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students. We wanted this book to provide students, the much needed answers for their textual questions as well as 
build up their knowledge quotient in the process.   
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KEY 
FEATURES 

‘Reading between the lines’ (not a
part of the answer) helps students to
grasp a better understanding of the
concept lying behind the answer. 

Reading between The lines 

Includes questions from latest Board
Papers of March and December 2020. 

Latest Board Questions 

Optimum coverage of new type of
questions i.e., diagram based
questions, paragraph based questions. 

New Question Types 

Memory Maps summarize the key
points in the chapter and provide
chapter overview succinctly. 

QR code provides:  
i. Access to a video/PDF in order to

boost understanding of a concept
or activity

ii. ‘Answer key’ for Model Question
Paper & Board Question Paper of
March 2022

Memory Maps

QR Codes 

Solved numerical questions segregated
type wise are provided wherever
applicable. For revision, list of all
important formulae is provided at the
beginning of the section. 

Numerical Section

Wherever possible, questions are
allotted with marks in accordance
with new marking scheme. 

Weightage of Marks 

A detailed thinking process involved
while solving numerical problems is
explained in step wise manner in
‘Illustrative Examples’. 

Chapter Assessment helps students to
evaluate understanding of the
chapter. 

Chapter Assessment 

Model Question Paper and Board
Question Paper are provided for the
students to know about the types of
questions that are asked in the Board
Examinations. 

Illustrative Examples 

Question Papers Sample Content



 There will be separate question papers for Part 1 and Part 2 of 40 marks each.
 Duration of each paper will be 2 hours.

Question 
No.  Type of Questions Total 

Marks 

1. 
(A) 5 Questions of 1 mark each (Multiple Choice Questions) 05 
(B) 5 Questions of 1 mark each (Objectives) 05 

2. 
(A) 3 Questions of 2 marks each (Scientific Reasoning) (Solve any 2) 04 
(B) 5 Questions of 2 marks each  (Solve any 3) 06 

3. 8 Questions of 3 marks each (Solve any 5) 15 
4. 2 Questions of 5 marks each (solve any 1) 05 

Distribution of marks according to question type and aims 

Sr. 
No. Question type Marks 

Marks 
with 

option 
% 

Marks 
Sr. 
No. Aims Marks 

Marks 
with 

option 
% 

Marks 

1. Objective 10 10 25 1. Knowledge 10 15 25 
2. Very short answer 10 16 25 2. Understanding 10 15 25 
3. Short answer 15 24 37.5 3. Application 16 24 40 
4. Long answer 5 10 12.5 4. Skill 4 6 10 
 Total 40 60 100 Total 40 60 100

[Maharashtra State Board of Secondary and Higher Secondary Education, Pune - 04] 

 
No. Topic Name Marks Marks with 

option Page No. 

1. Gravitation 03 05 1 
2. Periodic Classification of Elements 04 06 24 
3. Chemical Reactions and Equations 04 06 46 
4. Effects of Electric Current 05 07 74 
5. Heat 03 05 99 
6. Refraction of light 05 07 120 
7. Lenses 04 06 137 
8. Metallurgy 04 06 159 
9. Carbon Compounds 05 07 183 

10. Space Missions 03 05 221 
Model Question Paper Part - 1 - - 237 
Board Question Paper of March 2022 
(Solution in PDF format through QR code) 

- - 
240 

Modern Periodic Table  - - 244 


For your own understanding, scan the adjacent QR code to download the 
Reduced / Non-Evaluative Portion for academic year 2021-22. 

Note: Textual exercise questions are represented by * mark.  
      Textual solved examples are represented by + mark. 

          Modified textual questions are represented by  mark. 
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Exam Pointers   

Students are expected to write the answers in their Examination as illustrated below.   
Find out the correlation – Determine the correlation between two components and rewrite it.   
1. In Fleming’s right hand rule-Thumb: Motion of conductor :: In Fleming’s right hand rule-Index finger: 

_______ 
Ans: In Fleming’s right hand rule-Thumb: Motion of conductor :: In Fleming’s right hand rule-Index finger: 

Magnetic field  
MCQ - Write only the correct option while answering MCQ. 
 
2. When _______ is passed through fresh lime water, it turns milky. 
 (A) H2   (B) CO2 
 (C) CO   (D) SO2 
Ans: 3. (B)    
Numericals - Write the valid final answer along with the correct unit. 
 
3. Calculate the escape velocity on the surface of the moon given the mass and radius of the moon to be  

7.34  1022 kg and 1.74  106 m respectively.       
Ans: vesc = 2.372 km/s    

Reading between the lines   
The explanation provided under ‘Reading between the lines’ is not expected to be a part of the 
answer. Its sole purpose is to provide a sound understanding of the concept behind the answer.   
   1. What is the expected trend in the variation of 

nonmetallic character of elements from left to 
right in a period?                    

   Ans: The nonmetallic character increases from left to 
right in a period. 

 
   
 
 
 
 
 

 
 
 
  
                    

Answer

Not part of the answer 

Reading between the lines 
While going from left to right within a
period, electrons get added in the same
shell. At the same time, protons get
added in the nucleus increasing the
nuclear charge. This increases the
effective nuclear charge experienced by
valence electrons. As a result, the
tendency to gain electrons increases.
Thus, the nonmetallic character
increases from left to right in a period. Sample Content



 

Practicing model papers is the best way to self-assess your preparation for the exam  
Scan the adjacent QR Code to know more about our “SSC 53 Question Papers & Activity
Sheets With Solutions.” 

Going through the entire book in the last minute seems to be a daunting task? 
Go for our “Important Question Bank (IQB)” books for quickly revising important questions
Scan the adjacent QR Code to know more. 

Once you solve 1000+ MCQs in a subject, you are going to become a pro in it.  
Go for our “Science and Technology MCQs (Part - 1 & 2)” & become a pro in the subject. 
Scan the adjacent QR code to know more. 
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1. The velocity of light is _______in different
media.
(A) 3 × 108 m/s (B) same
(C) different (D) infinite

2. When a ray of light passes through glass slab,
refraction of light occurs _______.
(A) once (B) twice
(C) thrice (D) many times

3. Choose the correct statement regarding the
incident ray, refracted ray and normal drawn at
the point of incidence.
(A) They all lie in the same plane.
(B) Refracted ray lies in one plane, while

incident ray and normal lie in another
plane.

(C) Refracted ray and normal lie in one
plane, incident ray in another plane.

(D) Incident ray and refracted ray are always
perpendicular to each other.

4. For a given pair of media, the ratio of the sine
of the angle of incidence to the sine of the angle
of refraction is _______.
(A) always greater than 1
(B) always less than 1
(C) constant
(D) always equal to 1

5. When rays of light are incident on a glass slab,
then the incident ray and emergent ray are
_______ to each other.
(A) perpendicular (B) parallel
(C) opposite (D) concurrent

6. Amol performed an experiment on tracing the
path of a ray of light passing through a
rectangular glass slab. When ray of light enters
from air to glass slab, he observed
∠i = 45°. The angle of refraction must be
(A) 45° (B) more than 45°
(C) less than 45° (D) 60°

7. One student is doing experiment to draw the
path of light rays passing through a glass. For
this, he measured the angle of refraction and
angle of emergence for every angle of
incidence. In all the cases he found that
_______.

(A) The angle of incidence is larger than the
angle of refraction, but is almost equal to
the angle of emergence.

(B) The angle of incidence is smaller than the
angle of refraction, but it is almost equal
to the angle of emergence.

(C) The angle of incidence is larger than the
angle of refraction and also it is larger
than the angle of emergence.

(D) The angle of incidence is smaller than the
angle of refraction, and also it is smaller
than the angle of emergence.

*8. If the refractive index of glass with respect to

air is 3
2

, what is the refractive index of air with 

respect to glass? 

(A) 1
2

(B) 3 (C) 1
3

(D) 2
3

9. A ray of light makes an angle of 50° with the
surface S1 of the glass slab. Its angle of
incidence will be_______.                [Mar 2019]
(A) 50° (B) 40°
(C)  140° (D) 0° 

10. In an experiment, the path of a ray of light
passing through a rectangular glass slab was
traced by a student. Which of the following
diagram shows correct measurement of angle of
incidence (i), refraction (r), and emergence (e)?

(A) Diagram 1 (B) Diagram 2
(C) Diagram 3 (D) Diagram 4

Choose the correct alternative    [1 Mark each] 

Refraction of light6 

Diagram 1 

i 

r 

e 
Diagram 2 

   i 

e 

r 

Diagram 4 
e 

r 

i 

Diagram 3 
e 

r 

i 
Sample Content



121 

Chapter 6: Refraction of light 
 

11. When a light ray makes an angle of 90° while
entering a glass slab from air, it_______.
(A) bends towards the normal.
(B) goes away from the normal.
(C) goes straight without bending at point O.
(D) returns into the air.

12. A light ray entering glass from water,_______.
(A) it goes away from the normal.
(B) it bends towards the normal.
(C) it travels straight without bending.
(D) it returns into water.

13. A laser beam enters from air to soap solution in
water then _______.                  [July 2019]
(A) it goes away from the normal
(B) it bends towards the normal
(C) it travels straight without bending
(D) it returns back into air

14. Mirage is the effect of atmospheric ______on a
small scale.
(A) scattering (B) reflection
(C) dispersion (D) refraction

15. The actual position of star is slightly _______
than apparent position of star.
(A) lower (B) higher
(C) nearer (D) farther

*16. What is the reason for the twinkling of stars?
(A) Explosions occurring in stars from time

to time.
(B) Absorption of light in the earth’s atmosphere.
(C) Motion of stars.
(D) Changing refractive index of the

atmospheric gases.
*17. We can see the sun even when it is little below

the horizon because of _______. 
(A) reflection of light
(B) refraction of light
(C) dispersion of light
(D) absorption of light

18. The process of separation of light into its
component colour while it is passing through a
medium is called _______.         [Dec 2020]
(A) Reflection
(B) Refraction
(C) Dispersion
(D) Internal reflection

19. Which colour shows maximum deviation when
light is dispersed through prism?
(A) Violet (B) Red
(C) Yellow (D) Blue

20. The wavelength of violet light is close to
_______.
(A) 4 × 10–7 m (B) 7 × 10–7 m
(C) 5.5 × 10–7 m (D) 2 × 10–7 m

21. How to convert light dispersed by prism again
into white light?
(A) By using white light rays.
(B) By using glass slab.
(C) By adding one more prism erected.
(D) By adding one more prism inverted.

22. _______does not occur during the production
of rainbow.
(A) Refraction (B) Dispersion
(C) Reflection (D) Induction

Answers: 
1. (C) 2. (B) 3. (A)
4. (C) 5. (B) 6. (C)
7. (A) 8. (D) 9. (B)
10. (A) 11. (C) 12. (B)
13. (B) 14. (D) 15. (A)
16. (D) 17. (B) 18. (C)
19. (A) 20. (A) 21. (D)
22. (D)

1. Select the appropriate options and complete
the following paragraph.
(spectrum, dispersion, grey, green, maximum,
minimum, electromagnetic, refraction, optical,
intense)
Light is an _______ radiation. The process of
separation of light into its component colours
while passing through a medium is called as
_______ of light. The band of coloured
components of a sunlight beam is called its
_______. Various colours appearing in the
spectrum are of the order as violet, indigo, blue,
_______, yellow, orange and red. Different
colours have different wavelengths which are
visible to our eyes i.e., between 400 nm and
700 nm. Red light has _______ wavelength
whereas violet light has _______ wavelength.

Answer: 
Light is an electromagnetic radiation. The 
process of separation of light into its component 
colours while passing through a medium is called 
as dispersion of light. The band of coloured 
components of a sunlight beam is called its 
spectrum. Various colours appearing in the 
spectrum are of the order as violet, indigo, blue, 
green, yellow, orange and red. Different colours 
have different wavelengths which are visible to 
our eyes i.e., between 400 nm and 700 nm. Red 
light has maximum wavelength whereas violet 
light has minimum wavelength. 

1. A phenomenon when light changes its direction
when going from one transparent medium to
another transparent medium

Name the following          [1 Mark each] 

Complete the paragraph         [3 Marks] 
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2. The refractive index of a medium with respect
to vacuum

3. A phenomenon of light which generally occurs
in desert due to atmospheric refraction

4. The band of coloured components of a light
beam

5. The device used by Sir Issac Newton to
produce spectrum of seven colours

6. Colour of spectrum which deviates most during
dispersion

7. Angle of incidence for which the angle of
refraction becomes 90°

Answers: 
1. Refraction of light
2. Absolute refractive index
3. Mirage
4. Spectrum
5. Glass prism
6. Violet
7. Critical angle

 
 

1. Light travels along a straight line path in a
transparent medium.

2. Shadows change due to the change in relative
positions of source of light and object.

3. The refractive index depends upon the velocity
of light in medium.                            [Dec 2020]

4. The refractive index of first medium with respect

to second medium is given by by 1n2 = 1

2

v
v

.         

5. The angle of refraction is always greater than
the angle of incidence for a ray of light
travelling from optically denser medium to a
rarer medium.

6. Speed of light in air is always less than that in
glass.

7. During refraction of light through the glass
slab, incident ray and emergent ray are
perpendicular to each other.

8. An illusion of the appearance of water on a hot
road or in a desert is an example of dispersion
of light.

9. Twinkling of stars is due to dispersion of light.
10. The rainbow can be enjoyed in front of fountain

in the morning, on a sunny day, facing the west.
Answers: 
1. True.
2. True.
3. True.
4. False.

The refractive index of first medium with

respect to second medium is given by 1n2 = 2

1

v
v

5. True.
6. False.

Speed of light in air is always greater than that
in glass.

7. False.
During refraction of light through the glass
slab, incident ray and emergent ray are parallel
to each other.

8. False.
An illusion of the appearance of water on a hot
road or in a desert is an example of mirage.

9. False.
Twinkling of stars is due to change in refractive
index of atmosphere.

10. True.

1. Yellow, Red, Orange, Brown.
2. Dispersion, Scattering of light, Total internal

reflection, Refraction.
Answers: 
1. Brown.

All others are colours produced in a rainbow,
whereas brown colour is not a part of it.

2. Scattering of light
All other phenomena are responsible for the
rainbow formation, whereas scattering of light
does not contribute to the formation of rainbows.

 

1. Reflection: Velocity remains same :: _______ :
Velocity changes

2. Water: denser medium :: Air: _______
3. High refractive index: cool air :: low refractive

index: _______.
4. Reflection of light: Mirror :: _______ :  Prism
5. A ray travels from optically rarer to optically 

denser medium: i > r :: A ray travels from optically
denser to optically rarer medium: _______

6. Angle of incidence is less than critical angle:
Partial reflection :: Angle of incidence is
greater than critical angle: _______

Answers: 
1. Refraction

In reflection, light travels in same medium hence
velocity remains same. In refraction, light travels
in different medium hence velocity changes.

2. Rarer medium
In case of water and air, water acts as denser
medium and air acts as rarer medium.

3. Hot air
Refractive index of hot air is less than that of
cool air.

4. Dispersion of light
Mirror is used to study the reflection of light and
prism is used to study the dispersion of light.

True or False.  
If false, write the correct sentence 

  [1 Mark each] 

Complete the analogy      [1 Mark each] 

Odd one out    [1 Mark each]                 
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5. i < r
When ray of light travels from optically rarer
medium to optically denser medium, the ray of
light bends towards the normal hence i > r.
When ray of light travels from optically denser
medium to optically rarer medium, the ray of
light bends away from the normal hence i < r.

6. Total internal reflection
Partial reflection occurs when angle of
incidence is less than critical angle whereas
total internal reflection occurs when angle of
incidence is greater than critical angle.

1. Match the colour given in column I with
corresponding wavelength in column II.

[1 Mark each] 

Column I Column II
i. The 

wavelength 
of red light 

a. 600 nm 
b. 700 nm 
c. 500 nm 

[Mar 2020] 
Answer: 

(i − b) 

*1. If the angle of incidence and angle of
emergence of a light ray falling on a glass 
slab are i and e respectively, prove that, 
i = e.          [3 Marks] 

Ans:  

i. In the above figure,
i = angle of incidence,
r = angle of refraction,
e = angle of emergence.
At point N, using Snell’s law,

glassnair = 
sin i
sin r

….(1) 

At point M, using Snell’s law,  

airnglass = 
sin r
sin e

….(2) 

But glassnair = 
air glass

1
n

∴ sin i 1
sin r sin r

sin e

=
 
 
 

….[From (1) and (2)] 

∴ 
sin i sin e
sin r sin r

=

∴ sin i = sin e 
∴ ∠i = ∠e 

ii. Hence, for the refraction of light through a
glass slab angle of incidence is equal to angle
of emergence, i.e., i = e.

2. ‘During refraction of light through the glass
slab, incident ray and emergent ray are
parallel to each other.’ Explain.      [2 Marks]

Ans:  
i. Refraction of light takes place twice in a glass slab.
ii. The first refraction occurs when light enters the

glass from air. The second refraction occurs
when light  enters air from glass.

iii. The angle of incident of the light ray is equal to
the angle of emergence.

iv. On both the parallel sides of the glass slab, the
change in direction of light ray is equal but in
opposite directions.

v. Thus, the light ray emerging from the glass slab
is parallel to the incident ray.

3. What would be the path of refracting ray
and emergence ray, if two glass slabs kept
attached to each other are used?     [2 Marks]

Ans:  
i. For refraction of light passing through two

glass slabs, the incident ray and the emergent
ray are parallel to each other.

ii. The emergent ray is displaced more with
respect to the incident ray in the case of two
attached glass slabs as compared to refraction
of light through a single glass slab.

4. Use your brain power!  (Textbook page no. 74)
i. Will light travel through a glass slab with the

same velocity as it travels in air?
ii. Will the velocity of light be same in all

media?                                                [2 Marks]
Ans:  
i. No. The speed of light is different in glass than

in air.
ii. No. The velocity of light varies in different media.

Match the following      

Answer the following 

Incident ray 

P Q 

R S M 

N 

Refracted ray Glass 
slab 

i 

e 

r 

r 

Medium 2 
(n2) 

Medium 1 
(n1) 

Emergent ray 

In the given figure, refraction of light takes 
place twice in the glass slab. The first 
refraction takes place at point N on side PQ 
when the ray of light enters from air 
medium to glass medium. The second 
refraction takes place at M on side SR when 
the ray of light enters from glass medium to 
air medium. 

Reading between the lines 
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5. State and explain laws of refraction of light.
[3 Marks]    

Ans: 
i. The incident ray and the refracted ray are on the

opposite side of the normal at the point of
incidence, and all three lie in same plane.

ii. a. For a given pair of media, the ratio of the
sine of the angle of incidence to the sine 
of the angle of refraction is constant. 

b. The second law is also called as Snell’s law.
c. If ‘i’ is the angle of incidence and ‘r’ is

angle of refraction, then
sin
sin r

i = constant

d. This constant is called the refractive index
of second medium with respect to first
medium. It is denoted by n.

∴ sin i
sin r

= n 

6. What is meant by absolute refractive index?
    [1 Mark] 

Ans: The refractive index of a medium with respect to 
vacuum is called its absolute refractive index. 

7. What is refraction of light? How is
refractive index of material related to
velocity of light?                           [3 Marks]

Ans:  
Refraction of light:  
Light changes its direction when passing from one 
transparent medium to another transparent medium. 
This is called the refraction of light.  
Relationship between refractive index and 
velocity of light: 
i. The extent of change in the direction of light

ray is different for different media and depends
upon the refractive index of medium.

ii. The value of refractive index is different for
different media and it depends on the velocity
of the light in the medium.

iii. The refractive index (2n1) of second medium
with respect to the first is given by the ratio of
the magnitude of velocity of light in first
medium (v1) to that in second medium (v2), i.e.,

2n1 = 1

2

velocityof light in first medium (v )
velocityof light insecond medium (v )

iv. Refractive index of medium 1 with respect to

medium 2 is 1n2 = 2

1

v
v

Thus, the refraction of light depends upon refractive 
index of the material which in turn depends on 
velocity of light in medium.   

*8. Fill in the blanks and explain the completed
sentences.        [5 Marks] 

i. The change in _______ of light rays while
going from one medium to another is called
refraction.

ii. Refractive index depends on the _______ of
light.

Ans: 
i. The change in direction of light rays while

going from one medium to another is called
refraction.

ii. Refractive index depends on the velocity of
light.

Explanation: Refer Answer the following Q.7  
9. Can you tell? (Textbook page no. 75)

If the refractive index of second medium with
respect to first medium is 2n1 and that of third
medium with respect to second medium is 3n2,
what and how much is 3n1?                [2 Marks]

Ans:  
i. 3n1 denotes refractive index of third medium

with respect to first medium.
ii. Refractive index of third medium with respect

to first medium is given by, 

3n1 = 
1

3

v
v

Multiplying and dividing R.H.S. of above 
equation by v2, 

3n1 = 
1 2

2 3

v v
v v

×

Since, 2n1 = 
1

2

v
v  and 3n2 =

2

3

v
v

∴ 3n1 = 2n1 × 3n2  
10. State using a neat diagram, what happens to

the path of light
i. when light ray passes from rarer to denser

medium.
ii. when light ray passes from denser to rarer

medium.
iii. when light ray is incident normally at the

boundary between two media.         [3 Marks]
Ans: 
i. When a light ray passes from a rarer medium to

a denser medium, it bends towards the normal.

ii. When a light ray passes from a denser medium to
a rarer medium, it bends away from the normal.

i 

r 

Rarer medium 

Denser medium 

Normal 

i 

r Rarer medium 

Denser medium 

Normal 
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iii. When a light ray is incident normally at the
boundary between two media i.e.,
i = 0, it does not change its direction and
hence does not get refracted. i.e., r = 0

11. Give two examples of the phenomenon where
refraction of light takes place.          [1 Mark]

Ans: Dispersion of light and mirage.  
12. Write short note on formation of mirage.

[3 Marks] 
Ans: 
i. In summer, the air near the hot road or desert

surface has very high temperature and hence it
becomes lighter than the cool air above it.

ii. As, the density of air goes on decreasing with
increase in height above the surface, the
refractive index of air increases.

iii. Hence, the direction of light rays coming from
a distant object keeps changing according to
laws of refraction.

iv. This makes the light rays coming from distant
object appear to come from an image of the
object inside the ground as shown in the figure.
This is called mirage.

v. Thus, formation of mirage is the effect of
changing refractive index in the atmosphere.

vi. An illusion of the appearance of water on a hot
road or in a desert is an example of mirage.

13. Explain with an example the effect of
atmospheric refraction on a small scale.

[2 Marks] 
Ans: 
The effect of atmospheric refraction on a small scale: 
i. At the time of holi, objects beyond and above

the holi fire appear to be shaking.
ii. The air just above the fire becomes hotter than

the air further up. The hot air is lighter (rarer)
than the cool air (denser) above it.

iii. Hence, the refractive index of hot air is less
than that of cool air.

iv. As the physical conditions of air are not
stationary, the apparent position of object
changes due to atmospheric refraction of light.

14. Explain how twinkling of stars is an effect of
atmospheric conditions on refraction of light.

       [3 Marks] 
Ans: 
i. Stars are point sources of light as they are very

far away from us.
ii. The apparent position of star is slightly higher

than its actual position due to refraction of
starlight from the atmosphere. The starlight
travels from rarer medium to denser medium
and continuously bends towards the normal.

iii. Due to the motion of atmospheric air and
change in density and temperature, the
atmosphere is not steady. As a result, refractive
index of air in given region changes
continuously and randomly.

iv. Hence, the apparent position of star and its
brightness is not stationary but changes slightly.

v. In this way, due to change in refractive index of
atmosphere, the stars appear twinkling at night.

15. Explain the occurrence of advanced sunrise
and delayed sunset on the basis of
atmospheric refraction.                  [2 Marks]

Ans: 
i. In the morning, the Sun should be seen by the

observer when it reaches the horizon, but it is
seen two minutes before that.

ii. As ray of light from the Sun enters the earth’s
atmosphere, it follows a curved path due to
refraction, before reaching the observer.

iii This makes the apparent position of the Sun 
slightly higher than actual position for the 
observer. Hence, the Sun is seen earlier before 
the Sun reaches the horizon. 

iv. Atmospheric refraction of sunlight also occurs 
at the sunset. In this case, the observer on the 
earth continues to see the setting Sun for two 
minutes after the Sun has dipped below the 
horizon, thus delaying the sunset. 

16. i. Draw a neat labelled diagram of
‘dispersion of white light through glass 
prism’. 

ii. Which coloured ray is the least
deviated?

iii. Which coloured ray is the most
deviated?

[Dec 2020][3 Marks] 

Ray path 

Apparent star position 

Star 

Refractive index 
increasing  

Apparent star position due to 
atmospheric refraction 

Rarer medium 

Denser medium 

Apparent 
reflecting 
surface Image 

Cool air Observer 
Object 

Hot air 
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Ans: 
i. 

ii. Red coloured ray deviates the least during the
dispersion of light through a prism.

iii. Violet coloured ray deviates the most during
the dispersion of light through a prism.

17. Explain partial reflection, critical angle and
total internal reflection with the help of a
neat labelled diagram.                      [5 Marks]

Ans: 
i. When a ray of light enters a rarer medium from

a denser medium, it gets partially reflected i.e.,
part of the light gets reflected and comes back
into the denser medium obeying the laws of
reflection. This is called partial reflection.

ii. The rest of the light gets refracted and goes into 

the rarer medium. As light is going from denser
to rarer medium, it bends away from the normal 

i.e., the angle of incidence (i) is smaller than the 

angle of refraction (r).
iii. According to Snell’s law, the refractive index of

the material is constant. Hence, on increasing
the angle of incidence the angle of refraction (r)
increases.

iv. For a particular value of i for which, the value
of r becomes equal to 90°, is called the critical
angle.
For i = critical angle = ic, r = 90°

2n1 = csin i
sin90°

 = sin ic  ....( sin 90° = 1) 

v. For angles of incidence larger than the critical
angle, the angle of refraction is larger than 90°.
Such rays return to the denser medium as
shown in the figure. Thus, all the incident light
gets reflected back into the denser medium.
This is called total internal reflection.

*18. Prove that a rainbow is the combined effect
of the refraction, dispersion, and total 
internal reflection.                    [3 Marks] 

Ans:  
i. The rainbow appears in the sky after a rainfall.
ii. Water droplets present in the atmosphere act as

small prism.
iii. When sunlight enters these water droplets it

gets refracted and dispersed.
iv. This dispersed light gets totally reflected inside

the droplet and again is refracted while coming
out of the droplet.

v. As a combined effect of all these phenomena,
the seven coloured rainbow is observed.

19. Read the statements given below and identify
the concepts explained in them.       [3 Marks]

i. While sitting in front of a bonfire, Pranjali
observes that the image of Rahul appears to be
shaking. Identify the optical phenomenon
responsible for this.

ii. Name the optical phenomenon behind
occurrence of circles made of seven colours on
the roads during rainy season.

iii. During an experiment, Viraj records that certain
property of a light ray remains unchanged no
matter from which medium the ray is travelling.
Name that property.

iv. During the same experiment Viraj observes that
as the white light passes from rarer to denser
medium, it gets dispersed. In the denser
medium, as Viraj moves from violet light to red
light, what happens to the refractive index of
the medium?

v. When the light source is kept in an optically
denser medium, name the incident angle for
which the refracting ray grazes along the
surface of the medium.

vi. When Reema observes a light ray coming from
medium 2 into medium 1, she sees that the ray
bends away from the normal while entering the
medium 1. Which medium in this case is
optically rarer?

Ans:  
i. Atmospheric refraction of light
ii. Dispersion of light
iii. Frequency
iv. It decreases
v. Critical angle
vi. Medium 1

O
Partial reflection 

Partial reflection, Critical angle 
and total internal reflection 

Total internal 
 reflection 

Medium 1 

Medium 2 r  = 90° 
r r′

i i′ ic i > ic 

Refracted Rays 

Water

Light source 

Air

Rain drop 

Red Violet 

Formation of rainbow 

Sunlight 
Internal 
reflection 

Screen 

Dispersion of light 
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1. Planets do not twinkle.
Ans:
i. The rays of light from a planet pass through the

atmosphere of the earth.
ii. As compared to stars, planets are nearer to

earth.
iii. So a planet can be considered as a collection of

large number of point sources of light.
iv. If the intensity of light from one point source

decreases, it increases from the other source.
Thus, the average intensity remains the same.

Hence, planets do not twinkle. 

2. Star appears to be twinkling at night.
[Dec 2020] [2 Marks] 

Ans: Refer Answer the following Q.14. 

3. Stars twinkle but we do not see the twinkling
of planets.            [Mar 2020] [2 Marks]

Ans: 
i. Due to the motion of atmospheric air and

change in density and temperature, the
atmosphere is not steady. As a result,
refractive index of air in given region changes
continuously and randomly.

ii. Due to this, the  position and brightness of the
star keep changing continuously and the star
appears to be twinkling

iii. The rays of light from a planet pass through
the atmosphere of the earth. As compared to
stars, planets are nearer to earth. So a planet
can be considered as a collection of large
number of point sources of light.

iv. If the intensity of light from one point source
decreases, it increases from the other source.
Thus, the average intensity remains the same.
Hence, stars twinkle but we do not see the
twinkling of planets.

4. Violet light is deviated most and red light is
deviated the least on passing through the
prism.

Ans: 
i. Different colours travel with different speed in 

prism.
ii. Hence, refractive index of prism is different for

different colours. It is maximum for violet light
and minimum for red light.

iii. The angle of deviation of ray of light on passing
through a prism depends on the refractive index
of the material of the prism.

Hence, violet light is deviated the most and red light 
is deviated the least on passing through a prism. 

1. Reflection of light and Refraction of light
Ans: 

Sr.
No. Reflection of Light Refraction of light 

i. Light travels in the 
same medium after 
reflection. 

Light travels in 
different medium 
after refraction. 

ii. Speed of light does not 
change after reflection. 

Speed of light changes 
after refraction. 

iii. Angle of incidence is 
equal to angle of 
reflection. 

Angle of incidence 
is not equal to angle 
of refraction. 

iv. Phenomenon such as 
dispersion of light 
does not occur. 

Phenomenon such as 
dispersion of light 
occur. 

1. Complete the table.

Ans: 

 
 

1. In an experiment with a rectangular glass slab,
a student observed that a ray of light incident
at an angle of 55° with the normal on one face of
the slab, after refraction struck the opposite
face of the slab before emerging out into air
making an angle of 40° with the normal.

i. Draw a labelled diagram to show the path of
this ray.

ii What value would you assign to the angle of 
refraction? 

iii. What value would you assign to the angle of
emergence?

Give reasons        [2 Marks each] 

Questions based on diagram  [3 Marks each] 

 Distinguish between                     [2 Marks] 

Complete the given chart/table     [2 Marks] 

Rarer to Denser 
medium 

Ray bends towards 
the normal 

Rarer to Denser 
OR 

Denser to rarer 
Ray pass normally 

i < r 

Denser  to rarer 
medium 

i < r Ray bends away  
from the normal 

Rarer to Denser 
OR 

Denser to rarer 
i = r = 0 Ray pass normally 

Rarer to Denser 
medium i > r 

Ray bends towards 
the normal 
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Ans:  
i. 

ii. Angle of refraction at point A is 40°.
iii. Angle of emergence at point B is 55°. 
2. Observe the given figure and answer the

following questions:   
i. Name the process represented by the figure.
ii. State the two laws related to the process. 

[Mar 2020][3 Marks] 
Ans: 
i. Refraction of light
ii. Laws of refraction:

a. Incident ray and refracted ray at the point
of incidence N are on the opposite sides of
the normal to the surface of the slab at that
point i.e. CD, and the three, incident ray,
refracted ray and the normal, are in the
same plane.

b. For a given pair of media, here air and
glass, the ratio of sin i to sin r is a constant.
Here, i is the angle of incidence and r is the
angle of refraction.

3. Given figure represents formation of
rainbow in the sky.

i. Label A and B of the given diagram.
ii. Which colour deviates most through water

drop? 
iii. Which phenomena is shown with label C?

Ans: 
i. Label A: Red colour light

Label B: Violet colour light

ii. Violet colour, i.e., B deviates most through water
drop.

iii. Label C represents total internal reflection. 
4. Based on the below diagram, answer the

following question.  

i. What do labels A and B denote?
ii. What do labels C and D denote?
iii. What does the above diagram represent?
Ans:
i. Label A : Apparent position of star.

Label B : Real position of star.
ii. Label C : Horizon

Label D : Atmospheric layers
iii. The above diagram represents effect of

atmospheric refraction 

  

1. Ekta and Vaibhav performed an experiment and
found refractive indices of various media as
mentioned in the following table. Observe the
table and answer the questions based on it.

Substance Refractive 
Index Substance Refractive 

Index 

Air 1.0003 Crown 
glass 1.52 

Water 1.33 Rock salt 1.54 

Alcohol 1.36 Dense 
flint glass 1.66 

Kerosene 1.39 Ruby 1.76 
Turpentine 
oil 1.47 Sapphire 1.76 

Benzene 1.50 Diamond 2.42 
i. Arrange the following substances from denser

to rarer medium.
Benzene, Alcohol, Water, Turpentine oil, Rock salt

ii. From the above table, mention the rarest and
most dense media.

iii. What will happen to the path of light, when light
travels from crown glass to dense flint glass?

iv. What will happen to the path of light, when
light travels from sapphire to ruby?

v. What is the value of refractive index of rock
salt with respect to water?

Answers: 
i. Rock salt, Benzene, Turpentine oil, Alcohol,

Water.

Questions based on paragraph  [5 Marks each] 

A 

B 

C 

D 

Earth 

B 

55° A 

40° 

Incident 
ray 

Emergent 
ray 

refracted  
ray 

Rain drop 

Formation of rainbow 

A 

B 
C 

i 

r 

N 

B 

C A 
Air 

D Glass 
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ii. Most rare medium: Air
Most dense medium: Diamond

iii. Light ray will bend towards the normal.
iv. Light ray will go undeviated as both the media

have same refractive index. 
v. Refractive index of rock salt with respect to

water = 1.54
1.33

 = 1.16 

2. The observations made by Swarali while
doing the experiment are given below. Based
on these write answers to the questions:
Swarali found that the light ray travelling
from the denser medium to rarer medium
goes away from the normal. If the angle of
incidence (i) is raised by Swarali, the angle of
refraction (r) went on increasing. However,
after certain value of the angle of incidence
the light ray is seen to return back into the
denser medium.
Questions:

i. What is the specific value of ∠i called?
ii. What is the process of reflection of incident ray

into denser medium called?
iii. Draw the diagrams of three observations made

by Swarali.                           [Mar 2019]
Answers: 
i. The specific value of ∠i is called critical angle.
ii. The process of reflection of incident ray into

denser medium is called total internal reflection.
iii. 

1. Absolute refractive index: n = 1

2

v
v

Where, v1  = velocity of light in vacuum, 
  v2 = velocity of light in medium. 

2. Refractive index:

i. 1n2 = 2

1

v
v

ii. 2n1 = 1

2

v
v

iii. 1n2 =
2 1

1
n

Where, 1n2 =  refractive index of first medium 
with respect to second medium, 

2n1 =  refractive index of second medium 
with  respect to first medium, 

 v1 = velocity of light in first medium, 
 v2 = velocity of light in second medium. 

3. Second law of refraction / Snell’s law:

2n1=
sin i
sin r

Where, 2n1 = refractive index of second medium 
with respect to first medium, 

i  = angle of incidence, 
 r =  angle of refraction. 

1. Velocity of light in air/vacuum = 3 × 108 m/s
2. Refractive index of air = 1

 
 

+1. The absolute refractive index of water is
1.36. What is the velocity of light in water? 
(Velocity of light in vacuum = 3 × 108 m/s)      

[2 Marks] 
Solution: 
Given: Absolute refractive index of water (n)  

= 1.36, Velocity of light in vacuum 
(v1) = 3 × 108 m/s 

To find: Velocity of light in water (v2) 

Formula:  n = 1

2

v
v

Calculation: From formula, 

v2 = 1v
n

 =
83 10

1.36
×

 = 2.21 × 108 m/s 

Ans: The velocity of light in water is 2.21 × 108 m/s. 

Numerical Section 

Formulae 

Values to remember 

Solve the following problems 

Absolute refractive index Type I 

Formula: 1

2

vn
v

=

r 

N 

i1 

Refracted ray Rarer Medium 

Incident ray 

Denser medium 

N 

ic 

r =  90° Rarer Medium 

Incident ray 

Denser medium 

Refracted 
ray 

N 

i > ic 

Rarer Medium 

Incident ray 

Denser medium 

Total 
internal 

reflection 

r 
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2. If the speed of light in a medium is
1.5 × 108 m/s, what is the absolute refractive
index of the medium?
(Velocity of light in vacuum 3 × 108 m/s)

[July 2019] [2 Marks] 
Solution: 
Given: Speed of light in medium (v2) 

= 1.5 × 108 m/s, velocity of light in 
vacuum (v1) = 3 × 108 m/s 

To find: Absolute refractive index (n) 

Formula: n = 1

2

v
v

Calculation: From formula, n = 
8

8

3 10
1.5  10

×
×

= 2 
Ans: The absolute refractive index of the medium is 

2. 

 

 

Refractive index Type II 

Formulae: i. 1n2 = 2

1

v
v

ii. 2n1 = 1

2

v
v

iii. 1n2 =
2 1

1
n

If the absolute refractive indices of glass and water are 5/3 and 4/3 respectively, then what is the refractive 
refractive index of glass with respect to water? 

Refractive index of medium 2 with respect to medium 1 =
velocityof light in medium 1
velocityof light in medium 2

  Let, v1 be velocity of light in vacuum, v2 be velocity of light in glass, v3 be velocity of light in water. 
Step 1: Absolute refractive index of glass indicates that the path of light is from vacuum to glass. 

∴ Refractive index of glass with respect to vacuum = 
velocityof light in vacuum

velocityof light in glass

= 1

2

v 5
v 3

=

Step 2: Absolute refractive index of water indicates that the path of light is from vacuum to water. 

∴ Refractive index of water with respect to vacuum = 
velocityof light in vacuum

velocityof light in water

= 1

3

v 4
v 3

=

 
 

Step 3: Hence, Refractive index of glass with respect to water = 
velocityof light in water
velocityof light in glass

= 3

2

v
v

 

Refracitve index of glass with respect to water = 
3

2

v
v

= 1 3

2 1

v v×
v v

....(Multiplying and dividing R.H.S. by v1)

5 3= ×
3 4

= 5
4

∴ The refractive index of glass with respect to water is 5
4

.

Illustrative Example: 

Analyse 

Solve 
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3. Calculate the refractive index of water with
respect to glass and refractive index of glass
with respect to water, if speed of light in
water and glass is 2.2 × 108 m/s and
2 × 108 m/s respectively.                  [3 Marks]

Solution: 
Given: Speed of light in water (vw) 

= 2.2 × 108 m/s, speed of light in glass 
(vg) = 2 × 108 m/s 

To find: i. Refractive index of glass w.r.t.
water (gnw)

ii. Refractive index of water w.r.t
glass (wng)

Formulae: i. 2n1 = 1

2

v
v

ii. 1n2 = 
2 1

1
n

Calculation: From formula (i), 

gnw =   w

g

v
v

= 
8

8

2.2 10
2 10

×
×

= 1.1 
From formula (ii), 

wng = 
g w

1
n

= 1
1.1

 = 0.909 
Ans: i. Refractive index of glass w.r.t. water is 1.1. 

ii. Refractive index of water w.r.t glass is
0.909.

+4. Light travels with a velocity 1.5 × 108 m/s in a
medium. On entering second medium its 
velocity becomes 0.75 × 108 m/s. What is the 
refractive index of the second medium with 
respect to the first medium?        [2 Marks] 

Solution: 
Given: Velocity of light in first medium (v1) 

= 1.5 × 108 m/s, 
Velocity of light in second medium 
(v2) = 0.75 × 108 m/s 

To find: Refractive index of second medium 
with respect to first medium (2n1) 

Formula:  2n1 = 1

2

v
v

Calculation: From formula, 

2n1 = 
8

8

1.5 10
0.75 10

×
×

 = 2 

Ans: Refractive index of second medium with 
respect to first medium is 2. 

5. Refractive index of water with respect to air
is 4

3
 and speed of light in air is 3 × 108 m/s.

Find speed of light in water.        [2 Marks]
Solution: 

Given: Refractive index of water (2n1) =
4
3

, 

Speed of light in air (v1)  
= 3 × 108 m/s 

To find: Speed of light in water (v2)  

Formula: 2n1 = 1

2

v
v

Calculation: From formula, 

2n1 = 1

2

v
v

∴ v2  = 3 × 108  × 3
4

= 9
4

× 108 

 = 2.25 × 108 m/s 
Ans: The speed of light in water is 2.25 × 108 m/s. 

*6. If the absolute refractive indices of glass and
water are 3/2 and 4/3 respectively, what is 
the refractive index of glass with respect to 
water?                 [3 Marks] 

Solution: 
If v1 is the velocity of light in vacuum, v2 is the 
velocity of light in glass and v3 is the velocity 
of light in water then, 
absolute refractive index of glass  
i.e., refractive index of glass with respect to

vacuum, ng = 1

2

v 3
v 2

=  ….(i) 

Absolute refractive index of water 
i.e., refractive index of water with respect to

vacuum, nw = 1

3

v 4
v 3

=    ….(ii) 

∴ Refractive index of glass with respect to water 

gnw  = 3

2

v
v

= 1 3

2 1

v v
v v

× ….(Multiplying and dividing 

R.H.S. of equation by v1) 

= 3 3
2 4

× ….[From equations (i) and (ii)] 

= 9
8

Ans: The refractive index of glass with respect to 

water is 9
8

. 
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7. A ray of light falls on a material body at an incident angle 60° and refracted at angle 30°.
i. What is the refractive index of the material?
ii. What is the measure of the angle of emergence  ‘e’?     [2 Marks] 
Ans:

i. Refractive index of material =
sin i
sin r

=
sin 60
sin30

°
°

= 3 / 2
1/ 2

= 3

ii. Angle of emergence is numerically equal to angle of incidence.
∴ e = i = 60° 

1. The absolute refractive index of water is 1.5. What is the velocity of light in water? (Velocity of light in
vacuum = 3 × 108 m/s)                                                                                                                                  [2 M]

2. The speed of light in a medium is 2.25 × 108 m/s. Calculate absolute refractive index of the medium.      [2 M] 
3. The speed of light in water and diamond is 2.25 × 108 m/s and 1.25 × 108 m/s respectively.

What is the refractive index of:  i. water w.r.t. diamond? ii. diamond w.r.t. water?  [3 M] 
4. The refractive index of ruby is 1.71 and speed of light in air is 3 × 108 m/s. Find speed of light in ruby.  [2 M] 
5. A ray of light travelling from first medium is incident at an angle of 30° on the second medium and refracted at an

angle of 45°. Find refractive index of the second medium with respect to first medium and angle of emergence.
[3 M] 

6. If the absolute refractive indices of benzene and water are 3/2 and 4/3 respectively, what is the refractive
index of benzene with respect to water?         [3 M] 

7. A ray of light falls on a material body at an incident angle of 30° and refracted at angle 60°.
i. What is the refractive index of the material?
ii. What is the measure of the angle of emergence ‘e’?    [2 M] 

Practice problems 

Second law of refraction / Snell’s law Type III 

A ray of light falls on a glass slab at an incident angle of 45° and refracted at angle of 30°. 
i. What is the refractive index of the glass with respect to air?
ii. What is the measure of the angle of emergence ‘e’?

According to Snell’s law, 

Refractive index of medium 2 with respect to medium 1 = 
sin i
sin r

In this case, light travels from air to glass 

Here, Medium 1 is air 
 Medium 2 is glass 
 Angle of incidence is 45° 
 Angle of refraction is 30° 

Step 1: Refractive index of glass with respect to air = 
sin i
sin r

=
sin 45
sin30

°
°

 = 
1 / 2
1 / 2

= 2 2 2
2 2

×
=  = 2

Step 2: Since incident ray and emergent ray are parallel to each other, 
  Angle of emergence (e) = Angle of incidence (i) 
∴ Angle of emergence (e) = 45° 

Incident ray 

Refracted ray 

i 

e 

r 

r 

Medium 2  
(glass) 

Medium 1 
(air) 

Emergent ray 

Illustrative Example: 

Analyse

Solve 

Formula: 2 1
sin

r
n i

sin
=
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Answers: 
1. 2 × 108 m/s 2. 1.3
3. 0.5, 2 4. 1.75 × 108 m/s

5. 
1
2

 , 30° 6. 
9
8

7. 
1
3

, 30° 

1. Can you recall? (Textbook page no. 73)
i. What is meant by reflection of light?
Ans: When rays of light fall on any opaque surface, 

they turn back. This is called as reflection of 
light. 

ii. What are the laws of reflection?
Ans: Laws of reflection of light:
a. The angle of reflection is equal to the angle of

incidence.
b. The incident ray, the reflected ray and the

normal, all lie in the same plane.
c. The incident ray and the reflected ray are

always on opposite sides of the normal.

2. Try this. (Textbook page no. 73)
Material: Glass, 5 rupee coin, Pencil, metallic
vessel etc.
Answer the following questions based on
the activities given on page 73 of your
textbook.

i. In activity 1, why does the portion of the
pencil inside the water appears to be thicker
and broken near the surface of water?

Ans: When we look at the portion of the pencil 
that is inside the water, light travels from 
water to air via glass. This light ray changes 
the medium and undergoes refraction. As a 
result, the pencil inside the water appears to 
be thicker and broken near the surface of 
water. 

[Note: Students are expected to 
refer the accompanying QR code 
to understand this phenomenon.] 

ii. In activity 2, why does the coin become visible
once the level of water reaches a certain 

height?
Ans: Light rays coming from the coin emerge out of 

water and change their direction due to refraction 
of light. Thus, the coin becomes visible once the 
level of water reaches a certain height. 

[Note: Students are expected to 
refer the accompanying QR code 
to understand this phenomenon.] 

iii. Observe the incident ray AN and emergent
ray MD from activity 3.

[Students are expected to refer the
accompanying QR code for
demonstration of above activity
and observe the incident ray and
emergent ray on their own.]

3. Can you tell? (Textbook page no. 76)
i. Have you seen a mirage which is an illusion

of the appearance of water on a hot road or
in a desert?

ii. Have you seen that objects beyond and
above a holi fire appear to be shaking?
Why does this happen?

Ans: 
i. Yes, I have seen a mirage which is an illusion

of the appearance of water on a hot road or in a
desert.

ii. Yes, I have seen that objects beyond and above
a holi fire appear to be shaking.
For reason Refer Answer the following Q.12
and Q.13.

4. Use your brain power! (Textbook page no. 77)
i. From incident white light how will you

obtain white emergent light by making use of
two prisms?

Ans: To obtain white emergent light from two 
prisms, the second prism should be placed 
parallel to the first prism but in an inverted 
position as shown in the figure below. 

 

ii. You must have seen chandeliers having glass
prisms. The light from a tungsten bulb gets
dispersed while passing through these prisms
and we see coloured spectrum. If we use an
LED light instead of a tungsten bulb, will we
be able to see the same effect?

Ans: If LED is not white then the LED will not 
produce dispersion of light. Assuming the LED 
bulb to be white, the LED bulb will produce 
dispersion of light but the dispersion pattern is 
not as effective as the one with an incandescent 
bulb i.e., tungsten wire bulb. 

First prism 

White 
light 

R R 

V 
V 

(P1) 

Second prism (P2) 

White 
light 

Apply your Knowledge 
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5. Books are my friends. (Textbook page no. 78)
i. Why the sky is blue – Dr. C.V. Raman talks

about science: C.V. Raman and Chandralekha
ii. Optics: Principles and Applications: K.K.

Sharma
iii. Theoretical concepts in Physics: M. S. Longair.

[Students are expected to read the above
mentioned books for better understanding of
concepts.]

6. Some fun. (Textbook page no. 78)
Try to see if you can see dispersion of light
using plastic jar, mirror and water.

Ans: Fill a plastic jar with 
water. Place mirror 
into water inside the 
jar at an angle. 
Position the jar such 
that sunlight shines 
directly at the mirror.  
Also, adjust the angle of mirror until rainbow is 
observed on wall. 
(It would be easier to spot the rainbow if room 
is dark.) 
[Note: Students are expected to 
refer the accompanying QR code 
for demonstration of the above 
activity.] 

7. Can you tell?
Why dispersion of light is not observed in
glass slab but it is observed in prism?

Ans:  
i. When a light passes from one medium to

another, it changes its speed.
ii. The glass slab and prism both have two glass-air 

interfaces. Hence, the light undergoes refraction 

twice in both the cases.
iii. When the two interfaces are parallel to each

other, although the colours are separated at first
interface, they all travel the same path after
refracting from second interface.

iv. However, in prism, the two interfaces are not
parallel. Therefore, the colours separated at first
interface do not travel the same path after
second refraction.

Thus, dispersion of light is not observed in glass slab 
but it is observed in prism.  

*8. Project:
Using a laser and soap water, study the 
refraction of light under the guidance of your 
teacher. 
[Students are expected to refer the 
accompanying QR code to study 
refraction of light using a laser 
and soap water.] 

 
 
 
 
 

Memory Map 

Mirror 

Water 

Jar 

• 2n1 = sin i
sin r

• 2n1 = 1

2

Velocityof light in first medium (v )
Velocityof light in second medium (v )

• When light ray travels  obliquely from an optically rarer medium 
to denser medium, it bends towards normal after refraction.

• n1 < n2

• ∠i > ∠r

• When a ray of light is incident normal to the interface between any 
two media, the ray propagates undeviated from one medium to 
another.

• ∠i = ∠r = 0

Related to 

Refractive index 

Combined  effect 

Rainbow 

• When light ray travels obliquely from an optically denser medium 
to rarer medium, it bends away from normal after refraction.

• n1 > n2

• ∠i < ∠r

Some natural phenomena of light 

• Change in the direction of light when it
passes from one transparent medium to
another.

• Twinkling of stars, advanced sunrise, etc. are 

examples or effect of atmospheric refraction.

Refraction Total internal reflection 

• When light enters a rarer medium 
from a denser medium at an 
angle greater than critical angle 
then the light gets reflected back 
into the denser medium.

Dispersion 
• Splitting of light into its component 

colours.
• The band of coloured components of 

a light beam is called its spectrum.
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[Total Marks: 25] 

Q.1. (A)  Choose the correct alternative. [4] 
i. If a ray of light travels through two prisms such that second prism is parallel to first prism but

placed in an inverted position then, the light coming out of second prism will be
(A) only red and violet. (B) consisting of bands of seven colours.
(C) white. (D) only blue.

ii. When a ray of light travels from air to glass slab and strikes the surface of separation at 90°,
then it
(A) bends towards normal. (B) bends away from normal.
(C) passes undeviated. (D) passes in zigzag way.

iii. If a ray of light propagating in air strikes a glass slab at an angle of 30° with the surface of the
slab, the angle of refraction is
(A) 90° (B) less than 60°
(C) 60° (D) more than 60°

iv. The light ray passing from one transparent medium to another, it can get reflected into the
first medium only when,
(A) the second medium is optically rarer and angle of incidence (i) is greater than critical

angle (iC)
(B) the second medium is optically denser and angle of incidence (i) is greater than critical

angle (iC)
(C) the second medium is optically rarer and angle of incidence (i) is smaller than critical

angle (iC)
(D) the second medium is optically denser and angle of incidence (i) is smaller than critical

angle (iC)

(B) Answer the following. [4] 
i. Find the odd one out.

Red colour, Yellow colour, Violet colour, White colour

ii. Complete the given analogy.

iii. Match the columns.

Column I Column II 
a. Reflection 1. Change in the direction of light 
b. Refraction 2. Turning back of light ray 

3. Split up the light ray into number of colours 

iv. Name the following.
The colour of spectrum which deviate least during dispersion.

Q.2. (A) Give scientific reasons. (Attempt any one) [2] 
i. Why do we observe advanced sunrise and delayed sunset?
ii. During dispersion, violet light deviates most while red light deviates least.

(B) Answer the following. (Attempt any two) [4] 
i. State laws of refraction of light.
ii. The speed of light in transparent medium is 2.4 × 108 m/s. Calculate absolute refractive index of

the medium.

Chapter Assessment  

i 

r :  Light passes from rarer 
medium to denser medium 

:  Light passes from denser 
medium to rarer medium 

:: 
_______ 
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iii. Observe the given figure and write a short note on the phenomenon represented in it.

Q.3. Answer the following. (Attempt any two) [6] 
i. Velocity of light ray in two media A and B are v1 and v2 respectively.

a. If vB = 1.5vA, then which medium is denser?
b. What is the refractive index of A with respect to B?
c. What is the refractive index of B with respect to A?

ii. Explain how spectrum is formed by a prism with the help of a diagram.
iii. Define refraction of light and explain the relation between refractive index of material and

velocity of light.

Q.4. Answer the following. (Attempt any one) [5] 
i. Complete the table.

Velocity in first 
medium (v1) 

Velocity in second 
medium (v2) 

Refractive index 
2n1 

Refractive index 
1n2 

a. 3 × 108 m/s 1.2 × 108 m/s -------------- -------------- 

b. -------------- 2.25×108 m/s -------------- 4/3 

c. 2 × 108 m/s -------------- 1.5 0.67 

ii. With the help of a neat labelled diagram, explain partial reflection, critical angle and total
internal reflection.

Ray path Star 

Refractive index 
increasing  

Download the answers of the Chapter Assessment 
by scanning the given Q.R. Code. 
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1.	A boy is whirling a stone tied to a string in a horizontal circular path. If the string breaks, the stone 

	(A)	will move along a straight line towards the centre of the circular path.

	(B)	will move along a straight line perpendicular to the circular path away from the boy.

	(C)	will move along a straight line tangential to the circular path.

	(D)	will continue to move in circular path. 



2.	Law of gravitation gives the gravitational force between _______.                  

	(A)	the earth and a point mass only

	(B)	the earth and Sun only

	(C)	any two bodies having some mass

	(D)	two charged bodies only



3.	The force of attraction between two unit point masses separated by a unit distance equals

	(A)	gravitational potential.

	(B)	acceleration due to gravity.

	(C)	gravitational field.

	(D)	universal gravitational constant.



4.	According to Newton’s law of gravitation, for two objects kept at a distance d from each other, if the distance between the objects is doubled, then the force between the two objects _______.

	(A)	increases by a factor of 4		

	(B)	decreases by a factor of 4

	(C)	decreases by a factor of 2 		

	(D)	increases by a factor of 2



5.	For bodies which are not spherical or having an irregular shape, the direction of the force is along the line joining their _______.

	(A)	centre of masses	(B)	centres

	(C)	nearest edges	(D)	both (A) and (B)



6.	The tidal waves in the sea are primarily due to gravitational effect of 

	(A)	earth on the sea.	

	(B)	Sun on the earth.

	(C)	earth on the moon.

	(D)	moon on the earth.



7.	The value of acceleration due to gravity

	(A)	is same at the equator and poles.

	(B)	is least at the poles.

	(C)	is least at the equator.

	(D)	is maximum at the centre of the earth.



8.	For an object at infinite distance from the earth, the value of acceleration due to gravity (g) is

	(A)	maximum	(B)	9.8 m/s2

	(C)	9.73 m/s2	(D)	zero



9.	According to Newton’s first law of motion, higher the mass _______ is the inertia.

	(A)	lower	(B)	higher	

	(C)	zero	(D)	double



10.	A spherical planet far out in space has a mass Mo and diameter Do. A particle of mass m falling freely near the surface of this planet will experience acceleration due to gravity equal to 





	(A)	GMo/ 	(B)	4mGMo/





	(C)	4GMo/	(D)	GmMo/



11. 	The value of g on moon is 1/6th of its value on the earth. If a person weighs 14 N on the moon’s surface, then the weight of the person on earth’s surface is 

	(A)	96 N	(B)	84 N

	(C)	62 N	(D)	54 N



12.	What is the gravitational potential energy of an object located 20,000 m above the earth’s surface?

	(A)	U = GMm/(20 km + RE) 

	(B)	U = GMm/(20,000 km + RE)

	(C)	U = GMm/RE

	(D)	U = GMm/(RE  20 km) 



13.	The minimum velocity of the spacecraft to escape from earth’s gravitational force must be _______.                                     [Dec 2020]

 	(A)	112 km/s	(B)	11.2 km/s

	(C)	1.12 km/s	(D)	0.112 km/s



Answers:

1.	(C)		2.	(C)	3.	(D)

4.	(B)		5.	(A)	6.	(D)	

7.	(C) 		8.	(D)	9.	(B)

10.	(C)		11.	(B)	12. 	(A)

13.	(B)

 (
Complete the paragraph
        
[3 Marks]
)







1.	Select the appropriate options and complete the following paragraph.                  	       

	(velocity, independent, initial velocity, dependent, gravity, friction, final velocity, direction)

	The motion of any object under the influence of the force of _______ alone is called as free fall. During free fall, there will be no change in the _______ of motion of the object. But there will be a change in the magnitude of _______ of the object due to the gravitational pull of the earth. The acceleration that an object experiences during free fall is _______ of the mass of the object undergoing motion. When a body is dropped freely from a height, its _______ is zero. Whereas when a body is thrown vertically upwards, its _______ is zero.

Answer:

	The motion of any object under the influence of the force of gravity alone is called as free fall. During free fall, there will be no change in the direction of motion of the object. But there will be a change in the magnitude of velocity of the object due to the gravitational pull of the earth. The acceleration that an object experiences during free fall is independent of the mass of the object undergoing motion. When a body is dropped freely from a height, its initial velocity is zero. Whereas when a body is thrown vertically upwards, its final velocity is zero.

 (
Name the 
following
                  [
1
chstion, magnitude, opposite]d of 5 seconds is umar motion. 
 Mark each]
)





1.	Force which is directed towards the centre of the circle (centre seeking) 

2.	Amount of matter present in an object

3.	According to Newton’s first law, mass of any object is the measure of this quantity

4.	Force with which the earth attracts an object

5.	Scientist who was appointed as the royal mathematician in place of Brahe

6.	Observatory constructed by scientists to detect the gravitational waves emitted by astronomical sources

Answers:

1.	Centripetal force	

2.	Mass

3.	Inertia

4.	Weight of the object.	

5.	Johannes Kepler 

6.	LIGO-Laser Interferometric Gravitational Wave Observatory

 (
True
 or 
False
.
 
If 
false
, write the correct sentence
  
[1 Mark each]
 
)









1.	The orbit of a planet is an ellipse with the Sun at the centre. 

2. 	Two planets move around the Sun. The periodic times and the mean radii of the orbits are T1, T2 and r1, r2 respectively. Then the ratio T1/T2 is equal to (r1/r2)2/3.

3.	Gravitational force is the strongest force in nature.

4.	The centre of a mass of any object having uniform density is at its centroid.

5.	According to Newton’s third law of motion, a force acting on a body results in its acceleration.

6.	Due to its rotation, the earth is flatter at the equator and bulges at the poles. 

7.	As we go above the earth’s surface, the value of acceleration due to gravity increases.

8.	The acceleration due to gravity at a given point on the earth is the same for all the objects.

9.	The moon and the artificial satellites are all in free fall.

10.	True free fall is possible only in air.

11.	An object going vertically upwards will be free from the gravitational influence of the earth, if its initial velocity is equal to critical velocity of the earth.

12.	The escape velocity is same for different planets.

Answers: 	

1.	False

	The orbit of a planet is an ellipse with the Sun at one of the foci.

2.	False 

	Two planets move around the Sun. The periodic times and the mean radii of the orbits are T1, T2 and r1, r2respectively. Then the ratio T1/T2 is equal to (r1/r2)3/2.

3.	False

	Gravitational force is the weakest force in nature.

4.	True

5.	False

	According to Newton’s second law of motion, a force acting on a body results in its acceleration.

6.	False

	Due to its rotation, the earth bulges at the equator and is flatter at the poles.

7.	False

	As we go above the earth’s surface, the value of acceleration due to gravity decreases.

8.	True

9.	True

10.	False

	True free fall is possible only in vacuum.

11.	False

	An object going vertically upwards will be free from the gravitational influence of the earth, if its initial velocity is equal to escape velocity of the earth.

12.	False     

	The escape velocity is different for different planets.



	[Hint: Escape velocity is given as, vesc = , where M is mass and R is radius of the planet which is not same for different planets.]

 (
Odd one out 
                              
[1 Mark each]
)





1.	Force, acceleration due to gravity, weight, mass.



2.	v = gt, h =  gt2, v = u + at, v2 = 2gh

3.	The orbit of a planet is an ellipse, line joining the planet and the sun sweeps equal areas in equal intervals of time, 



	F = , T2  R3  

Answers:

1. 	Mass

	Mass is a scalar while other are vectors.

2.	v = u + at	

	v = u + at is the fundamental kinematical equation of motion while others are kinematical equations for a freely falling body.



3.	F = 



 	F = is Newton’s law of gravitation while others are Kepler’s laws of planetary motion.

 (
Complete the analogy           
 
 
   
[1 Mark each]
)





1.	Gravitational constant: scalar quantity :: acceleration due to gravity : _______. 



2.	Kinetic energy of a body of mass m on the surface of the earth:  :: kinetic energy of a body of mass m at infinite distance from earth : _______.

3.	Kepler’s first law: orbit of a planet is an ellipse :: _______ : T2  r3 

	(T is orbital period of revolution of a planet and r is the mean distance of the planet from sun.)

4.	Increase in altitude: value of g decreases :: at the centre of the earth: _______.	

Answers:

1.	vector quantity 

	Gravitational constant is a scalar quantity and acceleration due to gravity is a vector quantity.	

2.	zero



	Kinetic energy of a body of mass m on the surface of the earth is while kinetic energy of a body of mass m at infinite distance from earth is zero.

3.	Kepler’s third law 	

	Orbit of a planet is an ellipse is Kepler’s first law while T2  r3 is Kepler’s third law. 

4.	value of g is zero.

	Value of g increases with increase in altitude while the value of g becomes zero at the centre of the earth.

 (
Match the following
                  
)

	



*1.	Study the entries in the following table and rewrite them putting the connected items in a single row.                              [½ Mark each]

	

		I

		II

		III



		Mass

		m/s2

		Zero at the centre



		Weight

		kg

		Measure of inertia



		Acceleration due to gravity

		Nm2/kg2

		Same in the entire universe



		Gravitational constant

		N

		Depends on height





Ans:	

		I

		II

		III



		Mass

		kg

		Measure of inertia



		Weight

		N

		Zero at the centre



		Acceleration due to gravity

		m/s2

		Depends on height



		Gravitational constant

		Nm2/kg2

		Same in the entire universe.







2.	Match the laws/physical quantities in column I with their corresponding formula/relation in column II.                              [½ Mark each]

	

		

		Column I

		

		Column II



		i.

		Kepler’s third law

		a.

		

 



		ii.

		Law of gravitation

		b.

		T2  r3



		iii.

		Gravitational Potential energy

		c.

		

F  



		iv.

		Escape velocity

		d.

		





		

		

		e.

		

 





Ans: 

	(i  b), (ii  c), (iii   a), (iv   d)

 (
Answer the following
)





*1.	What are (i) centripetal force 
(ii) acceleration due to gravity (iii) free fall 
(iv) escape velocity?                   [1 Mark each]

Ans:	

i.	Centripetal force: 

	The force acting on any object moving in a circle and directed towards the centre of the circle is called as centripetal force.

ii.	Acceleration due to gravity: 

 	The acceleration produced in a body under the influence of the force of gravity alone is called acceleration due to gravity. 

iii.	Free fall: 

	The motion of any object under the influence of the force of gravity alone is called as free fall.	

iv.	Escape velocity: 

	The minimum velocity with which a body should be projected from the surface of a planet or moon, so that it escapes from the gravitational influence of the planet or moon is called as escape velocity. 



2.	Intext Question. (Textbook page no. 01)

i.	If the force of gravitation acts on apples on the tree at different heights from the surface of the earth, can it also act on objects at even greater heights, much farther away from the earth, like for example, the moon?   [1 Mark]

Ans:	Yes, the gravitational force acts on objects at greater heights and farther away from the earth like the moon.



ii.	Can it act on even farther objects like the other planets and the Sun?                [1 Mark]

Ans:	Yes, the gravitational force acts on other planets and Sun.



3.	Intext Question. (Textbook page no. 02)

i.	Do you think some force is constantly acting on the moon? 

ii.	What must be the direction of this force? 

iii.	How would its motion have been if no such force acted on it? 

iv.	Do the other planets in the solar system revolve around the Sun in a similar fashion? 

v.	Is similar force acting on them? What must be its direction? 		      [5 Marks]

Ans:	

a.	There is a force constantly acting on the moon known as centripetal force. 

b.	The force is directed towards the centre of the earth. 

c.	If there was no force acting on the moon, it would have moved along a straight line which is the tangent to the circle. 

d.	Yes, other planets revolve around the Sun in the similar fashion. 

e.	The other planets revolve around the Sun in the similar fashion due to the centripetal force exerted on them by the Sun. The direction of the force is towards the centre of the Sun.

 (
‘Centripetal’ means 
centre
 seeking, i.e. the object tries to go towards the 
centre
 of the circle because of this force. Thus, the gravitational force that earth exerts on moon in this situation is termed as centripetal force.
Reading between the lines
)















*4.	Write the three laws given by Kepler. How did they help Newton to arrive at the inverse square law of gravity?                      [5 Marks]

Ans:	

i.	Kepler’s first law: The orbit of a planet is an ellipse with the sun at one of the foci.

ii.	Kepler’s second law: The line joining the planet and the sun sweeps equal areas in equal intervals of time.

iii.	Kepler’s third law: The square of orbital period of revolution of a planet around the Sun is directly proportional to the cube of the mean distance of the planet from the Sun.

Derivation of inverse square law of gravity with the help of Kepler’s law:

i.	The centripetal force acting on a planet of mass m and velocity v,  revolving at a  distance of r from the Sun, is given as, 



	F =    			….(1)

ii.	Let T be the period of revolution of the planet and 2πr be the distance travelled by the planet in one revolution. Then the speed of the planet is given as,





	speed (v) = =  ….(2)

iii.	Substituting equation (2) in (1), we get,





	F =  =   	

iv.	Multiplying and dividing by r2, we get,



	F = 



		=  		….(3)	

v.	But, According to Kepler’s third law,

	T2  r3



	= constant (K)     		.…(4)

	Substituting equation (4) in (3), we get, 



	F = 



	But, = constant



	F  

Thus, with the help of Kepler’s third law, Newton concluded that the centripetal force acting on the planet must be inversely proportional to the square of the distance between the planet and the Sun and hence, postulated the inverse square law of gravitation.





*5.	Let the period of revolution of a planet at a distance R from a star be T. Prove that if it was at a distance of 2R from the star, its period of revolution will be .  [2 Marks]

Ans:	

i.	According to Kepler’s third law, the square of orbital period of revolution T of a planet around a star is directly proportional to the cube of the mean distance R of the planet from the star.

	T2  R3

	T2 = k(R)3	….(1)	 

	Where, k is constant of proportionality.

ii.	When the planet is at a distance of 2R from the star, then its period of revolution T will be, 

	T2  (2R)3  

	T2 = k(2R)3		….(2)

iii.	Dividing equations (1) and (2), we get, 



	



	



	T = 



Thus, for a planet at a distance of 2R from the star, its period of revolution will be .



6.	Use your brain power! (Textbook page no. 04)

	Show that in SI units, the unit of G is 
newton m2 kg2.                                 [2 Marks]

Ans: 

i.	According to Newton’s law of gravitation, 



	F =   



	G =  	….(1)

ii.	In SI system, force is measured in newton (N), distance is measured in metre (m) and mass is measured in kilogram (kg). 



iii.	Substituting in equation (1), we get, unit of G as,  

iv.	Thus, in SI system, 



	Unit of G =  or newton m2 kg–2



7.	Intext Question. (Textbook page no. 05)

	Why did Newton assume inverse square dependence on distance in his law of gravitation? 

Ans:	Newton had assumed inverse square dependence on distance in his law of gravitation by considering Kepler’s third law which states that, ‘The square of orbital period of revolution of a planet around the sun is directly proportional to the cube of the mean distance of the planet from the sun’ i.e., T2  r3.



8.	Use your brain power! (Textbook page no. 05)

	Is there a gravitational force between two objects kept on a table or between you and your friend sitting next to you? If yes, why don’t the two move towards each other?          

Ans: 

i.	Yes, there exists a gravitational force between two different objects kept on the table or between me and my friend sitting beside each other. 



ii.	The gravitational force between any two objects is given by, F =  

	Where, 

	F 	= force between any two objects in newtons 

	G 	=	universal gravitational constant taken as 6.67  1011 N-m2 /kg2

	m1 and m2 = mass of the two objects in kg

	r = distance between the two objects in metres (m)

iii.	Thus, any two objects attract each other. But due to their small masses, they exert a force on each other, which is too small as compared to the gravitational force of the earth. Hence, two different objects kept on the table or me and my friend don’t move towards each other.



9.	Use your brain power! (Textbook page no. 07)

	According to Newton’s law of gravitation, every object attracts every other object. Thus, if the earth attracts an apple towards itself, the apple also attracts the earth towards itself with the same force. Why then does the apple fall towards the earth, but the earth does not move towards the apple?                   [2 Marks]

Ans:	

i.	The apple attracts the earth with the same force with which the earth attracts the apple. 

ii.	According to Newton’s third law, these two forces are equal and opposite in direction.

iii.	For same magnitude of force, the acceleration produced in a body is inversely proportional to its mass. 

iv.	As the mass of the earth is very large compared to that of the apple, the acceleration of the earth is too small compared to the acceleration of the apple that it cannot be noticed. 

Hence, the apple falls towards the earth while the earth does not move towards the apple.



10.	Intext Question. (Textbook page no. 07)

	The moon and the artificial satellites orbit the earth. The earth attracts them towards itself but unlike a falling apple, they do not fall on the earth, why? 		        

Ans:	Even though the moon and the artificial satellites are attracted towards the earth, the velocity of the moon and the satellites is such that it prevents them from falling on the earth.



11.	Intext Question. (Textbook page no. 07)

	Will the velocity of a stone thrown vertically upwards remain constant or will it change with time? How will it change? Why doesn’t the stone move up all the time? Why does it fall down after reaching a certain height? What does its maximum height depend on?

Ans:	

i.	The velocity of a stone thrown vertically upwards decreases with time till it becomes zero. 

ii.	When a stone is thrown vertically up, it is acted upon by the gravitational force of the earth which constantly tries to pull the stone down.  Due to the constant downward pull, the velocity of the stone becomes zero after reaching a certain height. Once the velocity becomes zero, the gravitational force acting on the stone causes it to start moving vertically downwards. 

iii.	The maximum height the stone can achieve depends on the initial velocity with which the stone is thrown vertically upwards.  



12.	What is acceleration due to gravity? Derive an expression for acceleration due to gravity on the earth’s surface.                      [3 Marks]

Ans:	Acceleration due to gravity:

	The acceleration produced in a body under the influence of the force of gravity alone is called acceleration due to gravity. It is denoted by ‘g’.

	Expression for acceleration due to gravity:	

i.	Suppose an object of mass ‘m’ is situated at a distance ‘R’ from the centre of the earth.

ii.	Let ‘M’ be the mass of the earth, then the gravitational force of attraction F between the object and the earth is given by,



	F = 	

	Where, G = constant of gravitation





	= G 		….(1)

iii.	But acceleration is given by acceleration due to gravity.





	g = =   		….(2)

iv.	From equations (1) and (2), we have,

	acceleration due to gravity on the earth’s surface, 



	g = 	

v.	From the above relation, acceleration due to gravity on earth’s surface depends upon the mass of the earth (M) and distance (R) of the object from the centre of the earth i.e., the radius of the earth.



13.	Explain the factors affecting the value of gravitational acceleration of the earth ‘g’.

					       [3 Marks]

Ans:	The following factors affect the value of gravitational acceleration of the earth ‘g’:  

i.	Shape of the earth:

a.	The shape of the earth is not perfectly spherical. It is slightly flattened at the poles and bulged at the equator.

b.	As a result, the radius of the earth at the poles is less than that at the equator.

c.	Hence, the value of ‘g’ is highest at the poles (9.832 m/s2) and decreases slowly with decreasing latitude. It is the lowest at the equator (9.78 m/s2).

ii.	Height:

a.	As the height of an object from the surface of the earth increases, the distance between the object and the centre of the earth (r) increases.

b.	As a result, the value of ‘g’ decreases with increase in height.

iii.	Depth:

a.	The value of g is maximum on the surface of the earth.

b.	As depth of an object increases, the distance between the object and the centre of the earth (r) decreases. 

c.	Along with the distance, the part of the earth which contributes towards the gravitational force felt by the object (M) also decreases.

d.	Thus, due to the combined effect of changing value of r and M, the value of ‘g’ decreases.

e.	At the centre of the earth, the value of ‘g’ becomes zero.



14.	Intext Question. (Textbook page no. 08)

	Will the value of g be the same everywhere on the surface of the earth?               [1 Mark]

Ans:	No, the value of g will not be same everywhere on the surface of earth.

	

15.	Think about it. (Textbook page no. 09)

i.	Will the direction of the gravitational force change as we go inside the earth?     [1 Mark]

Ans:	There will be no change in the direction of the gravitational force. Gravitational force always acts downwards, towards the centre of the earth.



ii.	What will be the value of g at the centre of the earth?		        [1 Mark]

Ans:	The value of g at the centre of the earth is zero.



16.	Use your brain power!    (Textbook page no. 10)

i.	Will your weight remain constant as you go above the surface of the earth?        [2 Marks]

Ans:	No, our weight will not remain constant if we move away from the surface of the earth. Weight is the product of mass and gravitational acceleration. When we move away from the surface of the earth, mass remains the same but the value of gravitational acceleration decreases. Thus, weight decreases as we move away from the surface of the earth.

	[Note: Refer table 1.7 of your textbook to observe variation in value of g with respect to height from surface of the earth.]



17.	Where will the value of acceleration due to gravity (g) be less; at gateway of India or at the top of Mount Everest?                [1 Mark]

Ans:	The value of acceleration due to gravity (g) will be less at the top of Mount Everest.

18.	On what factors does acceleration due to gravity (g) on earth’s surface depend on?  

                          			        [1 Mark]

Ans:	On earth’s surface, acceleration due to gravity (g) depends on mass and radius of the Earth.



*19.	Will the mass and weight of an object on the earth be same as their values on Mars? Why?                                                 [2 Marks]

Ans:	

i.	Mass is a fundamental quantity whose value remains same everywhere. Hence, the mass of an object on earth will be same as its value on Mars. 

ii.	Weight of an object is product of mass and gravitational acceleration, i.e., W = F = mg 

iii.	As the weight depends on the value of acceleration due to gravity (g) which changes from place-to-place, and is different for earth and Mars, the weight of the object on earth will be different than its value on Mars.





20.	Show that the weight of an object on the moon is nearly its weight on the earth?             

	(Given: RE = 6.37  106 m, Rm = 1.76  106 m, Me = 5.98  1024 kg, Mm = 7.36  1022 kg)          

[3 Marks]

Ans:	

i.	Let, m = mass of an object,

	Mm = Mass of the moon,

	Wm = Weight of the object on the moon,

	Rm = Radius of moon,

	Me = Mass of the earth,

	We = Weight of the object on the earth,

	Re = Radius of earth,

	G = Universal gravitational constant.

ii.	Acceleration due to gravity of an object is given as,



	g = 	

iii.	Weight of the object on the moon will be, 



	Wm = m(gm) =  	….(1)

iv.	Weight of the same object on earth will be, 



	We = m(ge) = 	….(2)

v.	Dividing equation (1) by (2),





	 =  





	 =  

	For earth and moon,

	RE = 6.37  106 m,

	Rm = 1.76  106 m,

	Me = 5.98  1024 kg,

	Mm = 7.36  1022 kg

	Substituting these values,





	 = 





	   



Hence, weight of an object on the moon is nearly its weight on the earth.

	

*21.	A stone thrown vertically upwards with initial velocity u reaches a height ‘h’ before coming down. Show that the time taken to go up is same as the time taken to come down. [3 Marks]

Ans:	

i.	Consider a stone thrown vertically upwards with initial velocity ‘u’. It reaches a height ‘h’ before coming down. 

ii.	The kinematical equations of motion are given as, 

	v = u + at           	.…(1)



	s = ut +     	.…(2)

	v2 – u2 = 2as      	.…(3)		

iii.	For upward motion of the stone, 

	a = – g (negative sign indicates the direction of force is opposite to that of velocity.) 

	v = 0 ( at the highest point velocity becomes zero).

	Substituting this in equation (1), the time t1 taken by the stone to reach the maximum height is given as, 0 = u – gt1



	t1 =       	….(4)

	Similarly, substituting the values of a and v in equation (3), the maximum height h which the stone reaches is given as, 02 – u2 = –2gh



	h =   	….(5)

iv.	For downward motion of the stone, a = g 

	u = 0 ( at maximum height, initial velocity is zero.) 

	Substituting this in equation (2), the time t2 taken by the stone to come down is given as, 



	h = 0 +  





	 =       	



	t2 =       	….(6)

v.	Substituting equation (5) in (6),





	t2 = =  	….(7)

Thus, from equations (4) and (7), we can conclude that the time taken by the stone to go up is same as the time taken to come down.

22.	Using the law of conservation of energy, derive an expression for the escape velocity of an object from the surface of the earth.

[3 Marks]

Ans:	Expression for escape velocity:

i.	Consider an object of mass m moving with initial velocity equal to escape velocity vesc on the surface of the earth. 



	The kinetic energy of the object is given as, K.E = 

	The potential energy of the object is given as, 



	Potential energy = 

	Total energy = E1 = K.E + P.E





			=      .…(1)

ii.	The object escapes the gravitational force of the earth and comes to rest at infinite distance from the earth.	

	The kinetic energy of the object is given as, K.E = 0

	The potential energy of the object is given as, 



	Potential energy = = 0 

	Total energy = E2 = K.E + P.E = 0 	….(2)

iii.	From the principle of conservation of energy, E1 = E2





	 = 0 





	= 





	 =     		.…(3)



iv.	Also, we know, acceleration due to gravity is given as, g =  

	GM = gR2   			.…(4)

v.	Substituting equation (4) in (3), we get,







	=  =   			.…(5)

	Equations (3) and (5) represent the equations for escape velocity from the surface of the earth.



23.	What is the cause of weightlessness of space travellers in a spacecraft?                  [1 Mark]

Ans:	Space travellers being in a state of free fall is the cause of their weightlessness in a spacecraft.

 (
 
Give reasons                           
[2 Marks each]
)





1.	Intext Question. (Textbook page no. 01)

	Why all apples fall vertically downward and not at an angle to the vertical. Why do they not fly off in a horizontal direction?

OR

	Any object on earth falls vertically downward and not at an angle to the vertical; nor fly off in a horizontal direction.

Ans:	

i.	The force with which earth attracts any object is directed towards the centre of the earth.

ii.	At any given position of a falling object, the direction from the falling object to the centre of the earth is vertically downward.

Hence, any object on earth will fall vertically downward and not at an angle to the vertical; nor will the object fly off in a horizontal direction.



2.	Use your brain power! (Textbook page no. 12)

	According to Newton’s law of gravitation, earth’s gravitational force is higher on an object of larger mass. Why doesn’t that object fall down with higher velocity as compared to an object with lower mass?

Ans:	

i.	The acceleration produced in a body under the influence of the force of gravity alone is called acceleration due to gravity. It is given by, 



	g =  

ii.	The value of g depends upon mass and radius of the earth (planet due to which there is a gravitational pull). 

iii.	It is independent of the shape, size, mass etc of the body which is falling. Hence, the object with greater mass and the object with comparatively less mass, both will fall with the same velocity.



*3.	Explain why the value of g is zero at the centre of the earth.

Ans:	



i.	The acceleration due to gravity (g) on earth’s surface is given as, g = 

	The value of g depends on the mass M of the earth and the radius R of the earth.

ii.	As we go inside the earth, our distance from the centre of the earth decreases and no longer remains equal to the radius of the earth (R).

iii.	Along-with the distance, the part of the earth which contributes towards the gravitational force felt also decreases, decreasing the value of (M).

iv.	Due to combined result of change in R and M, value of g becomes zero at the centre of the earth. 



4.	Explain why value of g changes if we go inside the earth. 			     [July 2019]

Ans:



i.	The acceleration due to gravity (g) on earth’s surface is given as, g =

	The value of g depends on the mass M of the earth and the radius R of the earth.

ii.	As we go inside the earth, our distance from the centre of the earth decreases and no longer remains equal to the radius of the earth (R).

iii.	Along-with the distance, the part of the earth which contributes towards the gravitational force felt also decreases, decreasing the value of (M).

iv.	Due to combined result of change in R and M, value of g decreases as we go inside the earth and becomes zero at the centre of the earth.	



5.	One can jump higher on the surface of the moon than on the earth.

Ans:	



i.	Acceleration due to gravity (g) on the surface of a planet or moon is given by the formula, g =  

	Where, M is the mass of the planet or moon and R is the radius of the planet or moon.

ii.	The earth and the moon have different masses and radii due to which the value of g is different on their surfaces.  

iii.	The value of g on moon is 1/6th of that on the surface of earth.

Hence, one can jump 6 times higher on the moon compared to that on the earth.



*6.	If the value of g suddenly becomes twice its value, it will become two times more difficult to pull a heavy object along the floor. Why?

Ans:	

i.	The weight of an object is defined as the force with which the earth attracts the object. It is given as, W = F = mg 

ii.	The weight of an object depends on the mass of the object and the value of acceleration due to gravity. 

iii.	If the value of g doubles, the force with which the earth attracts the object also becomes twice.

iv.	Thus, the object becomes twice as heavier, making it harder to be pulled along the floor. 



7.	A body weighs more at poles and less at equator. 

Ans:	

i.	The weight of an object is defined as the force with which the earth attracts the object. It is given as, W = F = mg 

ii.	The weight of an object depends on the mass of the object and the value of acceleration due to gravity.

iii.	On the surface of the earth, the value of g is highest at the poles and decreases slowly with decreasing latitude becoming lowest at the equator.

Hence, a body weighs more at the poles and less at equator.



8.	The weight of an object changes from place to place though its mass is constant. 

[Mar 2020] [2 Marks]

Ans:	Refer Answer the following Q.19

9.	Intext Question. (Textbook page no. 14)

	Space travellers as well as objects in the spacecraft appear to be floating.

OR

	Space travellers as well as objects in the spacecraft appear to be floating. Why does this happen?

Ans:	

i.	In space, the only force that acts on a spacecraft is the gravitational force of the earth. Therefore, the spacecraft is in a state of free fall.

ii.	The velocity in free fall is independent of the properties of an object and thus is the same for the spacecraft, the travellers and the objects in the space craft. 

iii.	The free fall leads to weightlessness of space travellers as well as object in the spacecraft.

Being weightless, space travellers as well as objects in the spacecraft appear to be floating.

 (
 Distinguish between            
   
[2 Marks each]
)









1.	Gravitational constant (G) and acceleration due to gravity (g).     

Ans:	

	

		No.

		Gravitational constant (G)

		Acceleration due to gravity (g)



		i.

		The gravitational force acting between unit masses kept at a unit distance away from each other equals gravitational constant (G).

		The acceleration produced in a body under the influence of the force of gravity alone is called acceleration due to gravity (g).



		ii.

		Gravitational constant is a scalar quantity.

		Acceleration due to gravity is a vector quantity.



		iii.

		The value of gravitational constant is a constant.

		The value of acceleration due to gravity varies with height, depth and shape of the earth.



		iv.

		The value of 

G = 6.67  1011 Nm2/kg2.

		The value of 

g = 9.8 m/s2 on earth’s surface.



		v.

		Gravitational constant is never zero anywhere.

		Acceleration due to gravity is zero at the centre of the earth.



		vi.

		The S.I. unit of gravitational constant is Nm2/kg2

		The S.I. unit of acceleration due to gravity is m/s2.





*2.	What is the difference between mass and weight of an object?

Ans:	



		

		Mass

		Weight



		i.

		Mass is the quantity of matter contained in an object.

		Weight is the force with which the earth attracts an object.



		ii.

		Mass remains same everywhere.

		Weight of a body keeps on changing from place to place.



		iii.

		Mass is measured in kilogram (kg).

		Weight is measured in newton (N).



		iv.

		Mass is a scalar quantity.

		Weight is a vector quantity.



		v.

		Mass of an object can never be zero.

		Weight of an object becomes zero at the centre of the earth. 





 (
Questions based on diagram
)









1.	Observe the given figure showing the orbit of a planet moving around the Sun and write the three laws related to it:

[Mar 2020] [3 Marks]



 (
1
Sun
S
Planet
F
E
D
C
B
3
2
A
The orbit of a planet moving
around
 the Sun
)















Ans: 	

i.	Kepler’s first law: The orbit of a planet is an ellipse with the sun at one of the foci.

ii.  	Kepler’s second law: The line joining the planet and the sun sweeps equal areas in equal intervals of time.	           

iii.  	Kepler’s third law: The square of orbital period of revolution of a planet around the Sun is directly proportional to the cube of the mean distance of the planet from the Sun.         



2.	Write proper answer in the box:



 (
d
If F 
= 
,
m
1
m
2
3d
then
 F =
m
1
m
2
)









			  





[Mar 2019] [1 Mark] 



Ans: 	

 (
As, F 
= 
, 
F 
 
 
for
 d = 3d,
F = 
= 
Reading between the lines
)















3.	Observe the following diagram and answer the questions.                                  [5 Marks]

 (
r
m
2
m
1
F
F
)











i.	Which law do we understand from the above diagram? State the law.

ii.	State the mathematical equation for the law.

iii.	In case the two bodies are not spherical, then in which direction is the force directed? 

iv. 	How will the value of force F change if the mass m2 is increased to 4m2?

v.	How will the value of force F change if the distance r is doubled? 

Ans: 	

i.	From the given diagram, we understand Newton’s law of gravitation.

	Statement: Gravitational force between two bodies in the universe is directly proportional to the product of their masses and inversely proportional to the square of the distance between them.



ii.	The mathematical equation for the law is given as, F = G 

iii.	If the two bodies are not spherical, then the direction of force is along the line joining their centres of mass.	

iv.	Gravitational force between the two bodies is given by, 



	F = 

	The mass m2 is increased to 4m2, then the force F will be,





	F =  =  = 4F

	Force becomes four times the initial force.

v.	Gravitational force between the two bodies is given by,	



	F = 

	When distance between the objects is doubled, the force F will be,







	F =  =  = F

	Force becomes one fourth the initial force.

 (
Numerical Section
)		 

 (
Formulae
)





1.	Kepler’s third law: 

i.	T2  r3   

	Where, 

	T = 	the period of revolution of a body,

	r = 	the radius of orbit in which the body is revolving.





ii.	= 

	Where T1, T2 and r1, r2 are periodic times and mean radii of the orbits of two planets around the Sun respectively.



2.	Gravitational force between two bodies: 



	F =  

	Where, 	m1 and m2 = masses of two bodies, 

	r = distance of separation between them,

	G = universal gravitational constant





3.	Universal gravitational constant: G = 



4.	Acceleration due to gravity:



	On the earth surface, g =  

	Where, M = mass of the earth,

		 R = radius of the earth. 



5.	Kinematical equations of motion:



i.	v = u + at	ii.	s = ut + 

iii.	v2 = u2 + 2as

For a freely falling body:



i. 	v = gt		ii. 	h =  	iii. 	v2 = 2gh	

For a body thrown upwards:

i. 	u = – gt 

	(negative sign indicates velocity is decreasing)



ii. 	h = ut –  	

iii. 	u2 = 2gh	

Where, 	u = initial velocity, 

		v = final velocity,

		g = acceleration due to gravity, 

		h =	distance of the body from the surface of the earth

	

6.	Potential energy of a body: 



i.	On the earth’s surface, P.E. =  		

ii.	At a height h from surface of earth,



	P.E. = 

	where, m = mass of the body.

7.	Escape velocity of a body (On the surface of the earth):





	vesc =  =  

 (
Values to remember
)	

	



1.	Gravitational constant (G) = 6.7 × 10–11 Nm2/kg2

2.	Acceleration due to gravity (g) = 9.8 m/s2

3.	Mass of the earth = 6 × 1024 kg 

4.	Radius of the earth = 6.4 × 106 m

 (
Solve the following problems
)



 (
Gravitational force between two bodies
Type 
I
)



 (
Formulae:
i
.
F = 
 
ii.
 
G
 = 
)









1.	Calculate the force between the Sun and Jupiter. Assume that the mass of the 
Sun = 2  1030 kg, the mass of the 
Jupiter = 1.89  1027 kg and the radius of the Jupiter’s orbit = 7.73  1011m.  

	(Use G = 6.67  10–11 Nm2/kg2)       [2 Marks]

Solution:

Given: 		Mass of the Sun (m1) = 2  1030 kg, mass of Jupiter (m2) = 1.89  1027 kg, 

			Radius of Jupiter’s orbit (r) 

			                    = 7.73  1011 m, 

			Gravitational constant (G) 

			                    = 6.67  1011 Nm2/kg2

To find: 		Force(F) 



Formula: 		F = 

Calculation: 	From formula,



				F = 





				   = = 

		F = 4.219  1023 N

Ans:	The force between the Sun and Jupiter is            4.219  1023 N.	



+2.	Mahendra and Virat are sitting at a distance of 1 metre from each other. Their masses are 75 kg and 80 kg respectively. What is the gravitational force between them?  [2 Marks]

Solution:

Given:	Distance (r) = 1 m, mass (m1) = 75 kg, mass (m2) = 80 kg, gravitational constant (G) = 6.67  10–11 Nm2/kg2

To find:	Gravitational force (F)



Formula:	 F =   

Calculation:	From formula, 



		F =  

		F = 4.002  10–7 N

Ans:	The gravitational force between Mahendra and Virat is 4.002  10–7 N. 



+3.	Calculate the gravitational force due to the earth on Mahendra who has mass of 75 kg. [Mass of the earth = 6  1024 kg, Radius of the earth = 6.4  106 m, Gravitational constant (G) = 6.67  10–11 Nm2/kg2]                 [2 Marks]

Solution:

Given:	Mass of the earth (m1) = 6  1024 kg, Radius of the earth (R) = 6.4  106 m, Mahendra’s mass (m2) = 75 kg,

		Gravitational constant (G) 

		= 6.67  10–11 Nm2/kg2

To find:	Gravitational force (F)



Formula:	 F =  

Calculation:	From formula, 		 



		F = 



		 	= 

			= 733 N

Ans:	The gravitational force due to the earth on Mahendra is 733 N. 



*4.	The masses of the earth and moon are 
6  1024 kg and 7.4  1022 kg, respectively. The distance between them is 3.84  105 km. Calculate the gravitational force of attraction between the two. 

	Use G = 6.7  10–11 Nm2 kg2	       [2 Marks]				

Solution:

Given:	Mass of the earth (Me) = 6  1024 kg, Mass of the moon (Mm) = 7.4  1022 kg, 

		Distance (r) = 3.84  105 km 

			= 3.84  108 m, 

		Gravitational constant (G)

		               	= 6.7  1011 Nm2/kg2

To find:	Gravitational force (F)



Formula:	F = 

Calculation:	From formula, 



		F 	=  



			= 

			= 2  1020 N

Ans:	The gravitational force between the earth and the moon is 2  1020 N. 

*5.	The mass of the earth is 6  1024 kg. The distance between the earth and the Sun is
1.5  1011 m. If the gravitational force between the two is 3.5  1022 N, what is the mass of the Sun? Use G = 6.7  10–11 Nm2 kg–2.     [2 Marks]

Solution:

Given:	Mass of the earth (Me) = 6  1024 kg, Gravitational force (F) = 3.5  1022 N, 

		Distance (r) = 1.5  1011 m, 
Gravitational constant (G) 

		= 6.7  1011 Nm2/kg2

To find:	Mass of Sun (Ms)



Formula:	 F = 

Calculation:	From formula, 



		Ms = 



		Ms = 



		   	= = 1.96  1030 kg

Ans:	The mass of the Sun is 1.96  1030 kg.



6.	A spaceship is 1014 km away from a massive star. The gravitational force between them is 70 N. Calculate the distance between them, if the force between them is increased to 
7  105 N. 	                 [2 Marks]

Solution:

Given:		Force (F1) = 70 N, 

			distance (r1) = 1014 km = 1017 m,

			force (F2) = 7  105 N

To find:		Distance (r2)



Formula:		F = 

Calculation:		From formula,



			For r1 = 1017 m: F1 = 



			70 = 	….(1)



			For r2: F2 = 



			7  105 = 	….(2)

			Dividing equation (1) by (2), we have,





			 = 





		 =  1034 = 1030

		r2 = 1015 m = 1012 km

Ans:	The distance between the spaceship and the star is 1012 km.



 (
Kinematical equations of motion
Type 
II
)



 (
Formulae:
i
.
Kinematical equations of motion:
1.
v
 = u + at
 
2.
s = 
ut
 + 
3.
v
2
 = u
2
 + 2as
ii
.
For a freely falling body:
1
. 
v
 = 
gt
2
. 
h = 
 
3
. 
v
2
 = 2gh
iii.
For a body thrown upwards:
1
. 
u
 = – 
gt
 (negative sign indicates velocity is decreasing)
2. 
h = 
ut
 – 
 
3
. 
u
2
=2gh
)























 (
+ An iron 
ball of mass 3 kg is released from a height of 125 m and falls freely to the ground. Assuming that   the value of g is 10 m/s
2
, calculate
i
. 
time taken by the ball to reach the ground
             
ii. 
velocity of the ball on reaching the ground
                                            
iii. 
the
 height of the ball at half the time it takes to reach the ground. 
Step 1:
Read the problem and make a list of what is given or can be inferred from the problem.
From the information given, we come to know that the iron ball is in a state of free fall. 
Mass (m) of the ball = 3 kg, distance travelled by the ball (s) = 125 m, 
The iron ball is released from a height means initial velocity of the ball (u) = 0, 
During free fall, acceleration a = g = 10 m/s
2
.
Step 2:
Make a note of all the quantities which are required to be found
.
i
. 
Time taken (t)
ii. 
Final velocity (v)
iii.
 
Height (h)
Step 3:
Based on the information provided and the quantity to be found, identify which kinematical equation of motion best fits the situation.
To find the time taken by the ball to reach the ground.
An equation that includes distance (s), initial velocity (u), acceleration (a) and time (t) 
i.e
, 
s = 
ut
 + 
at
2
 fits the given situation.
 
Step 4: 
Substitute known values into the equation and use appropriate algebraic steps to solve for the unknown quantity.
125 = 0t + 12 × 10 × t
2
 = 5t
2
∴
 
t
2
 = 
  = 25
∴
 
t = 
5 s
Step 5:
 
Check the final answer in terms of its magnitude, sign and unit.
To find the velocity of the ball on reaching the ground.
Repeat step (3) for above case.
A
n equation that includes final velocity (v), initial velocity (u), acceleration (a) and 
time (t) 
i.e., v = u + at fits the given situation.
Repeat step (4).
v = 0 + 10 × 5 
∴
v = 
50 m/s
Analyse
Solve
I
llustrative Example:
I
Hence we will calculate tre of a concave lens. 
)























































































 (
Repeat step (5).
To find the height of the ball at half the time it takes to reach the ground.
Repeat step (3) for above case.
An equation that includes distance (s), initial velocity (u), acceleration (a) and 
time (t).
 
i.e
, s = 
ut
 + 
at
2
 
fits the given situation.
 
We consider the ball’s distance from top 
as ‘s’
Take note of any conditions given in the problem, in this case the height to be found is at half the time. 
Half time = t′ = 
 = 2.5 s
Repeat step (4).
s = 
ut
′ + 
 at′
2
∴
 
s = 0 + 
 × 10 × (2.5)
2
 = 31.25 m.
Thus, the distance of the ball from the top is 31.25 m.
To get the height of the ball at half time, 
h = 125 – 31.25 = 
93.75 m
 
Repeat step (5).
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7.	An iron ball of mass 3 kg is released from a height of 125 m and falls freely to the ground. Assuming that the value of ‘g’ is 10 m/s2, calculate:

i.	Time taken by the ball to reach the ground.

ii.	Velocity of the ball on reaching the ground.

			[Dec 2020] [3 Marks]

Ans:	Refer Illustrative example (i, ii.)



8.	A metal ball of mass 5 kg falls from a height of 490 m. How much time it will take to reach the ground? (g = 9.8 m/s2)     

			[Mar 2019] [2 Marks]

Solution:

Given: 	Mass (M) = 5 kg, height (s) = 490 m, 

		gravitational acceleration (g) = 9.8 m/s2

To find: 	Time taken (t)



Formula: 	 

Calculation:  	From formula,



		490 = (0  t) + (  9.8  t2)

		490 = 4.9 t2



		 t2 =  = 100

		 t = 10 s

Ans: The metal ball will take 10 s to reach the ground.



*9.	An object takes 5 s to reach the ground from a height of 5 m on a planet. What is the value of g on the planet?           [Dec 2020][2 Marks]			

Solution:	

Given:	Time (t) = 5 s, height (s) = 5 m  

To find:	Gravitational acceleration (g)



Formula:	s = ut + 

Calculation:	From formula,



		5 = 0  t +  g(5)2



		5 = g  25



		g =  

		g = 0.4 m/s2

Ans:	The gravitational acceleration of the planet is 0.4 m/s2. 



10.	Use your brain power! (Textbook page no. 06)

	How long will Mahendra take to move 1 cm towards Virat, if a constant acceleration of 5.34  10–9 m/s2 is produced in Mahendra?

[2 Marks]

Solution:

Given:		Height (s) = 1 cm = 0.01 m, 

			initial velocity (u) = 0 m/s, 

		acceleration (a) = 5.34  10–9 m/s2

To find:	Time taken (t)



Formula:	 s = ut +  

Calculation:	From formula,



		0.01 =  5.34  10–9  t2

		0.01 = 2.67  10–9  t2



		t2 =  

		t2 = 3.75  106

		t = 1936 s

Ans:	With constant acceleration, Mahendra takes 1936 s to move 1 cm towards Virat.

11.	A stone is released from the top of a tower of height 19.6 m. Calculate its final velocity just before touching the ground.             [2 Marks]

Solution:

Given:		Height (h) = 19.6 m,

			Initial velocity (u) = 0 m/s,

To find:	Final velocity (v) 

Formula:	v2 = u2 + 2as

Calculation:	For downward motion,

		a = g, s = h, u = 0

		From formula,

		v2 = 2  9.8  19.6

		v2 = 384.16

		v = 19.6 m/s

Ans:	Final velocity of the stone just before touching the ground is 19.6 m/s. 



+12.	A gravitational force of 4.002  10–7 N is acting between Mahendra (75 kg) and Virat (80 kg). Assuming that the bench on which Mahendra is sitting is frictionless, starting with zero velocity, what will be Mahendra’s velocity of motion towards Virat after 1 s? Will this velocity change with time and how?                 

[3 Marks]

Solution:

Given:	Force on Mahendra (F) = 4.002  10–7 N, Mahendra’s mass (m) = 75 kg

To find:	Velocity (v)

Formulae:	i. 	F = ma	ii. 	v = u + at

Calculation:	From formula (i), 



		a = = 5.34  10–9 m/s2

		As Mahendra is sitting on the bench, his initial velocity is zero (u = 0)

		Assuming the bench to be frictionless,

		From formula (ii),

		v = 0 + 5.34  10–9  1 

		v	= 5.34  10–9 m/s

		As Mahendra is moving towards Virat, the distance between them decreases causing an increase in gravitational force. 

		For a given mass, gravitational force being directly proportional to acceleration, acceleration increases.



		a =  

		As acceleration increases, the velocity increases.

Ans:	Mahendra’s velocity after 1 s towards Virat will be 5.34  10–9 m/s and will increase with time.



+13.	The gravitational force of 733 N acts on Mahendra who has mass of 75 kg. Starting from rest, what will be Mahendra’s velocity after one second if he is falling down due to the gravitational force of the earth?[2 Marks]

Solution:

Given:	Initial velocity (u) = 0, force (F) = 733 N, 

		Mahendra’s mass (m) = 75 kg, 

		time (t) = 1 s

To find:	Velocity (v)

Formulae:	i. 	F = ma		ii. 	v = u + at

Calculation:	Mahendra’s acceleration

		From formula (i),		



		a =  = 9.77 m/s2 

		Mahendra’s velocity after 1 second,

		From formula (ii),

		v = 0 + 9.77  1 = 9.77 m/s

Ans:	Mahendra’s velocity after one second, if he is falling down due to the gravitational force of the earth is 9.77 m/s. 



*14.	A ball falls off a table and reaches the ground in 1 s. Assuming g = 10 m/s2, calculate its speed on reaching the ground and the height of the table.	       [2 Marks]

Solution:

Given:	Initial velocity (u) = 0, 

		acceleration due to gravity (g) = 10 m/s2, 

		time (t) = 1 s  

To find:	Height (s), velocity (v)



Formulae:	i.	s = ut +  gt2 	

		ii.	v2 = u2 + 2 gs

Calculation:	From formula (i),



		s = 0  t +  10  12 = 5 m

		From formula (ii),

		v2 = 0 + 2  10  5

		v2 = 100 

		v = 10 m/s  	

Ans:	i.	The velocity of the ball when it reaches the ground is 10 m/s.

	ii.	The height of the table is 5 m. 



*15.	An object thrown vertically upwards reaches a height of 500 m. What was its initial velocity? How long will the object take to come back to the earth? Assume 
g = 10 m/s2.                    [July 2019] [3 Marks]

Solution:

Given:	Height (s) = 500 m, acceleration due 	

                        to gravity (g) = 10 m/s2

To find:	i.	Initial velocity (u), 

		ii.	Total time taken 

Formulae:	i. 	v2 = u2 + 2 as



		ii. 	s = ut +  at2

Calculation:	For upward motion of the ball, (v) = 0.

		a = –g = –10 m/s2

		From formula (i), 

		0 = u2 + 2 (–10)  500

		u2 = 10000

		u = 100 m/s 

		For downward motion of the ball, 
(u) = 0. 

		a = g = 10 m/s2

		From formula (ii),



		500 = 0 +   10 t2



		t2 =  = 100 

		t = 10 s

		Time for upward journey of the ball will be the same as time for downward journey i.e., 10 s. 

		Total time taken = 2  t = 2  10 = 20 s

Ans:	i.	The initial velocity of the object is 100 m/s. 

	ii.	The total time taken by the object to reach the height and come down is 20 s.



+16.	A tennis ball is thrown up and reaches a height of 4.05 m before coming down. What was its initial velocity? How much total time will it take to come down? Assume 
g = 10 m/s2.                                         [3 Marks]

Solution:

Given:		Distance travelled by the ball (s) 
= 4.05 m, acceleration a = g = 10 m/s2

To find:		i. 	Initial velocity (u)

		ii. 	Time taken (t)

Formulae:	i. 	v2 = u2 + 2 as



		ii. 	s = ut +  at2

Calculation:	For upward motion of the ball, (v) = 0.

		a = –g = –10 m/s2

		From formula (i), 

		0 = u2 + 2 (–10)  4.05

		u2 = 81

		u = 9 m/s 

		For downward motion of the ball, 
(u) = 0. 

		a = g = 10 m/s2

		From formula (ii),



		4.05 = 0 +   10 t2



		t2 =  = 0.81 

		t = 0.9 s

		Time for upward journey of the ball will be the same as time for downward journey i.e., 0.9 s. 

		Total time taken = 2  0.9 = 1.8 s

Ans:	i.	The initial velocity of the ball is 9 m/s.

	ii.	The total time taken by the ball to reach the ground is 1.8 s.  

17.	A ball thrown up vertically returns to the thrower after 6 s. Find

i.	the velocity with which it was thrown up.

ii.	the maximum height it reaches.    [3 Marks]

Solution:	

Given:	Total time = 6 s

		Time of ascent 	= time of descent 



			= = 3 s 

To find:	i.	Initial velocity (u)

		ii.	Maximum height (h1)

Formulae:	i.	v = u + at	



		ii.	s = ut +  

Calculation:

i.	For upward motion of the ball,

	v = 0, t = 3 s, a = –9.8 m/s2

	From formula (i),

	v = u + at

	0 = u  9.8  3

	u = 29.4 m/s

ii.	For ball moving upward and reaching maximum height,

	u = 29.4 m/s, a = –9.8 m/s2, t = 3 s, s = h1

	From formula (ii),



	h1 = 29.4  3 –  9.8  32  = 88.2 – 44.1

	h1 = 44.1 m		

Ans:	i.	The ball was thrown with a initial velocity of 29.4 m/s.

	ii.	Ball reaches the maximum height of 44.1 m.

 (
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On the earth surface,
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 = 
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*18.	The mass and weight of an object on earth are 5 kg and 49 N respectively. What will be their values on the moon? Assume that the acceleration due to gravity on the moon is 1/6th of that on the earth.	                 [2 Marks]	 

Solution:

Given:	Mass on earth (me) = 5 kg, weight on 	

		earth (We) = 49 N, 

		acceleration due to gravity on moon 	

                        (gm) = 9.8/6 = 1.63 m/s2

To find:	Mass (mm), weight (Wm) on moon

Formula:	Wm = mmgm 

Calculation:	The mass of the object is independent of gravity and remains unchanged i.e., 5 kg.

		From formula,

		Wm = 5  1.63 		 

		Wm = 8.15 N		 

Ans:	On moon, the mass of the object is 5 kg and weight is 8.15 N.

19.	Can you tell? (Textbook page no. 08)

	What would be the value of g on the surface of the earth if its mass was twice as large and its radius half of what it is now?      

[Mar 2019] [3 Marks]

Solution:



Given:	Mass of the earth M = 2M, radius of the earth R =

To find:	gravitational acceleration (g)



Formula:	g =  

Calculation:	From formula,



		g 	=  



			= 



		g	=  

		g	= 8g = 8  9.8

		g = 78.4 m/s2 i.e., 8 times the original value of g.		 

Ans:	The value of g would be 78.4 m/s2 on the surface of the earth if its mass was twice as large and its radius half of the present value.



*20.	The radius of planet A is half the radius of planet B. If the mass of A is MA, what must be the mass of B so that the value of g on B is half that of its value on A? 	       [2 Marks] 

  Solution:

Given:	For planet A: mass = MA, 



		radius RA = ,  

		acceleration due to gravity = gA

		For planet B: radius = RB, 	



                        acceleration due to gravity gB = 

To find:	Mass of planet B (MB)



Formula:	g = 

Calculation:	From formula, 





		 =  



			=    

….[Substituting for RA and gB]





		 = 

		MB = 2MA

Ans:	The mass of planet B is 2MA. 





+21.	If a person weighs 750 N on earth, how much would be his weight on the moon given that moon’s mass is  of that of the earth and its radius is of that of the earth?    [2 Marks]

Solution:



Given:	Weight on earth = 750 N, Ratio of mass of the earth (ME) to mass of the moon (MM) =  = 81



		Ratio of radius of the earth (RE) to radius of moon (RM) =  = 3.7

To find:	Weight (W)



Formula:	weight = mg =  

Calculation:	Weight on the earth, 



		mg = 750 =  



		m =  	....(i)

		Weight on Moon 



		Wmoon =  	....(ii)

		Substituting equation (i) in equation (ii),



		Wmoon = 



				= 



		Wmoon	 = 750  (3.7)2   = 126.8 N

Ans:		The weight of the person on moon will be 126.8 N.



22.	Use your brain power! (Textbook page no. 10)

	Suppose you are standing on a tall ladder. If your distance from the centre of the earth is 2R, what will be your weight?

OR

	A person is standing on a tall ladder. If his distance from the centre of the earth is 2R, what will be his weight?                   [2 Marks]

Solution: 	

Given:	h = R ( distance from centre of the earth is 2R)

To find:	Weight (W)

Formulae:	i.	On earth’s surface,



			W = mg =  

		ii.	At a height (h) above earth’s surface,



			W =  

Calculation:	On earth’s surface,

		From formula (i),



		W =  		….(1)

		At a distance of 2R from centre of the earth,

		From formula (ii),





		W = = 	….(2)

		Dividing equation (2) by (1), we have,



		 



		W = W



Ans:	The person’s weight at a distance of 2R from the centre of the earth, would reduce to  the weight on the surface of the earth.

 (
Escape velocity
Type 
IV
)



 (
Formula: 
v
esc
 = 
 = 
)







+23.	Calculate the escape velocity on the surface of the moon given the mass and radius of the moon to be 7.34  1022 kg and 
1.74  106 m respectively.                 [2 Marks]	

Solution:

Given:	Gravitational constant (G) 
= 6.67  10–11 Nm2/kg2, Mass of the moon (M) = 7.34  1022 kg, radius of the moon (R) = 1.74  106 m.

To find:		Escape velocity (vesc)



Formula:	 	vesc =  

Calculation:		From formula, 



			vesc  = 



				= 

			vesc	= 2372 m/s = 2.372 km/s

Ans:	Escape velocity on the moon is 2.372 km/s.



24.	The escape velocity of a body from the earth’s surface is 11.2 km/s. The mass of the Moon is (1/81)th of that of earth. The radius of the moon is (1/3.7)th that of earth. Find the escape velocity from Moon’s surface.           [2 Marks]

Solution:

Given: 		Escape velocity on earth’s surface (vesc) = 11.2 km/s, 	

			ratio of moon and earth’s mass (Mm/Me) = 1/81, 

			ratio of moon and earth’s radius (Rm/Re) = 1/3.7

To find: 		Escape velocity (ve)m



Formulae: 		i.	vesc = 



			ii.	(vesc)m = 	

Calculation: 	From formula (i) and (ii),





			= 



				= 

				= 0.214

			(vesc)m 	= vesc  0.214 

					= 11.2  0.214 

					= 2.39 km/s

Ans:	The escape velocity from Moon’s surface is 2.39 km/s.



25.	What would be the duration of the year if the distance between the earth and the Sun gets doubled? Will this affect the escape velocity of an object on the surface of earth?     

[3 Marks]

Solution:

Given: 	Distance (r) = 2r, 

		time period (T) = 365 days

To find: 	Time period (T)

Formula:	T2 r3	

Calculation:	From formula,



		



		T 	=  

		T = 1032.37 days

		For an object on the surface of the earth, its escape velocity is independent of radius of orbit. Hence, this will not affect its escape velocity.

Ans:	The duration of the year would be 1032.37 days and this will not affect escape velocity of the object on the surface of earth.

 (
Practice problems
)







1.	The masses of earth and Jupiter are 6 × 1024 kg and 1.9 × 1027 kg, respectively. The distance between them is 6.2 × 1011 m. Calculate the gravitational force of attraction between the two.

	Use G = 6.7 × 10–11 Nm2 kg−2 	              [2 M]



2.	The mass of a planet is 6 times the mass of earth and its radius is 3 times that of the earth. Considering acceleration due to gravity on earth to be 9.8 m/s2, calculate the value of ‘g’ on the other planet.	                        [2 M]

3.	An object takes 15 s to reach the ground from a height of 40 m on a planet. What is the value of g on the planet? 	    	              [2 M]



4.	A ball falls off a table and reaches the ground in 10 s. Assuming g = 10 m/s2, calculate its speed on reaching the ground and the height of the table.	                                                       [2 M]



5.	An object thrown vertically upwards reaches a height of 320 m. What was its initial velocity? How long will the object take to come back to the earth? Assume g = 10 m/s2. 	              [3 M] 



6.	An object is thrown vertically upwards and rises to a height of 10 m. Calculate 

i.	the velocity with which the object was thrown upwards and 

ii.	the time taken by the object to reach the highest point. (g = 9.8 m/s2)                                   [3 M]



7.	There is one body in space which has mass thrice as that of the earth and a radius four times as that of the earth. If the weight of a book on earth is 80 N, what will be its weight on that body?		              [2 M]



8.	Calculate the maximum height attained by the body thrown vertically upward with a velocity of 9.8 m/s. (g = 9.8 m/s2)		              [2 M]



9.	An apple of mass 0.15 kg falls from a tree. What is the acceleration of the apple towards the earth? Also calculate the acceleration of the earth towards the apple. [Given: Mass of earth             = 6  1024 kg, Radius of earth 
= 6.4  106 m, G = 6.67  10–11 Nm2 kg –2.][3 M]



10.	The radius of planet A is double the radius of planet B. If the mass of A is MA, what must be the mass of B so that the value of g on B is double that of its value on A? 	              [2 M] 







11.	A body weighs 400 N on the surface of earth. How much will it weigh on the surface of a planet whose mass is  and radius  that of the earth?			              [2 M]







12.	What will be the acceleration due to gravity on the surface of a planet if its radius is approximately  the radius of the earth and its mass is about  the mass of Earth? [Given: g = 9.8 ms–2.]	                                             [2 M]



13.	Find the escape speed of a body from the surface of Mars. [Radius of Mars = 3392 km, gMars = 3.724 m/s2]		              [2 M]

Answers:

1.	1.98 × 1018 N	

2.	6.53 m/s2

3.	0.35 m/s2	

4.	100 m/s, 500m

5.	80 m/s, 16 s

6.	i.	14 ms1	

	ii.	1.43 s

7.	15 N			

8.	4.9 m

9.	9.8 m/s2, 2.44  10–25 m/s2 

10.	half of planet A. 	

11.	266.7 N

12.	10.5 ms–2

13.	5.026  103 m s–1

 (
Apply your Knowledge
)







1.	Can you recall? (Textbook page no. 01)

i.	What are the effects of a force acting on an object?

Ans:	The force applied on any object can cause displacement, change in shape and size of the object. It can also change the direction of motion of the object. 



ii.	What types of forces are you familiar with?

Ans: 	

a.	The types of force known to me are: muscular, mechanical, gravitational, magnetic, frictional and electrostatic force.

b.	Forces can also be categorised into balanced and unbalanced force. 



iii.	What do you know about the gravitational force?

Ans:	The force which is applied by the earth to pull objects towards itself is known as gravitational force. 



2.	Use of ICT (Textbook page no. 01)

	Collect videos and ppts about the gravitational forces of different planets.

	[Students are expected to perform the above activity on their own.] 



3.	Can you recall? (Textbook page no. 01)

	What are Newton’s laws of motion?

Ans:	Newton’s first law of motion: An object continues to remain at rest or in a state of uniform motion along a straight line unless an external unbalanced force acts on it.

	Newton’s second law of motion: The rate of change of momentum is proportional to the applied force and the change of momentum occurs in the direction of the force.

	Newton’s third law of motion: Every action force has an equal and opposite reaction force which acts simultaneously. 

4.	Try this. (Textbook page no. 02)

	Tie a stone to one end of a string. Take the other end in your hand and rotate the string so that the stone moves along a circle as shown in the figure 1.2 (a) of your textbook. 

i.	Are you applying any force on the stone? 

ii.	In which direction is this force acting? 

iii.	How will you stop this force from acting? 

iv.	What will be the effect on the stone?

Ans:	

i.	Yes, I am applying a force on the stone. 

ii.	The force is acting in the direction towards the centre of the circle along which the stone is rotated. 

iii.	The force can be stopped from acting by releasing the string. 

iv.	The stone will fly off along a straight line tangential to the circle at the position of the stone, when the string is released.





	[Note: Students are expected to refer the accompanying QR code for demonstration of the activity.]



5.	Use your brain power! (Textbook page no. 04)

	If the area ESF given in figure 1.4 of your textbook is equal to area ASB, what will you infer about EF?

Ans:	According to Kepler’s second law, if area of ESF = area of ASB, then AB and EF are distances covered by planet in the same time. 

 (
The distance AB is much larger than the distance EF. This means, the planet has to move faster between A and B than it does between E and F. As a result, the planet moves faster in its orbit near the Sun (A to B) and comparatively slower when it is further away from the Sun (E to F). The 
distance
 
from 
A 
to
 B 
contains the point at which the 
planet is closest to the Sun
. This point is 
known as perihelion. The 
distance from
 E 
to
 F 
contains the point at which 
the planet is furthest from the sun
. This point is
 known as aphelion.
Reading between the lines
)

































6.	Think about it. (Textbook page no. 08)

i.	What would happen if there were no gravity?

Ans:	If gravitational force ceased to exist on earth, then:

a.	All the objects will no longer be drawn towards each other and the earth. Objects not being attracted to the earth along-with humans would float off into space away from the surface of the earth.	

b.	The important constituents of the earth including the atmosphere and the water from the ocean, seas etc would also float into space. 

c.	The moon would stop orbiting the earth and would drift in space.



ii.	What would happen if the value of G was twice as large?

Ans:	If the value of G were to be doubled, then: 

a.	The value of acceleration due to gravity (g) would become double.

b.	Weight of all the objects on the earth will become double making simple tasks like picking an object difficult.

c.	The atmospheric air pressure would increase leading to various climatic changes. To counter this change in air pressure, the blood pressure of human body will increase making it hard to survive on earth. 

d. 	The earth’s orbit around the Sun will be affected which will result in catastrophic climatic changes. 

	

7.	Try This. (Textbook page no. 11)

	Take a small stone. Hold it in your hand. Which forces are acting on the stone? Now release the stone. What do you observe? What are the forces acting on the stone after you release it?

Ans:	

i.	When a stone is held in our hands, it experiences the gravitational force exerted on it by the earth pulling it downward and the force of the hand pushing it upwards. 

ii.	When the stone is released, it falls down. 

iii.	Once the stone is released, the forces acting on the stone are gravitational force and an upward force opposing the gravitational force.

iv.	If the medium in which the stone is released is air, frictional force due to air also acts on the stone opposing its motion.



	[Note: Students are expected to refer the accompanying QR code for understanding of the concept.]



8.	Project:

*i.	Take weights of five of your friends. Find out what their weights will be on the Moon and the Mars.

Ans: 	Mass of the moon = 7.35  1022 kg, 

	Radius of the moon = 1.748 106 m

	gravity on moon (gMoon) = _______ m/s2	

	Mass of Mars = 6.39  1023 kg, 	

	Radius of Mars = 3.39  106 m   

	gravity on Mars (gMars) = ______ m/s2



		

		Friend’s weight on earth (N)

		Mass of the friend



(mf = ) (kg)

		Friend’s weight on moon

(mf  gMoon) (N)

		Friend’s weight on Mars

(mf  gMars) (N)



		i.

		

		

		

		



		ii.

		

		

		

		



		iii.

		

		

		

		



		iv.

		

		

		

		



		v.

		

		

		

		





		

	[Note: Students are expected to refer the accompanying QR code for understanding of the concept and perform the activity with the help of the above mentioned table.]





ii.	Intext Question. (Textbook page no. 07)

	Collect information about high and low tides from geography books. Observe the timing of high and low tides at one place when you go for a picnic to a beach. Take pictures and hold an exhibition.

	[Students are expected to perform the above activity on their own.]



 (
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 (
Chapter Assessment  
)



[Total Marks: 25]



Q.1.	(A)	Choose the correct alternative.		[4]

	i.	An apple falls from a tree because of gravitational attraction between the earth and apple. If F1 is the magnitude of force exerted by the earth on the apple and F2 is the magnitude of force exerted by apple on earth, then	                               

		(A)	F1 is very much greater than F2.	(B)	F2 is very much greater than F1.

		(C)	F1 is slightly greater than F2.	(D)	F1 and F2 are equal.



	ii.	An iron ball and a wooden ball of the same radius are released from a height ‘h’ in vacuum. The time taken by the both of them to reach the ground is _______.

		(A)	exactly equal		(B)	zero

		(C)	roughly equal		(D)	unequal



	iii.	If the gravitational attraction of the earth suddenly disappears, then,

		(A)	weight of the body will become zero but the mass will remain unchanged.

		(B)	weight of the body will remain unchanged but the mass will become zero.

		(C)	both mass as well as weight will be zero.

		(D)	neither mass nor weight will be zero.

	

	iv.	The value of gravitational potential energy at infinite distance from the earth is _______.



		(A)				(B)	zero

		(C)	infinite			(D)	different for different bodies.

 

	(B)	Answer the following.				[4]

	i.	Name the following.

		The point inside or outside an object at which the total mass of the object can be assumed to be concentrated



	ii.	Complete the analogy:

		Acceleration due to gravity (g) : m/s2 :: Gravitational constant (G) : _______.		



	iii.	Match the columns:

		

		

		Column I

		

		Column II



		a.

		Gravitational force

		1.

		





		b.

		Potential energy of a body

		2.

		

 



		

		

		3.

		









	iv.	State true or false. If false, write the correct sentence.

		The gravitational force acting on two bodies will be affected when they are dipped in water.

	

Q.2.	(A)	Give scientific reasons. (Attempt any one)	[2]

	i.	Explain why 1 kg of gold would weigh different at the pole and equator.	

	ii.	Any object on earth falls vertically downward and not in any other direction.



	(B)	Answer the following. (Attempt any two)	[4]

	i.	Distinguish between mass and weight.   

	ii.	Let the period of revolution of a planet at a distance 2R from a star be T. Prove that if it was at a distance of 8R from the star, its period of revolution will be 8T.		 

	iii.	Determine the force of gravitation between the earth and a 60 kg boy who is standing on the surface of earth. (RE = 6400 km, ME = 6  1024 kg, G = 6.67  10–11 Nm2/kg2)

Q.3.	Answer the following. (Attempt any two)		[6]

	i.	What happens to the gravitational force between two objects, if 

		a.	the mass of one object is doubled?

		b.	the distance between the objects is doubled?

		c.	the mass of both objects are doubled and the distance between the objects is quadrupled.



	ii.	A ball is thrown vertically upwards with a velocity of 49 m/s. 

		Calculate

			a.	the maximum height to which it rises,

		b.	the total time it takes to return to the surface of the earth.





	iii.	Complete the following table and for an object of mass ‘m’ on the surface of the earth, show that, escape velocity, vesc = .

		

		Position of object

		Kinetic energy

		Potential energy

		Total energy



		On the surface of the Earth

		



		____________

		___________



		at infinite distance from the earth

		____________

		0

		0





	

Q.4.	Answer the following. (Attempt any one)		[5]

	i.	The figure shows the elliptical orbit of a planet about the Sun S. An ellipse is the curve obtained when a cone is cut by an inclined plane. It has two focal points. The sum of the distances to the two focal points from every point on the curve is constant. F1 and F2 are the two focal points of the ellipse. The shaded area CF1D is twice the shaded area AF1B. t1 is the time taken by the planet to move from C to D and t2 is the time to move from A to B.

 (
B
D
A
F
1
F
2
Sun
C
S
Q
R
P
)

















		a.	Which laws do we understand from the above diagram and description?

		b.	State the law regarding areas swept by the line joining the planet and the Sun.

		c.	State the law regarding the time period of revolution of a planet.

		d.	Out of the following points P, Q, R, B; at which point will the velocity of the plant be maximum?

		e.	Express relation between t1 and t2.

			

	ii.	Define acceleration due to gravity (g) and derive an expression for it. State and explain any two factors which affect the acceleration due to gravity. 

	

	 	

 (
Download the answers of 
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