 4 hours and 30 minutes to cover 360 kilo- |
metres. What is its average speed?




|

|

| Let'slook at another problem,

| If the average speed of a bus is 52 km/h, how much does

| ittravel in 6 hours?
' Since it travels 52 kilometres each hour on average, in 6
hours it travels
52 x 6 = 312 km
How long does it take to travel 520 kilometres at this
Rotating earth speed?
Do we ever remain still? The Earth whichcar- | The table below gives some details of Joy's trip. Fill in
ries us all, s all the time, spinning on its the missing entries:
own and going round the Sun. [t spins at about
. ( Average )
1700 kmh#rcvolvammdﬂwSun atabout | | uopt e Dlasitcs Time g
100000 km/h. peed
‘Tin | o 4 hour 60 km/h
Car 120 km 2Bour 4., | fidaalli
My bead starts spin- kﬁw;roplam: 5040km | e 840 km/h 5

ning everytime I think
about earth's spin

™ And to think we
2o wp and down

everyday...

)

o Shyama's exam starts at 2 o' clock. To reach the place,
she has to travel 50 kilometres by bus and 175 kilo-
metres by train. Average speed of bus journey
is 20 km/h and average speed of train journey is
50 km/h. To reach there 1 hour before the exam, when
should Shyama leave home?

Sawing time ,

A bus leaves Emakulam at 6 in the mormng and reaches
Thiruvananthapuram at 12 noon, running 40 km/h on
average. To reach one hour earlier, by how much should
the average speed be increased? o

What is the total distance covered?

If the journey time is to be reduced by 1 hour, what should
be the time for the trip?

What should be the average speed o reach an hour

i



Railway station

Abu boarded a bus at 7 in the moming. Usually the bus
travels 30 km/h on average, to reach the railway station at
11. But since it was raining, the bus could run only
20 km/h on average. Abu got down from the bus at 9,
caught a car and reached the station at 11 itself. What was
the average speed of the car? .

What is the distance to the railway station?

How far did the bus travel in the first 2 hours?

So how many kilometres did the car travel?

How much time did it take? -

Now can't you find its average speed?

Average of speeds andauu? speed

A vehicle did the first 120 kilometres of'a trip at an aver-
age speed of 30 km/h and the next 120 kilometres at 20
km/h. What is the average speed of the entire trip? -

The average of the two speeds is
4 Value of time
30+20 _
O kown The smallest unit of fime we usually use is &
Is this what we want? second. Sometimes we need to use smaller

units such as a microsecond or a nanosecond.
, i A microsecond is a millionth of a second. A
Tocomputctheaver.agespeed,wemustdm.dcthetotal et ndis a ith of #eni I
distance by the total time. Time to travel 120 kilometres at

What is the correct reasoning?

anavmgeépegdofSOkm/his Do you kngusby “’h“l""f.ﬁwm
13%09 By P.T. Usha lose an Ob'mpnf» ‘ -‘1 |
Time to travel 120 kilometres at an average speed of
20 kmv/hiis -
%Q =6 hours >

Total time oftmvel 4 + 6 = 10 hours
Total distance travelled = 240 km

Average speed = 24 km/h




Look at the average speeds of some animals:

SLNo. Animal km/h
| Cheetah 112
2 | Horse 70
3 | Fox 65
- Lion 80
5 | Elephant 40
6 | Zebra 64

F T T ————————————————.

e Al (DS

Rahim travelled 350 kilometres in a train and 150 kilome-
tres in a bus. The average speed of the train was 70 kmv/h.
The bus trip lasted 5 hours. What is the average speed of

' the entire trip?

Ty Ramagie .
Ratnagiri is 360 kilometres from Pavizhamala,
Gopika's family travelled in a car, at an average speed of
60 km/h. They managed only 45 km/h during the return
trip. What is the average speed of the entire trip?

Suppose we take the distance as 180 kilometres in this
problem.

Does it change tbg‘al\,fgrgge speed for the entire journey?
Babu went to Mananthavady by bus to see his friend. The
average speed of the bus was 40 km/h. He came back ina

car, at an average speed of 60 km/h. What is the average
speed of the entire trip?

To find this, we have to divide the total distance by the
total time. But we don't know the distance.

We have seen in an earlier problem the average speed
would be the same, whatever be the total distance.

Let's take the distance one way as 120 kilometres.

Total distance is then 240 kilometres

Time for the onward trip = %— =3 hours e
Time for the return trip = l%zmzm:mm
So, the average speed of the entire trip 5 =48 kn/h

What if we take the one way distance as 240 kilometres?
Can't we find the average speed of this trip?

Inj



Johny's journey

« Johny went to his uncle's house, riding his bicycle at
15 km/h and came back at 20 km/h. What's his
average speed for the whole journey?

In seconds :
Over speeding

A vehicle travels at an average speed of 72 km/h. HoW | How much does a car doing m Mmove in
much will it move in one second? +

One hour means 60 minutes; and a kilometre is 1000 me-

a minute?

9% 3 |
w g 2" !zkm
Thus in 60 minutes, this vehicle will travel 72000 metres. And ot 1
So, in one minute, it would move D 1200 metres. ]% kilo means 1500 ‘
* | 4 igid is o4l lzm
Which means that in one second it would move —— =20 1500 75
60 —— = — = 25 metres

60 3
meters.

: hivet So what if the driver is one second late in
We can say that the average speed of the car is 20 meters | applying the brakes? The vehicle would have

per second, written 20 m/s. moved 25 metres ahead.

Compute the speed per hour of a vehicle doing 15 m/s. I told you to go at an average
speed. Now you have an enraged
mob bebind you.

- Now try these problems.

¢ A train travels at an average speed of 36 km/h. How
far will it go in 3 minutes?

« A 180 métres long train takes 9 seconds to pass a
vertical pole. What is the average speed of the train in
kilometre per hour?

t Lots doit

o Acar mmaveragespeedof%knvhfcrwmm-
utesandéOthorthew&tlSmm\m.Howmch
distance did it cover?

« Ramuand Salim travelled to Thiruvananthapuram from
- the same place, each in his own car. Ramu did the




onward journey at an average speed of 120 km/h
and the return at 50 km/h. Salim did both trips at 60

km/h. Who made the total journey in less time?

Road accidents e Twotrains travelling along parallel tracks in the same
We read about traffic accidents every day in direction do 50km/hand 100 km/h on average. The
the papers. The main causes are speeding and faster train starts 2 hours later than the slower. After
carelessness. How many lives are lost on our how many kilometres will the faster train catch up?

roads everyday! . )

_ _ |« Al125metre long train travels at 90 km/h. How much
There is & law that heavy vehicles should in- | 40 would it take to cross a 175 metre long bridge?
stall a “speed-lock”. With this device, they can- :
not go beyond a certain speed.

If each of us obey the traffic rules, we can
reduce the number of accidents.

-~  Achievements Onmyown | With teacher’s /| Must improve |
help

~® Using the idea of average speed to
solve real life problems.

. anlnj‘ the relations between dis-
tance, time and speed.
’,.:

e Solving problems by using different
units, depending on context.




CHILDREN's RiGHTS

Right to freedom of speech and expression.
Right to life and liberty.
Right to maximum survival and development.

Right to be respcéted and accepted regardless of
caste, creed and colour.

Right to protection and care against physwal mental
and sexual abuse.

Right to participation.
Protection from child labour and hazardous work.
Protection against child marriage.

Right to know one’s culture and live accordingly.
Protection against neglect. A

Ri'ght to free ant:l compulsory education.

Right to learn, rest and leisure.

* Right to parental and societal care, and protection.

Major Responsibilities

* Protect school and public facilities.
* Observe punctuality in leaming and activities of
the school.

+  Accept anc.i. respect school authorities, teachers,
parents and fellow students.

* Readiness to accept and respect othcrs

regardless of caste, creed or colour.

Kerala State Commission for Protection of Child Rights
1" Floor, Social Justice Department Directorate, Annexe Building,
Poojappura, Thiruvananthapuram - 12
0471 - 2346602, 2346603
Email: keralachildrights@gmail.com

Child Helpline - 1098, Crime stopper - 1090, Nirbhaya - 1800 425 1400
Kerala Police Helpline - 0471 - 3243000/44000/45000
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