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VOLUME DENSITY

V=M-=:D D=M-=V

3D Solid Shapes

Cylinder Cone
® | I | ®
Cube Cuboid Hexagonal
= O
A er studying this unit, students will be able to:

identify fundamental and derived physical quantities.
identify fundamental and derived units.
obtain units for certain derived quantities.
measure the area and volume of some regular shaped and irregular shaped objects.
convert the volume of objects from cubic metre to litre and vice versa.
calculate the density of solids and liquids.
de ne astronomical unit and light year.
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Introduction

In day to day life, we measure many things
such as weight of fruits, vegetables and food
grains, volume of liquids, temperature of the
body, speed of the vehicles etc., Quantities such
as mass, weight, distance, temperature, volume
are called physical quantities. A value and a unit
are used to express the magnitude of a physical
quantity. For example, let us assume that you
walk 2 kilometre everyday. In this example
2 is the value and kilometre is the unit used
to express the magnitude of distance which
is a physical quantity. In this lesson, we are
going to study about fundamental quantities,
derived quantities such as area, volume and
density, and measurement of larger quantities.

1.1 Fundamental Quantities and

Derived Quantities

Generally, physical quantities are classi ed
into two types. ey are: fundamental quantities
and derived quantities.

1.1.1 Fundamental Quantities

A set of physical quantities which cannot
be expressed in terms of any other quantities are
known as fundamental quantities. Eg. Length,
Mass, Time.  eir corresponding units are called
fundamental units.  ere are seven fundamental
physical quantities in SI Units (System of
International Units). ey are given in Table 1.1.

Table 1.1 Fundamental quantities and their units

Fundamental quantity Fundamental unit

Length metre (m)
Mass kilogram (kg)
Time second (s)
Temperature Kelvin (K)
Electric current Ampere (A)
Amount of substance mole (Mol)
Luminous intensity Candela (cd)
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1.1.2 Derived quantities

All other physical quantities which can be
obtained by multiplying, dividing or by
mathematically combining the fundamental
quantities are known as derived quantities.
Eg. Areaand volume. eir corresponding units
are called derived units. Some of the derived
quantities and their units are given in Table 1.2.

Table 1.2 Derived quantities and their units

Derived quantity

Area=Length Breadth m?
\olume = Length Breadth Height m?
Speed = Distance / Time ms!
Electric Charge = Electric Current Time  C
Density = Mass / Volume kg m
*C - Coulomb

Area is a measure of how much space is
thereona atsurface. e area of a plot of land
is derived by multiplying its length and breadth.

Area = length breadth
e unit of the area is m? (Read as square
metre). Area is a derived quantity as we obtain
it by multiplying the fundamental physical
quantity length (length x breadth).

Problem 1.1

What is the area of 10 squares each having
side of 1 m?

Areaofasquare =side side
=Im 1m
=1m?or 1square metre

Area of 10 squares =1 square metre 10
= 10 square metre

1.2.1 Area of regularly shaped objects

e area of regularly shaped objects can be
calculated using the relevant formulae. In Table
1.3, the formulae used to calculate the area of
certain regularly shaped gures are given.
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1.2.2 Areaof irregularly shaped objects

In our daily life, we encounter many
irregularly shaped objects like leaves, maps,
stickers of stars or owers, peacock feather etc.

e area of such irregularly shaped objects
cannot be calculated using any formula.

How can we find the area of these
irregularly shaped objects? We can find the
area of these figures with the help of a graph
sheet. The following activity shows how to
find the area of irregularly shaped plane
figures.
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is method can be used to nd the area of
regularly shaped gures also. In the case of square
and rectangle, this method gives the measure area
accurately.  is method can be used to calculate
the area of any irregularly shaped plane gures.
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Draw the following regularly shape?
gures on a graph sheet and nd their area
by the graphical method. Also, nd their area
using appropriate formula. Compare the results
obtained in two methods by tabulating them.

a. A rectangle whose length is 12 cm and
breadth is 4 cm.

b. A square whose side is 6 cm.
A circle whose radius is 7 cm.

d. Atriangle whose base is 6 cm and height
is 8 cm.

S. Shape Area using Area using
No. P formula | graphical method

» One square metre is the area
Kﬁ,‘ enclosed inside a square of

v 5
0 side 1 metre. Even though area

is given in square metre, the surface need
not to be square in shape

1.3 Volume

e amount of space occupied by a three
dimensional object is known as its volume.

Volume = Surface area Height

e SI unit of volume is cubic metre or m2.

1.3.1 Volume of regularly shaped objects

As in the case of area, the volume of a
regularly shaped objects can also be determined
using an appropriate formula. Table 1.4 gives
the formulae used to calculate the volume of the
regularly shaped objects.

® Table 1.4 Volume of regularly shaped objects ®

side side side

aaa=a

length breadth height
I b h=1Ibh

a
1 Cube
a
2 Cuboid N
3 Sphere

4/3 (radius)®
4/3 r*=4/3 r

- radius)®> height
4 Cylinder h (radius)” heig
e r* h= r*h
4
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unit of 'ml.  is actually represents millilitre.
To understand this unit of volume, let us rst
understand how much a litre means. Litre is the
commonly used unit to measure the volume of
liquids. We know that the unit of volume is cubic
cm if the dimensions of the object are given in
cm. is cubic cm is commonly known as 'cc’.
A volume of 1000 cc is termed as one litre (I).

1 litre = 1000 cc or cm?
1000 ml =1 litre

1.3.3 Volume of irregularly shaped objects

ere is no formula to
1.3.2 Volume of Liquids determine the volume of
irregularly shaped objects

Liquids also occupy some space and ;
as in the case of area. For

hence they also have volume. But, liquids do
not possess any de nite shape. So, the volume
of a liquid cannot be determined as in the
case of solids. When a liquid is poured into a
container, it takes the shape and volume of the ACTIVITY 3

@ container. e volume of any liquid is equal to
the space that it lls and it can be measured
using a measuring cylinder or measuring
beaker. e maximum volume of liquid that
a container can hold is known as the capacity
of the container. A measuring container is
graduated as shown in gure.

such objects, volume can
be determined using a
measuring cylinder and water.

8888283888

Measuring containers

e volume of a liquid is equal to the
volume of space it lls in the container. is can
be directly observed from the readings marked
in the measuring containers. If we notice the
measuring cups given in gure carefully, we
can observe that the readings are marked in the

‘ ‘ VIl Std Science Term-1 EM Unit L.indd 5 @ 06/01/2022 01:49:56‘ ‘



Measurement

Derived
Quantities

Fundamental

Quantitiy

Derived

\ Units '

Area of
regular objects

Fundamental

o units

~ Areaof Graphical
irregular objects method

Volume of
regular objects

@ Measuring @

cylinders
Volume R
liquids
Litre and its
Volume of multiples
i F Archimedes
regular object principle
De nition of

density & its unit

Density

Density of
di erent materials

Relation between
density, Volume
& Mass
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> To measure the volume of
h liquids, some other units are
also used. Some of them are
gallon, ounce, and quart.
1 gallon = 3785 ml
1 ounce =30 ml

1 quart =1 litre

1.4 Density

Take water in a beaker and drop an iron ball

and a cork into the water. What do you observe?

e iron ball sinks and the cork oats as shown in
gure. Can you explain why?

-~ "KNOW?

Cork

Iron Ball
Iron ball sinks while cork oats in water

If your answer is heavy objects sink in water
and lighter objects oat in water, then, why
does a metal coin sinks in water whereas a much
heavier wooden log oats?  ese questions can be
answered if we understand the concept of density.

Lighter coin sinks while heavier wooden log oats

‘ ‘ VIl Std Science Term-1 EM Unit L.indd 7

a. Take an iron block and a wooden block
of same mass (say 1kg each). Measure
their volume. Which one has more
volume and occupies more volume?
Ans:

b. Takeaniron block and a wooden block of
same size. Weigh them and measure their
mass. Which one of them has more mass?
Ans:

From activity 4, we observe that wooden
block occupies more volume than the iron ball
of same mass. Also, we observe that wooden
block is lighter than the iron block of same size.

e lightness or heaviness of a body is due
to density. If more mass is packed into some
volume, it has greater density. So, the iron
block will have more mass than the wooden
block of the same size.  erefore, iron has
more density.

Density of a substance is de ned as the
mass of the substance contained in unit volume
(1 m3). If the mass of a substance is M and
volume is V, then, its density is given as

. _ Mass (M)
Density (D) = Volume (V). V)
p=M

\Y

Sl unit of density is kg/m®. e CGS unit of
density is g/cm?.

1.4.1 Density of di erent materials

Different materials have different
densities. The materials with more density
are called denser and the materials with less
density are called rarer. e density of some
widely used materials are listed in Table 1.4.

06/01/2022 01:50:01 ‘ ‘
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Table 1.5 Density of some common 1 }
substances, at room temperature Sﬁl" Water has more density than
- "KNOW:

eiateh | Derei CaiE - o!ls like cooking oil a!nd castor
- Air 12 oil, although these oils appear

Kerosene 800 to be denser than water. Density of castor

1

2 .

3 Water 1,000 oil is 961 kg/m3. If we put one drop of

4 Mercury 13,600 water in oil, water drop sinks. But, if we

5 Wood 770 put one drop of oil in water, oil oats and

6 Aluminium 2,700 forms a layer on water surface. However,

7 Iron 7,800 some oils are denser than water.

8 Copper 8,900 ¢ *
9 Silver 10,500

[y
o

Gold 19,300

e relationship between mass, density and
volume are represented in the following density
triangle.

® Density = Mass/ Volume ®

Mass = Density Volume . .
Volume = Mass / Density 1.5 Measuring larger distances

Normally, we use centimetre, metre and
kilometre to express the distances that we
measure in our day to day life. But, for space
research, astronomers need to measure very
long distances such as the distance between the
earth and a star or the distance between two
stars. To express these distances, we shall learn
about two such units, namely,

i. Astronomical unit
ii. Lightyear

1.5.1 Astronomical Unit

We all know that the earth revolves around
the sun in an elliptical orbit. Hence, the distance
between the sun and the earth varies every day.
When the earth is in its perihelion position (the
position when the distance between the Earth
and the Sun is short), the distance between
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147.1 million km
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S Aphelion

152.1 million km

Perihelion and Aphelion position of Earth

the earth and the sun is about 147.1 million
kilometre. When the earth is in its aphelion
position, (the position when the distance
between Earth and the Sun is the largest) the
distance is 152.1 million kilometre. e average
distance between the earth and the sun is about
149.6 million kilometre. is average distance
is taken as one astronomical unit. Neptune is
30 AU away from the Sun. It means it is thirty
times farther than the Earth.

One astronomical unit is de ned as
the average distance between the earth and
the sun.

1 AU = 149.6 million km
=1496 10°km=1.496 10"m.

1.5.2 Lightyear

e nearest star to our
solar system is Proxima
Centauri. It is at a distance of
2,68,770 AU. We can note here
that using AU for measuring
distances of stars would be unwieldy.  erefore,
astronomers use a special unit, called light
year, for measuring the distance in deep space.
We have learnt that the speed of light in vacuum
is3 108 m/s. is means that light travels a
distance of 3 108 m in one second. In a year
(non-leap), there are 365 days. Each day has

‘ ‘ VIl Std Science Term-1 EM Unit 1.indd 9

24 hours, each hour has 60 minutes and each
minute has 60 seconds.

us, the total number of seconds in one year
= 365 24 60 60
= 3.153 107second

If light travels at a distance of 3 108 m in
one second, then the distance travelled by light
inoneyear=3 10® 3.153 10"=9.46 10%
m. is distance is known as one light year.

One light year is de ned as the distance
travelled by light in vacuum during the period of
one year.

1Lightyear=9.46 10®m.

In terms of light year, Proxima Centauri
is at 4.22 light-years from Earth and the Solar
System. e Earth is located about 25,000 light-
years away from the galactic centre.

Points to Remember

A set of physical quantities which cannot be
expressed in terms of any other quantities
are known as fundamental quantities.

eir corresponding units are called
fundamental units.

e physical quantities which can be
obtained by mathematically combining
(i.e.,, multiplying and dividing) the
fundamental quantities are known as

06/01/2022 01:50:01 ‘ ‘



Sl unit of density is kg/m®. e CGS unit of

e materials with higher density are called
denser materials and the materials with

If the density of asolid is higher than that of
aliquid, it sinks in that liquid. If the density
of a solid is lower than that of a liquid, it

One astronomical unit is de ned as the
average distance between the Earth and the
Sun.1AU=149.6 10°km=1.496 10" m.

One light year is de ned as the distance
travelled by light in vacuum during the period

‘ ‘ VII Std Science Term-1 EM Unit 1.indd 10
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Volume of irregularly shaped objects are

e area of a leaf can be measured using a

e region covered by the boundary of a plane

@
derived quantities.  eir corresponding
units are called derived units. density is g/cm?®. 1g/cm?® = 10° kg/m?.
e area of a gure is the region covered
by the boundary of the gure. Its SI unit is
square metre or m2, lower density are called rarer materials.
e area of irregularly shaped gures can
be calculated with the help of a graph sheet.
e amount of space occupied by a three _ o
dimensional object is known as its volume. oats In that liquid.
e Sl unit of volume is cubic metre or m?. Density = Mass / Volume
e volume of liquids are expressed in Mass = Density ~Volume
terms of litre. One litre = 1000 cc. Volume = Mass / Density
e maximum volume of a liquid that a
container can is known as the capacity of
the container.
Density of a substance is de ned as the
mass of the substance contained in unit
volume (1 md). of one year. 1 Light year =9.46  10®m.
@
% Evaluation
. Choose the best answer. Il. Fillin the blanks.
Which of the following is a derived quantity? 1.
a) mass b) time measured using the law of
c) area d) length _ )
) o 2. One cubic metre is equal to
. Which of the following is correct? ) .
cubic centimetre.
a) 1L =1cc b) 1L=10cc
¢) 1L =100cc d) 1L =1000 cc 3. Density of mercury is
Sl unit of density is 4. One astronomical unit is equal to
a) kg/m? b) kg/m* c¢) kg/m d) g/m? 5.
. Two spheres have mass and volume in the
ratio 2:1. e ratio of their density is
12 b)21 ¢4l d) 14 I11. State true or false. If false, correct
. . : the statement.
Light year is the unit of
a) distance b) time 1
c) density d) Both length and time gure is called its volume.
10
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Volume of liquids can be found using
measuring containers.

Water is denser than kerosene.
A ball of iron oats in mercury.

A substance which contains less number of
molecules per unit volume is said to be denser.

IV. Match the following items.

a.
1. Area a. light year
2. Distance b. m?
3. Density c. m?
4. Volume d. kg
5. Mass e. kg/m?
b.
1. Area a. g/cmd
2. Length b. measuring jar
3. Density c. amount of a substance
4. \olume d. rope
5. Mass e. plane gures
V. Arrange the following in correct
sequence.
1L,100cc, 10 L, 10 cc
Copper, Aluminium, Gold, Iron
V1. Use the analogy to Il in the blank
1. Area:m?:: Volume:
2. Liquid: Litre :: Solid :
3. Water : Kerosene :: : Aluminium

VII. Consider the following statements

1.

2.

and choose the correct option.
Assertion: Volume of a stone is found using a
measuring cylinder.
Reason: Stone is an irregularly shaped
object.
Assertion: Wood oats in water.
Reason: Water is a transparent liquid.

‘ ‘ VII Std Science Term-1 EM Unit 1.indd 11
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3. Assertion: Iron ball sinks in water.
Reason: Water is denser than iron.
a. Both assertion and reason are true and

reason is the correct explanation of
assertion.

b. Both assertion and reason are true, but
reason is not the correct explanation of
assertion.

c. Assertion is true but reason is false.

d. Assertion is false but reason is true.

VIII. Answer very brie .

1. Name some of the derived quantities.
2. Give the value of one light year.

3. Write down the formula used to nd the
volume of a cylinder.

4. Give the formula to nd the density of
objects.

5. Name the liquid in which iron ball sinks.

6. Name the units used to measure the distance
between celestial objects.

7. What is the density of gold?

IX. Answer brie .

1. What are derived quantities?

2. Distinguish between the volume of liquid
and capacity of a container.

3. De ne the density of objects.
4. What is one light year?

5. De ne - Astronomical unit.

X. Answer in detail.
1. Describe the graphical method to nd the area
of an irregularly shaped plane gure.

2. How will you determine the density of a
stone using a measuring jar?
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XI. Questions based on Higher Order XI1. Numerical problems:

inking Skills: 1. A circular disc has a radius 10 cm. Find the
ere are three spheres A, B, C as shown below. area of the disc in m? (Use = 3.14).

Sphere A and B are made of same material. 2. e dimension of a school playground is
Sphere Cismade of adi erent material. Spheres 800 m 500 m. Find the area of the ground.
Aand C have equal radii. e radius of sphere B 3. Two spheres of same size are made from
is half that of A. Density of A is double that of C. copper and iron respectively. Find the ratio

between their masses (Density of copper is

8,900 kg/m3*and iron is 7,800 kg/m?3).

4. Aliquid having a mass of 250 g lls a space

Now answer the following questions. of 1000 cc. Find the density of the liquid.

I.  Find the ratio of masses of spheres A and B. 5. A sphere of radius 1cm is made from silver.
il.  Find the ratio of volumes of spheres A and B. If the mass of the sphere is 33g, nd the
iii.  Find the ratio of masses of spheres A and C. density of silver (Take =3.14).

XII1. Cross word puzzle.
@ @

(d) (b) ©

@ @) ®

3

)

Clues Across

1. Sl unit of temperature; 2. A derived quantity; 3. Mass per unit volume; 4. Maximum volume
of liquid a container can hold

Clues Down

a. Aderived quantity b. Sl unitof volume c¢. Aliquid denser thaniron d. A unit of length used
to measure very long distances

Answer

1. Kelvin; 2. Volume; 3. Density; 4. Capacity a. Velocity; b. Cubic metre; c. Mercury; d. Lightyear

12
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Measurement

Lets know about the effects of
mass and volume on density.

PROCEDURE:

Step 1:  Use the URL or scan the QR code to open the activity page.
Step 2:  Select the options at top right side window to customize

Step 3:  Move the sliders on the top le -side window to change the Material and Mass,
Volume. Now see the e ects of mass and volume on density.

Step4: Click Reset all button to refresh

https://phet.colorado.edu/en/simulation/density (or) scan the QR Code

*Pictures are indicative only

*If browser requires, allow Flash Player or Java Script to load the page.

13
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Learning Objectives o

A er studying this unit, students will be able to:

de ne distance and displacement.
di erentiate distance and displacement.

de ne speed, velocity and acceleration.

di erentiate speed and velocity.
draw and explain distance - time and velocity - time graphs.
measure and calculate the speed of moving objects.

know the day to day uses of centre of gravity and stability.

14

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 14 11-11-2022 20:21:09 ‘ ‘



Introduction

Look at the picture given below. Kavitha
can reach her school in two ways, as shown in
the picture. Can you tell, by choosing which
path she could reach the school early?

In the picture given below, you can see leaf
falling from a tree. In which path the leaf will
reach the ground rst?

Path of the leaf when

there is no wind. there is wind.

Uma and Priya are friends studying in the
same school. A er school hours, they go to the
nearby playground, play games and return back
home. One day Uma told that she would reach
the playground a er visiting her grandmothers
house. e paths which they took to reach the
playground is shown here.

Take a twine and measure the length of the
two paths (A and B). Which is the longest path
among the two?

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 15
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Playground

From the above examples, we could

conclude that when an object travels from one
place to another, it will reach faster if it travels
along the straight line path. e straight line
path is the shortest distance between two points.

In this lesson we are going to study about
distance and displacement, speed and velocity,
acceleration, distance - time graph, velocity - time
graph, centre of gravity and stability.

2.1 Distance and Displacement

e total length of a path taken by an
object to reach one place from another place
is called distance. e shortest distance from
the initial position to the nal position of an
object is called displacement. Both distance
and displacement possess the same unit. e Sl
unit distance and displacement is metre (m).

e gure given below shows the motion
of a person between two places A and B.

@ 10km
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He travels 10 km along the rst path. Along
the second path, he travels 7 km. e distance
between A and B in the case of rst path is 10
km. In the case of second path, the distance is 7
km. eshortest distance between the two places
is 5 km which is represented by the third path.
So, the displacement is 5 km (In east direction).

e path of an object moving from point A
to point B is shown in the gure. Total distance
travelled by the objectis 120 m. e displacement
of the object is 40 m (south - east direction).

e path in which a rabbit ran is shown
in the gure below. Let us consider that each
square is in an unit of one square meter. e
rabbit starts from point A and reaches the
point B. Find the distance and displacement of
itin the two gures. When will the distance and
displacement be equal? ( e starting point and
the nishing point should be di erent).

A B A

Distance Distance
Displacement

Displacement

When we represent the displacement, we
use a positive or negative sign depending on the
direction in which it travels.

A B

Let us consider the point A as the starting
point. While the object moves from A to B the

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 16
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displacement is considered to be positive and it
is negative, when it travels from B to A.

Subha goes to the nearby playground from
her home. Look at the picture and answer the
following questions.

1. What is the distance she travelled?
2. What is her displacement?

Can you answer the following questions?

e distance travelled by an object is 15 km
and its displacement is 15 km. What do
you infer from this?

e distance travelled by a person is 30 km
and his displacement is 0 km. What do you
infer from this?

" Nautical mile
Nautical mile is the unit for
measuring the distance in the eld of
aviation and sea transportation. One
nautical mile is 1.852 km.
e unit for measuring the speed of
aeroplanes and ships is knot. It means that
they travel one nautical mile in one hour.

2.2 Speed - Velocity

2.2.1 Speed
In sixth standard you have already studied
about speed in detail. Speed is the rate of change
of distance.
Speed = Distance / Time
e unit of speed is metre/second (m/s).
We can classify speed into two types.

-~ "KNOW?
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Uniform speed

If a body in motion covers equal distances
in equal intervals of time, then the body is said
to be in uniform speed.

Non- uniform speed

If a body covers unequal distances in equal
intervals of time, the body is said to be in non-
uniform speed.

Average _ Total distance travelled
Speed Time taken to travel the distance

’ 1km/h=5/18 m/s
How we got this ?
1km=1000m;1h=23600s

1km/h=1000m/3600s=5/18m/s

~ "KNOW?

(o} °
4

. B Know the speed

Tortoise 0.1 m/s

Person walking 1.4 m/s

Falling raindrop 9-10 m/s

Cat running 14 m/s

Cycling 20-25 km/h
Cheetah running 31 m/s

Bowling speed of

fast bowlers 90-100 miles /h

Badminton smash 80-90 m/s
Passenger jet 180 m/s
Rocket 5200 m/s
o . ]
2.2.2 \elocity

\elocity isthe rate of change in displacement.
Velocity (v) = Displacement / Time
SI unit of velocity is metre / second (m/s).

Look at the gure. An athlete takes 25 s to
complete a 200 m sprint event. Find her speed
and velocity.

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 17
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ﬂ Distance
travelled

=<

-
-

Distance _ 200

Speed = - =8m/s
Time 25
Velocity = —Dlspla_lcement = ﬂ =2m/s
Time 25

Uniform velocity

A body is said to have uniform velocity, if
it covers equal displacement at equal intervals
of time in the same direction. E.g. Light travels
through vacuum.

Non-uniform velocity

If either speed or direction changes, the
velocity is non-uniform. E.g. A train starting
and moving out of the station.

Average velocity

If the total displacement of an object is
divided by the total time taken by the object we
get the average velocity.

Total displacement
Total time taken

Average velocity =

Inthe gure given below, a car travels 5 km
due east and makesa U turn to travel another
7 km. If the time taken for the whole journey is
0.2 h, calculate the average velocity of the car.

Starting point 5km
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Average velocity = Total displacement/Time taken.
(Taking the direction due east of point O as
positive)

Average velocity =(5 7)/0.2
2/0.2
10 km/hor 10 5/18

25/9 = 0.28 m/s

e triangle method can help you to
recall the relationship between velocity (v),
displacement (d), and time(t).

v=d/t,t=d/v,d=v t

Answer the following questions.

Calculate the velocity of a car travelling
with a uniform velocity covering 100 m in
4 seconds.

Usain Bolt covers 100 m in 9.58 seconds.
Calculate his speed. If Usain Bolt competes
with a Cheetah which is running at a speed
of 30 m/s, who will be the winner?

You are walking along east direction
covering a distance of 4 m, then 2 m
towards south, then 4 m towards west and
at last 2 m towards north. You cover the
total distance in 21 seconds. What is your
average speed and average velocity?

2.3 Acceleration

Acceleration is the rate of change of velocity.
In other words, if a body changes its speed or
direction then it is said to be accelerated.

20ms! 3o0mst 20m st

# @ —>

%—wjl

. Change in velocity
Acceleration =

Time

_ Final velocity (v) Initial velocity (u)
- Time
(v u)
a=
t

SI unit of acceleration is m/s?

A car at rest starts to
travel in a straight line path. It
reaches a velocity of 12 m/sin
4 s . What is its acceleration,
assuming that it accelerates
uniformly?

_—
u=0mst1 B v=12ms1

ty=4s

Initial velocity, u 0 m/s (Since the car starts

from rest)
Final velocity (v) = 12m /s
Timetaken (t) = 4s
Acceleration (a) = v " s (124 0_ 3m/s?
[o, °
, See how brisk I am!
L2227
- OW?

My name is cheetah. | can run at great

speed. Do you know what my speed is? It is

25 m/s to 30 m/s. My speed changes from

0 to 20 m/s in 2 second. See how good my

acceleration is ! Can you calculate it?
[e, ®

2.3.1 Positive acceleration

If the velocity of an object increases with
respect to time, then the object is said to be in
positive acceleration.

20m s !
Gg———*30ms 1

(a) Change in speed (b) Change in direction

18

(c) Change in both speed and direction
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6 m/s

e velocity of a train at di erent times is given in the gure.
Analyse this and complete the table .

14 m/s 14 m/s 6 m/s 2m/s

e distance Initial
travelled by | velocity (u)

train m/s

A-B 0 6
B-C

C-D

D-E

E-F

2.3.2 Negative acceleration or
Deceleration or Retardation

If the velocity of an object decreases with
respect to time, then the object is said to be
in negative acceleration or deceleration or
retardation.

u=8ms!? v=2ms!?
Q Q

t=10s

e velocity ofagolf ball rolling inastraight
line changes from 8 m/sto 2 m/sin 10s. What is
its deceleration, assuming that it is decelerating
uniformly ?

Initial velocity (u) = 8 m/s

Final velocity (v) = 2m/s
Time taken(t) = 10s
Acceleration (a) = (v . u):(2108): 0.6m/s?

e deceleration is 0.6 m/s?

2.3.3 Uniform acceleration

An object undergoes uniform acceleration
when the change (increase or decrease) in its
velocity for every unit of time is the same.

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 19
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Acceleration = Change in
Time velocity / Time
taken (t) a=(v u)/t
S m/s?

6 10 0.6

e table given below shows the uniform
acceleration of a bus.

Velocity 20420 40420 60+20 80+20 100 + 20
(m/s)

(acceleration)

Velocity 50 20 80-20 60-20 40-20 20-20
(m/s)

(deceleration)

When the velocity of the object isincreasing
by 20 m/s the acceleration is 20 m/s2. When the
velocity of the object is decreasing by 20 m/s the
deceleration is 20 m/s?.

2.3.4 Non uniform acceleration

An object undergoes non uniform
acceleration if the change in its velocity for
every unit of time is not the same.

rime) 0 [1] 2345
Velocity (m/s) 0 10 40 60 70 50

Change in 0 10 30 20 10 20
Velocity (m/s)

Note here that the change in velocity is not
the same for every second. us, the moving
object is undergoing non-uniform acceleration.

11-11-2022 20:21:12 ‘ ‘



2.4 Distance Time Graphs

A car travelling along a Ok
straight line away from the mEsSs
starting point O is shown in
the gure. e distance of
the car is measured for every
second. e distance and time are recorded and
a graph is plotted using the data. e results for
four possible journeys are shown below.

Starting

point A\
v S 0=
O - Q\@ |

|
a. Car at rest

Time (5) 0|1 (2|3 ]|4]|5
Distance (m) | 20 [ 20 | 20 [ 20 | 20 | 20

A
50

40
30

Distance (m)

200—o—o—0o—0o—»

10

»
T T T T Ll

0" P8 S
Time (s)

A

e graph has zero gradient. i.e. the
distance is constant for every second.  us, the
car is at rest.

b. Car travelling at uniform speed of 10ms*

Time (s) Ol 1 (2|3 ]|4]|5

Distance (m)| 0 [ 10 | 20 [ 30 | 40 | 50

Distance (m)

Time (S)
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20

e graph has constant gradient. e
distance increases 10 m in every second.  us,
the car moves with uniform speed.

c. Car travelling at increasing speed

Time (s) 0|12 |3 4|5

Distance(m)| O | 5 | 20 [ 45| 80 [125

75
50

Distance (m)

N
(O]

Time (5)

e graph has an increasing gradient, i.e.
at is, the speed increases.
d. Car travelling at decreasing speed

Time (s) o123 |4]5
Distance (m) | 0 | 45| 80 | 105|120 125

125
100

Distance (m)
3 o

N
o1

1 2 3

4 5

Time (s)

e graph has a decreasing gradient.  at
is, the speed decreases.

2.5 Speed Time Graphs

Let us consider a bus travelling from
anjavur to Trichy. e speed of the bus is
measured for every second. e speed and
time are recorded and a graph is plotted using
the data. It is known as speed-time graph. e
results for four possible journeys are shown.
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a. Bus at rest

Time (s)

Speed (ms™)

e speed of the bus remains at 0 ms™. So,

Speed (m s71)

50
40
30
20
10

Time (S)

the bus has zero acceleration.

b. Bus travelling at uniform speed of ms*

Time (s) o112 |3 |4]5
Speed (ms?) | 10 [ 10 | 10 | 10 | 10 | 10
A
50
40
Tt'n 30
S
< 201
3
(% 10 ¢————————
el et
Y
Time (s)

e speed of the bus remains at 10 ms™.
Here, slope of the line is zero. So, the bus has

zero acceleration.
c. Bus travelling uniform acceleration

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 21

Time (s) 0|1 (2|3 ]|4]|5
Speed (ms?*) | 10 | 10 | 20 | 30 | 40 | 50
A
501
40
F':n 30
E
5 20-
3 10-
BN AR AT AR 5 o
\J
Time (s)

e speed of the bus increases by 10 ms*
every second. Hence, the graph has a positive
and constant gradient, and the acceleration is

constant.

d. Bus travelling uniform deceleration

Time (s) Ol 1123 ]|4|5
Speed (ms?) | 50 | 40 | 30 |20 | 10| O
E
©
D
&

Time (s)

The speed of the bus decreases by 10 ms™*
very second. Hence, the graph has a negative
and constant gradient and the acceleration is
negative and constant.

e. Bus travelling with increasing acceleration

(Non-uniform acceleration)

Time (s) Ol 1123 ]|4|5
Speed (ms?*) [ 10 | 2 | 8 | 18 | 32 | 50

Time (s)

The speed of the bus is increasing with
time. Hence, the graph has a positive and
increasing gradient and the acceleration

increases.
21
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f. Bus travelling with decreasing acceleration
(non-uniform acceleration)

Time (s) O|1(2]3]|4]|5
Speed (ms™) | 10 | 18 | 32 | 42 | 48 | 50

50
40
30
20
10

Speed (m s71)

Time(s)

e speed is decreasing with time. Hence,
the graph has a positive and decreasing gradient,
and the acceleration decreases.

2.5.1 Comparison between Distance
Time and Speed Time Graphs

e Speed Time graphs and Distance
Time graphs may look very similar. But, they

give di erent information. We can di erentiate

them by looking at the labels.

e A\
Graph and Story

Raju began walking to his school.
Suddenly he remembered that he
forgot his pen and walked back
home. But he stopped suddenly
when he heard a noise.
Draw a graph for the given story
Rani was waiting for her mother
for some time. When she saw her
mother, she ran out of her home
hugged her and stood there for a
while.

Distance

Time

Distance

Time

Imagine and write a story on your own for the
given graph?

Distance

Time

. J

From Ato B

FromBto C

FromCto D

Car accelerates uniformly from rest.

Car moves at constant speed.

Car decelerates uniformly to a stop.

Distance/m

Distance moved increases

at an increasing rate. Hence,
gradient increases (Represented
by a concave curve).

Distance-Time Graph

Distance moved increases
uniformly over time. Hence,

gradient is a constant
(Represented by a\,
straight line).

Distance moved increases at a
decreasing rate. Hence,
gradient decreases (Represented
by a convex curve).

O_._________ [
O—t---------=-=-=-

| Time/s
Speed-Time Graph
Speed increases i i i
uniformly over time. i | Speed decreases uniformly !
Hence, gradientisa | ' over time. Hence, gradient
positive constant ! ' isanegative constant I
Speed/ms 1 (represented by a | i (Represented by a straight |
straight line). ; x ~_line). i
S:peed is constant. Hence, the i i
q'raph here is a horizontal line. i i
; ; ; Time/s
B C D
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2.6 Centre of Gravity

Try to balance a -
cardboard on your nger E‘;%E!
tip. What do you observe? E:-:Rxsn
You can notice that there is JJ®
only one point at which the =]
cardboard is balanced. e point at which the

cardboard is balanced is called the centre of
gravity of the cardboard.

e centre of gravity of an object is the
point through which the entire weight of the
object appears to act. How dowe nd the centre
of gravity of an object ?

ACTIVITY 1

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 23
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Centre of gravity

Total pull of the earth (weight) appears
to act through the centre of gravity

2.6.1 Centre of gravity of regular
shaped objects

Generally the centre of gravity of the
geometrical shaped objects lie on the geometric

centre of the object.

9.CG
Weight of card Weight of triangle
Weight of disc Weight of ring

e rulerisin equilibrium when supported
at its centre of gravity. For a regular object such
as a uniform meter ruler, the centre of gravity
is at the centre of the object. When the object
is supported at that point, it will be balanced. If
it is supported at any other point, it will topple.

2.7 Stability

Stability is a measure of the bodys ability
to maintain its original position.  ree types of
stability are:

a. Stable equilibrium

b. Unstable equilibrium

c. Neutral equilibrium

Let us demonstrate them by taking a
frustum.

11-11-2022 20:21:13 ‘ ‘



Stable Equilibrium

In stable equilibrium, the frustum can be
tilted through quite a big angle without toppling.

Moment
 \ of weight

Centre of 5
gravity raises

Centre of
gravity

Base
area

Pivot

Its centre of gravity is raised when it is
displaced. e vertical line through its centre of
gravity still falls within its base. So, it can return
to its original position.

Unstable Equilibrium

In this equilibrium, the frustum will topple
with the slightest tilting. Its centre of gravity is
lowered when it is displaced.

Moment
of weight

Centre of
gravity
lowers

Centre of =——
gravity

Base
area

Pivot

Here, the vertical line through its centre of
gravity falls outside its base. So, it will not come
back to its position.

Neutral Equilibrium

It causes frustum to topple. e frustum
will roll about but does not topple. Its centre of
gravity remains at the same height when it is
displaced. e body will stay at any position to

which it has been displaced.
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Centre of gravity
remains at the
same height

2.7.1 Condition for Stability

Stability can be increased by the following
ways.

Lowering its centre of gravity

Increasing the area of its base

A heavy base lowers the centre of gravity
So, the object will be stable.

A broad base makes the object more stable.

(o} °

’ e anjavur Doll

T It is s type of traditional
toy made in anjavur

from terracotta material. e centre of

gravity and the total weight of the doll

IS concentrated at its bottom most point,

generating a dance-like continuous

movement with slow oscillations.

~ 'KNOW?

o .

2.7.2 Real Life Applications of Centre of
Gravity

In order to have stability, the luggage

compartment of a tour bus is located at the
bottom and not on the roof.

Extra passengers are not allowed on the
upper deck of a crowded double decker bus.
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Racing cars are built low and broad for
stability.

Table lamps and fans are designed with large
heavy bases to make them stable.

Points to Remember

e total length of a path taken by an object
to reach one place from the another place
is called distance.

e shortest distance from the initial to the
nal position of an object.

Acceleration is the rate of change in
velocity. SI unit of acceleration is m/s2.

&
2. Evaluation
A |

Velocity is the rate of change in
displacement. SI unit of velocity is metre /
second (m/s).

e centre of gravity of an object is the
point through which the entire weight of
the object appears to act.

Generally the centre of gravity of the
geometrical shaped object lie on the
geometric centre of the object.

Stability is a measure of the body s ability to
maintain its original position.

e three types of stability are: stable
equilibrium, unstable equilibrium, neutral
equilibrium.

. Choose the best answer.

A particle is moving in a circular path of
radius r. e displacement a er half a circle
would be

a. Zero b. R c. 2r d. r/2

Which of the following gures represent
uniform motion of amoving object correctly?

a b

Distance
Distance

Time

Time

(g}
(o

Distance
Distance

~ Time “ Time
Suppose a boy is enjoying a ride on a merry
go round which is moving with a constant
speed of 10 m/s. It implies that the boy is

a. atrest

b. moving with no acceleration

‘ ‘ VII Std Science Term-1 EM Unit 2.indd 25

c. in accelerated motion
d. moving with uniform velocity

4. From the given v-t graph it can be inferred

that an object is

a. in uniform motion b. at rest
c. innon - uniform motion

d. moving with uniform accelerations

Distance

Time

How can we increase the stability of an object?
a. Lowering the centre of gravity

b. Raising the centre of gravity

c. Increasing the height of the object

d. Shortening the base of the object

I1. Fill in the blanks.

e shortest distance between two places is

e rate of change of velocity is
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3. If the velocity of an object increases with
respect to time, then the object is said to be

in acceleration.

4. e slope of the speed time graph gives

5 1In equilibrium, the centre of
gravity remains at the same height when it

is displaced.

I11. Match the following.

Displacement Knot
Light travelling Geometric
through vacuum centre
Speed of ship Metre

Centre of gravity of

geometrical shaped Larger base

: area

objects

Stability Uniform velocity
IV. Analogy

1. Velocity : metre/second :: Acceleration :

2. Length of scale : metre :: Speed of aeroplane

3. Displacement / Time : Velocity :: Speed /

Time:

V. Answer very brie .

=

IX. Fill in the boxes.

Asher says all objects having uniform speed
need not have uniform velocity. Give reason.
2. Saphira moves at a constant speed in the same
direction. Rephrase the same sentence in
fewer words using concepts related to motion.

3. Correct your friend who says that
acceleration gives the idea of how fast the
position changes.

V1. Answer brie .

1. Show the shape of the distance  time
graph for the motion in the following cases.
a. A bus moving with a constant speed.
b. A car parked on a road side.
Distinguish between speed and velocity.

3. What do you mean by constant acceleration?

4. What is centre of gravity ?

VII. Answer in detail.

1. Explain the types of stability with suitable
examples.

2. Write about the experiment to nd the
centre of gravity of the irregularly shaped
plate.

VII1. Numerical problems.

1. Geetha takes 15 minutes from her house to
reach her school on a bicycle. If the bicycle
has a speed of 2 m/s, calculate the distance
between her house and the school.

2. A car starts from rest and it is travelling
with a velocity of 20 m/s in 10 s. What is its
acceleration?

3. A bus can accelerate with an acceleration
of 1 m/s? Find the minimum time for the
bus to attain the speed of 100 km/s from
50 km/s.

Move 4 metres east
Move 4 metres north
Move 2 metres east

Move 5 metres east
Move 5 metres south
Move 10 metres west

ep| Cnlf 251 @) ) =
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Move 2 metres west
Move 2 metres south
Move 4 metres west

Move 5 metres west
Move 2 metres north
Move 3 metres east

26

2 m east
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Element Compound Mixture
(Hydrogen) (Water) (Hydrogen & Oxygen)

Learning Objectives
O

A er studying this unit, students will be able to:
know about the molecules of elements and compounds.
write the symbols o