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CHAPTER 1 || THE SCOPE OF PHYSICS

THEORY NOTES

INTRODUCTION TO SCIENCE:

Science is the study of nature and materials scattered in this universe in order to obtain optimum
benefits for the mankind and it also provides a dimension to discover “The Truth” of existence of this
universe. Physics is the most basic discipline among all sciences as it deals with the basic laws that
govern the functions of natural phenomena that occur m our universe. Physics evolves the vision and
understanding of the things and happenings both in microscopic and in macroscopic levels. Moreover,

physics provides us the i pon which other sciences can be better understood, analyzed and
manipulated. i]“
e
MAIN FIELDS OF SCIENCE: : I
=
i. The Biological Scienc ii. The Physical Scie
"

. THE BIOLOGI 1 }' ' '
The scien EZ livifig things and
these are furthe i B,&,&!Jotany, genet

II. THE PHYSI
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1
ullb.e
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i
physics, mathematics, statistics, chemistry, geography, geologyrast
HISTORY OF PHYSICS:

The roots of physics are as deep as the history of mankind. The technological aspect of Physics was
even started in primitive ages of man when he knew about the production of fire by rubbing two stones
together and when he used wood logs to cross the rivers and lakes. But philosophical aspect of physics
took centuries for its evolution.

Egyptians, Greeks, Chinese and Arabs had been recognized as agents of developed centers of science C%%E
technology for long periods before Europeans took initiative in this field. As Physics covers the whele tf.i;_':ﬁ,,,

universe from macro to micro entity then it has been classified into a number of branches for detailed
study of nature. With reference to dual nature of matter i.e. (i) particle nature and (ii) wave nature,there
are two fields of Physics:

L. CLASSICAL PHYSICS:
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It is based upon Newton’s laws of motion, Galileo’s relativity, Kepler’s laws of planetary motion,
Maxwell's laws of Electromagnetism, Kelvin's law of thermodynamics, Faraday's law of electromagnetic
induction, Huygen’s wave theory of light etc. This field of thoughts has been recognized prior to 1900 AD.

II. QUANTUM OR MODERN PHYSICS:

It is based upon Plank’s quantum theory of light and De-Broglie’s idea about dual nature of matter
which developed revolution in the first quarter of the 20th century. Moreover, it deals with Einstein’s
relativity, particle physics, cosmology and solid state Physics.

CONTRIBUTION OF MUSLIM SCIENTISTS TOWARDS SCIENCE:

1. IBN-AL- HAITHAM (965-1040 AD.):

Ibn-al-Haitham holar of physics and engineer of the Islamic world. His main
contribution to physiﬂﬁ[wrch on optics. He discovered five laws of reflection and refraction of

light and he invented a. He wrote books

most famous book on the light and optics is “Kitabul-

Mohammad- h’; d gfe 0
[slamic world. H da i ] ' anl Be ikma
(House of Wisdom).established ashid. s found ana bra and he

wrote fir er book in the world on this s fis Jabr-wa at ped the

term algorithm i ork

3. JABIR-BIN HAYYAN (776-803 AD.):

Jabir-bin-Hayyan is regarded as the greatest chemist of the world. He was first experimental
chemist and he developed many physical processes such as crystallization, evaporation, sublimation,
distillation, filtration etc. in chemical research He prepared Aqua-Regia which could dissolve gold, he also
prepared sulphuric, nitric and tartaric acid. He wrote many books on chemistry.

4. AL-BATANI (858-929 AD.):

Al-Battani was a great a mathematician and astronomer of his time. He developed table for

trigonometric functions. He made calculations in connection with solar system, prediction of\moona E‘]‘i”lﬁﬂ

s e

sun eclipses.

5. AL-BERUNI (973-1048 AD.):
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Al-Beiruni was simultaneously a mathematician, an astronomer, a historian and aphysician. He
remain associated with Sultan Mahmood Ghazanaviand he also lived in India during the reign of Mughal
King Akbar. He wrote famous book Al-Qanun-ul- Masudi which is considered as an encyclopedia of
astronomy.

6 .OMER KHAYYAM (1044-1123 AD.):

Omer Khayyarn was a versatile philosopher. mathematician and poet of the Islamic world. He
developed theorem about binomial expansion and also about two parallel lines in geometry.

7. IBNE-E-SINA (980-1037 A.D.):

Ibn-e-Sina was one of the greatest physician from Islamic world. He was simultaneously a
philosopher, mathematigi onomer but his chief work was in the field of medicine. He wrote
many books among w&aﬁ ﬂ:Fit-Tibb and Al-Shifa

the use of catheters fo urine in case of ki

means of a Silver syringe.

Al-Razi w. lli' lhilosopher and h ictaut” giques for
the preparation rKed on kidney st¢ Mallpi I Sthesia for
. EEE L]
operations.
9. YAQUB BIN :
u
Yaqub bin Ishaq al-Kindi was honored with a title PRilosop ]
research monographs on meteorology. He has about 24 1"'560KS i ics,

mathematics, astronomy. He also worked on number system and

10. AL-FARABI (870-950 AD.):

Mohammed Al-Farabi was great mathematician,philosopher and musician of his time. He wrote
more than 100 books on these topics.

PHYSICAL QUANTITIES: §

A physical quantity is a quantity in physics that can be measured. Or a physical quantity is a PEIEE;_
physical property that can be quantified. Examples of physical quantities are mass, amount of-substa ':F:'L j
length, time, temperature, electric current, light intensity, force, velocity, density, and many others.

METER:
A unit of length that is one of the seven base SI units and is defined as the length of the path
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traveled by light in a vacuum during a time interval of 1/299792458 of a second.
OR
Meter is defined as "The distance between the two marks on a Platinum-Iridium bar kept at 0°C in the
International Bureau of Weight and Measures near Paris."
One meter = 100 cm
One meter = 1000 mm

KILOGRAM:
Kilogram is the unit of mass in S.I. System."Kilogram is defined as the mass of a Platinum-Iridium

cylinder placed in the International Bureau of Weight and Measures near Paris."
One kilogram = 1000gram

SECOND:
Second is the u I. System. A second is defined in terms of the time period of Cs-133
atoms. i.e." one secmﬂ ﬁ%i“gl92,63 1,770 periods of vibrations of Cs-133 atoms."
OR
Second is the interval which is equal to (1/86,400)th pa

60 seconds = one min
3600 seconds = one h

FUNDAMENTAL ll!i
The internationa on seven in
EEE

Units. These are given here:

DERIVEDM

its definition are called derived units.

Fuuomeu'm UNITS , OERIVED UNITS
s - | A| 1 Quantity Unit Symbol

- 4??.7_ Unit | $4 — ' 1. Area | square meter [ m?
| ‘ Lfﬁgth il | B Ee{f' | T 2. Volume cublic meter m?

2. Mass kilogram kg ' 3. Density | Mogramy cubic meter | kg/m?

3. Time second s . 4. Velocity { meter/second | m/s
p———————— . — S. Angular Velocity radian/ second r/s
'4. Electric Current ‘ ampere | A (6 Accelerstion = e

5. Temperature kelvin K 7. Angular Accleration | raden/second soue | rad/s?

6. Luminious Intensity candela cd | & Pracquency , stz

9. Force newton

' 7. Amount of Substancer‘ mole mol 110, Work energy t Soule

DIMENSION:

Dimension is a philosophical word. In literature it means a line or direction. In mathematics it
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means an axis but in physics it is used to denote the nature of a physical quantity) which comes from the
involvement of fundamental quantities in that particular quantity. So each of the fundamental quantities
is called Dimension. Hence the dimensions of physics are mass (M), length (L) and time (T). These are the
fundamental quantities on which physics is based upon.

EXAMPLES:

S.No Physical Quantity Formula Dimension S.I Unit

1 Area Length x breadth L2 m?

2 Volume Length x breadth x height | L3 m3

3 Density Mass / Volume ML-3 Kg m3

4 Speed or Velocity Distance/ Time LT-1 m s

5 Acceleration Velocity /Time LT-2 m s2

6 Force Mass x acceleration MLT-2 kgm s2= N

7 Pressure Force/Area ML-1T-2 kg m'1 s2=Pa

8 Momentum ss/ Velocity MLT-1 kqms-1

9 Work rce x Displacement ML2T- k 2=

10 Energy rk

11 Power '

12 Gravitationa ' :
Constant

13

14

15

“All the accurately known digits in a value and
figures.” In the measurement of any physical quantity

error. instrumental error or due to both and therefore the knowledge of precision of a measurement is
very important. A significant figure is that which is known to be reasonably reliable. The last figure being
reasonably correct guarantees the certainty of the preceding figures.

RULES FOR COUNTING SIGNIFICANT FIGURES:

(i) In whole number values. all the digits except zeros at the right side m recognized as significant figures.

but the zeros at the left side are not taken as significant figures.

(iii) Power or exponents to a certain base are not taken as significant figures.

(iv) In addition and subtraction process, the result should be rounded off to contain as many as decimal
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places as contained in the value of least number of decimal place.

(v) In multiplication and division process the result should be rounded off to contain as many as
significant figures as contained in the factor of least significant figures.

FOR EXAMPLE:
S.NO Value No. of significant figures
1 0.00045 2(4,5)
2 1.2000 5(1,2,0,0,0)
3 505 3(5,0,5)
4 34000 2(3,4)
5 |6.67x1032 3(6,6,7)

JUINM.C :

1. Physics can be :

(a) Chemical Prﬂmy ' '

(b) Physical propeFtiés Rl

(c) Relatign between matter and energy

(d) Both M

d1
2. Physics can be defined as a branch of science ade
based on a:
(a) Aberration and analysis of facts % o oy P and
(b) Experimental observation and quantitative (b) Nuclear and atomic Physics
measurement. (c) Mechanics hydraulics and hydrostatics
(c) Mathematical calculation and interpretation. (d) Special theory of relativity

(d) Replication and verification of known facts.
7. Al-Beruni is famous for finding out the:

3. The branch of physics deals with the study of (a) Distance of moon from earth

production propagation and properties of light: (b) Mass of the earth

(a) Magnetics (b) Optics (c) Diameter of earth’s orbit

(c) Statics (d) Acoustics (d) Circumference of the earth

4. High energy physics deal with the: 8. The book “Kitab-ul-Qanoon-ul Masoodi” was
(a) Study of electron behavior written by:

(b) Study of electronic charges (a) Iben-e-Sina (b) Al-Razi

(c) Study of mechanics of energetic bodies. (c) Abu-Rehan Al-Beruni (d) Ibn-al-Haitham
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9. Dr. Asalam was awarded noble Prize for his
workon.

(a) Electronics
(c) Optics

(b) Radiations
(d) Grand unification theory

10. The first book on analytical “Hisab-ul-jabrwal-
Mogabla” was written by:

(a) Al-Khawarzmi  (b) Al-Beruni

(c) Al-Razi (d) Ibn-e-sina

11. “Kitab-ul-Manazir” the famous book on optical
is written by:

(a) Ibn-e-Sina (b i

(c) Jabir-bin-Hayan [ ‘tﬂ:am

12. In international system of units, the length
mass time electric curr re, intensity
of light and quantity of ligh ntity are

called:
(a) Derived

(o) Fundamentalmmrlilc'
EEE

13. Wri the flowing physical quanti
be different uni 0
(a) Weight (b) Tension

(c) BuoyantForce (d) Electromotive Force

14. Which one of the following is not of the same
quantity?

(a) Horse Power (b) Calorie
(c) Joules (d) BTU
15. The S.I unit of current is:
(a) one volt (b) One ohm
(c) One ampere (d) One ohm-m

16. The famous mathematical and the founder of
algebra was.

(a). Al Kindi (b) Al Khwarizmi

(c)Al Beruni (d) Naserudin tusi

17. Light year is a unit of:
(a) Distance (b) Light
(c) Time (d) Pressure

18. Some of the basic S.I. units are:
(a) Second Ampere mole

(b) Kelvin Ampere watt

(c) Candela Mole volt

(d) Meter Second watt

19. 10-% second are equivalent to:
(b) Nano Second
(d) Micro second

(a) Deci Second
(c) Milli second

23.Dimension of pressure is:
(a) ML1 T2 (b) ML-2T-3
(c) ML-2 T+ (d) ML T-1

24, Which one of the following represents the
dimension of power?
(a) L2 T2

(c) ML2 T3

(b) MLT2
(d) ML2 T

25. Which one of the following represent
dimension for the unit of torque:

(a) M2 LT2 (b) ML2 T-2

(c) M2LT2 (d) MLT?
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PAST PAPER M.C.Qs.

2022
16 .The first Muslim scientist who invented intravenous injection is.
*Al- beruni * Ibn ul Haitham * Yaqub Al kindi *Ibn e Sina

20 .The dimensions of ratio between angular momentum and linear momentum is:
*,-1 * ML o * -2

33 .The number of significant figures in 2.0305:
*4 i3 *5 *2

1 .The dimensions of Pr
* ML-LT-2 1 -3 %
19. The dimensions of
*M-11,3T-2 B,Hrz
31. The dimensi a are
HEE
5.The dimW

* MOL—lT-Z * MILZT-Z

3. The luminous intensity of light is measured in:
*decibel *candela *dioptre *watt/ m?2

6. The dimensions of angular velocity are :

* MLOT-1 * MLOT-2 * MOLOT-1 * MOLOT-2
2017
5. Light year is the unit of:
*time *distance *velocity *luminous 1ntensrty___2
15. The number of significant figure in 1.6 x 1019 is:
*2 *3 *4 *6
016

1. The dimensions of G are:
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*M-1L3T-2 *M2L2T-2 *M-1L2T-2 *MLT-2

12. KitabulManazir was written by:

*Ibn-Al Haitham *Al Razi *Abu-Rehan Al Beruni *Jabir bin Hayyan
2015

2. Intravenous injection by means of silver syringe was initially used by:

*lbn-e-Sina *Omar Khayyam *Al-Beruni *Jabir bin Hayyan

11. The dimensions of 'G' are

*ML-AT *ML-2T3 *M-1L3T-2 *ML2T-2
2014
4. The unit of Luminous intensity is:
*Decibel 4 *Dioptre *w/m?2
13. The Noble price inJ warded to this PaKis
*Dr. Abdul Qadeer Khan *Dr. Saleem
*Dr. Abdus Salam H *Dr. Samar

17. The dimension of Torque is:

e M 0 EE' ' '
EEN
13. The d sion of force is:
*MLT

14. Light year is the unit of:
*time *distance

9. The products of two numbers 5.642 and 4.71 in the prospective significant number are:
*26.57382 *26.574 * 26.6 *26.5738

01

-

4. Light year is the unit of:
*time *distance *velocity *luminous intensity

16. The dimensions of 'G' are

*ML-AT *ML-2T3 *M-1L3T-2 *ML2T-2
2010
11. The number of significant figure in 7.050 x 10-2 is:
*2 *3 *4 *6

12. Kitab ul Manazir is written by:
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*Ibn ul Haitham *Ibn e Sina

13. The dimensions of angular momentum are:
* M2L2T2 * M2L2T

*Al Razi

*Al Beruni

* ML2T * ML2T-1

TEXTBOOK NUMERICALS

Q.1: Find the area of a rectangular plate having length (21.3 + 0.2)cm and width (9.80 + 0.10)cm.
Solution:
The Area of rectangular plate is given by
A=1lxXw
A= (213 £ 0.2)x(9.80 + 0.10)
A =208.74 +2.13 +1.96

Data:
Length of Rectangular plate =

l=(213
Width of Rectangular "
w = (9.80 + 00

Area of Rectangular Plate = 4 =?

Q.2: Calculate (a)MiﬂnﬂeE'tf 'rcle of radius3
HEN

Data:

() Radiusw' cle=7r =35cm 2
Circumference o ?

(b) Radius of Circle =7, = 4.65 cm

Area of Circle=A4 =?

Solution:

(a) The Circumference of circle is given by
S =2mn
S =2x%x3.14%x35

Result:

(a) The circumference of circle is 21.98 cm
(b) The area of circle is 67.89 cm?

Q.3: Show that the expression S = Vit + 1 at? is dimensionally correct, when S is a co-ordinate and has unit

of length, Vi is velocity, a is acceleration, and t is time.

Data;

Dimension of S =[S] =L
Dimension of Vi=[V;] = LT !
Dimension oft=[t] =T
Dimension ofa =[a] = LT 2

Dimension of 1/2 = E] = No Dimension

Proof:

L.HS =[S] ~2
(i)

R.H.S:

R.H.S = [LTY[T] + [LT ?][T]?
R.HS=LT°+LT® (T°=1}
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R.H.§S =2L Comparing eq (i) and eq (ii)
Since “2” has no dimension, Therefore [L.H.S = R.H.S]|{ Hence Proved}

RHS=L+L ‘ R.H.S = L}--(ii)

Q.4: Suppose the displacement of a particle is related to a time according to expression S = ct3.Whatare
the dimensions of the constant c.

S =ct?
Data: or c=3
Dimension of S =[S] =L ‘ L
Dimension oft=[t] = T S0, el = T3
Dimension of c = [c] =? [c] =LT3
Solution: Result:
According to the given condition The dimension ofc is LT 73
Q.5: Estimate the nulnd gasoline used by all Bakistanls.car.ea earsGiven: cars in
Pakistan = 500000. Average di traveled per yearb fion
6km/litre

Data: F n n
Number of litres of gasoline used by all
i MBB;E M i
No. of cars in Pa -

Average distance traveled per year by ea
S=1600
Gasoline consumpti
Solution:

First we calculate the total distance

covered by all cars

PAST PAPER NUMERICALS

2022

Q.2 ii) Show that any two of the following equations are dimensionally correct:

a) S=vit+1/2 at? b)T = Zn\/% T = 211\/%
a) Data: Dimension oft=[t] =T
Dimension of S =[S] =L Dimension ofa =[a] = LT 2

Dimension of Vi=[V;] = LT !
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Dimension of 1/2 = E] = No Dimension

Proof:

LHS =[S]

[L.H.S = L]---(i)

R.H.S = [LT~Y[T] + [LT~2][T]?
R.H.S=LT° + LT® {T°=1}
RHS=L+L

R.H.S=2L

Since “2” has no dimension, Therefore
[R-H.S = L}-(ii)

Comparing eq (i) and eq (ii

[L.H.S = R.H.S|{ Henc

b) ) Data:

Dimension of time peri
Dimension of 27t = No

Dimension of mass =

WWBE

Dimension of k

Solution:
L.H.S=
And

2(vii) Show that the expression f = le /F: is dimensio

Energy.

Data:

Dimension of frequency=[f] = T !
Dimension of2=[2] =NIL
Dimension of Force=[F] = MLT 2
Dimension oflength=[l] = L
Dimension of mass=[m] = M

Solution:
LHS=[fl=T"
And

M
MT 2
R.H.S=4T?

RHS=T
[L.H.S=R.H.S|

R.H.S =

c) ) Data:

Dimension of time period =[T] =T
Dimension of 2r = No Dimension
Dimension of mass =[L] =L
Dimension ofk = [g] = LT 2

Solution:

1 [MLT 2 XL
RHS=- |——
L M

1
R.H.S = Z\/LZT‘Z

1
R.H.S =Z><LT_1

IR.H.S =T -
[L.H.S=R.H.S|
Now,

K.E=§mv [M][LT1])% = ML2T 2
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Q.2 (ii) Show that the following formulae are dimensionally correct:

(@V=f1 (BT = Zn\/%

(a) Data: Dimension of 2w = No Dimension
Dimension of speed=[v] = LT} Dimension of mass = [M] =M
Dimension of frequency=[f] = T 1 Dimension ofk = [k] = MT 2
Dimension of wavelength = [1] = L

Solution: Solution:

LHS=[v]=LT" |L.H.S=[T]=T|

And And

R.H.S = [T [L] M

[R.H.S =LT"!] RH.S =" Iym=
[[.H.S=R.H.9| Jﬂl“ ol [

(b) Data:

Dimension of time perim H‘
201

e MHEL
201
Q.2 (ii) Give the allewing quantities:

(d) KE
Dimension of Torque =7 = Fd=MLT? 5; = ML*T

Dimension of Angular Momentum =/ = mvr = M X L

. . F _ MLT? A2
Dimension of Pressure = P = L = ML™T

Dimension of Kinetic Energy = K.E = %mv2 =M x (LT ™1)? = ML*T*
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CHAPTER 2 || SCALARS AND VECTORS

THEORY NOTES

SCALARS

DEFINITION:
“Scalars are those physical quantities which can be specified by a number having appropriate unit”

EXAMPLES: Mass, Temperature, Volume, Work, Energy

PROPERTIES: J 0 I “

a) DIRECT PREFERENCE:

Itis a measureMection is 'unimportant.enine
number with a unit

b)  ARITHM

dias a pure

Scalars ¢ jeted pmultiplied or i
<) REP TION:Scalars seftted by @ nu beth

d) EQUIVALENCE:

Two or more than two scalars (measured in the
same magnitude and sign.

VECTORS:
DEFINITION:

“Vectors are those physical quantities which can be specified by magnitude and direction with
appropriate”

EXAMPLES: Force, Velocity, Displacement, Torque, Momentum

PROPERTIES:
a) DIRECT PREFERENCE:

It is a measure in which direction is important or must be usually be specified. Thus, they are
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quoted as a number with a unit and a direction.
b) ARITHMETICAL OPERATIONS:

Vectors can’t be added, subtracted multiplied or divided by simple Mathematical rules. Addition of
vectors must take account of direction. Multiplication of vectors is performed in two ways (i)
Scalar Product (ii) Vector Product

) REPRESENTATION:

Vectors are represented by an arrow-headed line segment.
» Direction

Length = Magnitude

d)  EQUIVALENCE:

Two or more Vﬂ(ﬂil "al only if they same magnitude and direction.

RESOLUTION OF VECTORS: mu"

Vectors can be rﬁaﬂwo or more componentssshl itti onents is
termed as “Resolutiofl of Vectors”. ‘.ﬁ.
RECTANGULAR LM{FHE ' ' ' H- T
EEE g
If ¢he components of a vector rpendicul e
comp re called:
i) The Horizontal component oh X-Compone
if) The Vertical component on Y- Componeft.

iii)
PROCEDURE OF RESOLUTION:

Yy

0
e

figure 01 Vx figure 02

—— —-
v v

acting at a point making an angle q with positive X-axis. Vector is
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represented by a line OA.From point A draw a perpendicular AB on X-axis.Suppose OB and BA
represents two vectors.Vector OA is parallel to X-axis and vector BA is parallel to Y-axis.Magnitude of
these vectors are Vxand Vy respectively.

By the method of head to tail we notice that the sum of these vectors is equal to vector .Thus Vx and Vy
are the rectangular components of vector .

Now,

Vs

Horizontal Component
VT, = Vertical Component

From figure, OA = OB + AB

=) 1N

or

, = VSing - (i)

MAGNITUDE:

Squaring eq(i) and eq(ii) and then adding

V.2 +V} =V?*Cos*6 +V?Sin®0
or  V.2+V}=V?Cos*0 + Sin*6) Since Cos?6 + Sin*6 = 1
S~
or VE=V 2+ V)]

or

V= /sz+vy2
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DIRECTION:
Dividing Eq(i) by Eq(ii)

V, _ Vsing
Vy VCos6
or
V,
2 = Tan@
Vy

or 0 =Tan™ ! (VL)
v

y

UNIT VECTOR:

A vector whose uals to “one” is called unit vector and it ]ust represents direction of
vector. In three dimensi e unit vectors along 3 axis.ake bj.and.k Lespective
Mathematically a vecto ityed is defined throughlth D
A=|A|a a
Where |T|repreM %l!h of vector, @ skﬂ on
of vector 4 e.g. If Force on a body alongx axis, th
POSITIONM

A vector which starts from origin or fixed point
vector. In three dimensional space it is usually writtenfas
component form,

T =xi+yj+zk

The magnitude of this position vector is represented by

r=.x*+y?+2z?
FREE VECTOR :

Such vector which can be displaced anywhere in space parallel
to itself is called Free Vector. In this case magnitude and direction 5

remain same. All vectors except positions are free vectors. “/

NULL VECTOR:

A vector whose magnitude equals to zero and has no direction and it
may have any direction is called Null Vector. X
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Thls vector always appears as resultant of addition of two equal but opposite vectors i.e.

If A and B are equal in magnitudes and parallel but in opposite direction then
A+B=0

Here O is null vector, and it may be written as

0 =0i+0f+0k

ADDITION OF VECTORS:

A vector can be addedli “ctor only which re
done in three different ways.

(i) By head - to - tail ru
(ii) Analytical method. u
(iii) Addition of vectors'by

i) GRAPHICAL
In head - to - tail i 1@EESS| ith the head
of previoys vector. The resultant vector i ined '
by joininw
vector.

R=A+B

This equation gives resultant vector and it is also
known as “Triangle Law of Vector Addition”.

PROPERTIES OF VECTOR ADDITION:

(a) Commutative law of vector addition:

Suppose two vectors A and B represent the two adjacent
sides of a parallelogram then the diagonal OC represents

the resultant vector R shown in fig.

- =

SinceR=A+B
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>|

R=B+

Therefore
A+B=B+A

This is known as commutative law of vector B addition or parallelogram law of vector addition.

(b) Associative law of vector addition:
Three vectors A, BandC are added (suppose using head to tail rule) in two different ways as shown in flg

The resultant vector R may be obtained in two different ways i.e.

Ri=4+B Jﬂl"

adding C on both sides H

R;+C=(A+B)+C

(A+B)+M'0in£---
ow,
Wz’:u

adding A on both sides

N

A+R{ =4+ (B+C)

By comparing eq(i) and eq(ii) we get

(A+B)+C=4+(B+0C)

This property is known as associative law of vector addition.

(ii) Analytical Method of Vector Addition:

This is a mathematical method of vector addition and it is based upon laws of trigonometry.
According to law of cosines, in any triangle,
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a2 =Db? + 2 - 2bc Cos x
b2 =a2 + c¢2-2ac Cos

Then the magnitude of resultant vector will be

R2 = A2+ B2- 2AB cos <OAC

or R=vVA? + B2 — 2AB cos < OAC

According to law of sines
a b c

sin « sinf  siny

and in our flg J 0 I “
B, R

A

sin < ACO - sin <F0_H@
This formula givMeoln lEuH!/ector R.Ho i 5 68 ition of
two vectors only il ‘

(iii) Recta& Comﬁnents Method: ?

The way of adding elp of éheir rectang i ition ectors by

rectangular components method.

Suppose two Position vectors 7{, and 72) having lengthS\g
0, respectively are to be added.

For this purpose we first adopt head-to-tail rule and then we draw perpendiculars form their heads on x
and y axes to get their rectangular components as shown in fig

The rectangular components of Viare
Vi, = Vi CosH,
Vi, =V;Sinb;

The rectangular components of Vzare
VZx = VZCOSHZ
V,y = V,S5in0,

It is clear from the figure that
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and

or 0D = 0C + AE

or |V.=V,Cos8, +

Similarly for y componént

V,, = EB

V DB '

DB = DE + EB
or oD +AE

or |V, =V,Sin, +V,Sin6,

Now , the resultant can be calculated by the formula

V= |V2+V?

PRODUCT OF TWO VECTORS

Vector can be multiplied in two different ways.
i) Scalars product.
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ii) Vector product.

SCALAR PRODUCT
DEFINITION:

“The multiplication of two vectors to give a scalar.”
Or in other words,
“it involves the multiplication of two vectors in such a way that their product is a scalar quantity”.

REPRESENTATION:

This product is represented by placing a ‘DOT’ between two vectors.

EXAMPLES: J 0 I “

1) Work: Work is a scalar productof force
2) Power: P scalar product of fo
> FOR
o [J] O RE 11 _
EEE a
Scalar product of two vectors A is,the pro of
MWM% them. "

Let vector A and B. Draw a perpendicular form

According to the definition of scalar product, it is equal to the product of magnitude of first vector
with the length of projection of second vector onto first vector.

Thus,
AB = ABCos0

CHARACTERISTICS OF DOT PRODUCT:

1) Commutative Law:
AB = BA

Proof:
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Let vector A and B. Draw a perpendicular form head of B on x axis.

According to the definition of scalar product, it is equal to the product of magnitude of first vector
with the length of projection of second vector onto first vector.
Thus,

AB = ABCos

A(BCos0)

In the same way, when

ACos6 = Magnitude of component of A onto B,

B.A = B(ACos0) = BACos6
Hence, it is clear
ABCosb
Z. § : _B;:)Fh H
2) Distributive Law=
AMD n Eii'ga
Proof: L
L s consider Vector 4 , B differ
directi i et resulta

vector ﬁ,i.e.
R=B+C
Now
AR=A(R "
~ (Ra) G R, A
A.R=A(ON) N B 3
AR = A(OM + MN) G GR

AR=A(B,+C,)
AR=AB, +AC,

or

A((B+C) =4AB+A4AC

3.If4 isparallel to B ie. 8 = 0° then

A.B = AB
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4. IfA =B ie.A isparalleland equal to B then
A.A=(A) (A) (Cos0°)=A?2
5. IfA is perpendicular to B i.e. & = 90° or one of the vector is null vector then
AB=0

6. The unit vectors i, j and k are perpendicular to each other therefore,

F 0 H VECTOR P
DEFINITION:
('\'crrs to give ve

Itis the ipl i cai f
Or, n E
“It involv t f 8T ®vo vectors in's

REPRESENTATION:It is represented by placing a Cross

EXPLANATION:

1) Torque: It is the vector product of vector r and force F.

T = T xF
2) Force:Force on a particle of change ‘q’ moving with velocity V in a magnetic field B is given
by

F = qv x B
EXPLANATION:

Vector product is the product of magnitudes of two vectors and the sine of the angle between

Ax B = ABSin6 (?)

DIRECTION OF VECTOR PRODUCT:
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Direction of vector product can be determined by right hand rule.
CHARACTERISTICS OF VECTOR PRODUCT:

1. COMMUTATIVE LAW:

[t means that vector product is not commutative.

Proof:
By the definition of vector product,

Similarly,

. - MORE!!!

BASin(0) (<) Since
or

-

Bx A = -ABSin(0) (A)

Using eq(i) we get,

or

The above equation shows that vector product is not commutative.

2) Distributive Law:

Ax(B+C) = AxB+4AxC

or

(A+B)xC = AxC+BxC(C
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3.IfA is parallel to B ie. 0 = 0° then
AxB=0

4. IfA =B ie.A isparallel and equal to B then

A x A=(A) (A) (Sin0°)=0

5. If4 is perpendicular to B i.e. @ = 90° or one of the vector is null vector then

AxB =AB A

|4 x B| = 4B

6. The unit vectors i, j and k are perpendicular to each other therefore,

1. Which of the following is a vector quantity?
(a) Mass (b) Speed
(c) Temperature (d) Acceleration

2. Which one of the following is scalar?
(a) Acceleration (b) Velocity
(c) Force d) Work

3. In contrast to a scalar a vector must have a.
(a) Direction (b) Weight
(c) Quantity (d) None of these

4. Which is the following group of quantities
represent the vectors:

(a) Acceleration, Force,Mass

(b) Mass,Displacement,velocity

(c) Acceleration, Electric flux, force
(d) Velocity, Electric field ,momentum

5. The following physical quantities are called
vectors:

(a) Time and mass  (b) Temperature and
density (c) Force and Displacement (d)
Length and volume

6. Vectors are physical quantities which are, &
completely specified by:
(a) Magnitude-only (b) Direction only
(c) Magnitude and direction only

(d) None of these

7. Scalar quantities have:
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(a) Only magnitudes (b) Only directions
(c) Both magnitude and direction
(d) None of these

8. A unit of a vector 4 is given by:

(aQ)a=AA (b)a=A/A
(c)a=A4/A (d)a=4A+A4

9. A vector in space has components.
(a) one (b) Two

(c) Three (d) Four

10. When a vector is multiplied by a negative
number its direction.
(a) isreversed (b) remains unchanged

(c) make and angle of
(d) may be changed or I “

11. A vector which can be changed by display

parallel to itself and apfhnyoint is known
as:
(a) Parallel vector or

(c) Free vector (d) position vector

12. Avector in AM&HH
magnitude is un

(a) Normal vector (b) parallel vector

(©) Free"\w

13. The position vector of a point p is a vector that
represents its position with respect to:

(a) Another vector

(b) Center of the earth

(c) Any point in space

(d) origin of the coordinate system

14. Negative of a vector has a direction
that of the original vector.

() Same as (b) Perpendicular to
(c) Opposite to (d) Inclined to

15. The sum and difference of two vectors are
equal in magnitude. The angle between the
vectors is:

(@) 0° (b) 900
1800

(©)1200  (d)

16. Two forces act together on an object The
magnitude of their resultantis least when the

angle between the forces is:
(a) 0° (b) 45° (c) 60° (d)
180°

17. The dot product of i and j is.
(a) more than1 (b)1 (c)o0
value

(d) any

18. Scalar product obtains when.

(a) A Scalar is multiplied by a scalar.

(b) A scalar is multiplied by a vector

(c) Two vectors are multiplied to give a scalar
(d) Sum of two scalars is taken

19. If dot product of two vectors which are not
perpendicular to each other is zero then either of
the vector is obtaln by adding two or more

. té Law
D ')f the above
vectors A
1 beé of
(a) AB Sin 9 (b) Bcos©
(c) ABcos 6 (d) AB

23. If the angle between the two vectors is zero
degree then their:

(a) Dot product is zero

(b) Cross product is zero

(c) Either dot or cross product is zero
(d) Both dot & cross product is zero

24. kxi= . —= |&
(@j (b)-j (©k
(d) -k

25.Ifa.b=0andalso ax b= 0 then
(a) a and b are parallel to each other
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(b) aand b are perpendicular to each
(c) aandb is a null vector
(d) Either a or b is a null vector

26. The magnitude of vector product is:
(2) Sum of the adjacent side

(b) Area of the parallelogram

(c) Product of the parallelogram

(d) Parameter of the parallelogram

27. If two vectors lie in xy-plane then their cross
product lies.

(a) In the same plane

plane

(c) Alone parallel to that plane

(d) Parallel to the plars 0 I N

(b) Adjacent

POl pap

5.1f A .B=0, A XB =0 and A+#0 then B is:
*e 0A * Zero

10. The dot product of force and velocity is called:

*work *power

18. The magnitude of producti.(kx j):
*zero 1

28. Two forces of 8N and 6N are acting
simultaneously atright angle the resultant force
will be:

(a) 14N (b) 2N (c) 10N (d)
12N

29. Two forces each of magnitude F act
perpendicular to each other. The-angle made by
the resultant force with the

horizontal will be.

(a) 30° (b) 45°  (c) 60° (d)
90°

30. When two equal forces F and F makes an
angle 180° with each other the magnitude of their
resultantis.

(a) F (b) 0 (c) 2F (d)
U.

*_1 N *k

24. If a vector has three components each equal to “a” the magnitude of vector will be

*V3a *3a
26. Itis not a vector quantity.
*Force *Torque

21 Ifi,j and k are unit vectors then k. (i x j) is equal to:

*zero *1

%33 *\/3a
*Frequency *Weight
~—~+7Z
*j K

29. The y-component of a vector A= 15 units, when it forms an angle of 50 with positive x-axis is
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*9.6 units *11.5units *.9.6units *-11.5units

2019
6.The magnitude of resultant of two forces of magnitudes 2N and 10N cannot be:
* 4N *6N *ON *13N
14.(ixj). (x i) is:
*1 *k *1 *zero
2018

2. Two perpendicular vectors having magnitudes of 4 units and 3 units are added. There resultant has
magnitude of :
*5 units *7 units *12 units *25 units

2017

16. The magnitude of p ) :
*zero J 1 *_ . *],

201

10.If i, j and k are unit k. (i xj) is equal to:

*zero

16.1fA.B=0,A "

*equal to A T *Perpendicula
EEE

[
201 H r
3. The y-comp = s wilten it forins an angle wi si
*9.6 units *-9.6 units -.* . o i
[ | I
201 [ -

7.1f A =5i+j and B =2k then A - B is equal to:
*5i+j+2k *5i-j-2k *5i+j-2k *-5i-j+2k

16.1f A .B=0, A XB =0 and A#0 then B is:
*equal to A * Zero *Perpendicular to A *Anti-parallel to A

2013

5. Two forces act together on an object; the magnitude of their resultant is minimum when the angle
between them is:

*00 *450 *900 *180

(=]

15.1f A=aiand B=bj, then Ax Bis equal to:
*0 *ab k *-ab k * none of these
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2011
11.If A .B=0, A XxB =0 and A+#0 then B is:
*equal to A * Zero *Perpendicular to A *Anti-parallel to A

2010
10.If A .B=0, A XxB =0 and A+#0 then B is:
*equal to A * Zero *Perpendicular to A *Anti-parallel to A

TEXTBOOK NUMERICALS

Q.6: The following forces act on a particle P: F1 = 2i + 3j - 5k, F2 =-5i +j + 3k F3 =i-2j + 4k, F4 = 4i - 3j
- 2k, measured in newtons Find (a) the resultant of the force (b) the magnitude of the resultant force.
Data: F=(Qi—5i+i+4i)+ (3j+j—2j—
F1=2i+ 3j- 5k

F2 =-5i+j+ 3k

F3s=i-2j+ 4k

Fs = 4i - 3j - 2k an

F =2

|F| =2 '
Solution:
F= ﬂ+5+&+ﬂ

F=2i 5k+ (=5i + j + 3k
+ =

Q7:1fA=3i-j-4k, B=-2i+4j- 3kand C=i+2j -
+ 4C |, (d) a unit vector parallel to 3A - 2B + 4C

4j+3k+3i+6j-3k

Data; 2A - B + 3C=11i + 0j -8k

A=31_—i-_4k 24- B + 3C =11i — 8k

B =-2i + i (b)A+B+C=3i-j-4k+(-2i+4j-3k) +i+
C=i+2j-k 2j - k

(a)2A-B+3C="?

A+ B+ C=21i45j-8k
() |[A+B+cC|=7

— 2 2 2
(© |3A-2B+4c|=2 Now, [A + B + C| = {x?+y% +z T
(d) a unit vector parallel to 3A - 2B +4C =? |A + B + Cl=(2)2+(5)? + (—8)? ﬁ“%‘:tﬂ
IA + B + C|=+93 7 =R
Solution: (c) 3A-2B+4C=3(3i-j-4k)-2(-2i+4j-
(a) 2A-B+ 3C=2(3i-j- 4K) - (-2i + 4j - 3K) 3K) + 40 + 2§ - )
+3(+2j-k) 3A-2B+4C=09i-3j-12k +4i - 8j + 6k+
2A - B+ 3C=6i-2j-8k +2i- 4i+8j-4Kk
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vector

3A-2B + 4C = 17i— 3j— 10k (d) Unit Vector Perpendicular = n = ——
magnitude

— 2 2 2
Now, [34- 2B + 4C|=x2+y2 +z M 2p i i3 10k

34- 2B + 4C | = JA7)Z + (=3)2 + (—10) " a-a+ac] V3
|34- 2B + 4C|=+/398

Q.8: Two tugboats are towing a ship. Each exerts a force of 6000N, and the angle between the two ropes is
60°. Calculate the resultant force on the ship.

F =/F2 + F2 + 2F,F, cosf

Data:
E, = 6000 N F=
F, = 6000 N J/(6000)%+ (6000)% + 2(6000)(6000) cos 60°
6 = 60° F = /108000000
F =2 [F=103923 N|

gt THeE Tesulta ip is
Solution: [

According to thT “Eam Method
Q.9: The position vectors of poi and Q are given by'ri ii
= 4i -3j+ 2k. D ine P Q.i rectangular uhi
k and find its ma "T
EEN
Data:
ri=2i+ M
3j + 2k

rz =4i-
PQ =?
Pg| =
Solution: PQ| =@+ (=6)* +(3)
According to the figure |P_Q)| = 7 units

i Result: PQ = 2i - 6j + 3kand |PQ| = 7 units
PJ =4i- 3j+ 2k— (2i + 3j — k)

Q.10: Prove that the vectors A = 3i + j - 2k, B = -i + 3j + 4k and C = 4i - 2j - 6k can form the sides of a

triangle. Find the length of the medians of the triangle.
A=? ~—2

Data:
A=3i+j-2k
B =-i+ 3j+4k
C=4i-2j-6k
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Q
C
A
P » R
B .
Length of medians

=7
Solution:
A, B and C can form triangle if

B+C=4

—i+ 3j + 4k+4i-2j- 6k=3i + j- 2k
3i4+ j—2k=3i+ j-

So.L.H.S =R.H.S l

Therefore, A, B and C can form triangle.

Now,
Len f1st Median P un
Q

According to

the figure
§+§6=W{
PM; = —i + 3j + 4k+2(4i- 2j- 6k)
PM; = —i + 3j + 4k+ 2i—j—3k

PM, =i+2j+k

Now,

PH;| = JxT +y7 1 22

|PM;| =V (1)2 + (2% + (1)?
|PM;| = V6 units

Length of 2rd Median RM, :

M C

P B R
B

According to the figure

— _ 1

B+RM, =_4

RM, = —i + 3j + 4k—>(3i+])—2Kk)
RM, = —i + 3j + 4k—>i——j+k

E
I

5., 5.
——EI+E]+5k

Now,

IRIT;| = /<2 y% + 22

P Ms » R
O =15
QM; =B A
QM; = (~i + 3j + 4K — (3i + j- 2K)
QMg = —Zi+>j+2k—3i—j +2k
O = —2;_1;
QM; = —-i—2j+ 4k
Now,
03| = 37+ 57+ 22 —

- 7 1
|oMr;) = j(— D7+ (- + ()2

|oM;| = %\/114 units
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Q.11: Find the rectangular components of a vector A, 15 unit long when it form an angle with respectto +ve
x-axis of (i) 500, (ii) 130 (iii) 230°, (iv) 310°.

Data; i) 6 =50°

|4] = 15 units A, = 15 c0s50° = 15 x 0.642
) § =50°,4, =?and A, =? |A, = 9.64 units|

i) 6 =130°,4, =?and A, =? A, =15 sin50° = 15 x 0.766
)0 =230°,4, =?and 4, =? A, =115 units

i) 6 =310° ,Ax ==/ 7570 Ay =? ii) 0 = 130°

A, = 15 c0s130° = 15 X (—0.642)

Solution: J 0 I “ |4, = —9.64 units

-1 FOR

As we know that
A, cos@

and Ay = A sin

Q12: Two vectors 10 cm and 8 cm long form an angle of (a) 60° (b) 90° and (c) 120°. Find the magnitude of
difference and the angle with respect to the larger vector.

Data:
|ﬁ| =10 cm
|B| =8 cm

i) 8 =60°,|4 — B| =?and 6, =?
i) 8 =90°,|4 — B| =?and 6, =?
i) 6 =120°,|4 — B| =?and 6, =?

Using Paralellogram Law

Solution: i)
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|A —B| =VA? + B —2AB C0S 0

|4 — B| =/(10)? + (8)% — 2(10)(8) COS 60°
|/_l)— §| =92cm

Using Law of Sines
sin 0 __ sin @
B~ |A-B]
sin 6p __ sin 60
8 92
sin 8, = 0.753

8, = sin~1(0.753)

ii) Using Paralellogram Law

|A—B| =vAz + 0S6

|4 — B| =./(10)2 + (8)% — 2(10)(8) COS 90°

|A-B|=128 an n
Using Law of Sines

sin p _ sin @

B |4
sin Op __ si

8 1 mEEm
sin 6, = 0.625

Q.13: The angle be and Bd§ 60° . Give

+A|

Data:

Al=|B| =

(a) |B-A|=7?

() |[B+A|=2

Solution:

(@) |B—4|=+vB*+A*-2BAC0S0

|B - 4] = /(D)% + (1)*-2(D (1) COS60°
|B- 4| =1
|B—4|=1

0 = sin"1(0.625)

Or in Minutes:
0; = 38°+ 0.6 X 60’
6r =38°36'
iii) Using Paralellogram Law

|A —B| =VA? + B2 —2AB C0OS 6

|4 — B| =/(10)? + (8)% — 2(10)(8) COS 120°
|ﬁ— §| = 15.6 cm

Using Law of Sines

sin O __ 'sin 6
B |A-B|
sin 6 __ sin 120

|B + 4| =VB%*+ A* + 2BACOS 6

(b)

|B + 4| = /(D)% + (1)?+ 2(1)(1) COS60°
|B+4|=+3

S~———

Q.14: A car weighing 10,000 N on a hill which makes an angle of 20° with the horizontal. Find the
components of car’s weight parallel and perpendicular to the road.
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According to the given condition

Data: W|| = Wsinf
|W| = 10000 N W, = 10000 X sin 20°
6 =20°, W, =?and W, =? W, =3420 N
and
Solution: W, = Wcos6
W, =10000 X cos20°
[W, =9396.9 N|

Result: The component of car parallel to
road is 3420N and perpendicular to road is
93969 N

Q.15: Find the angle bm 2j —~kand B = 6i - 3j + 2k.
A=2i+2j-k

B = 6i - 3j + 2k an
0

Solution:
Accordin f] roduct

A.B = ABCos 6

A.B

— - (i

A.B = (2t+2j—k).(61— 3] + 2k)
AB=12-6-2

A.B =4 %
Now, A = x? + y? + z?2

ectors is

Q.16: Find the projection of the vector A =i - 2j + konto the direction of vector B =4i - 4j+ 7k
A.B=(1—2j+k). (41— 47 +7k)

gata: A AB=4+8+7
=1—-2j+k —
= . ! o oT A.B =19
B=41—-4j+ 7k Now,
Projection of Aonto B = Ag=? _ ' :
B =,/x“+y*+z ~——_

Solution: B=J®+( D>+ (7)?

As we know that

A B =A,B Putting values in eq (i)

AB : e

SO AB = ? """" (1) AB - 9
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Result: The projection of Vector A on Vector B is

19 .
| ? unitts.

Q.17: Find the angles «, 3, y which the vector A = 3i - 6j + 2k makes with the positive x, y, z axis

respectively.

Data:

A=3i-6j+2k

Angle wrt.xaxis=a =7
Angle w.rt.x axis = =7
Angle wrt. xaxis =y =7

Solution:
According to the definition of Dot Product

= dgUN
A=x%+y%+ 22

A= J(3>2+( 6)2+(r

For a: 0“

For B:
Aj=3Bt-6f+2k).()
Aj=-6
Aj=-6
Putting values in eq (i)
Cos B = —g
B=Cos™'(=2)

Q.18: Find the work done in moving an object along a vector r = 3i + 2j - 5k if the applied force is F = 2i - j

Ai=(3i-
= MORE!!
Ai=3 .-
P values in eq (i)
Cos
7
o= Cos‘l(%)
-k
Data:

Displacement =r = 3i + 2j - 5k
Force=F=2i-j-k
Work =W =?

Solution:
According to the def. of work

w=F.S
=(2i —j— k).@3i+ 2j- 5k)
W=6-2+5
Result:
The work done is 9 units.

Q.19: Find the work done by a force of 30,000 N in moving an o
bject through a distance of 45 m when: (a) the force is in the direction of motion: and (b) the force makes
an angle of 40° to the direction of motion. Find the rate at which the force is working at a time when the
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velocity is 2m/s.

Data: P =30000 X 2 X cos 0°
Force =F = 30000 N [P =60000 W]
Distance = S=45m b) W = 30000 x 45 X cos40°
a)6=00W=?andP=? W:103X106]
b) 6 =400 W =? and P =? P — FV cosd
Velocity = v =2m/s P = 30000 X 2 x cos 40°
. |P = 45962.6 W|

Accordint to the definition of work

7 e Result:

=, =00 = 6 =
a) W = 30000 x 45 X c0s0° When 6 =00, W = 1.35 x 10°/ and P
- 60000 W
W =135x10°] When 8 = 400, W = 1.03 x 10%] and
P = FV cos6 J P =45962.6 W

Q.20: Two vectors A and B are such that |A | =3, | B I

(b) the length |A+B| Fon () the angle betwee
D .
== MORE!

a) 6=7(b/wAandB)
b) |A+B|= A-B|=?
c)®=7?(b/wA+Ban

Solution:
According to the definition of Dot Product
= _ AZ _BZ r (3)2_(4)2
A.B = ABCos 6 ik O =Rl
AB :
Cos 8 = i (i) 0 = cos1(—0.305)
a) Cos @ = — 6 =107.7°

3x4
0 = cos '(—0.416)

Q21:IfA=2i-3j-kB=1i+4j-2k Find (@) AxB (b) BxA(c) (A+B)x (A -B)

Data: Solution:

A=2i-3j-k TR

B=i+4j-2k (@ AxB=|2 -3 -1

(a) AxB =7 3t 5 -1 2 -3
-9 B=1°> ~|=1% - k -

(b) BXA =7 ixB=1] T|-i|] _2|+k|1 4|

(c) (A+B)x (A-B)=?
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AxB=16+4)—j(-4+1)+k(8+3) A+B=1-7j+k

AxB =101+ 3j+ 11k Now,

. ioj K . R LA B

DBExA=|1 4 -2 (A+B)x(A-B)=|3 1 -3
2 -3 -1 1 -7 1

By dor|4 T2|_s1 2,1 4 (A+ B)x (4 - B)

Bx‘i“|—3 ~117 712 —1|+k|2 —3| 1 =31 .13 -3

BxA=1(—4—-6)—j(-1+4)+k(-3-8) 7 1|‘11 1|

BxA=-10i—3j— 11k RS

) A+B=2i-3j—k+ (i +4j- 2k (A+ B)x (A-B)

A+B=31+j-3k =1(1-21) - j(3+3) + k(=21

A—B=2i—37—k—(+4j =2k ey

g_l—;:zz_y_,;Jn (A+B) x (A—-B) =—-20i — 6f — 22k

Q.22: Determine the unit vector perpendicular to the p

- . FOR
A=2i—-6j—-3k

B=4i+3j-k

I
Solution: M 0 nE- mm

AxB
|&Ax5

rpendicular =7 =

Y30 21 2 -6
“TXB=i|3 —1|_f|4 —1|+k|4 3|

Q.23: Using the definition of vector product, prove the law of sines for plane triangles of sides a,b and c.
Proof:

According to the definition of vector product
AxB=ABSin fi

or

|A x B| = AB SinC (i)
Also,

|B x C| = BC SinA---(ii)
and

|C x A| = AC SinB ---(iii)
As we know that Area of triangle is given by
A=%|ﬁx§| =%|§><C_’| =%|C‘><Z|
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Putting values from eq(i), (ii) and (iii)
~AB SinC = BC SinA = 7AC SinB
AB SinC = BC SinA = AC SinB

Dividing by ABC
AB SinC _ BC SinA _ AC SinB
ABC ~  ABC  ABC
SinC SinA __ SinB
= = (Proved)
C A B

Q.24: If r1 and r2 are the position vectors (both lie in Xy plane) making angle 01 and 82 with the positive x-
axis measured counter clockwise, find their vector product when

@) |ri|=4ecmB1=30°0 |r2|=3cm62=900

@) |ri|=6cm61=220° |rz|—3cm92—40°

(i) |r1|=10cm 61 = 200 rz = 9 cm 02 = 1100

Data:

@) |ri|=4cmo:1 = 300 r2 —3cm92 900

|7 x 7| =?
(ii) |r1|=6cm61=2¥ |Hcm92=40°

|7 x 7| =?
(111) |r1|—10c

= 1100
Wlﬁhl?ﬂf
Solutlon EEE

rding to the definition of cro

a) 6=6,—0,
6=90-30
6 = 60°
Putting values in eq (i)
|7 X | =4 X 3 X cos60°

7 x5l =12x2

|7 x 7| = 63/3 cm?
b) 0=06,—0,

0 =220-40

6 = 180°
Putting values in eq (i)

|77 X 75| =6 X3 X cos180°
77 x 75 = 18 % (=1)

|77 X 7| = —18 cm?
0=110-20
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6 =90°

Putting values in eq (i)
|77 x 75| =10 X 9 X cos90°
|7 X7, =90x%x0

|77 x 7| = 0 cm?

PAST PAPER NUMERICALS

Q2 (lv) Determine the unit vector perpendicular in the plane of A= 2i-6j-3k and B =4i+3j-k
D

A=2i-6j-3k

B=4i+3j-k JOI“

n=

Solution:

Unit Vector Perpendlch 0 H% ..... (i)

|/1><§| JZTyE 22

|4 x B| = \/(15)% + (—=10)% + (30)2
|4 x B| =35
Putting in eq (i)

~ _ AxB _ 15i-10j+30k _

3a 2,. ~
= TaxB] . 35 =;l=gj+7k

\1|m

Result: The unit vector perpendicular to the plane of Aand B is %i - %j + g k.

2019
Q.2 (xiii) Two vectors A and B are such that |A|=4, |B|=6 and A.B=13.5.Find the magnitude of differenc
vectors and angle between A and B. ~
Data: Angle =60 =7
|A|=4 Magnitude of Difference =|A-B|=?
|B|=6 Solution:
AB=135 |A—B| =/|AI? + |B|> — 2A.B
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|A—B|=.,/(4)?+ (6)—2(13.5) Cos 6 = 0.5625
|A— B| = V25 = 5 unit 0 = Cos1(0.5625) = 55.77°
Cos 0 = AB Result: The magnitude of difference is 5 unit and
|A||B] angle between them is 55.77°
Cos 8 = 135
(6
2018
Q.2(i) Ifthe vector 4 = ai + j — 2k and B = i + aj + k are perpendicular to each other then find the value
o
Data: AB=0(b/ch LB)
A=ai+]-2k (ai+7—2R).G+aj+k) =0
B=i+aj+k a+a—-2=0

a=7? 2a =2
Solution: a =T
[ L

According to the given condition

Q.2(i) Textbook Numerical 22

Q.2 (xi) Determ.nM 0 H{Eu'dlcular to
Data -

=37+
E’ =41+ 3f — ZN-—-" ;

i =?
Solution:

Unit Vector Perpendicular =7 = éi—;l -- ()

i 7k

A)X]:_?’=3 4 -1 ,\_E—XB)_—51‘+21‘—7I€_ 5 . 2 . 7 1
4 3 -2 ~ laxB| T V78 __\/T_BH_\/T_BJ_ﬁk
AxB = i|‘; _;l — 3 _;| +k |3 4 Result: The unit Vector perpendicular to the
e — A
AxB =i(-8+3)—j(—6+4) +k(9-16) plane of Aand Bis — 771 + 2 — 77 k-
2015
Q.2 xii) Two sides of a triangle are formed by vectors A =3i + 6j -2kand B = 4i - j + 3k . Determine the area 3
of the triangle. ~—7
Data: Solution:
A =3i+ 6j-2k Area of Triangle is given by
B =4i-j+ 3k A= |4 x B| - (i)

Area of Triangle = A =?
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PP L. A x B| = Va2 +y? + 22

B = _ -

’ i —61 32 |A x B| = {(16)2 + (—17)2 + (—27)? = 35.70
= . 2| . - 3 6 Putting in eq (i)

AxB=1|_ |_ 3|+E|4 —1|

A=(35.70) = 17.85 sq.units

AXB=1(18-2)—}j(9+8)+k(-3—24)
A xB =16i—17]— 27k

Result: The area formed by these vectors
is 17.85 sq.units

Now,

2014
(x) Determine the unit vector perpendicular to the plane containing A and B.
A=2i—-3j—kandB =i+4j- 2k
Data; AxB=100+3]+11k

o JUIN =
i1+ 4j— 2k
i =? .y
Solution:
Unit Vector Perpendlch ﬂ n% --

A=
B

Q2 () fA=3i+j—2k andB = —i + 3j +4k. Find

Data:
A=30+]—-2k
B=-i+3j+4k B =\x?+y% + 22
i i = =7

PrOJe.ctlon of Aonto B = Ap=? B = /=DZF 3+ (4
Solution:

As we know that B =+v26

AB = AgB Putting values in eq (i)

i : =-5
So Ay = ?B ------- (i) Ap V26
B (274 5—92R) (=7 + 27+ 4b Result: The projection of Vector A on Vector Bigs=:m
A.B (3ljj 2k). (—1 + 3f + 4k) ult:_The pro) n Vector )
AB=-3+3-38 ~ 7 wmts.

Q2 (iv) Prove that |4 x B + (4.B)" = A%B?
Proof: | Taking L.H.S
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LHS =|Ax B|" + (4.B) - (i)

Since

|4 x B| = ABSin8
And

A.B = ABCosb
Putting values in eq (i)

2012

L.H.S =(ABSin8)* + (ABCos6)*?
L.H.S =A%B%(Sin*6 + Cos*0)

Since Sin’0 + Cos?0 =1
Therefore  L.H.S =A?B?(1)

Or L.H.S =A%B?

Or [L.H.S = R.H.S]

Q.2 (iii) Two vectors A and B are such that A=4, B=6 and |A-B|=5.Find |A+B|

Data:

Magnitude of 4 = |4| =

Magnitude of B = |B| = 6
Magnitude of|ﬁ B|

Magnitude of |4 + B J 0 I “

Solution:

=/ (4)?+ (6)2 — 2(4)(6) cosb

- MORE!!
HEN

201
Q.2(vi) Tektbookaumenicais22” ;

Q.2(viii) If one of the rectangular components of force 3

Data:

Magnitude of Force =F = 50 N

One componentof Force =F, = 25 N
Second component of Force = F, =?
Solution:

The magnitude of force is given by

F=\F+F}

0= /(25)2 + F2

—27 = —48 X cosf
27

cosf ==—
48
= -1 (27
0= o5 (2)
@ = 55.7°

S.0.B.S.
(50)% = 625 + F?
F? = 2500 — 625
F? = 1875
Taking Square root 0.B.S.

Result: The second component of force is 43.
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CHAPTER 3 || MOTION

THEORY NOTES

DISPLACEMENT:

“The change of position of a body in a particular direction is called displacement” .It is the maximum

distance between two points. It is a vector quantity.
B B

VELOCITY:
DEFINITION “it is the chlﬂlﬂition (or displace

EEE
Fr bove definition,
Velocity i

Time

Consider a body moves along the path AC. Let 71 and 72 position vectors from origin to the points
‘P’ad‘Q’

As the body moves from ‘P’ to ‘Q” in time At = t2 - t1 undergoes a change in position

Ar =12 -r1. The average velocity is given by

— —_—
Vw = Ar =Displacement
At Time

Hence rate of change of position of a body in the direction of displacement is called\'Vélgi
time is very small such that At 20, the velocity is called ‘instantaneous velocity”.

— —_
Vins = Lim g

At=>0 At
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VELOCITY FROM DISTANCE - TIME GRAPH:

Form figure,
Velocity = Distance/ Time
= AB
OB

This graph represents uniform velocity.

For variable velocity, J 0 I "
Velocity atA =
Ti

ACCELERATION: M 0 n E EEN
DEFINITION: ate of change of i ody is|ca

EXPLANATION:

It is a vector quantity and its direction is parallel to the

b e o o e v - -

Distance

ACCELERATION CHANGE OF VELOCITY

TIME

Consider a body in motion let Vi be it velocity instant “t1” and V2 at instant t2 The average acceleration
during this internal is given by

If At is very small then at At >0,
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C_l)ins = Lim ﬂ
At2>0 At
This acceleration is called instantaneous acceleration.

Unit: The S.I unit of acceleration is m/sec?
ACCELERATION FROM VELOCITY - TIME GRAPH;
i) When the body moves with uniform

acceleration the graph between velocity and time is
a straight line.

Acceleration = PQ / u l u

i) When the bod)J ith Variable
acceleration, the grap

Acceleration = MN /L J ﬂ B

O Time

Fig. 3.5 (a) uniform acceleration

EQUATIONS OF UNIFORMLY ACCELERATED RECTILINEAR MOTION:
There are three fundamental equations about uniformly accelerated rectilinear motion,
1.Vi=Vi+ at

2. S=Vit+ 1 at?
3.Ve2 =Vi2 + 2aS

In case of motion under gravity with nearly constant acceleration we justreplace ‘a’ with ‘g’ i.e.
acceleration due to gravity in equations of motion, as weight is always directed downwards. ~———7

1.Vi=Vi+ gt
2. h=Vit+ % gt?
3.V = Vi + 2gh
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Where g =9.8 m/s?2
or =980 cm/s?
=32ft/s?

The most common example of motion with nearly constant acceleration is that of a body falling towards
the earth. This acceleration is due to pull of earth (gravity).lf the body moves towards earth, neglecting
resistance and small changes in the acceleration with altitude, the body is referred to as free falling body
and this motion is called Free Fall. Such type of vertical motion under the action of gravity is a good
example of uniformly accelerated motion.

NEWTON’S LAWS OF MOTION
(1) Newton'’s First Law of Motion:
Newton’s first law of rﬂincl'n ists of two parts.
(i) The first part state annot change its state : i ion i ai e itself

unless it is acted upon by some unbalanced force to ch@n . : A moving
body when notacted u net force would have i traight
line.

. . . 0
(ii) The second part states that force is an agent whic stateof rést or

uniform motion 1e'a'on in the body. ' i S the law
of inertia. ‘

EEE g
Inertia: . "
Everybody in thi rty it always @ reSista 0 fits state.
This property is known as Inertia and it is because of the fore we ne C
overcome inertia for the change of its state, either restio ] tion is

also known as inertia.

(2) Newton’s Second Law of Motion:
Newton’s second Law states that : “when a force acts upon a certain body, the acceleration
produced is proportional to the force and it is in the direction of the force.”

Fxd

F=md

where
F = Net force on the body
m = mass of the body

a = acceleration in the body

It is clear from the above equation that the acceleration for certain force on the body is inversely
proportional to the mass of the body.
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(3) Newton'’s Third Law of Motion:
Newton’s third law can be stated as “To every action there is a an equal but opposite reaction”.

The statement means that in every interaction, there is a pair of forces acting on the two
interacting objects. The size of the forces on the first object equals the size of the force on the second
object. The direction of the force on the first object is opposite to the direction of the force on the second
object. Forces always come in pairs - equal and opposite action-reaction force pairs.

TENSION:

“Tension is the reaction force produced in a string when a mass is, suspended from it.

Motion of bodies connected by a string:

Case I: When both objectiv tically:
Consider two

pulley, as shown in fi
Since m1 > m2

i) Downward motion of Body A’
Since bod
Net force
F1 =
mi = mig T (L

ii) Upwar
Since body ‘B’ is moving upwards direction thu
Net force = Tension - weight

F2 = W2-T
meaa = myg T > (2)

For Accelaration: B v
Adding eq (!) and eq (2) (B}
mia = mig - T . M
+ mpa = T - mag M9
mia + meza = mig - meg

a(mi1-mz) = (m1-m2)g

a=1m;—m2)g

(m1- mp)

For Tension:
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putting value of ‘a ‘in eq (2),
mza =T - meg ——— (2)

mz (m1-mp) g=T - mzg

(m1 + m2)

mz (m1 -mz)g + mg=T
(m1 + my)

T = mzgmi-m; +
mi1 + m2

T = meg|mi-mz+ mj +mp

m1 + mg
T = 2m myg J 0 I “
mi + m2
Case II: Whenon es vertically and othe

Consider two object of masses ‘m1’ and ‘m2’

pully. The bodyMMﬁr'cllzontal surfage
) DOWNW O0bY &~
ody ‘A’ moves in downwar on, Net

= mig-T
if) HORIZONTAL MOTION OF BODY ‘B”
Since body ‘A’ moves on horizontal direction,
Net force = Tension

F»2 = T
ma = T £2)
For Acceleration:

While in vertical direction, R = M2g
Where ‘R is the reaction of surface Solution of
equations: Adding eq (1) and eq(2)

mia = mig - T
+ mza = T
mia +mza = mig
a(mi+mz) = mig
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a = mig
(m1 + m32)

For Tension:
putting the value of ‘a’ in eq (2),
ma = T

T=_m; myg
(m1 + m2)

MOMENTUM:
DEFINITION: The pro mnd velocity of a body is called its momentum.’
EXPLANATION: Let " "\J f abody, moving wi elocity it is_a o S
P =
Momentum is a vector Fﬂrni its direction is pa

LAW OF CONSERVATIO

STATEMENT: M B E ' ' '

The law of conservation of momentum states tha
"When s bodies constituting an isola tem ac
system remains =

0

"Total momentum of an isolated system before collision is always equal to total momentum after
collision."
EXPLANATION:

Consider an isolated system of the interacting bodies ‘A’ and ‘B’ of masses ‘m1" and ‘mz2’ colliding
with velocities U1 and Uz after colliding they move with velocities V1 and V2

entum of the

Therefore,

Total momentum of the system before collision = miu1 + mzuz and total momentum of the bodie
collide with each other they come in contact for a time interval ’s’. During the interval the average %
exerted by the body ‘A’ on body ‘B’ is F. ~ t*-'.;‘_

According to the third law of motion, the body ‘B’ will also exert a force (-F) on the body ‘A’
The average force acting on the body ‘B’ is equal to the rate of change of its momentum.

FaonB = mzvz — mpup
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Similarly the average force acting on body ‘A’ is,

ﬁB onA = mivi —maiui
t
Since,
ﬁ BonA = ﬁA onB
mpvy —mpuz = mivi — miui
t t
mau1 + meuz = mavi + mzvz

This proves that,
The total momentum Wlﬂemains constant.
ELASTIC COLLISION:

It is the collisioRgd ich momentum as welll 3 e'and after
collision is conserved. F

INELASTIC COLLISION:

It is the CM'n annI‘e'tum of the sys ergy before
and after collisio . e

ELASTIC ION IN ONE DIMENSION.

Consider E otatin heres o
‘w’ and ‘uz’. If ui> uz, the body ‘A’ will collide with body
the line and direction as shown. According to the law ¢

elocities
‘and ‘V2' in

Before collision After collision v
U : 2

1 2
—_——

Vl §
— i
B
Q- 6" O~ =0
B
A

Initial momentum of the system = Final momentum of the system.

miu1 + mz Uz = mivi+ mavy  ---eeemmmmmeeee- (1)
or miui - mivi = m2vz — mzuz
or mi(u1 -vi) = mz(v2 -u2) > (2)
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And for elastic collision,

Total K.E of the system = Total K.E of the system
Before collision after collision

1miui? + Imouz? =1 mivi2 + 1 mpvo?
2 2 2 2

miui1? + meuz2 = mivi2 + mova?

miui? - mzuz? = mivi? - mevz?

mi(ui? - vi?) = 2 o U’

mi1(u1 + v1) (an ln +uz) (vz2-uz)
Dividing eq (2) IFOH

ma(u1 + vi) vy = me (V2 + uz) fva-uo)

mta —t2)
MORE!!

ui +vi=v2+uw

FORVji:

Fromeq (3),
V2. = Ui+ vi-uz

putting the value of V2" in eq (1),

miu1 + mzuz = mzvi+mz(u1 + vi- uz)
miu1 + mzuz = mzvi+maui + mz vi — mauz
miu1 + mzuz- maui+ mzauz = mgvi+ mz vi

(m1-m2) u1+2 meuz =( mz+ mz) v1

(m1-mz) ur + 2mauz = Vi > (A)
(m1 + m2) (m1 +m2)

FOR V3:

Fromeq (3),
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Vi = Vv2+uz-u1

putting the value of V1’ in eq (1),
miu1 + mzuz = mi(vz + uz - u1) +mavz

miu1 + mauz2 = mivz + miuz - mi u1 +mavz
miu1 + miuz- miuz + mi1 u1 = mivz + mavz

2miu; +(mi- mi)uz = (mi+ mz)vz

vz=_2miu1 + (mi-mzuz > (B)
(mi+mz) (m+ mpy)

Casel: if m; =my,

Letm1=m2=\1F0H

Then fromequ (A)

a-=MOREN! —
(mM”

A

Thus,

vi=(m=-m)u; + 2muy
(m + m) (m + m)

vi=0 + 2muy

2m
Vi=u:
And from eq (B),

vz = 2Z2miu1 - (m1-mzluy
(m1 + m2) (m1 + m2)
Thus,
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This shown that the bodies interchange their velocities after the collision.

Casell: if mi =mzanduz =0
letmi = =m, uz
Then, @I “
(m1 -my) V1
(m1 + m2)
(m-m)ui+ 2 =Vi
A2 HEE

This means that body ‘A’ will stop after collision and ‘B’ will move with the initial velocity of A.

Case III: if m1 << m2 and uz = 0 (Massive body at rest)

Now, m1 can be neglected
Since,

= (m1-m2) ui + 2mzuy

(m1+mz) (m1+mz)
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vi=(0-mp)ui+ 2mp(0)

(0 + mz) (O +m2) -collision After collision
UBeforecO U =0 v1='U1 V,=0
1 : P g
vi= LN m, L) Q@ m,
B B
and
v2= Z2miui  + (m1-mpuy
(m1 + m2) (m1 + m2)
v2=2(0) w3z + (0-mp)(0)
(0 +m2) (0 4+ m2)
v2=0

This means that body IE:aB “A” will comes bac

will remain at rest.

Case IV: if m1 >2NH';B2E ' ' '
EEE

then m2 e neglected,

Thus

vi=(mi1-mz) ui+ 2mauz

(m1 +mz) (m1+mz2)

vi=(m1-0)u:+ 2(0)(0)

(mi1+0) (m1+40)

Vi=u

And,

v2= 2Z2miu1  + (mi-mpuy

(m1 + mz) (m1 + m2)

v2=2miuz + (m1-0)(0)
(m1 +0) (m1+ 0)
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V2= 2u1

This means that body ‘A’ will continues its motion with the same velocity and ‘B’ will move with double

the velocity of body A.

FORCE OF FRICTION

Definition:
When a body slides over another body, it gets resistance in its motion. It means a

force is setup

between the surfaces in contact which tends to oppose the motion. This force between the two surfaces in
contact is called force of friction and this is because of roughness of the material surfaces in contact. The

force of friction always acts parallel to the surfaces in contact and opposite to the direction of motion.

Explanation: ‘n In
Suppose arec is placed on a horizonta

balanced by “R”. Now s is applied on block|p3
some force Fis setupb faces which are oppo

between surface y (Iis[g upto the val
maximum value ff »‘ C i00 is dalled limiting fri€tion
EEm

If nal force applied on block is
moving. The for icti surfaées in thisisi

friction. If one body rolls over the surface, then force o Hi
always less than limiting friction. Whereas rolling friction'i S
resultant force of limiting friction and normal reactio <

Coefficient of Friction:

It is observed experimentally that limiting friction between surfaces is directly proportional to

normal reaction “R” i.e.
F xR

=>F=uR

or

u=F/R

Where, u is the constant of proportionately called co-efficient of friction.

Merits & Demerits of Friction:
Friction plays very important role in our daily life. It is advantageous as well as di

sadvantageous

depending upon desired results. Friction between rubber and ground is desirable, without this it is
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impossible to walk, to drive vehicles. Friction between moving parts of different machines or engines is
undesirable, because it affects the efficiency. For reducing it different lubricants are used. Another
astonishing feature of frictional force is that it is a self adjusting force i.e. ‘it varies with external force and
it depends upon the nature of the two surfaces in contact.

Fluid Friction & Viscosity:

A thick layer of liquid consists of large number of microscopic layers of molecules. When liquid
flows each of its layers slides over the other, experiences force which opposes their motion. This internal
friction between layers of same liquid, which makes it to flow slowly or resists in flow is called Viscosity:
This property is found in all fluids. It is found that opposing tangential force between last stationarylayer
and any upper layer of given liquid is directly proportional to area of contact, velocity of layer and

inversely proportional to distance of layer from stationary layer.

F Av
q_
d

JOIN -
F=n_=
(
Where 7 the constant OE Hality is called co-effi
Fluid Friction or Viscous Drag:
When bo through liquid
their motion. Thmaﬁrr '\e,'by liquid or ga
Stoke stu Emldrag on small s
sphere ofgadius “r” falling through liqui osity i

F=6nnrv

This is called Stoke’s law. This equation shows tha fard 0 0
sphere depends upon velocity “v”. Forces acting on the falling sphere in liquid are
downward and retarding force 6 m 1 r v upward.Net force with which spheres

mg
falls

inliquidismg-6mnnrv

Retarding 6 m n r v increases with increase in velocity. After falling
through some distance, velocity of sphere attains such a value that force (6 tn r v
becomes equal to mg).Under this condition sphere starts falling down with

constant velocity. This constant velocity of sphere in a given liquid at which mg
becomes equal to retarding force is called terminal velocity denoted by Vt.

INCLINED PLANE

Definition:
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Such a surface which makes an angle 6 with horizontal such that, 0° <96
< 90° is called an inclined plane.

Explanation:
Since heavy load may be lifted more easily by pulling it along an inclined

plane than by lifting it vertically. Therefore, it is treated as simple machine. Let
us consider a block of mass ‘m’ placed on an inclined surface which makes an
angle 6 with the horizontal. Here there are three force acting the blocki.e.

(i) Frictional force between block and the inclined plane ("f”)

(ii) Reaction of the surface on the block (R)

(iii) Weight of the body (W)

The weight W of the block can be resolved into two components and for this purpose.We take x-axis

parallel to the inclined xis perpendicular .Now the components of weight perpendicular and
parallel to the surface n I

cosf =— il
W, = Wcos 6 ‘F 0 H % .
and ) A
w
or EEm
Wieg Wsin 6
It is clear from fig. that block will remain atrest if it fulfil i D ‘.“it force

should be equal to each other i.e

f=Ww,
or

f=Wsin 6
and

R=W,
or

R=Wcos 6

Equation no (i) and (ii) are conditions under which block remains at rest.Now, if force of friction be
block and inclined plane becomes small then block can slide down with an acceleration a under the ne
force,

F: Vl/" 'f
or
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ma= Wsin 6 - f
or

ma= mgsin 0 - f
or

__mgsin 0 -f

m

or

a=gsin9—£ --------- (D

This equation represents the acceleration of the body sliding down on an inclined plane having

friction “f”.

If Friction is Absent:

If f=0 then eq(i) bedn I "
a= g Sln 9 ----F_ﬂ n

Special Cases:

() Ifeg =0° ' ' '
then eq (ii) =>
EEE

a=g(0) ?

M.C.Qs.

(ii) If8 = 90°

then Eq (ii) =>a = gsin 90°
a=g(1)
a=g
i.e. Free Fall Motion.

1. The area between a velocity time graph and the
time axis is equal to the:

(a) Velocity (b) Distance

(c) Displacement  (d) Acceleration

2. Swimming is possible on accountof: =
(a) First law of motion

(b) Second law of motion
(c) Third law of motion
(d) Newton's law of gravitation
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3. Inertia of a body is measured in terms of
(b) its applied force
(d) its mass

(a) its weight
(c) its reaction

4. During free fall, of air friction is negligible then
acceleration of bodies of different masses is:

(a) The same for all the masses

(b) Different for different masses

(c) Different for different vertical positions.

(d) BothA&B

5. The frictional resistance between its various

layers of fluids is called:

(a) Viscous drag lt“

(c) Friction

6. If two bodies of equa e elastically
then:

(a) their velocities are added to each other

(b) their velociti ' ' '
(c) their velociti
: N TR
e their velocities

(d) they exchang

7. To produce sa ion i odigs’of
masses 10 kg and 20 kg the force applied on the
second body should be:

(a) Halved (b) Equal to thaton first body
(c) Doubled (d) Three times
8. A truck covers a distance of 360km in 5 hrs. its

speed will be:
(a) 180 km/h (b) 360 km/h
(c) 72 km/h (d)36km/h

9. How long does it take by a car going at 30 m/s
to stop if it decelerates at 7m/s2:

(a) 4s (b) 5s

(c) 6s (d) 7s

10. Stoke’s law holds for:

(a) bodies of all shapes
(b) Motion through free space

(c) horizontal motion of particles
(d) motion through a viscous medium

11. The coefficient of frictional force between two
surfaces in contact does NOT depends upon.

(a) The normal force passing one against the
other (b) The area of surfaces

(c) Whether the surfaces are stationary or in
relative motion

(d) whether a lubricant is used or not.

12. If the time interval is very small (At — 0), the
rate of change of velocity of a body is called:
(a) Average acceleration

c) less than static friction
(d) zero

15. If 'F' be the limiting friction and 'R’ the normal
reaction. Then co-efficient of static friction ‘|’ is:

(a) u=F/R (b) u=R/F
(©) u=FR (d) p=1/FR

16. A body falls freely .The distance covered

in 2 sec is: = &
() 9.8 m (b) 19.6 m
(c)39.2m (d) 100 m

17. The acceleration of body moving down a
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frictionless plane inclines at 309 will be:

(a) 4.9 m/s? (b) 9.8 m/s2 23. A gun of mass 1000 kg fires a projectile of

(c) 98 m/s2 (d) 10 m/s? mass 1 kg with a horizontal velocity of 100 m/s.
The velocity of recoil of the gun in the horizontal

18. If the rate of change momentum with respect direction is

to time is zero then. (a)5m/s (b) 0.1 m/s

(a) The momentum is a function of time (c) 15m/s (d) 20 m/s

(b) The momentum is not conserved

(c) The momentum is constant 24. A block of wood is placed on a surface. A force

(d) Some force acts is applied parallel to the surface to move the
body. The frictional force developed acts

19. Which of the following changes when a (a) normal to the surface upwards

particle is moving with uniform velocity? (b) normal to the surface downwards

(a) Speed (b)}Veloci (c) along the direction of the applied force

(c) Acceleration d@mcmr d) opposite to the direction of the applied force

its kinetic energy will.
(a) be double (b)|beghal
(c) be quadrupled (d) Remains unchanged

21. A collision in MQ:B:E llsl-ved but
K.E is not conserved is called: .-

(a) Elasti lision (b) In elastic collision

(c) BothA&B i or

22. A passenger in a moving bus is thrown
forward when the bus is suddenly stopped. This is

20. If linear momentum of jﬁrticle in doubled,

explained 7. When the body is stationary:
(a) by Newton’s first law (a) There is no force acting on it
(b) by Newton’s second law (b) The force acting on it are not in contact each
(c) by Newton'’s third law other
(d) by the principle of conservation of (c) The forces acting on it are balanced with it
momentum (d) The body is in vacuum

PAST PAPER M.C.Qs.

2022

6.An object is falling through a fluid with terminal velocity, its velocity is
*zero  *decreased *increased * constant

13. A truck covers a distance of 360km in 5 hrs. its speed will be:
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*180km/h  *360 km/h *72 km/h *36km/h

27.A ball is dropped from a height of 100m, its acceleration at half of height will be:

*9.8m/s? *49m/s? *10 m/s2 *5m/s2
2021
(ii) To produce same acceleration in the bodies of masses 10 kg and 20 kg the force applied on the second
body should be:
*Halved *Equal to that on first body *Doubled *Three times

(iii) A truck covers a distance of 360km in 5 hrs. its speed will be:
*180 km/h *360 km/h *72 km/h *36km/h

(iv) How long does it ta ing at30m/s to stop if it decelerates at 7m/s?:
(v) The force acting on a body of 1 kg mass falling freel
SN 196N Fﬂ* Zero N

(xxvi) The acceleration of a body moving down a fricti

*4.9m/sec? M"HE ' ' "98m/sec3
miting fr

38 .If 'F' be the li 1ction and.R-tfe normal reacti

*”zg %, — R —4# R

F R 1
16. If the time interval is very small (At — 0), the rate of change of velocity of a body is called:
*Average acceleration *acceleration
*instantaneous acceleration *constant acceleration
2018

13. A bullet is fired horizontally with 20 m/s, the absence of air friction, its horizontal velocity component
after 2 s will be:

*40m/s *20m/s *10 m/s
16.An object is falling through a viscous fluid with terminal velocity,its velocity:
*is increasing *is decreasing * remains same * becomes zero
2017

1. A bus of weight 30000 N is moving with uniform velocity of 14 m/s, its acceleration is:
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*14 m/s? *zero *7 m/s? *9.8 m/s?

17. Stokes law is applicable to the:
*bodies resting on the surface of liquid
*moving bodies through the viscous medium
*moving bodies through the non viscous medium
*moving bodies through vacuum

2016
2. If velocity of a body is decreasing, the direction of acceleration is:
*in the direction of velocity *opposite to the direction of veloci
*perpendicular to the direction of velocity *60° to the direction of velocity

17. Kinetic friction is always:

*greater than static fricti Equal to static friction
*less than static fricti I *zero

4. The rate of change of, entum is:

*acceleration

5.If 'F' be the limiting f t1 the normal reaction. Th
*u=F/R

2. If the average MunE! !)!tles ofa bod are

*Variable velocity
*Un acceleration *Varia

*9.8 m *19.6 m *39.2

5. The property of fluids due to which they resists their flow is called:

*co efficient of friction * static friction
* viscosity * terminal velocity

17. A helicopter weighing 3920 N is moving up with a constant speed of 4 m/s. The force on the
helicopter is:

*4720 N * 3920N *3924N *3916N
2011
5. A one kilogram stone, falling freely from a height of 10 meter, strikes the ground with a velocity of: &
*14 m/s *10 m/s *98 m/s *19.6 m/s
14. The acceleration of body moving down a frictionless plane inclines at 300 will be:
*4,9 m/s? *9.8 m/s?
*98 m/s? *10 m/s?
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2010
15. Stokes’s law holds good for:

* the bodies of all shapes * motion through non viscous medium
* motion through vacuum * motion through viscous medium

16. How many meters will a 20 kg ball, starting from rest, falls freely in one second?
*19.6 m *9.8m *4 m *49 m

TEXTBOOK NUMERICALS

Q.1: In an electron gun mﬂ set, an electron with an initial speed of 103 m/s enters region where it

is electrically accelera out of this region after 1 micro second with speed of 4x105 m/s. What
is the maximum len n gun? Calculate i
Data:

Initial Speed =v; = 10m n
Tme=t=1uS=1x10

Final Speed = v; = 4 X 10°m/s

Length of Gun _M 0 n E ' ' '
Acceleration = a il

Solution:

Usi Nst Equation of Motion 7 Tt oy N
5 The max : hh on gun
Ve =V; + ﬂ (IX 11m/52

4%x10°=103+a(1x107%)
_ 4x10°-10°
 1x1076

Q.2: A car is waiting at a traffic signal and when it turns green, the car stats ahead with a constant
acceleration of 2 m/s2. Atthe same time a bus traveling with a constant speed of 10 m/s overtakes and
passes the car. (a) How far beyond its starting point will the car overtake the bus? (b) How fast will the car
be moving?

Data S=0xt+7(2t?

Intial Speed of car =v; =0 S=t2 (i)

Acceleration of car = a = 2 m/s? For Bus:

Speed of Bus =v = 10 m/s S=vxt

Distance =§ =? S=10¢t----- (i)

Final speed of car = v = Comparing eq (i) and eq (ii)

Solution: t2=10¢

FrGr
S=uvt+at Putting in eq (ii)
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[S=10 x 10 = 100 m]

Final Velocity of Car:
Ve =v;t+at
v = 0+2x10

vp =20m/s

Result: The bus overtakes at 100 m distance
from starting point and car was moving with 20
m/s.

Q.3: A helicopter ascending at a rate of 12 m/s. At a height of 80m above the ground, a package is
dropped.How long does the package take to reach the ground?

Data:

Intial Speed = v; = 12 m/s
Initial Height = H = 80 m
Total time = ¢ =?

Solution:
Duri Motion
For ts: J 0 I N
v =vVv; +at
=12 + (g
12
t1 = E s
For Si:

S
MORE!L..
S, 9.8)@.22)
N S; = 14.64 - 7.29 ?

During Downward Motion
For t:

= 1.2
S=vt+ sat

Or

Q.4: A boy throws a ball upward from the top of a cliff with a speed of 14.7 m/s. On the way down it just
misses the thrower and fall the ground 49 metres below. Find (a) How long the ball rises? (b) How high it
goes? (c) How long it is in air and (d) with what velocity it strikes the ground.

Data:

Intial Speed =v; = 14.7 m/s
Height=H =49 m

(a) Time for Upward flight = ¢, =?
(b) Height gained by ball =h, =?
(c) Total Time =t =?

(d) Final Speed = v, =?

Solution:

During upward Motion

For t3;
v =Vv; +at
0=14.7+ (-9.8)t,
t, = % = 1.5 sec
For S;;
S = vit+ -at?

S; = 147 X 1.5 +-(~9.8)(1.5)?
S, = 22.05 — 11.025
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S, =11.025m Now, Total time is given by

During Downward Motion [t=t +t, =15+35 =5 sec
For t;: For Final Velocity:

S = v;t+zat? v, = v, +at

_ 1 2 v =0+ (9.8)t,
Or Si+H=0xt,+-(98)t, V.= 0.8x35
_ 2
11.025 + 49 = (49)t, v, = 343 m/s|
60 = 4.9t3

Result: The ball rises 1.5 sec and it goes 11.025
m. It is in air for 5 sec and with 34.3 m/s velocity
it strikes the ground

2=1224
Taking square root

Q.5: A helicopter weighs 3920 Newton. Calculate the force on it if it is ascending up ata rate of 2 m/s2.

What will be force on s moving up with the constant speed of 4 m/s?
1
Weight of Helicopter =

(a) Acceleration =a =

Force on Helicopter = FF”B
(b) Speed of Helicopter

Force on Helico

pler =
Soluion: Mo EINI
EEE
(a) Forc lzed by engme = weight
acceleration p

F=W+ ma
F =3920+ 400 x 2

Q.6: A bullet having a mass of 0.005 kg is moving with as of sand
and is brought to rest after moving 25cm into the bag. Find the Also
calculate the time in which it is brought to rest.

Data; 2a(0.25) = (0) — (100)?

Mass of Bullet =m = 0.005 kg a(0.5) = —10000

Initial Speed of Bullet = v, = 100 m/s a = —20000 m/s>

Final Speed of Bullet = v, = 0 Putting values in eq (i)

Distance covered =S = 25 cm = 0.25m

F=ma
D-ecelerating Force =F =7 F = 0.005x (—20000)
Tlme.= t=? F=-100N
Solution: For Time:
As we know that _
o () Ve =v;+at
ma - 0 =100+ (—20000) x t
For Acceleration: 100
2aS = sz — Vi2 t= 20000

[t = 0.005 sec|
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Result: The deceleration force on the bullet is
100 Nand the time in which it is brought to rest

is 0.005 sec.

Q.7: A car weighing 9800 N is moving with a speed of 40 km/h. On the application of the brakes it comes to
rest after traveling a distance of 50 metres. Calculate the average retarding force.

Data:
Weight of Car=W = 9800 N

Initial Speed of Car =v; = 40"T’” =

11.11m/s
Final Speed of Car = v, = 0

40X1000
3600

Distance covered =S = 50 m
Retarding Force = F =?
Solution:

W_@_momcg

As we know that 0 I “
F =ma ---

For Acceleration:

Q.8: An electron in a vatElulnmrting fromrest is

has a speed 6x10° m/s after covering a distance of 1.8cm.

mass of electron ' ' '

e NI RE

Mass of Electron=m =9.1x lgg- .

Initial Sp f Bullet=v, =0

Final SpeW

Distance covered =S = 1.8 cm = 0.018 m
Force =F =?
Solution:
As we know that
F =ma -- (i)
For Acceleration:
2aS8 = sz —V?

2aS = V¢ =V}
2a(50) = (0)% — (11.11)2
a(100) = —123.43
a=—1.234m/s?

Putting values in eq (i)

F=ma
F=1000x (—1.234)
|F =—-1234 N|

Result: The retarding force on the car is 1234

Result: The force acting on the electron is
9.1x1071¢ N.

Q.9: Two bodies A & B are attached to the ends of a string which passes over a pulley, so that the two bodies
hang vertically. If the mass of the body A is 4.8 kg. Find the mass of body B which moves down with an
acceleration of 0.2 m/s? . The value of g can be taken as 9.8 m/s2.

Data:
Mass of Body A (Lighter body) = m, = 4.8 kg
Mass of Body B (Havier body) = m; =?
Acceleration = a = 0.2 m/s?
Acceleration due to gravity = g = 9.8 m/s?
Solution:

As we know that

- (220

mq +m2

02 = (’"1 48)98

mq+4.8
0.2(m, +4.8) = (m, — 4.8)9.8
0.2m, + 0.96 = 9.8m, — 47.04
0.2m, — 9.8m, = —47.04 — 0.96
—9.6m;_ — 48
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Result: The mass of body B which moves down is
5 kg.

Q.10: Two bodies of masses 10.2 kg & 4.5 kg are attached to the ends of a string which passes over a pulley
in such a way that the body of mass 10.2 kg lies on a smooth surface and the other body hangs vertically.
Find the acceleration of the bodies and tension of the string and also the for ce, which the surface exerts, on

the body of mass 10.2 kg.

Data:

Mass of Body A=m, = 10.2 kg
Mass of Body B=m, = 4.5 kg
Acceleration = a =7

Tension =T =?

Forceon m, =R =?

Solunon
9 8 J 0 I “

(1)a—
a=3m/s?

Q.11: A100 grams bulleF ﬂ(nm a 10 kg gun with
the gun"

Mass of Bullet M(ﬂ B E k' '
Mass of Gun = EEm

Initial Speed of Bullet =u, =0

Initial Spee =u, =0
Final Speed of Bullet =7;"=

m1 +m2

4-5+10 2

m/s
Final Speed of Gun = v, =?

Solution:

According to law of Conservation of Momentum

() T = (mlmz )g

mq +m2

= (i5502) 08
(i) R=w, = m,g
R=10.2x98

R =9996 N

Result: The acceleration of the bodies is 3 m/s2

Q.12: A 50 grams bullet is fired into a 10 kg block that is suspended by a long cord so that it can swingas a
pendulum. If the block is displaced so thatits centre of gravity rises by 10cm, what was the speed of the

bullet?
Data:
Mass of Bullet =m,; = 50 g = 0.05 kg
Mass of Block =m, = 10 kg
Height covered by block=h = 10cm = 0.1m
Initial Speed of Bullet = u, =?
Solution:
According to law of Conservation of Momentum
mu; + myu, = myv; + m,v,
005xu; +10x0=0.05xv+10xVv

0.05xuy, = 10.05xvVv

10.05 :
U= s XV @

According to law of Conservation of Energy

Loss in K.E. = Gain in P.E
1 2
Smvs = mgh

v’ =2gh =>v =./2gh

v=+v2x98x0.1=+196

v=tams]

Putting in eq (i)

10.05
u, = x 1.4
17 05

lu; = 281.4 m/s|
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Result: The Initial speed of bullet is 281.4 m/s.

Mgy

Q.13: A machine gun fires 10 bullets per second into a target. Each bullet weighs 20 gm and had a speed of
1500 m/s. Find the force necessary to hold the gun in position.

Data:
No. of Bullet=n = 10

Time =t = 1 sec
Mass of Bullet =m =

Initial Speed of Bullet = v; = 1500 m/s

Final Speed of Bullet =
Force=F =7

Solution:

According to theMin HEe' ' '
F
EEE

Force due to one bullet is

Q.14: A cy is going up a slope of 30° wi 3.
will he move before 7 (Assu e friction t

Data:
Slope =60 =30°
Initial Speed of cyclist =v;, = 3.5 m/s
Final Speed of cyclist = v, = 0
Distance covered =S =?
Solution:
Using 3rd equation of motion
2aS = V¢ =V (D)
When friction is absent

f _ mvp—my
(i
_0.02x0-0.02x1500

Putting in eq (i)
2(—4.9)S = (0)? — (3.5)2
—9.8x%x 8§ =-12.25

Result: He will movel.25 m before coming to
rest.

Q.15: The engine of a motorcar moving up 45° slope with a speed of 63 km/h stops working suddenly. How

far will the car move before coming to rest? (Assume the friction to be negligible).

Data:
Slope =60 = 45°

Initial Speed of Motor car = v; = 63 kTm =

631000
=17.5m/s
3600

Final Speed of Motor Car =v; = 0

Distance covered =S =?

~——+~7Z
Solution:
Using 3rd equation of motion
2as = sz — V2 (i)
When friction is absent
a = g Sinf
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a =—9.8x Sin45° S=221m

a=—692m/s? Result: The car will move 22.1 m before coming
Putting in eq (i) to rest.

2(—6.92)S = (0)?— (17.5)?
—13.84 x S = —306.25

Q.16: In question no. 15, find the distance that the car moves, if it weighs 19,600N and the frictional force is
2000 N.

Data: 2aS = V# = V72— (1)
Slope =0 = 45° When friction is Present
Initial Speed of Motor car = v, = 63 kTm = a =g Sinf — L
63x1000
——=175m/s =-9.8x 5m45° — 2%

2000

Final Speed of Motor C a=—7.92m/s?
Weight of Motor car i —

Friction =f = 2000

Distance covered =S =

Solution:
_ 19600
Usmg 3rdmn(H(E

e coming

he move before coming to rest? (Assume, friction in negligible

Data: a=gSinf

Slope =6 = 30° a =-9.8x Sin30°

Initial Speed of cyclist = v; = 3.5 m/s a=—49m/s?

Final Speed of cyclist = v, = 0 Putting in eq (i)

Distance covered =S =? 2(—4.9)S = (0)% — (3.5)2

Solution: ; ) —9.8x S5 = —12.25
Using 3rd equation of motion

— 2 2 (
2aS =Vg =V (1) Result: He Wlll movel.25 m before coming t
When friction is absent rest. ~ l:*-

2019
2(i) A body starts from rest and moves with constantacceleration of 10 m/s2.How much distance will it
travel in the 4th second of its motion?
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Data: (ii) When t= 4 sec
g . — 1: 1
[nitial velf)c1ty vi=0m/s S=vt+-at?
Acceleration=a= 10 m/s? 2
Distance during 4t sec = S4 - S3=? S, =0+ 1(10) (4)?
Solution: 2
(i) When t= 3 sec S, =5 x16 =80 m|
1
S=vi1:+§a1:2 ~8,—S83=80—-45=35m
1 Result: Distance travelled during 4t second is
S;=0+ 5(10)(3)2 equal to 35 m
|S; =5 x9 =45 m)|
Q.2 (xv) Textbook Numerical 12

2018

Q. 2(v) Abrick of mass md from a height of 5m above the ground. What s its velocity ata
height of 3m above th

N
Data: 2@8)(2) _I’f
Mass = m = 2kg !;
Initial Height = h,=5m : : n both side

Final Height = h,=3m

Initial Velocity =
Final Velocity = M” n E ' ' '
EEE

Solution:

Accordi oti

2as = vf — v}
Q.2(xiii) A balloon tied up with a wooden piece is moving

m above the ground, the wooden piece is detached from the bz X 1 e to reach
the ground?

Data:

Initial Velocity = Vi=15 m/s 2

Final Velocity = V= 0 m/s X -

Height = H =300 m 4

Total time = t =? \*

\\

Solution:
During upward Motion

For ti:
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v =V +at Or Si+H=0xt, +(98)t,”
= 11.475 + 300 = (4.9)t,
t =55 = 1.5sec 311.475 = 4.9t5
For Si: t,2 =63.56
S=vt+ %atz Taking square root
1 2
S; =15%x 1.5+ -(-9.8)(1.5) L
2 Now, Total time is given by
S, =22.5-11.025
[S1 = 11475 m| t=t,+t, =15 +7.9 = 9.4 sec|
During Downward Motion Result: The total time taken will be 9.4 sec.
For t;:
1
S =vit+-at?

No Numerical J 0 I N

Q.2 (xii) A car starts &omnoves with a consta
it covers a distance of 3¢/m. te: (a) Acceleration of
this time.

Initial velocity= EEE

Acceleration= a=?

Distance ing 5thsec =S5 -S4=36 m
Total distance in
Solution:

When t= 4 sec

1 .2
S=vt+ Eat

1 J : 3
S, =0+ E(a) (4)2 Putting value ineq (ii)

=0

When t= 5 sec

Ss = 12.5a = 12.5x 8 = 112.5 m|

Result: The acceleration of body is 8 m/s2 and
Distance travelled in 5 seconds is equal to 100 m.

N
o
—
($a]

Q.2 xiii) Textbook Numerical 11

2014 N~
Q.2 (iv) A car starts from rest and moves with a constant acceleration. During the 4th second of its motion,
it covers a distance of 24 meters. Calculate the acceleration and the total distance covered by the car during
this time.
Data: | Initial velocity= vi= 0
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Acceleration= a=? 1
S;=0+=(a)(3)°
Distance during 4thsec =S4 -S3=24 m 3 2 @)

Total distance in 4 sec=S4=7? ---- (iii)

Solution:
When t= 4 sec %8, —83=8a—45a
1, 24 = 3.5a
S=vit+§at 4= 685 m/SZ
S,=0+ l(a) (4)2 Putting value in eq (i)
2
S,=8a=8x6.85=05438
S, = 8a|-— (i) [S, = 8a m|
Result: The acceleration of body is 6.85 m/s? and
Distance travelled in 4 seconds is equal to 54.8
When t= 3 sec
m.
=vt+= at2

Q.2 (vi) A stone if dropped from the peak of a hill. It cove

motion. Find the height
|
Initial velocity= vi= 0 m/s
Acceleration=g

Distance during M‘ﬁSnSE ! 'O'n
Height of peak EEm

Solution:
(1) = t sec

S=vt+ Eat2

S, =0 +%(9.8)(t)2

S, = 4.9t* |- (i) S, = 4.9(3.56)2

(ii) When t= (t-1) sec S, =621m

Result: The height of the peak is 62.1 m.

1
S = vit+§at

Q.2 (ix) A car is waiting ata traffic signal. As it turns green, the car starts ahead with a constantacceleration
of 3 m/s2.At the same time, a bus travelling with a constant speed of 20 m/s overtakes and passes the car.
(a) How far beyond the starting point will the car overtake the bus?
(b) What will be the velocity of the car at thattime?

Data: Final Velocity of car = vi=7?
Initial Velocity of car =vi =0 Solution:

Acceleration of car =a =3 m/s? For Car:
Speed of Bus =v = 20m/s S = vit+%at2
Distance from signal =S =7
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S=0xt+2(3)t? [S= 20x13.33 = 266.6 m
S = 1.5t% --- (i)
For Bus: Final Velocity of Car:
S=vXt vy =v;t+at
S=20t¢t-—--—- (ii) v, =043 x13.33
Comparing eq (i) and eq (ii) vy =39.99 m/s
1.5t =20t Result: The bus overtakes at 266.6 m distance
[t =13.33 sec| from starting point and car was moving with
Putting in eq (ii) 39.9 m/s.
2012
No Numerical
2011
Q.2(vii) 'I&lﬂlil“rical 12
Q.2 (ix) Textbook Numerical 5

FOR
MORE!'!
~_ =
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CHAPTER 4 || MOTION IN TWO DIMENSIONS

THEORY NOTES

PROJECTILE

DEFINITION:
An object falling freely in a gravitational field, having been projected with a velocity ‘v’ and at an

angle of elevation ‘0" with the horizontal is called projectile.

PROJECTILE MOTION: ulu
When an object is pro elocity ‘v it will

Three assumptions are made, when considering a projéc

ASSUMPTION: F 0 H

i) The acceleration due to gravity, ‘g, is cofis ‘
directed !r[! b
ii) Th 1S is negligible.

iii) The rotation of eart aoes not affect the
At instant project motion can ibed
a) Horizonta i ica tion:
When an object is projected with an initial velaci izontal in

a) Horizontal Velocity:
it remains unchanged throughout the motion because there is no acceleration in the motion.
b) Vertical Velocity:
It continuously changes because of the force of attraction of the earth.

Vy = Voy = V,Sin0
Thus,

The net velocity = Vo = V Vox2 + Voy2

FOR HORIZONTAL MOTION:
Acceleration =ax=20
Velocity = Vx=Vox

Displacement= X = Voxx t

FOR VERTICAL MOTION:
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Acceleration =ay=-g

Velocity =Vy =Voy - gt
Displacement =y = Voyt - 1 gt2
2
y Maximum height A

attime T

Range R = distance’
at time 2T

N/

Jﬂl" e

A) TIME TO REACH HEIGHT:
Initial Velocity o 0
Final Velocity

=Vy,=0
Time ' ' '
Accelera e EE
We know M 2
Vs =

vy = Voy + (-g)T
0 = VoSin® -gT
gT = VoSinO
T = V,Sin6

g

B) TIME OF FLIGHT:

Total time of flight =T

T =2T

T =2V, Sin6
8

(%)) MAXIMUM HEIGHT:
Distance = Height =y = hmax
Initial Velocity = Voy = Vo Sin6
Acceleration = a=-g
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Time = T = V,,Sin0
g
We know that,
S=Vit+1/2at?
Y=VoT+1/2(-g) T2

hmax - V()Slne X VoSIrle - 1/2g { OSine ﬂ

g g
hmax = VOZSinZO - VoZSinZG
g 2g
hmax = 2V02Sin20 - Vo2Sin20
2g

The maximum hori stance traveled by 2

Distance = X =R

~MORE!!

Since,

\=th 2
X= 0

R = V,CosOx 2 V,SinO

g
R = V,22Co0s0 Sind
g
R = V,2Sin20 [ Sin 20= 2Sin0 CosO J
g

E) MAXIMUM RANGE:

Horizontal Range is given as,

V. %sin20
R=">——
g

Above expression shows that, for constant velocity of projection (V0) and gravitational acceleration (g),
horizontal range depends on the factor sin20 and it will be maximum at the maximum value of sin26. The
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maximum value of sin is 1.

Sin20 = 1
or

20 =Sin!(1)
or

20=90°
or

0 = 450

It shows that, “when a projectile is projected with 459, its horizontal range will be maximum.”

F) PROJECTILE TRAJECTORY:

The path followed by a projectile is called its trajectory.

Knowing the displ long horizontal and vertical direction, position of projectile can be
determined. ﬁju
A) Horizontal displace

Since,
S=vt
X = Voxt F 0 H
X = V,Cosb.t

oLO0S
B) VeW

Since,
S=Vit+1/2 at?
y=Veyxt+ 1/2 (-g)t?

y = VoSinb __ x - 1/2g. __x2
VoCos0 Vo2Cos20
y=x Sinb - gx?2
Cos6 2V,2Cos20

y =xTan0O -__gX2
2V,2Cos20

This expression is known as Equation of Trajectory.
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ANGULAR MOTION OR CIRCULAR MOTION:

When a body is moving along a circular path, it is called as circular Motion or angular motion, in
this type of motion, the change in position, of a moving body is measured by the angle subtended by it at
the center of its circular path. The universe is full of a large number of objects such as the planets revolve
around the sun and the moon moves around are earth in nearly circular orbits.

ANGULAR DISPLACEMENT:

The angle, through which a body moves while moving along a circular path, is called as angular
displacement. It is the angle subtended at the center during angular motion.

Angular displacement is measured in degree and radian.

(D DEGREE: ‘M} g object completes one revolution is subtends and angle of 360
degrees at the center larfpath and thus its angular di i .

I) RADIAN: It I8t subtended at the
radius.

RELATION BE EE:

ength to its

. N EE
Consider a circle of radius “r” with o as ce

circumfe of the circle is equal in len r. As Al of Tradian at
i ce wi

the center, so t ubtend & ngle i T, ﬁ t the whole
circumference subtends an angle of 360° degree at the

27 radian = 360 degrees
7 radian = 180 degrees
1 radian = 180
T
1 radian = 57.3¢0
P2
i S
RELATION BETWEEN LINEAR AND ANGULAR DISPLACEMENT:
0 2]
It is clear from the figure that the arclength is directly proportional r

to the angle subtended at the center.
Mathematically we can write as,

Sx@
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or
S=1r0
Where, r is the radius of circle and angle is measured in Radian.

ANGULAR VELOCITY:
In circular motion of a particle P the rate of change of angular
displacement is called angular velocity and it is denoted by “(i)”. If ‘AB’

is the change in angular displacement during time interval At due to the
motion of particle P along a circular path then average angular velocity (t)
will be

— 46 . 02 [#
av At e’ 2 X
2-9 o /

If the interval At is very small i.e,, At > 0 then angular i i ill be

w

w

Wips = hmAt—>0 At

The angular velocity ma;ge measured in deg /|

"

£ ,
appear in inal answer so the unit of a elocity i cy.So we
may call ‘w’, as a .

The angular velocity is also measured in R.P.M.
i.e 1 revolution = 2w rad
1 rpm = 2 60 rad/sec
1 rpm = 0.105 rad/sec

DIRECTION OF ANGULAR VELOCITY:

The angular velocity is always directed along axis of rotation of the circle. If curl of fingers of right hand
points the direction of rotation then thumb will point out the direction of omega “w”

In the case of counter clock wise rotation the w will be directed out of the page. In case of Clock wise

rotation w will be directed into the page.

RELATION BETWEEN LINEAR AND ANGULAR VELOCITIES: ~_—7
We know that
S=ro

But in case of small angular displacement due to circular motion of particle P along circle of radius r, we
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may write this equation

AS =rA6
Divide both sides by At
AS Y
—_— =71 —
At At

Taking limits on both sides
. AS . .
limy o 3 =7 lim o ----=(1)

As we know that

— i As
L 10—

And

w = lim, 5§,
Therefore eq(i) ,beco

or

ANGULAR ACCE :
T te of change of angular vel lled ai
is the change i i i megifiterval

then average angular acceleration will be,
_ Aw
av ™ pp

wWoyo—w
Xy = L
ty—t

Now if the time interval for this change is very small then angular acceleration on during such a short

time interval is called instantaneous angular acceleration.i.e.

;s = i e
ins = MMpg 0 o

UNIT OF ANGULAR ACCELARATION:
The angular acceleration may be measured in rad/sec?, deg / sec? or rev / sec2. But

o b
S. 1 Unit is rad/sec? ~

DIRECTION OF ANGULAR ACCELERATION:

The direction of angular acceleration may either be parallel or anti parallel to the direction of
@ which is along the axis of rotation. If @ increases then it will be parallel to the direction of & . Similarly
if it decreases then it will be in opposite direction to that of @ along the axis of rotation.
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RELATION BETWEEN LINEAR AND ANGULAR ACCELERATION:
We have the relation between linear and angular velocities as V = rw. Suppose an object rotating about a
fixed axis, changes it angular velocity by Aw in a time change At then the change in tangential velocity.

V. =rw

Divide both sides by At
ARV

r
At At

Taking limits on both sides
: AV, o Be :
hmAt—>0 At =T Alir—I;lO At (1)

As we know that

- ”‘lﬂ I “
And

xX= hm

Therefore eq(i) , beco

: %ﬂi

DEFINITION:

of the track.

FORMULA:

DERIVATION:
Let us consider a particle of mass m moving with uniform speed ‘v’ along a circular path of radius
‘r’. Suppose its linear velocity vector at P1is v; at time t1 whereas velocity vector at P2is v, at time t2 ,as
shown in the figure.
In case of uniform motion ~—2
|V1 | = |V2 |
but from the figure

V,+AV =7,
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AV =V, -V,
This change in velocity is only because of the change in its direction. So its rate of change will be called
centripetal acceleration. As we know that the angle between perpendiculars to the two lines is same as
the angle between these two lines, therefore, the angle between V1 and V2is A8 as the angle between
radial lines is A6.
Itis clear from fig (i) and (ii) that the isosceles triangle AP, OP, and ABACare congruent. Then according
to geometry,

Divide both sides by At

= El.l 0 I "
At rAt
Taking limit both sides an
AV AS

: Vo _
hmAt—»O A_ = hmAt—>0 — mmmmem e eee (1)

As we knowthatM o n E !! !
. AS
V =lim,,_, v
and
AV

a, = T""'(ii)
As we know that
V=rw

putting in eq(ii)

a, = (ro)?

r

=Trw
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CENTRIPETAL FORCE:

DEFINITION:

“The force that causes an object to move along a curve (or a curved path) is called centripetal force.”

MATHEMATICAL EXPRESSION:

We know that the magnitude of centripetal acceleration of a body in a uniform circular motions is directly
proportional to the square of velocity and inversely proportional to the radius of the path. Newton’s

Second Law of Motion:

F =ma

=> Fc=mv?/r
Where,

Fc = Centripetal Force
m = Mass of object
v = Velocity of object

r = Radius of the curved path

FOR

maximum range when fired atan angle.
(a) 30° with the horizontal

(b) 45° with the vertical

(c) 30° with the vertical

(d) 60° with the horizontal

2. A horizontal range attained by a projectile can
be found by the formula:

v,Sinf 2v,, sinf
a o~ b 2o 7
(@)% (b) 222

v, 2sind v, *sin 280
c) >——~ d =>—=
()%= (d) =

3. During the projectile motion, the horizontal
component of velocity:
(a) Change with time

(b) Becomes zero

proportional to.

(a) The initial velocity
angle

(c) Square of the initial velocity (d) None of
these

(b) Launch

5. Abody is moving in a circle at a constant speed
which of the following statements about the b
is true?

(a) There is no acceleration.

(b) There is no force acting on it
(c) There is force acting at a tangent to the circle
(d) There is force acting towards the centre of
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the circle (c) Value (d) None of these

6. The acceleration in uniform circular motion. 12. Anobject is launched in an arbitrary direction

(a) Varies inversely with the velocity of the in space with a certain initial velocity and of

particle. (b) Varies inversely with the radius of moves freely under gravity. Its path will be a.

the orbit. (a) Straight line (b) circle

(c) Varies directly with the square of the (c) parabola (d) hyperbola

velocity.

(d) both (b) and (c) 13. The velocity component with which a
projectile covers certain vertical distance is

7. If a body is rotating in a circle with variable minimum at the moment of:

linear speed, it must have: (a) Projection (b) Hitting the ground

(a) Only centripetal acceleration. (c) Highest point . (d) None of these

(b) Only tangential acc i

(c) Both centripetal a %OI! “eleration

(d) None of these

8. The direction of anguFﬂrncan be find out
by

(a) Lefthand rule  (b) Angular displacement

(c) Direction of ‘M‘u Eg't'z‘d rule
B

9.If a particle moves in a cir descrﬂ)ﬂlg. equal

anglesin l intervals, then
(a) Angular velo i elogi

constant.

(b) Angular velocity constant and linear velocity
constant

(c) Angular velocity constant and linear velocity
changes.

(d) None of these

(a) Projection (b) Hitting the ground
(c) Both of these (d) None of these

17. The horizontal range of a projectile depend
upon:
(a) The angle of projection

10. The rate of change of angular displacement
with time is called:
(a) Angular acceleration.  (b) Linear velocity

(c) Angular velocity (d) None of these (b) The velocity of projection

(c) Both of these

11. The centripetal acceleration produced in a (d) None of these

rotating body is commonly due to the change in
of the velocity:
(a) Magnitude (b) Direction

18. If a projectile is projected at an angle of 30°, it
hits certain target. It will have the same range if it
is projected atan angleof :

(a) 45° (b)55° () 90° (d) 60
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° (d) none of them

19. The linear and angular velocity of a particle, 24. When the angular velocity of a disk increases,
moving about the centre of a circle of radius r, are angular acceleration and angular velocity are:
related by : (a) parallel (b) non parallel
@Qv=w/r (b)v=rxw (c) perpendicular  (d) none of these
(c) w=vxr (d)w=rxv

25. A 100 kg body is rotating in circular path of
20. A ball is thrown at 40 m/s with the angle of radius 200m, at 50 m/sec. find the centripetal
projection of 300 with the horizontal, the vertical force acting on the body:
velocity, of the projectile after 1 sec: (a) 225N (b) 1250 N
(a) 20 m/s (b) 15m/s (c) 525N (d) 500 N
(c) 10 m/s (d) Zero

26. If abody covers 5 rotations in 2 seconds,
21. A car moving ata ﬂﬂ MOf 20 ms-1 around a path of radius 2m the linear velocity of
on a circular path of r atis the body is:

acceleration?

(a) 0.4 m/s? (b
(c) 4.0 m/s? (d)| 338/

22. The missile i ':l‘!:h
respect to the hom d 1

vertical component of the veloci atthe™ /3

maximu ight is respectively:

(a) 10 m/s, 10 An.a y an arc

(c) 10m/s, 0 (d) 0,10 m/s , at C adius is:

23. The cyclist cycling around a circular racing
track skids because:
(a) the centripetal force upon him is less than

29. The unit of angular velocity is:

the limiting friction

(b) the centripetal force upon him is greater (a) radian/cm (b)
than the limiting friction metre/sec
() radian/sec (d) radian /sect

(c) the centripetal force upon him is equal to the
limiting friction

PAST PAPER M.C.Qs.

2022
7. The angle between centripetal and tangential acceleration in circular motion is:
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*180° * zero *90° *45°

23.The acceleration of projectile at the top of trajectory is:

*g *1/2 g * zero *2g

2021
(vi) A car is travelling at a constant speed of 20 m/s round a curve of radius 100m. Its acceleration is:
*2m/s? *3m/s? * 4m/s? *Zero m/s?

(xviii) During the projectile motion the acceleration of the projectile along the horizontal direction will:
*Decrease * Increase *be zero * remain constant

(xx) One radian is equal to:

*0.017° * 57.39 *“5.70 *0.1170
J 0 I 201
7.An angle subtended at its centre by an arc whose lengtk
W *80°

13. A projectile is throwh upwa ith a certain velocity. Iﬂtl
M

launched at an aMf'
“a0° b
0 n E EEm 201
7. A bodygmoving along the circumferen ircle, ¢o i irce is
R, the ratWMill be: Eni - h
* zero mR mR

201
2. The angular speed of the minute hand of a clock is:
* 1T * T x_ T *_T
30 60 1800 3600

3. A projectile is fired atan angle 6 with the horizontal will be minimum at:

*the highest point *the point of projection
*all points of its path *the point of landing on ground
2016
11.The angle between centripetal acceleration and tangential acceleration in circular motion is:
*1800 *0o *90° *450
13. One radian is equal to: —
*10 *75.30 *57.3° *0.017°
2015

7. The unit of angular velocity is:
*radian/cm * metre/sec * radian/sec * radian/sect
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13. The angle between centripetal and tangential acceleration in circular motion is:

*180° * zero * 9Q° *4.5°
2014
9. An angle subtended at its centre by an arc whose length is double to that of its radius is:
*84.3° *57.3° *114.6° *168.6°
2012
3. If the axis of rotation of a rotating body passes through the body itself, then its motion is called:
*linear motion * orbital motion
* spin motion *SHM
2011
6. When the angular velocity of a disk increases, angular acceleration and angular velocity are:
*parallel *non parallel *perpendicular *none of these
2010
7. The cyclist cycling ﬂﬂl “ ar racing track skid 3
*the centrlpe upon Him is less than the lingiti
pOI hlm isg & H

*none of them

17. The horizont ('l' Tpends upon:

e T
SN 7
TEXTBOOK

Q.1: A rescue helicopter drops a package of emergency ration to a stranded party on the ground. If the
helicopter is traveling horizontally at 40 m/s at a height of 100 m above the ground, (a) where does the
package strike the ground relative to the point at which it was released? (b) What are the horizontal and
vertical component of the velocity of the package just before it hits the ground?

Data: Horizontal velocity component=v,, = 40m/s
Height of helicopter = H = 100 m

(a) Range of projectile = R =?

(b) X-component of Final Velocity =v,," =
Y-component of Final Velocity = voyL_=_?_/?

Solution:
(a)  As we know that
sSs=vXt

so,

R=wv,, xT (i)
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For time (T) : As we know that

Using Second equation of motion v(;x = v, =40 m/s
s=vit+§at2 and
H=voy><T+%(9.8)><T2 v =vi+at
! — t
—100 =0 X T 4+ =(—9.8) X T2 Voy = Voy T 9
=49 X

Or Result: The package strike the ground at 180 m

Putting value in eq(i) relative to the point at which it was released and

R = 40 X 4.5 x component of final velocity is 40 m/s and y
R =180 m component is 44.1 m/s (downwards).

Now,
(b) Final Velocities:

Q.2: A long-jumper led Q at an angle of 209tg

far does he jump? What'is the maximum height reaché

projectile.
Launch angle =6 = 20

Initial Speed =v, = 11 m/s
(a) Range of lon

(b)Maximum HeMtﬂ !—-!

Solution:

(a) Range oNectlle is given by 2
viSin26

(11)2><sm 2(20)

9.8

121 Xsin (40
R (40)
9.8

R=793m
(b) The Maximum height attained by projectile is given by
ZS~ 29
H — VoSin
max zg

H (D)%% (Sin 20)2

max T 2x9.8
121 x0.116

H —_

max T 196

|Hyor = 0.72 m|
Result: He jumped 7.93 m far and maximum height reached is 0.72 m. ~
Q.3: A stone is thrown upward from the top of a building at an angle of 30 © to the horizontal and wit]
initial speed of 20 m/s. If the height of building is 45 m. (a) Calculate the total time the stone in flight (b)
What is the speed of stone justbefore it strikes the ground? (c) Where does the stone strike the ground?
Data: Initial Speed =v, = 20 m/s
Launch angle =8 = 30° Height of Building = H; = 45 m

R =
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(a) Time of flight =T" =?
(b)Final speed =v," =?
(c)Range of stone =R =?

vy =20.0 m/s
Z-30.0°~
4 ~

\
45.0 m

| 1 PR
<
o,

Solutlon

(a)  Firstwe calculJ 0 I“ch maximum
height

v, Si 0

2

k| |

__ v, sini 6 ﬂn E‘E- |

H, = >

H2N= 0) %% (sin 30) 2 7

400 x0.25
H, =
19.6

Now, total height is given by
|H=H; +H, =45+51=501m

Now, using this height to find time for downward
flight

20><sm 30
Tl

s=vit+ %at2

1

Data:
Initial Speed =v,, =21 m/s
Height=H =10m

(a)Range of stone =R =?
(b)Final speed =v," =?
Solution:

50.1=0 X T, +1(9.8)(T})
50.1 = 4.9(T})
T7 =10.22
Taking Square root 0.B.S
Now, Total Time is given by
|T =T,+T,=102+319=421s
(b) Final Velocities:
As we know that

V,y = V,, = V,C0s0
+ = 20X cos30

v, =17.3m/s

and

Result: The total time the stone in flight is 4.21 s
(b) The speed of stone just before it strikes the

ground is 35.7 m/s and the stone strikes the
ground 73 m away.

Q.4: Aball is thrown in horizontal direction from a height of 10 m with a velocity of 21 m/s (a) How far will
it hit the ground from its initial position on the ground? and with what velocity?

(a)  The Range of ball is given by
R=v, XT - (i)

For time (T) :

Using Second equation of motion
s=vt+ %at2
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H=v,, XT+5(9.8) X T?
~10 = 0 X T+ 3(-9.8) X T2
10 = 49 x T?
T? =2.04

Or

Putting value in eq(i)
R=21x142

(b) (b) Final Velocities:
As we know that

Vyy =V, = 21m/s

and

Q.5: A rocket is launc;dﬂiﬂﬂe of 53¢ to the hori
along its initial line of Mo ith"an acceleration of 30
rocket proceeds to movgas ody. Find (a) the ma>
time of flight, and (c) itsFﬂrlﬁbrange.

Data:

AR EEN

Launch angle =6 = 53°
Initial Speed =v; = 100 m
Acceleration = a = 30 m/s?
Time=t=3s
(a) Maximum altitude reached by the rocket =
H =?
(b) Time of flight =T’ =?
(c) Horizontal range =R =?
Solution:
During Constant acceleration phase:
S=vt+ %at2

S=100x3+ %(30) x (3)2
S =300+ 135

v =vi+at
Voy' = U,y + gt
Vpy =0 —9.8 x 1.42

v(;y =—-139m/s

Net Final velocity:

r 1 ’ 2

v, = \/(vox)z + (vg,)
v, =+/(21)2 + (13.9)2
v, =252 m/s
Result: It will hit the ground 30m from its initial
position on the ground and with velocity 25.2

Ve =v; +at
vy =100+30x3
vy =190 m/s

Now, the rocket becomes a projectile and
its initial velocity is 190 m/s

vy = vy =190~

During Projectile Motion phase: . _,

Maximum height reached is given by

h _vgsinze
) =

2g
(190) ?x(sin 53)2
h, = —2 >3
2x9.8

AUTHOR: MUHAMMAD TALHA BIN YOUSUF Page 92




36100 x0.63
h, = ———

19.6
h, =1178.77 m
Time to reach maximum height
£ o= v, sin 6
1 g

190 xsin 53
t, = ——>=

9.8

Now, Total height is given by

IH = h;+h, =3474 +1178.77 = 1526.17 m
Now, Time for Downward Motion:
=vit+ = at2

snsWUIN
1526.17 = 49

t? = 311.46

Taking Square root 0.B

Q.6: A diver leaps from a tower with an initial horizonts

component of 3 lM:UaRE(‘i(')f her positio
Data:
EEw

Voy

Vox

Initial Horizontal velocity = v,, =7 m/s
Initial Vertical velocity = v,, = 3 m/s
Time=t=1s

Final Horizontal velocity = v, =?

x component of position = x =?

Final Vertical velocity = v;y =?

y component of position =y =?

Solution:
Since the x component of velocity remains
constant

v, =v, =7m/s

Total Time of Flight is

T =t+t, +t,=3+154+176
To calculate x2 we have to find total time of
projectile phase.

T=t +t,=154+17.6=33s
Now, range is given by

R=v, XT
or

X, =v,c080 XT

|x, = 190 X c0s53 x 33 = 3773.3 m|
Now, Total Range is

[R = x, +x, =261.7 + 37733 = 4035 m|
e ed by the

v, =3=(98x1)
Voy =3 —(9.8)
v;y =—-6.8m/s

Now her position, using second equation
of motion

1
s = vt +-at’
y =3 x1+5(-9.8)(1)?
Result:
(i) The final x component of velocity will
be 7m/s and y component will be 6.8

m/s(downward)
(ii) Her displacement in x axis is 7 mand
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in y axis is 1.9 m(downward)

Q.7: A boy standing 10m from a building can just barely reach the roof 12m above him when he throws a
ball at the optimum angle with respectto the ground. Find the initial velocity component of the ball.

Data:

H,, =12m
R=10m
Vo= ?

Solution:

i Vox

As we know that

Q.8: Ama hell is fired at a ground lev
its launch angle?

Data:
Range =R =500 m

e

¢

Initial Velocity = Vo =90 m/s

Launch Angle =6 =7
Solution:

_ v Sin 20
g

R

2 o
500 = (90)% Sin 26

Sin 20 =

9.8
500%9.8

8100

vOZy = Hmax X 2g
v, =10x2x9.8
vy, =196

Vo, =14 m/s

Now,
s=vXt

Or R=v, XT ---—-- (D)
The time to reach maximum height is given by

T =Yy -1 _ 149 sec
g 9.8

5. Whatis

The larger angle is given by

16’ =90 — 6 =90 — 18.5 = 71.4°|
Result: The two possible values of launch angles
are 18.5% and 71.4°.

Q.9: Whatis the take off speed of a locust if its launch angle is 55° and its range is 0.8m?

Data:

r

Vo
55 degrees

0.8 m

Range =R=0.8m
Initial Velocity = Vo =7?

Launch Angle = 6 =559 7
Solution:
The Range of Projectile is given by
R = v3 Sin 26
g
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2 o
__ vy Sin 2(55)
0.8 = s

7.84 = v¢ X sin 110°
7.84 = v¢ X 0.9396
v¢ = 834
Taking Square root on both sides

v, = 2.88 m/s|
Result: The take off speed of the locust is 2.88
m/s.

Q.10: A car is traveling on a flat circular track of radius 200m at 20 m/s and has a centripetal acceleration ac
= 4.5 m/s? (a) If the mass of the car is 1000 kg, what frictional force is required to provide the
acceleration? (b) if the coefficient of static frictions pus is 0.8, what is the maximum speed at which the car

can circle the track?

Data:

Radius of Track = R=200 m

Centripetal Acceleration = a, = 4.5 m/s?
mass of Car = m =100

(a) Frictional Force =

(b) Co-efficient of friction = u, = 0.8

Maximum speed of car
Solution:
V" —)-
_ ‘E

Center of If
the curved =~ / /
portion .

(a) As we know that Frictional force is equal to
the centripetal force

f=F, =ma,

f =1000 x 4.5

v, =0.8%200x98

max

vZ,. = 1568

max

Taking Square root O.B.S.

VUpar = 39.5 m/s|

Result: The frictional force required to provide
the acceleration is 4500 N and the maximum__
speed at which the car can circle the track is ;ﬂ%@

- ': \l

Q.11: The turntable of a record player rotates initially at a rate of 33 rev/min and takes 20s to come to rest
(a) What is the angular acceleration of the turntable, assuming the acceleration is constant? (b) How many
rotation does the turntable make before coming to rest? (c) If the radius of the turntable is 0.14m, what is
the initial linear speed of a bug riding on the rim?(d) What is the magnitude of the tangential acceleration
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of the bug at time t = 0?
Data:
rev

Initial angluar velocity = w; = 33—
345rad/s

Time=t=20s

Final angluar velocity = w; =0

_ 33x2m
60

(a) Angular Acceleration =a =?

(b) No.of rotations= 6 =?

(c) Radius of turtable =r = 0.14 m

Initial Tangential velocity = v, =?

(d) Tangential Acceleration = a =?

Solution:

(a) Using First Equation of Motion
wp =w; + at
S 1],
—3.45 = a(20)

a=—0172ra
(b) Using Second Equation n

0=uwt+at?

o-s EARPIH
Q.12: Tarzan swi i 4m in a vertical ci
ngle of 6 = 20° with the Tarza
acceleration is.instan hi eleratign,

makes a

Data;

Lengthof vine=r =4m

Angle with the vertical = 6 = 20°
Speed of Tarzan= v =5 m/s
Centripetal Acceleration = a, =?
Tangential Acceleration = a =?
Resultant Acceleration = a, =?

6 =69 —344
6 = 34.6 radians
In Rotations:
g =346 _ 346
T 2 T 628

|6 = 5.5 rotations|
(c) As we know that

v, = Tw;
v; = 0.14 X 3.45
|v; = 0483 m/s]|

(d) As we know that
a=ra

a =014 x (-0.172)
a= —0.024 m/s?

a. = 6.25m/s*

The net force on Tarzan
F=W,
F = Wsinf

ma = mgsinf
a =g X sinf = 9.8 X sin 20°

a = 3.35m/s?
Now,
a, = /(335)7 + (6.25)2
a, = 7.09 m/s?

Result: The centripetal acceleration is 3.2 m/s?,
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tangential acceleration is 4.9 m/s? and resultant | acceleration is 7.09 m/s?

PAST PAPER NUMERICALS

2022
vi) What is the ratio of maximum range and maximum height of a projectile for an angle at which range is
maximum.
Solution:

The maximum range is given by

=% (i)

Maximum helg ﬂel “

201
201

2(ii) Calculate the angle of projection for which the ma

horizontal range.

Data:

Angle of projection= 6 =? . sin*6 (2 sind Cose)

1 2 3
Hmax =—=R sinf — 4
. 3 Cos6 (3)
Solution: . . N tan 6 = (_)
According to the given condition 3
6 =tan"! (4—)
. 3
Hmax = §R 0 =53.1°
vESin?0 1 (v¢Sin20 Result: The angle of projection for which the | =5
29 -3 g maximum height of projectile is equa@_}:é?)
sin?9 _ (Sin20 its horizontal range is 53.1°.
2 ( 3 )

2017

Q.2 (viii) Textbook Numerical 7
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2016
Q.2 (iii) Tarzan swings on a vine, of length 5m, in a vertical circle, under the influence of gravity. When the
vine makes an angle of 30° with the Vertical, Tarzan has a speed of 4 m/s. Find:
(a) Centripetal acceleration at this instant (b) His tangential acceleration
Data: a, = 3.2 m/s?
Length of vine=1r =5m

The net force on Tarzan

F=W
. . _ _ 0 1
Angle with the vertical = 6 = 30 F = Wsing

Speed of Tarzan= v =4 m/s

ma = mgsin
Centripetal Acceleration = a, =?

a=gXxsind =9.8 X sin 30
a =49 m/s?

Tangential Acceleration = a =?
Solution:
The centripetal acceleration is given by

2
a, =
aC I "
201
Q.2 vii) A boy whose mass i when resting on the g

6. 4 x 106 m. Calculate the centripetal acceleration and c

Mass of boy = mM}g ﬁE M | O 4 131142
EEE .

Radius of Earth e=064x 7 1 7

Centripe celeration = ac =? '

Centripetal Forc

Solution:

Result: The centripetal acceleration is 3.2 m/s?
and tangential acceleration is 4.9 m/s?.

=34N
The centripetal Acceleration is given by
a. = Rw*
And
2n
w=—=

2014
Q.2 (ix) A mortar shell is field ata ground level target of 400 m distance with an initial velocity 85m/sec.
Calculate the maximum time to hit the target.

Data: 400 = (85)2 Sin 20
Range =R =400 m ' _ oo 8
Initial Velocity = Vo =85 m/s Sin 26 = 7225
Max. Time to Hit=T = ? Sin 260 = 0.542
Solution: 20 = Sin~1(0.542)
First we will find the angle of projection 20 =32.8°

R= v3 Sin 26 Or

g The larger angle is given by
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T =2 (85)Sin (73.5)
9.8

6 =90—6=90—16.4 = 73.5°] T = 16.6 sec

For maximum time we use greater angle and find Result: The maximum time to hit the target is
time of flight 16.6 sec

Q.2 (xii) Calculate the centripetal acceleration and centripetal force on a man whose mass is 80 kg when
resting on the ground at the equator if the radius of earth is 6.4 x 106 metres.

Data: So,

Mass of man= m =80 kg 4 =R (2_71)2 _ 64 x10°x4x3.147
Radius of Earth = Re = 6.4x 106 m (86400)
Centripetal Acceleration = ac =? a, = 0.034 m/s*

Centripetal Force = Fc =? Now, Centripetal force is given by

Solution: [F. =ma,=80x0034=272N

The centripetal Acceleration is given by Result: the centripetal acceleration is

— D)2 E
a, = Rw 0.034 m/s? and centripetal force is 2.72 N.
And
2
W ==

Q.2 (viii) Textbook Numerical 12

201
Q.2 (vi) Adiver m Bgd"lll ln initial horizo i yward
veloaty compon *the Components offhi i

Data: ity is given by
In1t1al Horizon itz =

Initial Vertical velocity = v,, = 5m/s
Time=t=15s
Final Horizontal velocity = v, =?

. - . - v —9 . 7
Final Vertical velocity o — v, =—-97m/s
Solution: Result: The final t will be 7
Since the x component of velocity remains esult lhe fina X OMPORENt Wit be
Constant m/s and y component will be 9.7

Vo = Vo = 7M/S m/s(downward)

Q.2 (viii) Same as 2018 Q.2(ii)

Q.2 (ix) Same as 2014 Q.2(xii)

No Numerical
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CHAPTER 5 || TORQUE, ANGULAR MOMENTUM AND EQUILIBRIUM

THEORY NOTES

TORQUE

DEFINITION:

The turning effect of force is called torque Mathematically it is defined as the product of force and

the force arm that is th endicular distance between the point of application of force and the fixed
point or fulcrum abouaia ') otates.

EXPLANATION:

From above defiﬁiu n

Torque = Force x Momemt arm

M 0 n E EEN
rFSin0
Where ‘0’1 n'F and"r’

MAGNITUDE:

Let us consider a particle of mass ‘m’ which is a )
of the particle which is also the position vector of the point of application of the force. The force P can be
resolved into its rectangular components i.e.

(i) F,, i.e. parallel to the vector r

(ii) F|, i.e. perpendicular to the vectorr as
shown in fig.

Itis clear from fig. that F; is the pulling ¥
component and F, is the rotating compo- nent,

ie. F, only is responsible to rotate the body .
about point O, therefore the magnitude of ?..

torque produced b the force F about point O

will be
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T= (r)(FJ_)
7 = (r)(FSinf)

Where 6is the smaller angle between the positive directions of # and F.

As Torque is the Vector quantity then
7= (r)(FSin9)n

T=7#xF

Wherei is the unit vector perpendicular to# and F.
IN RECTANGULAR COMPONENT FORM:
Let? = xi + yj + zk

and F =Fi+pf
then 0
k
EEE
T rce which are equal in magni but ap
same direction ¢

EXPLANATION:
Let the forces constituting the couple are repreS§e
The moment of force F about ‘0’ is

2, =1 XF

And, The moment of force - F about the same point is

The total moment of the two forces is given by,

Taking common
i=(F-F)xF
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A/c to the figure , 7 =7, — 7,

T=FxF
The Magnitude of 7 is given by
T = (r)(FSinf)
or t=Fd

Where d =rSinf is the perpendicular distance between the line of action of forces.

Centre of Mass

DEFINITION:

The centre of mass of a stem of particles, is a point on the body that moves in the same way
that a single particle woul ader the influence of the same external forces. The whole mass of the

body is supposed to b at this point. ThisgpOir

EXPLANATION u
During translational mf Bomt of a body movés

body do not change their position w.r.t each other. Eac
oes on. So th

displacement as .

the whole body. MME g bodies diffe
one point called é%cBhffe of mass of
represents the movement of the entire s moves
move un(wm.

CENTRE OF MAS AND CENTRE OF GRAVITY

In a completely uniform gravitational field, the centre 8f
coincides. But if gravitational field is not uniform, these po

DETERMINATION OF CENTRE OF MASS

Consider a system of two particles having masses m1, mz ¥
having position coordinates xiand x2.Now the centre of mass of
this system is the arithmetic mean between positions of the
masses.

Mathematically we can write as,

_ mixq + myx,
cm T

my +m2

“w__n

and for “n” number of particles
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_ m1x1+m2x2+~~~+mn Xn

X
cm m1+m2+‘..+mn
Ym;x;
Or Xy = o
cm nm,

Similarly for y co-ordinate of centre of mass,

_Zmiyi
Yo = Fom,

and for z co-ordinate of centre of mass,

_Xmiz

A body is said to be equilibrium if it is at rest or is movin n URi

CONDITIONS OF EQUILIBRIUM:

There are two conditions of equilibrium.
A FIRST CONDITION OF EQUILIBRIUM: (TRANSLATION EQUILIBRIU

STATEMENT:
A body will be in equilibrium if the resultant of all the forces on it is equal to zero.”

EXPLANATION: ~

Let Fy, Fa,...... Fn be the external forces acting on a body. Thus, according to the first condition.

e

Fi4Fo4..tFa=0

or

AUTHOR: MUHAMMAD TALHA BIN YOUSUF Page 103




ke
I
o

A FORCES ACTING ALONG X-AXIS

—_— —_

Let Fix, Fox ,ue...... Fnxbe forces acting along x-axis
Thus, from first condition,
T+ P+ i +F=0

Or (Fix+Fox+ ... Fnx) i =0

or
B FORCES ACTINGH ln

—_—

Let Fiy, Fom i img along x-axi
e NORETT

EEm

NG P

WN F2y + ... =P F;; : 7

Or  (Fiy+Fay+...Fy)j=0

Le. For body to be in equilibrium, the sum of x-components of all the forces and the sum of y-components
of all the forces must be equal to zero separately. Therefore First condition of equilibrium can be written

as
n n n
ZF_ix)= 0 ,ZE= 0and0verallZE’= 0
i=1 i=1 i=1
B) SECOND CONDITION OF EQUILIBRIUM:(ROTATIONAL EQUILIBRIUM)
STATEMENT:

“If the vector sum of the torques acting on a body is zero, the body is said to in rotational equilibrium.”
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EXPLANATION:
Letty, T2, ... , Tn are the torques on the body then

T1+ T2 + . + =0

Or n,T=0

This is the required condition.
For this condition it is necessary that” Sum of clockwise torque is equal to sum of anticlockwise torque”
Where Anticlockwise Torque is taken Positive and Clockwise Torque is taken Negative.

ANGULAR MOMENTUM:

DEFINITION: Angulaeroger!uuof an object moyifig al ci i crIs
momentum and positianHm the origin.” l.

thof linear
"

EXPLANATION:

Consider a parti S Iybg iks position vec i espect to
origin. - ?
From Definition,

Angular momentum = Position Vector X Linear Mome

— —_ —
l = r X P
axis of [
rotation Lerxp
— —_— e
[ = r X mv [P =my]
-
L
! = mr X v (
|
where, v be the velocity of the particle.

The direction of angular momentum is normal to the plane formed by # and P as given by ri%

l = rpSin®
or l = mvrSin0

Where ‘¢’ is the angle between # and P
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When 6 = 90° [Sin90 = 1]

[ =rp=mvr

In Cartesian Coordinate system when,

r x P=(i+yj+zk)x(Pi+ Pyj+PZE)

| =

) i j k
[=FxP=|x y z
P, P, P,

DIMENSION AND UNIT:
The dlmensm mentum is
=[r = =LML/T=L2
In SIsystem its nﬁ = ].S.
F CONSERVATION OF

STATEMENT: !1
The angu le is conser

EXPLANA :
If F is the i partiglé of mass

momentum, then,
T=7%xF

P —P;
=7 X JAT ~Force is the rate of change of momentum
_ TXPy T xP;

a At

=~
Il
=
X
ol

S
L;

by 4

This equation states that the torque acting on a particle is the time rate of change ef its an

momentum.
If net torque acting on the particle is zero, Then

g
At
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or AL =0 => L = Constant

thus, angular momentum of a particle is conserved, i.e. law of conservation of angular momentum.

M.C.Qs.

1. Torque is also known as:
(a) Angular speed (b) Angular momentum
(c) Moment of inertia

N J 0 I "

2. The rate of change of angular momentum is

called:
(a) Force (bFﬂJtﬂ
(c) Momentum (d) Equili m

3.Aforceof 8Ni ﬂlﬂ #r':t'
perpendicularly 2mufrom the

centre of put ,the moment of force acting
nut is:
(a) 0.96 Nm .
(c) 2.1 Nm (d)3 Nm

4. Torque is zero, if angle 6 between force and
momentum arm is:
(a)0° (b) 60° (c)90° (d) 1800
5. The motion of the body can describe by the
motion of it’s:

(a) Center of gravity
(c) Center of mass

(b) Origin
(d) None of these

6. The ratio of SI unit of angular momentum to
linear momentum is:

(@) ]s (b) N/J

(c)JN (d) J/N

7. The two forces constitute couple are:

(d) Moment

(a) Equal in magnitude
(b) Opposite in direction

(c) Not acting along the same line
(d) All of these

(b) The distance of -F from origin
(c) Distance between F and -F
(d) None of these

11. Iflinear momentum of body is doubled and
parallel to the axis of rotation then angular
momentum will be:

(a) Doubled (b) Halved

(c) Quadrupled (d) Zero

12. The centre of mass coincides with centre of
gravity of body, if it is placed:

(a) In a non-uniform gravitation field.

(b) In a uniform gravitation field
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(c) At the centre of earth (c) Square (d) Zero
(d) At the poles
20. If the axis of rotation passes through the body

13. The magnitude of the angular momentum is itself the corresponding rotator motion is called
given by: the:
(aA)L=rpcosB (b)L=rp/sin 6 (a) Spin -motion (b) Orbital motion
(c)L=rpsin 6 (d) bothA&B (c) Vibratory motion (d) To and fro
motion
14. The angular momentum of tyre of car of mass 21. For which of the following does the centre of
10kg and radius 0.5m and the car moving with mass lie outside the body?
velocity of 10m/s is: (a) Pen (b) Dice
(a) 50 (b) 25 (c) 100 (d) (c) Rectangular tile (d) Bangle
Zero
22. Two bodies of masses 5kg and 15kg are
15. If the net torque az&ni“ is zero then located in the cartesian plane at (1,0) and (0,1).
the __ofthebody is c : ir centre ss?
(a) Force (b) Liner momentum
(c) Torque (d) Angu m
16. According to law of conservation of angular 3 ster, when
momentum. ' '
wio NUBRELN!
©L =% (d) Both aandb
z #d crease in
17. The product of moment of inertia and angular
acceleration is:
(a) Angular momentum (b) Torque
(c) Couple (d) None of these increased, then ic one of the following
quantities will increase
18. If the force of F = 2i + 4j - 3k acting on a body (a) linear momentum (b) Angular
pivoted at 2m from the axis of rotation along x- momentum
axis. Then the magnitude of rotational analogue of () force (d) Displacement
the force is:
(a) 12N-m (b) 10N-m 25. The resultant force acting in the couple is
(c) 8N-m (d) 6N-m
(a) Zero (b) Infinite
19. A body will be in translation equilibrium if the (c) Twice the magnitude of the single-force?
vector sum of external forces acting on a body is : (d) Half the magnitude of the single forcea
(a) Maximum (b) Minimum
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PAST PAPER M.C.Qs.

2022

1. The SI unit of angular momentum is:

*-s *I/s *s/] *]-s?

14. The point which describes the motion of the whole system or body is known as the:

*center of mass *inertia *centre of gravity =~ *moment of inertia
2021

(vii) The rate of change of angular momentum is called

*Power * Torque *Momentum *Force

(viii) A 400N force acgtd ‘ﬂ[i\"ularly to an object at the distance of 200cm from the axis of rotation,
the moment of force -

*100N m *200 Nm *400Nm ‘ . I E

(x1) Abody will be in chpo Bilibrium is:

*1s condition of equ111br1um only i
*Both 1" and 2n

(Xlll) The SI unit g

N/ *s/] :::!?

9. The point which describes the motion of the whole Sy ste
*center of mass
*centre of gravity

15. Two forces of equal magnitude but opposite direction in direction and not acting along the same
straight line form a:

*circle *couple
*power *torque
2018
14. The angular momentum of particle moving in circle is conserved if:
*net torque acting on particle is zero *the acceleration of particle is zero
* net angular displacement of particle is zero * net force acting on particle is zero |
~——+~7Z

17.A force of 8 N is applied to the spanner perpendicularly at a distance of 0.15 m from the centre of nut
,the moment of force acting on the nut is:
*1.2 Nm *1.5 Nm *2.1 Nm *3 Nm
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4. Torque is maximum when force:

*is parallel to moment arm *as anti parallel to moment arm
*makes angle 60 degree with moment arm * is perpendicular to moment arm
14. The ratio of SI unit of angular momentum to linear momentum is:
*].s *N/J *J.N */N
2016
3.The rate of change of angular momentum is also known as:
*Linear momentum *Torque
*Force *Energy
2015
6. When torque acting on a system is zero, this will be constant:
*force *a ntum * linear momentum * velocity

7. The centre of mass ofa
*always coincide
* never coincide
*coincides with
*is lower than the centre of grav1ty

a
9. The angular mM“ BE ll' (lmanges from QJt Hs
will be: b
w
16. The sum of torques acting on a body is Zero, and

*angular momentum *force

12. The magnitude of couple depends upon:
*The distance of F from origin *The distance of -F from origin
* Distance between F and -F * None of these

2011
12. The rate of change of angular momentum with respect to time is:

*force * angular velocity =~ *angular acceleration *torque
13. Two forces of equal magnitude but opposite in direction and not acting on the same line constitute:
*a couple * power *a circle
2010
14. Torque is defined as the time rate of change of:
* angular momentum * linear momentum
* angular velocity * angular acceleration
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TEXTBOOK NUMERICALS

Q.1: Locate the centre of mass of a system of particles each of mass ‘m’, arranged to correspond in position

to the six corners of aregular (planar) hexagon.

B(ab)

Data:
Mass of each particle =Jn I “
Centre of Mass = C(x,
Solution:
Fﬂnnof mass is

The x co-ordina
_ m1x1+m2x2+m3x3+~~-+mnxn

given by
X =
m
o= m(—a ) (—¢)
+
—ma + EEm
.

6m
X u
6m

Q.2: Find the position of centre of mass of five equal-mas

based right pyramid with sides of length ‘I’ and altitude
Data:

Mass of each particle = m
Length of base =1

Height of Pyramid = h

Centre of Mass = C(x,y, z) =?
" E(0.0h)

N (-2, 112, 0)

‘.
C (IR, -1R,0) D2, -12,0)

Solution:

D(a,-b)

C(e,0)

x=0

given by

mixq{+myx,+mgxz+-+m,x,

X =
m1+m2+m3+"'+mn

X = m(l/2)+m (=1/2)+m (=1/2)+m(l/2)+m(0)
- m+m+m+m+m

_ m/2)-m((1/2)-m1/2)+m(1/2)

5m

T
o| §e

X =

— Miyitmayy, tmays+--+m,y,

y

m1+m2+m3+“'+mn
_ m/2)+m(1/2)4+m (=1/2)+m(=1/2) +m (0)

m+m+m+m+m
_ m/2)+m1/2) —m(1/2) —m (1/2)
- 5m
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-0
Y 5m

y=0
The z co-ordinate of centre of mass is given by
myz{+tmqyz,+mgzz+-+tm,z,

7 =
mq +m2 +m3 +'“+mn

7 = m(0)+m (0)+m (0)+m (0)+m (h)
- m+m+m+m+m

mh

" 5m

Result: The centre of mass of given Pyramid is at
1/5th of its height (0,0,h/5).

Q.3: The mass of the sun is 329.390 times the earth’s mass and the mean distance from the centre of the sun
to the centre of the earth is 1.496x108 km. Treating the earth and sun as particles with each mass
concentrated at the respective geometric centre, how far from the centre of the sun is the C.M (centre of
mass) of the earth-sun system? Compare this distance with the mean radius of the sun (6.9960x105 km)

S/ E
\ CM. I "
NV
x,=0
o SR
Mass of Sun = M, = 329.390°M,
Mean distance b e =R~
Mean radius of ! 0x10° km
Distance @f Centre of mass of system= x ==
Ration ofw

Solution:
The x co-ordinate of centre of mass is

given by

Q.4: A particle of mass 4 kg moves along the x-axis with a velocity v= 15t m/s, where t = 0 is the instant

that the particle is at the origin.

mixq{+myx,

X =

(a) At t=2 s, what is the angular momentum of particle about a point P located on +ve y axis 6 m from the

origin?

(b) What torque about P acts on the particle?
Data:

Mass of particle =m =4 kg

Velocity of particle =v = 15 tm/s

Angular Momentum = [ =?

Distance of Particle=7r = 6 m

Time =t=2s

Torque =1 =7

Solution:
The angular momentum of particle is
given by
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l =mvr
l=mX15XtXr
[=4%x15%Xx2X%X6

[ =720 kgm?/s

Now, Torque is given by

_ AL _ 720-0
At 2
Result: The angular momentum of particle is
720 kgm? /s and torque is 360 Nm.

Q.5: A particle of mass ‘m’ is located at the vector position r and has a linear momentum vector p. The
vector r and p are non zero. If the particle moves only in the x, y plane, prove thatL, =L, = 0 and L, # 0

Proof:
According to the def. of Angular Momentum

~U‘<\> ~
U N X

ll+l]+lk—l

oI -

il
L, l+l ) + 1k
= i(yPp— j(xP, — zP,)
+ k(xP, —
Q.6: A lightrigid Nm BLisun the xy pla

particles of mass 2kg and 3kg are connec ends
about the o e instant the article/is
Data:

length ofrod=r=1m

Mass of 1stparticle =m; = 2 kg

Mass of 2md particle =m, =3 kg
Angular Momentum =1 =?

Velocity of particles = v; = v, = 5m/s

Y

0
Solution:

The angular momentum of 15t particle is
given by

As Motion is in the x-y plane therefore z=0 and
Pz=0
Li+1,j+1,k
= 1(y(0) - (0)7,)
— j(x(0) — (0)P) + k(xP, — yP,)
Li+1j+1,k=k(xP, —yP)
By equating the components we get

Now, The angular momentum of 274 particle is
given by
[,=7 xP,
l,=1,P,sin90°
I, = %mzvz

lz=§x3x5

l,=75kgm?/s
Now, total angular momentumis _, &
l=1,+1,=5+75=125kgm?/s

Result: The angular momentum of the system is
12.5 kgm?/s.
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Q.7: A uniform beam of mass ‘M’ supports two masses m1 and me. If the knife edge of the support is under
the beam’s centre of gravity and m1 is ata distance ‘d’ from the centre, determine the position of m2 such
that the system is balanced.

Data: Solution:
Mass of Beam = M Using 2nd condition of equilibrium
Mass of 1stparticle = m, 27=0
Mass of 2nd particle =m, W, xd, —W, xd,+ W x0=0
Distance of m, from centre =d; = d W, xd, =W, xd,
Distance of 2 from centre =d, = D =? mygXd=m,g XD
— mq gXxd
mz9g
[ T c;'g i ] D="td
—a—ll}—d— B 2
A : 7
i i Result: The position of mz such that the system is
balanced is ~Ld from the centre.

v
W, W
W m,
Q.8: A uniform ladder weight W =50 N g A0a : grtical wall: I the“eoefficient

of friction between the ladder and the ground is 0.40,

not slip.
G

ladder may

L

Length =AB = L

sinf =
Weight = W = 50N —
Co-efficient of friction=p =0.4 sinf = —
Minimum angle = 6=? BD = Lsin 6
Solution; and From AACE
Using first condition of equilibrium iE
SF,=0;%F =0 Cost =
H=F--—-(1) Cos 6 = LA/EZ
And -
V = W--(ii) AE =Lcos0 _—
Dividing equation (i) by Equation (ii) Putting values of BD and 4E in eq (iii)
H__F
2_£ L
vow F L sinf = W —cos6
Since 2
= H sind W
v cosd  2F
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Or

Tang =
an —2F
Tang = >
e =520

5

6 =Tan™' —
an 4

Result: The minimum angle should be 51.3° .

Q.9: A ladder with a uniform density and a mass ‘m’ rests against a frictionless vertical wall at an angle of
60°. The lower end rests on a flat surface where the coefficient of friction (static) is 0.40. A student with a
mass (M = 2m) attempts to climb the ladder. What fraction of the length ‘L’ of the ladder will the student

have reached when the ladder begins to slip?

Q
ln_n

=]

i v
Data:
Angle = 0= 600 n

Length = 4B =L

Mass of Lw 7
Mass of Student =

Weight of Ladder = W,

Weight of Student =W,

Co-efficient of friction=u =0.4

Fraction of the ladder covered = % =?

Solution:

Using first condition of equilibrium
YE =0 ;ZFy =0

H =F ----(i)
And

V=w +W,

V =mg+ 2mg

Dividing equation (i) by Equation (ii)

H F
4 3mg
Since
.y
K=y

Therefore
F

‘u_3mg

AE = %ﬁcose

from AASQ
Cosf = %
=4S cos @

Putting values of BD and AP and AQ in eq (iii

— 1_, AL
Fx ABsin@ = W, X =AB cos 0 + W, x AS c4s'8:":
2 N~ =
Putting values
1.2 mg X 4B sin 60° = mg x %ﬁcos 60° +
2mg X A4S cos 60°
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- 1__,
1.2 x ABXO.866=§ABXO.5+2XR><O.5

1.0392 x AB = 4B x 0.25+ 4S
1.0392 x AB — 4B x 0.25 = 4S
AB(1.0392 —0.25) = A4S
AB(0.789) = 48

or & _0789
AB

In Percentange: j:,i% = 78.9 %

Result: The student have reached 78.9 % of
length of ladder.

Q.10: A particle of mass 0.3 kg moves in the xy-plane. At the instant its coordinates are (2, 4)m, its velocity
is (3i + 4j)m/s. At this instant determine the angular momentum of the particle relative to the origin.

Data:

Mass of particle = m = .
Co-ordinates of position' = ) =2i + 4j

Velocity of particle =¥ = 3i + 4 j

Angular momen "' '
Solution:
According to the de .Efﬂn-gular
Momentu\ ?
=4 - (.

T

TXV=|2 4 0

3 4 0
a4 O] .2 O], ;|2 4
rxv—l4 0| ]3 0|+k|3 4

FxB=190-0)—j(0—0)+

from the wall, find the tension and the reaction force at the pivot.

Data:

Length of Beam = AB = 8m

Weight of Beam =W, = 200 N

Weight of Person =W, = 600 N
Distance of Person from wall =4P = 2m
Angle ==60 = 53°

Tension==T =?

Reaction force atpivot == R =?

Solution:
Using first condition of equilibrium
YE =0;% E,=0

H=T,
H =T cos@
H =T cos53°
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H=06T-- (i) 2000

VAT, =W, + W, T=—7=3125N

V + Tsin6 =200+ 600 For H Putting in eq(i)

V + Tsin 53 = 800 H=0.6x3125

V +0.798 T = 800 --(ii)

Using 2nd condition of equilibrium For V Putting in eq(ii)
Xt=0 V +0.798 x 312.5 = 800

Taking Moment about A where Tx is parallel to V = 5534 N

HSHENRaL so Its torque Is zero. Now,Reaction force at pivotis given by

T,XAB +H X0+ V x0— W, xAC — W, x AP R=vVIZ+VZ
3 B R = J(1875)% + (553.4)?
AB —
0.798 T X 8 — 200 x — — 600 X 2 = 0 R=5843 N

Result: The tension in the scable is 312.5 Nand

2
6.4T—200><4—600] i -
64T x8— 2000 =0 n(l N the reaction force at the pivot is 584.3 N

2022 Q2(ix nB Hrri 5
2019 Q2 (ixM rical 8
2018 ZOW

201

Q.2 (iv) Textbook Numerical 8

N
N

N
\O

2015 No Numerical
2014

Q.2(i) A particle of mass 500 gm rotates in a circular orbit of radius 25 cm ata constant rate of 1.5

revolutions per second. Find the angular momentum with respect to centre of the orbit .

Data: L =mvr

Mass of particle =500 gm = 0.5 kg Or L=m(@w)r=mrie

Radius of circular orbit =25 cm = 0.25 m L = (0.5)(0.25)%(3 x 3.14)

Angular velocity = 1.5rev /sec=1.5 X 2n = L= 0294 kg m?/s

3m rad / sec Result: The angular momentum of particle is E',,"“‘E
Angular momentum =? 2 "%t" m
Solution: 0.294 kg~ — ﬁf”ﬁ:

As we know that

2013

No Numerical
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2012
Q.2 (xi) A particle of mass 0.5 kg moves along xy-plane. At that instant, the coordinates are (3, 4)m and its
velocity is (41 +5j) m/sec. Determine the angular momentum relative to origin at that time.

e xomtf4 O-if) Oeell

Mass of particle = m = 0.5 kg . _ ~
Co-ordinates of position =7 = (3, 4) =3i + 4j Fxv=1(0—-0)—j(0—0)+k(15-16)

Velocity of particle =¥ =4i + 5 j

Angular momentum of particle = [=? Putting in eq (i)
Solution: [=05x(=k)
According to the def. of Angular Momentum Or I=—05Fk
= m(7 X ¥) - (i) Result: The Magnitude of angular momentum is

0.5 j.s and direction is along -ve z axis.

toJ
TXUV=1[3 4

k
0
0 I0 201

Q2 (x) Textbook Numerical 8

201
Q.2 (xv) TextbookiNumericali8
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CHAPTER 6 || GRAVITATION

THEORY NOTES

NEWTON'S LAW OF GRAVITATION:

STATEMENTS:

This is law that everybody in this universe attracts every other body with a force which is directly
proportional to the product of their masses and inversely proportional to the square of the distance

between their centers.”

EXPLANATION: J 0 I “
Consider towbo ses ‘m1’ and ‘m2’ wi
The magnitude raction between the
F o mi. mz * (1)

Also Fa I M—"—B—E w’ |
COW

Fo m1. mz/ r2

Or F=Gmi.mz/r2 ——>(3)

Where ‘G’ is a constant of proportionality and is called the Universal Gravitational Constant. In S. I system,
its value is 6.673 10-11 N.m2Kg-2

The gravitational force between two bodies form a pair of action and reaction forces. The body of
mass ‘mi attracts the body of mass ‘m2’ by a force fﬁz. while the body of mass ‘m7?’ is attracted b
body of mass ‘m1" with a force ﬁ21 . These forces are equal and opposite thus,

ﬁlz = ﬁ21

MASS OF EARTH:

Consider a body of mass ‘m’ placed on the surface of the earth. Let the mass of the earth is ‘M¢" and radius
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of the earth is ‘Re’ .Neglecting the radius of body if compared with that of the earth.

Gravitational force of attraction between earth and body is
F=GmMe/Rez ........ D
We know that the force of attraction of the earth on a body is equal to weight the weight of body. i.e

Therefore Comparing (1) and (2), we get,
W = G m Me/ Re?

But W=mg
mg = G m Me/ Re?

or g = G Me/Re?

or =gx Re?/G

From astronomical d J 0 I "

g= 9.8 m/s?
Re=6.38 x 10°m n
G = 6.67 x10-11 N-m?/Kg?
Putting these ValM o n\Ec'lf'n
L
11

| |
M. = 9.8 (6.38 x 106)2/6.67 x 10-

or
Me = 59

DENSITY OF EARTH:

Let the average density be ‘p’ of the earth, which is given by,

_ M, _ Mass
PP V, Volume

Since
_4 3
Ve = gﬂRe ~
Thus,
Me
pP=1—73
37 Re
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_ 5.98 x10%*
P=1 643
$%3.14%(6.38x10°)

p=55x103Kg/ m3

VARIATION OF ‘g’ WITH ALTITUDE:

We know that value of “g” at the surface of earth is given by

GM, .
9= B )

If the earth be considered as a sphere of homogenous composition then ‘g’ any point above its

surface will vary invers are of the distance from that point to its centre, which is as below. At
a distance (Re+h)

_________ [
R +h)2 iy,
B
Dividing eq (i) bE 0 H

ek
;- ey
f=(+ )
or iz_’= (1 +:—e i
Expanding by binomial expansion, (1+ x)™ =1 — o n(n;—ll)xz -

W\ -2 zRL 2(2—1)R12
(D s
R, 1 2x1

Neglecting higher powers of Ri

g 12

Re
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9'=9(1-5)

From this equation, we conclude that the greater the value of ‘h’ the smaller is the value of ‘g’ or ‘ value of

‘g’ decreases with altitude”.
For example ath 16000m, g = 9.757 m/sec?

VARIATION OF ‘g’ WITH DEPTH:

Let g’ be the acceleration due to gravity at a depth ‘d’ below the surface of earth, that is ata
distance (Re-d) from the center or earth.

Where ‘p’ is the density of

Me = Vxp the earth which is
4 supposed to be uniform
. ) ' nlru -
3 everywhere,
The value of “ of earth is given By
GM,
g = R’
Putting the valueof
Gipn'R 3

'WRE!!
g = GpnR, B8-88 () =

epth ‘d’ the value of “g” is

An

g =G;pn(R, —d) -
Dividing eq(ii) by eq(i)
4
g _ &gp(R,—d)
g G‘Eﬁﬂ"Re
g _ R,—d
9 - R,
g _Fs_d
) Ry R,
g —1- a
g R,
d
or g=g (1 — E)

That is value of ‘g’ decreases with depth from surface of the earth.
For example, Atd = 4000 Km, g = 8 m/sec?
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WEIGHTLESSNESS

DEFINITION:
“The condition in which the apparent weight of the body becomes zero then it is said to be in state
of weightlessness”.

EXPLANATION:

To discuss weightlessness in artificial satellites, let us take the example of an elevator having a
block of mass (m) suspended by a spring balance attached to the coiling of the elevator. The tension in
the thread indicates the weight of the block. Consider following cases.

1. When Elevator is at Rest

T=mg

2. When Elevator is Ascending with an Acceleration 'a’

In this case J 0 I “

T>mg

Therefore, Net force = th H

ma=T-mg

-MORE!!!
EEm
In this casgof the block appears "heavier™

3. When Elevator is Descending with Acceleration 'a’

In this case
mg>T
Therefore
Netforce=mg-T

ma=mg-T

T=mg-ma {------ (1)

In this case, the body appears lighter

4. When the Elevator is falling freely Under the Action of Gravity
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If the cable supporting the elevator breaks, the elevator will fall down with acceleration equal to 'g'

From (i) =>T=mg-ma

Buta=g
Therefore

T=mg-mg

T=0

In this case, spring balance will read zero. This is the state of "weightlessness".

In this case gravitation force still acts on the block due to the reason that elevator block, spring balance

and string all have sam ion when they fall freely, the weight of the block appears zero.
WEIGHTLESS NESS I

Similarly in case of satellite orbiting around ea i e ration
“g” but also feels an accglerati , that is centripetal acce
equal to the value of “g’ Harent weight is give

Eq(i) => T=mg-ma

- MGRE!!
T=mg-1rg a=g)

INTRODUCTION:

All orbiting satellites along with their astronauts and other objects are in a state of free fall and
consequently will be in a state of weightlessness. Weightlessness in space craft is highly inconvenient to
an astronaut in a number of ways.

For example he cannot pour liquid into a glass, neither he can drink properly. In order to overcome this
problem, artificial gravity is produced in the spacecrafts.

EXPLANATION: _
In order to produce an artificial gravity in the space craft, the laboratory of space craft is rotated ==
with suitable frequency about its own axis. The rotation is so maintained that the astronaut domot fee
weightlessness. The frequency of rotation depends on the length of laboratory of space craft.
Consider a space craft whose laboratory is 'L' meter long consisting of two chambers connected by
a tunnel. Let us see how many revolutions per second must the space craft make in order to supply
artificial gravity for the astronauts.
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Let 'T' be the time for one revolution and 'f" be the frequency of rotation.

When the laboratory revolves, a centripetal accelaration is experienced by the astronauts.

1]2

dc = —

T
Where ac is the centripetal acceleration
Since radius of laboratory is R, therefore,

1]2

Ac = - (iv)

Now we will determine the linear speed of the laboratory.

As we know that V= Rw

2
ac = (R:)
2 )
. (2;: 0 n
dc = 4'7T2 R
Taking sq psi
a‘C
f = 4m?R
or

-1 Jac
f_Zn R

so,

Let, R=10 m and a.=g=9.8 m/s?

now, f becomes => f = 2(3114) \/%
f = 0.158 rev/sec
or f =9.5rev/min

So, in order to produce artificial gravity on a satellite of length 20m it should be rotated ata rate of 9.1 i
rev/min. ~—7
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M.C.Qs.

1. The force of gravitation acts along the. (a) m/6 (b) 6 m

(a) axis of rotation. (c)m (d) m/3

(b) Line joining the interacting bodies.

(c) Line perpendicular to the interacting 7. The value of ‘g atthe centre of earth is:

(d) None of these (a) Maximum (b) Minimum
(c) Zero (d) None of them

2. According to the law of universal Gravitation: 8. The value of g at a certain height above the

(a) Everybody in the universes attracts earthis:

(c) The force of attractign i e
proportional to the sun ﬁ\‘ﬁdistance.

(d) All of the above

3. Force of gravi o'e'r'1 on
other bodies is gi ke

(a) F = 2™ (b) F =23

©F=% \,@)F=Me_/-:’” ;
4. The force of attraction or repulsion between
two bodies is:

everybody. (a) Nearly the same as an the surface of earth
(b) The force of attraﬂ‘:ﬂjl;“' 23 e same as, 3 ente
proportional to the prOductoftheirmasses c) Estim ith altitude

ly i

(a) Inversely proportional to the distance lift will be:

(b) Directly proportional to the distance (a) Equal to its actual weight

(c) Inversely proportional to the square of the (b) Less than the actual weight

distance (d) None of the above (c) More than the actual weight
(d) Zero

5. Ahole is drilled through the earth along the

diameter and a stone is dropped into it. When the 11. Artificial gravity can be created in the space

stone is at the centre of the earth it has: craftby: —

(a)Mass (b) Weight (a) Revolving it around the earth pﬁ%‘eﬁg

(¢) Acceleration (d) Bothaandb (b) Spinning it around its own axis 7 %‘Er@j
(c) Increasing its velocity

6. The acceleration due to gravity on moon is (d) decreasing its velocity

1/6th of that on earth, what will be the mass of

the body on moon, if its mass on earth is m: 12. The gravitational constant was determined
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experimentally by:
(a) Newton (b)Einstein
(c) Cavendish_ (d) Maxwell

13. If man a goes above the earth’s surface to a
distance equal to thrice the earth’s radius, the
value of acceleration due to gravity at that point
becomes:

(@)1/3g
g

(b)1/4g  (91/9g (d)1/16

14. The approximate value of the average density
of the earth is:

(a)5.5x103kg /m3 103 kg /m3
(c) 7.5x 103 kg /m3 J&Iﬂkg /m3

15. If a planet existed wi nd radius
were both twice that of‘E %

acceleration due to gra face would
be:

e, JHOREL!
(0)2. 45 m/s? (d arthn m

16. MenWM
twice of the earth’s radius from its centre then the

gravitational acceleration is:
(2)4.9 m/s? (b) 19.6 m/s?
(c)2.45 m/s? (d) 9.8 m/s2

17. If both masses of two bodies and distance
between them are doubled then the gravitational
force between them will be:

(a) doubled (b) halved

(c) four times (d) remain same

18. If radius of earth is doubled then the value of

gravitational acceleration will be:
(a) doubled (b) halved
(c)four times (d) one fourth

19. Unit of gravitational constant is:

(@m/s?  (b)Nm? /kg?
(N (d) Nkg?/m?

20. The value of 'g' for an object falling on any
planet is independent of which of the following
quantities:

(a) Mass of planet (b) Radius of planet

(c) Mass of falling object  (d) all of these

21. If the radius of the Earth was to shrink and
their masses were to remains the same, the
acceleration due to gravity on the surface of Earth
will

(a) Decreases

(b) Remains same

e gravitational acceleration becomes one
half the value that it has on the earth's surface is
calculated as:

(a) 14.1 earth's radius
radius
(c) 1.41 earth's radius
radius

(b) 141.1 earth's

(d) 1.5earth’s

25. If distance between two masses is halved, N
then the force of attraction between them will'be
(a) four times (b) doubled
(c) reducedto1 /2 (d) reducedtol /4
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PAST PAPER M.C.Qs.

2022
9. The weight of a man is 600 N at the earth, his weight on the moon, where gm=g/6 will be:
*3600N *600N *300N *100N

28.If elevator moves upward with the acceleration a, the apparent weight of body of mass mis:
* mg-ma * mg * mg+ma * zero

2021
(ix) If the radius of the earth were to shrink by 1% while its mass remains same, the acceleration due to
gravity on the earth surface would:

* Decrease © Incripz‘l M *Remain the same *become half

(xxxvi) The value of th€ gravitational constant (G) was!fi i i

*Newton *Cavenf’ * Einstein 1 D
0 H 201

7. The gravitational constant was determined experim

e 201
1.Artificial gravity in spacecraft can be cr g
*translato ion *vibrator i
201

7.1f man a goes above the earth’s surface to a distancele
acceleration due to gravity at that point becomes:
*1/3 g *1/4 g *1/9%

2016
4. At a distance, equal to twice of the radius of the earth above the surface of the earth, the value of
gravitational acceleration will be:

*one half *one fourth *Four times *one ninth

2015
8. The value of gravitational constant 'G' was determined experimentally by:
*Cavendish *Newton *Joules *Huygen

=

2014 | ﬁg@
1. If a person ascends form the surface of the earth to a distance equal to the radius of the eam'h,_thg/*__h ﬂ
of g will be: e
*1/2g *1/4g *2g *4g
11. Artificial gravity can be created in the spaceship by producing:
*translatory motion *vibratory motion *spin motion *orbital motion

2013
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8. The weight of a man is 600 N at the earth, his weight on the moon, where gm=g/6 will be:
*3600N *600N *300N *100N

2012
8. At a distance equal to the radius of earth above the earth’s surface, the value of gravitational
acceleration becomes:
*half * one forth * double * four times

2011
17. If one moves up from the surface of earth to a distance equal to the radius of the earth the value of
acceleration due to gravity will be:
*1/2 g *1/4 *2¢g *4 g
2010
1. If we go up from the surface of earth to a distance equal to the radius of the earth the value of

acceleration due to gravi il
*one fourth Ju “hth * one ninth

Q1°A10kgmas e g itat] of ction when

Data:
First Mass =m; =

Second Mass =m, = 100 kg
Distance between masses=r = 1m

Force of mi onto me=F, =?
Force of mzonto m1 = F,; =?

Solution: iy aver=t 100 x 10
According to Newton'’s law of Gravitation 21 ' (1)?
F =G~ F,; =6.67x 107N
Then, Result: The force of m1 onto mzand mz onto m1
Force of mi onto m;: is equal to 6.67 x 1078N.
m;m,
F, =G )

I.-"’" T

Q.2: Compute gravitational acceleration at the surface of the planet Jupiter which has a diametei7as 1] ﬁ:
times as compared with that of the earth and a mass equal to 318 times that of earth. ==

Data: Value of g onJupiter = g; =?
Diameter of Jupiter = D; = 11 X Dg Solution:
Mass of Jupiter = M; =318 X Mg Since
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Diameter of Jupiter = D; = 11 X Dg g = (318)(%)
ey «ryn ] (11 )2 REZ
Dividing by “2” 0.B.S. B (318)(%)
Zo11xk 9 = (5t
2 2
Radius of Jupiter = R, = 11 X Ry g; = 2.62 (9)
The acceleration due to gravity is given by g; =2.62x98
_ GMg g; = 25.6 m/s*
REZ . -
On the surface of moon %’The value of g on the surface of Jupiter is
_ GM; 25.65—2.
9; = R’
_ G(318x My)

J T (11xRp)?

Q.3: The mass of the planet Jupiter 1.9 x 1027 kg and that of the sun is 2.0 x 103%kg. If the average distance

between themis 7.8 x 1011 e gravitational force of the sun on Jupiter.
e UL

Mass of Jupiter = m; =1. g

Mass of Sun =m, = 2 51032 6.6

Average Distance =1 ;Fﬂ;nm 211030
Force of Sun on jupiter = F - .

Solution:

Accordinm o'('a'itation
F i EEm ,
Q.4: The radius of the moon is 27% of th radius : ‘ e e3 ass. Find the
accelemuwoon. 0 P48 bo 2 ere?

Data:
Radius of moon=R,, = 27% of R,

—27R =027R
100 E T E

g = 0.165% 9.8

Mass of moon=M,, = 1.2% of M

g = 1.62 m/s?

1.2
~ 7100 My =0.012 M The weight of body is given by
Value of g onmoon = g,, =? W =mg----(i)
Weight of body =W = 424 N The weight of body on moon given
Weight of body onmoon= W,, =? by
Solution: W, = mg,, ----(ii)
The acceleration due to gravity is given by Dividing eq (ii) by eq (i)
_ GMg Win _ MInm ~——7
= w =g
On the surface of moon w, = Wzg = 424:81'62

Gn =% 5 W, =70 N

g, = G(0.012 Mz) Result: The value of g on the surface of moon is
m (0.27 Rp)?
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1.62 :n—z_and weight of the body will be 70 N.

Q.5: What is the value of the gravitational acceleration at a distance of (i) earth’s radius above the earth’s
surface? (ii) Twice earth’s radius above the earth’s surface?

Data:
Value of “g” at height =g’ =?

(a) Distance from centre of earth = R, = 2R,
(b) Distance from centre of earth = R; = 3R
Solution:

As we know that

— GMe
g R

(a) When distance from e of earth =
A
Re
A
S Re
y | In
MonE---
I GMe
9& 2
;. GME
g _(ZRe)Z

e

A
»la

, _1GM,
or g'=.—0m
Since
p—— GME
=
Therefore
1
g
g = %x 9.8
g =245m/s?

Q.6: At what distance from the center of the earth does the gravitational acceleration have one half

value that it has on the earth’s surface?
Data:
Distance from centre of earth = Re’=?
Valueof‘g’atRe’ =g'=(1/2) g
Solution:

As we know that

(b) When distance from centre of earth =

R, = 3R,
r_ GMe
g - R’Z
e
, _ GM,
g - (3Re)2
or 1= LM
9 R?
Since
J— GMe
g = R
Therefore

Result: (a) When distance from centre of earth =
R, = 2R, value of “g” is 2.45 m/s? (a) When
distance from centre of earth = R, = 3R, value
of “g”is 1.08 m/s?

_GM, S~~—7

g_RE

GM, .
R; = - M

At Distance Re’ from centre of earth
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1 GM, R?=+2R, =141 x 6.38 x 10° = 9.022 x 10°m
29~ §GZM Result:
R’ = T At9.022 x 10° m the value of g becomes
Or R}? = 2R? one hlaf of the value of g on the surface.
Taking Sq.root 0.B.S

Q.7: Compute the gravitational attraction between two college students of mass 80 & 50 kg respectively, 2Zm
apartfrom each other. Is this force worth worrying about?

Data: Then,

st —m. = 80 x 50
Mass of 1st student ml_ 80_kg F., = 667 x 10-11 :
Mass of Second Student = m, = 50 kg (2)
Distance b/w students =r=2m F,, = 6.67x 108N
Force b/w Students = F =

Result: The force between students is equal to

Solution: 6.67 x 1078 N and since this force is negligible
According to N Gravitation th worying

F = Gml 2

Q.8: Determine the gra een the proton and
electron describes a circul ith a radius of 0.5
electron = 9.1x10-31 kg).

Data:
Mass of Proton :Mzﬂﬂﬁ
Mass of Electron'= R

nce=r =0.53 x 107 1%m
Force Between ?
Solution: > : Electron is

According to Newton’s law of Gravitation !

thatthe
>, mass of

Average

Q.9: A woman with a mass of 45 kg is standingon a s . :
constant acceleration of 1.2 m/s2. What is the women'’s weight as measured by her in the elevator.

Data: Wopp = m(a+g)
Mass of Woman = m = 45 kg Wy = 45(1.249.8)
Apparent Weight of Women = Wapp="7? W.__ =495 N

app

Acceleration of elevator =a = 1.2 m/s?

Solution: Result: The women’s weight as measured by her

. . . in the elevator is 495 N.
When elevator is moving upward then its v

acceleration is given by

PAST PAPER NUMERICALS

2022
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vii) At what height from center of the earth, the value of gbecomes 36% of its value on the surface of earth?

Data: i _GM,
Data: =4
Distance from centre of earth = Re’=? ;0,02 _ 100 nge
Value of ‘g’ atRe’ =g’ =% g e 36xg
g 25

Solution: Or R} = ry R;

As we know that Taking Sq.root 0.B.S

— GME

=

Rz =M __(j R? = g R, = 1.66 X 6.38 x 10° = 10.5 x 10°m
e
g
At Distance Re’ from centre of earth Result: At 10.5 x 10° m the value of g becomes
; _ GM, 36%of the value of g on the surface
e
2021

Q.2 (vii) Calculate the centri rce acting ona man whose mass is 64kg when resting on the ground
at the equator. (RadiuJ 6.4 x10° m.)

Data:

Mass of man= m =64 kg

Radius of Earth = Re = 6Fx n
Centripetal Force = F¢ =?

Solution:
The centri IniEis'g'/J\ by
a & EEE
And
21

create artificial gravity?
Data; fot \/@
Frequency= f=7? (2x3.14) 4 15
Diameter = d=30 m |f =0.128 rev/sec|
Radius = d/2 =30/2=15m Result: The spaceship mustbe rotated 0.128 rev
Solution: per second.
-
f T o7

2018 ~—~7
Q.2(xi) A man weighing 60 kg is standing on the floor of an elevator. Calculate the force exerted by the ma
when the elevator is ascending ata rate of 2 m/s2.
Data: Force exerted by the person =F =7
Mass of person = m = 60 kg ‘ Acceleration of elevator =a = 2m/s?
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Solution: F =60(2+9.8)

When elevator is moving upward then its F =708 N
acceleration is given by Result: The force exerted by the man when the
F=m(a+ g) elevator is ascending is 708 N.
2017

Q.2 (iv) The ratio of acceleration due to gravity inside a deep mine to that on the surface of earth is
0.99.Find the depth of the mine, assuming that the density of earth is uniform. Take the radius of earth
as6.38 x 10°m.

Data: Or we can write as
Acceleration due to gravity inside a deep mine = 9 _ (1 _4a )
g’ g RE

d
Acceleration due to gravity on the surface of 0.99 = (1 - W)

d

earth=g 1-099=——¢
, 6.38x10
9 =099 J 0 I N _
g .38 0
Radius of earth = R, 38 X ‘ ‘
Solution: Pn ﬂv 1 ' )
The acceleration atadepth is he m 38 x 10*m.
given by
~MORE!!!
EEE
201
o ks

201
Q.2 ii) At what distance from centre of earth does the gra
that it has on the earth's surface?

(ﬂmr throf evalue

Data: Y B
Distance from centre of earth = Re’=? ° r 13?2 ol
Value of ‘g’atRe’ =g’ = (1/3) g R==—"=
Solution: Or R)? = 3R?
As we know that Taking Sq.root 0.B.S
GM,
o
RZ = GM, - (i) =+/3R, =173 x6.38x10°= 11.03 x 10°m
. , g Result: -
At Distance Re’ from ceGrIlV;cre of earth At 11.03 X 105m the value of g beco QEISEE
g'= Ee’z_e one third of the value of g on the surface—7 O e ;
2014
Q.2 (xiii) Textbook Numerical 4

AUTHOR: MUHAMMAD TALHA BIN YOUSUF Page 134




2013

Q.2 (ii) .The mass of the moon is approximately one eightieth (1/80) of the earth's mass and its radius is
one fourth (1/4) that of earth. Find the acceleration due to gravity on the surface of the moon.
Data:
Radius of moon=R,, = (%) Ry

=0.25 R;

1

Mass of moon=M,, = (%) My

=0.0125 M,
Value of g onmoon = g,, =?
Solution:

The acceleration due to gravity is given by
_ GMg

g

=—
On the surface ofdﬂ I "
GM,,
gm = R 2

m

_ G(0.0125 My)

9m = (0.25
(001
gm K 0.2 2

Im = 0.2 (g) ' ' '
. EEN
Result: The value of g on the surface of i
1965
2012
Q2 (x Same as 2019 Q.2(vi)

2011,2010 No Numerical
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CHAPTER 7 || WORK, POWER AND ENERGY

THEORY NOTES

ORK
PHYSICAL DEFINITION:
“Work is said to be done if a force causes a displacement in a body in the direction of force”.
OR

“The work done by a constant force is defined as the product of the component of the force and
the displacement in the direction of displacement”.

MATHEMATICAL DEFINITION:
“Work is the sc or dot product of the force and displacement”.

W = F.§S = FScos 6 = (Fcos0)S}------

Where, F= MagFtiuBrce

S= Magnitude of Displacement

ORE!!!

_ : N
or eq(i) can also be written as,

Where Scos@ is the component of Displacement,

DIMENSION AND NATURE:
Work is a scalar quantity and it's dimension is ML2T-2

UNITS OF WORK:

e In S.Isystem: Joule (j)
e In C.G.S. system: Erg
e InF.P.Ssystem: ftXIlb

SPECIAL CASES OF WORK :
() POSITIVE WORK: if force and displacement are in the same direction , work will be positive or if
6 >00r6<90°
Letd = 0° S

As
F
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Work =FS Cos 6
Work = FS Cos 0°

Work = (F) (S) (1)

Work =FS

(i) ZEROWORK: if force and displacement are perpendicular to each other, work will be zero. Le
Since 8 = 90°

As
Work = FS Cos 6 S
Work = FS Cos 90° l -

Work = (F) (S) (0)
Work =0

iii) NEGATIVE WORK.aneliuisplacement are i
Since 6 = 180° F 0 H

As

Work = EEE

=(F) (S (-1
Work =

DEFINITION:“ The rate of work done of a body is called power”

AVERAGE POWER:
Average power of a body doing work is numerically equal to the total work done divided by the
time taken to perform the work.

MATHEMATICALLY:
Power = Work done / time

Power =W /At

As we know that

wW=EF.>S
Therefore,
P=F.5 /At |- (i)
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According to the definition of Velocity,
v =_58/At

Therefore,Eq(i)=>

P=F.3

or

P=F.%= Fvcos 9

DIMENSION AND NATURE:
Power is a scalar quantity and its dimension is ML2T-3

UNITS OF POWER:
1. Watt [ 1 watt = 1joule / sec]

2. Kilo watt [ = watt |
3. Mega watt (Mw) [ att]
4. Horse Power

F n H CONSERVA ﬂlﬂl'
DEFINITION:

A force 1Mth1E"al/' if the work do
to zero. EEE
FOR W

1. Gravitational Field 2. Electrostatic Field 3.

GRAVITATIONAL FIELD IS A

PROQF:
Suppose a closed path is triangular pat is ABCA in gravitational field as shown in figure

Now we calculate the work in moving a body from A to B,B to C and C to A.

1. WORKDONE FROM A TO B:

W, g =F .S1 =F S1 Cosa.------ (D)

In A BAD, S,
Cosa=h/ $1

or S1Cosa=h

Then W,_, =Fh -
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Or

Wisp =mgh oo (i)

2. WORKDONE FROM B TO C:
Wy _,c=F.S2 =FS2C0s90°
Wp =52 (0)
Or Wg_¢c =0| -=--m-=-m--- (i)

3. WORKDONE FROM C TO A:
W, ,=F.S3 =F S3Cos(180B)
W;_,=F .S3 =F S3Cos(-B)
We_4=F.S3 =-F S3 Cos(B)

In A CAD, J 0 I “
Cosp=h/Ss
or S3 CosB=h F n H

" —MORE!!!
4. TOTAL WORKDONE:

Now the total work done along the path ABCAi

Work=Wasg + Wg>c+Wcsa
W = mgh + O+ (-mgh)
wW=0

Hence it is proved that the gravitational field is conservative field.

ENERGY

DEFINITION: 1
“The ability of a body to perform work is called Energy”. A body cannot perform w@ ( -

not possess energy. A body cannot perform work more than the amount of energy.

DIMENSION AND NATURE:
Energy is a scalar quantity and it's dimension is ML2T-2

UNITS OF ENERGY:
(1) Joule
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(i) Calorie [ 1 Calorie =4.2 joule]
(iii) Kilo Watt Hour [1Kwh=3.6 x 10°¢]]

POTENTIAL ENERGY

DEFINITION:
Energy stored by a body due to its position in gravitational field is known as ‘Gravitational
potential energy’”.

FORMULA:
Potential Energy=P.E = mgh
DERIVATION:
Consider a body of mass “m” placed at a height of “h” from the surface earth.
Force = We
But displaceI‘J Um
According o the definition of Work Done

Work d S
Or Work done = [but W =

R L AL —

known as potential energy .Therefore,

al field is

KINETIC

DEFINITION:
“ Energy posses by a body by virtue of its motion is refused to as ‘ Kinetic Energy’ “

FORMULA:
KE=1/2 mv?

Where m is the mass of body and v is the speed of body.

DERIVATION:

Consider a body of mass “m” starts moving from rest. After a time interval “t” its speed becomes v.
If initial velocity of the body is Vi = 0, final velocity V¢ =V and the displacement of body is “S”.
Then
First of all we will find the acceleration of body.

Using 3rd equation of motion
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2aS = Vfz - Vij2
Putting the above mentioned Values
2aS = v2-0

or a =v2/2S

Now force is given by
F =ma

Putting the value of acceleration
F=m(v2%/2S)

As we know that
Work done = FS

Putting the value o
Work m ©)
Work done
OR

Work done =1/2 mv2

Since the abiMiuranl)'alnoving body
EEE

.E = Work done
ORIKE.=1/2 mv

STATEMENT:

According to the law of conservation of energy
“ Energy can neither be created nor it is destroyed, however energy can be converted from one
from energy to any other form of energy”.

Explanation:

Consider a body of mass “m” at height h above the ground. Its
kinetic energy at that point A is:

1. At Point A:
A/c to the definition of Kinetic Energy
KE = 1/2(mv?)

KE=1/2m* (0) (AtpointA body is atrest)

C Ground
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The potential Energy at point A is :

So the total energy at point A will be :

TE=KE+ PE

E(A) =0 + mgh

E(A) = mgh ---{------ (A)
2. At Point B:

Suppose the body is released from this height and falls through a distance x. Its new height will
be (h-x). The velocity with which it reaches point B is calculated by using the third equation of motion:

2gs = V¢ - Vi2

E(B) = mgx + mgh - mgx
As we know: J 0 I “
0

*Vi=

" FOR
Therefore,
= TORE!!
2gx=vM N
Thekine'W

KE. = 1/2 mv?2

Substituting the value of vZ:

KE. =1/2xmx 2gx As we know:
K.E = mgx *Vi=0
*S=h
The Potential Energy at point B is:
Therefore,
P.E = mgh
2gh =V¢ -0
The height of the body is (h-x):
2gh =v2

P.E. = mg(h-x)
The kinetic energy at point B is:
The total energy at point Bis :
KE. = 1/2 mv?
E(B) =P.E + KE.
Substituting the value of vZ:

E(B) = mgx + mg(h-x)
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KE.=1/2xmx2gh
K.E = mgh

The total energy at point Bis :

E(C) =P.E + KE.
E(C) =0 + mgh
E(C) =mgh - ©

Hence, the total energy at point A ,B and C are same. It means that the total value of energy remains
constant. That is, Law of conservation of energy.

TERCONVERSION OF P.E AND K.E
J0I ““ WORK ENFRCY EQUATION
DERIVATION:

Let us consider F#nass “m” is placed at po m.t h edrth.At
this point the body pos tational potential energy equsz the
ground.

Now consider a point B at a distance x below the i i fbody.At this

stage the heightmmf' '1'()
so, potential ene mes, ™
P.E=mg(h-x
As we kno otential energy at poi ssthant
X) < mg

or mgh - mgx <mgh

The loss in potential energy at point B is mgx.

The Kinetic Energy at point A is equal to zero because the body is at rest.During its downward
motion its velocity increases ,so its kinetic energy also increases.If there is no air friction then the loss of
P.E is equal to the gain in K.E, means P.E is converted into K.E.

A m
When the body reaches at point C its P.E becomes zero which O
means all of its P.E is converted into K.E,so we can write as
Lossin P.E = Gain in K.E "

downward motion of the body.Let if friction f is present in this case
then some amount of P.E is lost in work done against friction.Now, the
modified equation can be written as, (h-x) l

Practically there is always a force of friction which opposes the j ;

Loss in P.E = Gain in K.E + Work done against friction
mgx=1/2 mv? + fx
or 1/2 mv? = mgx - fx
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In terms of “h”

1/2 mv? = mgh - fth

The above equation is known as “Work Energy Equation”.

ABSOLUTE GRAVITATIONAL POTENTIAL ENERGY
(A.G.P.E)
DEFINITION:
The potential energy of a body at height “h” from centre of earth w.r.t. a point at which the
gravitational field is zero i.e. a point which has no potential is called absolute gravitational potential
energy.

1. Gravitational Potential Energy(G.P.E.):
In order to derive formula for gravitational potential energy ,we have assumed that throughout

the displacement of the ho, e initial position to the final position force of gravity remains
constant. But for large s (height h) as measured from the surface of the earth. e.g in space

flights we cannot tak al force as consta

formula F .S cannot be and
To overcome this difficulty e the entire displage

intervals and applying Newton's Law of Gravitation.

A point B is situaM Q‘&El Iln the surfacelo
mass “m” fro init s 6 findl position B o
large number say, n of intervals of equal each
of constant force ma € average @t the forces 4

interval. The magnitude F1, of the force F1 acting at the
- GmM,
1= 2

4]

Here Me is the mass of earth. G is universal gravitational constant and :
the distance of the point 1 from the centre of the earth.Similarly the magnitude F» 4

of the force F2 acting at point 2 is given by ;
GmM,

F, = =5 2

1

L)

The average force acting throughout the first interval

2

where F represents the magnitude of the average force ,therefore

_ GmM, L L

F - 2 [rlz r22]
GmM ro 41,2
F=—=[%*—5]

2 rT T
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F= szM [(rlJ;Azr) errl ] [ 7 =n +Ar]
1" T2
F = GmM, [r1 +2r1A2r+A2r +r1 ]

2 )

as Ar is very small, Ar? is negligibly small,

GmM, [2r12+2r1Ar] _ = GmM, [2r1(r1+Ar)]

2 rlz r22 2 rlz L)

F =

GmM,

rr2

F =

The work done in lifting the body from point 1 (position A) to point 2 by an applied force.
which is equal and opposite to the average gravitational force is given by

w,, = F.Ar

Since the applied forcm“ement Ar are in the same direction.
substituting for F, Ar in quation. we get
r,—1)
Mﬂﬁﬁ!![ftmg the bogy

Hence the total work done by the applie i 1 !ﬁs' ion A to
final position B,we get

W =Wy, +Wy ..+ Wy
1 1 1 1 1
W= GmMe (:1 —;) + GmMe (:2 —E) ot GmMe (:n—l ~u —)

W = GmM, (,11 i L !
2

3 T3 Ty n—-2 ™-1 Tn-1 n

W = GmM, (}1 -3

This is the P.E represented by U of the body at the point B with respect to the point A. Hence the potenti
energy of the body at the point A with respect to that at the point B is AU = -W

AU = —GmM, gll -1

or AU = GmM, (’l —i) => (iravitational Potential Energy
n N
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When the point B lies at an infinite distance i.e. rn the P.E. at that point is zero (this point

becomes reference point) then a

U =— tGmM,

1

tGmM
or Ug=-——=
1

Therefore the absolute P.E of a body of mass m lying at the surface of the earth is given by

GmM,

P.E(abs) =U = —
Rg

> Absolute Gravitational Potential Energy

Where Rk is the radius of earth.

The minus sign indicates that the potential energy is “negative” at any finite distance that is

the potential energy is zer; and decreases as the separation distance decreases. This is due to
the fact that the gravi reeracting on the parti y earth is attractive. : pves in

e of them

There are many Man Erl)'e'cept K.E and
are given below. pER I
n
(i) Wind Ene i wer) :
The source of this energy is the wind. This enerng ) M I]lga achi near
ldlaem

Suhrab Goth you can see a wind mill for drawing undefg

(i) Hydro electricity (Water Power):

Mangla dam. Tarbela dam and other dams in our country are used to produce electrical en ergy.
Their prime function. is to retain river water so that it can be shuttled off to a water turbine that drives an
electrical generator. The principle involves a way of supplying power to a generator other than by a
steam turbine.

(iii) Fossil Fuel:
Fossil fuels are remnants of plants and animals which died millions of years ago. Depending on the

conditions of formation the fuel can be liquid (crude oil), gaseous (natural gas), or solid EH{-'@
(Coalpeatlignite). Coal is being used by man since long as a sour ce of energy in present age the main '&,u‘_mh !
source of energy is gasoline. Fossil fuel is used for running machines for driving engines etc. Db apla

(iv) Nuclear Energy:
The nuclear energy is produced due to the fission of a heavy nucleus. If fission reaction occurs in a
controlled manner (in a reactor) the nuclear energy is used to produce electrical power. A nuclear
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reactor is working in Karachi to generate electrical power.The energy thus produced is more economical
and non polluting. If fission reaction is uncontrolled the enormous energy produced in the form of heat
causes heavy destruction. The destruction of Japan due to it is a tragic example.

(v) Geothermal Energy:

Geothermal energy is the earth's natural heat. Heat ,in fact conducted out from the interior of the
surface of planet (earth) at a rate of approximately 1.5 u cal/cm2-s and over a time interval of a year this
flux to the entire surface 1020 cal. Practically, heat must be concentrated in geothermal reservoirs where
itis to be exploitable. It is interesting to observe, however ,that in the upper 10 km (when the
temperature exceeds 100°C) the total stored geothermal energy exceeds by order of magnitude all
thermal energy available in all nuclear and fossil fuel sources.

(vi) Solar Energy:

Solar energy is by f; stavailable energy source. Our lives absolutely depend on it for food
production and we wﬂ&[ﬂltimde of things ranging from sun tanning to clothes drying. Solar
energy could make a 0 nour energy eco

(1) Providing space heating,space cooling and

(2) Providing cl
(3) Generating elec solar cells.

(vii) Tidal Ener ' '
The thou nérmous energ
a

pervaded the minds of human elng-fgr%enturies. Thelti

L
1 J s have
exerted omhe earth by the moon and the s ater-po fom ti ionl were
used in New En i y. Sesfage pumps ioned" sing

tidal power. These systems were (replaced by the more ¢

motors.)Although no source exists that renders less envi : isdifficult to
harness and marginally economical.

For Pakistan:
The fossil fuel is used as the main source of energy in Pakistan. It requires a huge amount of
foreign exchange to import it. Due to its burning environmental damage is done on a very high scale. The
hydro electric generation is also limited and also costly. For our present and future, needs we must
provide indigenous atomic reactor to generate electrical power. Along with solar energy should be
exploited to a greater extent. Solar emery is ideal source of energy to get rid of pollution. Solar energy is
available in most of the parts of Pakistan throughout the year.
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M.C.Qs.

1. All of them are true except:

(a) Work is defined as the product of force and
displacement

(b) Joule is the unit of work

(c) Force moves in its direction or in opposite
directions

(d) The resultant force on it is zero

2. Work s defined as: ‘J QJGH

(a) Scalar product of e acement
(b) Vector product of fc d displacement
(c) Scalar product of fofaﬁcity

(d) Vector product of farce ocity

3. Work done wi r(‘ i'
displacementa ke

(a) In the same direction

(b) In oppN’ direction ?
(c) Perpendicular

(d) Not zero

4, The work done on a body undergoing a certain
displacementis given by:

(a) The area under a force vs. time curve

(b) The area under a force vs. distance curve

(c¢) The area under a velocity vs time curve

(d) The area under an acceleration vs time curve

5. If F=3i and d=6j, the work done will be:
(a) Zero M2 (9 (d)18

6. Power is the dot product of:
(a) Mass & velocity (b) Force & velocity
(c) Force & Energy (d) Force & mass

7. The power required to lifta 40 kg weight, up to
the height of 5 min 10 sec will be:

(a) 80 watts
(c) 28 watts

(b) 200 watts
(d) 14000 watts

8. A 600 N man runs up a stair of 4m height,in 3
seconds. The power needed is:

(a) 24W
(c) 450W

(b) 350W
(d) 800W

12. The energy due the motion of a mass is known
as:

(a) Potential energy (b) Motion energy

(c) Mobile energy (d) Kinetic energy

13. If the velocity of the moving particle is double
the factor by, which the K. E is increased is:

(a) 4 (b) 1/2 (c) 2

(d) 6 N~———7

14. The velocity of a body is doubled and mass is
reduced to one fourth of its initial value, the K.E
is:

(a) doubled (b) fourfold
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(c) same (d) halved

15. A bucket of mass 10 kg is moved downwards
in the gravitational field through a distance of 1
m. The work done in this case is equal to:
(@)10] (b) 98]

(c) -98] (d) 0.1]

16. The work done by a conservative force along a

closed path is:

a) positive (b) negative

(c) zero (d) none of these
17. When a body moves i ward, the
work done will be: ﬂ]u

(a) positive tive

(c) zero

d) maximum
18. Abody of mass 10 KEn Baheightofz

m, with uniform speed of 2 m/s. Its total energy is

(a)316] 1 ' ' '
(c)116]

EEE
19. Whic has higher kinetic energy?
light and heavy en
(a) Heavy body (b)Light body
(c) Both (d)None of the option
20. Power is

a) Rate of doing work b) Ability to
do work
c) Rate of energy creation d) Equivalent to

work

21. Which of the following is true?

(a) Potential energy decreases as altitude
increases

(b) Potential energy increases as altitude
increases

(c) Potential energy first increases and then
decreases as altitude increases

(d) Potential energy first decreases and then

increases as altitude increases

22. What happens to the total energy of a moving
objectif all the applied forces are conserved?

(a) Itincreases (b) It decreases

(c) It remains constant (d) none of these

23. What happens to the kinetic energy of a
moving object if the net work done is positive?
(a) The kinetic energy increases

(b) The kinetic energy decreases

(c) The kinetic energy remains the same

(d) The kinetic energy is zero

24. A spacecraft moves around Earth in a circular
orbit with a constant radius. How much work is

Constant

c) Negative

27. When a coolie walks on a horizontal platform
with aload on his head, the work done by the
coolie on the load is zero.

(b) Zero

(d) Constant

(a) Positive
(c) Negative

28. When a body slides against a rough horizontal= =
surface, the work done by friction is 2t o
(a) Positive (b) Zero

(c) Negative (d) Constant

29. The tidal energy is due to:
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() The rotation of earth about sun 30. The work done in moving a objectalong a
(b) The rotation of earth relative moon vector=3i + 2j - 5k. If the applied force is F = 2i-j
(c) The radioactive decay inside earth -k
(d) Attraction of sun and moon (a) 10j (b) 6i - 2j -5k
(©) 0j (d) 9j
PAST PAPER M.C.Qs.
2022

2.If velocity of a body is doubled and mass is reduced to one forth, kinetic energy will be

*doubled & * halved * fourfold
8. One kilo watt hourj ﬁ\l “

*3.6x 109] *3.3x107] *3.9 x 100
10.The dot product of f<F n(ﬂocny is called
* work *power *momentum
e 1T TAUT
*zero i«
22.A body pus |
work done by gravity on the car is:
* 20] * 10] * 5] *0]
31.A force acting on a body is perpendicular to displacement, donels equal to:
*positive *negative *zero *infinite
2021
(xiv) Work energy equation is called:
* Law of conservation of mass * Law of conservation of momentum
* Law of conservation of energy * Law of conservation of angular momentum

(xxii) A weight lifter consumes 500 ] of energy to lift a load in 2 seconds, the power consumed is:
*125 watt *500 watt *250watt *1000watt

(xxv) Both Kilowatt hour and electron volt are the units of:
*Power *Charge *Energy *Angular momentum
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(xxxii)If the speed of moving body is to be halved, its kinetic energy becomes
*One fourth *double * Half *Four times

(xxxv) If F= 3iand d 6j the work done will be:
*zero *2 *9 *18

(xxxvii) The ocean tides are caused by:
*Earth's gravitational force only *Moon's gravitational force only

* Sun's gravitational force only *Gravitational force of both the sun and moon

(xli) The work done by the force of 10N applied to the direction of motion up to 20m is:

*10] *200] *2000] *20]
JOIN o
1.If F=3i and d=6j, théwo ill be:

* Zero

*2
4. A 600 N man runs up[stg ﬂm height,in 3 seconds. '1“3
*24W *3 *450W ‘
EEE
i ' ~ alwe #e inetic

15.1f the velocity of a body is doubled and ma
energy will'be;
*be doubled

6. The ocean tides are caused by:

*earth’s gravitational force only * moon’s gravitational force only
* sun’s gravitational force only * sun’s and moon’s gravitational force

8. Both kilowatt hour and electron volt are the unit of :

*power *energy *charge *angular momentum

2016

14. One kilo watt hour is equal to: G

*3.6x 10°] *3.3x107] *3.9 x 100 ] *3.6 x 107] ~
2015

1. Electron volt is the unit of:

*Power *voltage *energy *charge

17. This one of the following is not the unit of power:

* horse power * joule/sec *kilowatt hour *foot-pound/sec
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2. Kilowatt hour is a unit of:
*Energy * Power *Time *Force

12. If mass and speed both are doubled, the kinetic energy will be:

* double *four times *six times *eight times
2013
17. The weight lifter consumes 500] of energy to lift a load in 2 seconds, the power used by him is:
*125 watt *250 watt *500 watt *1000 watt
2012
14. The rate of doing work is zero when the angle between force and velocity is:
*00 * 450 *1800 *9Q0

16. The velocity of a body i and mass is reduced to one fourth ofits initial value, the K.E is:
*doubled 1 fourfold ame qlye

work done in this case
*10]
*one fo TR

15. The w one by a conservative forc
*positive

*positive * negative

TEXTBOOK NUMERICALS

Q.1: Calculate the work done by a force F specified by F = 3i + 4j + 5k in displacing a body from position B
to position A along a straight path. The position vectors A & B are respectively givenasra = 2i+ 5j - 2k &
re=7i+ 3j- 5k

Data: According to the def. of work E,EE
" e e ) i
Initial position = ra = 2i + 5j -2k W = F.§—- (i) ~—7 E‘I‘f’ﬁ:

Final position = rp=7i + 3j -5k
Force=F =3i+4j+ 5k

Work =W =?

Solution:

§=2i+ 5] —2k— (7i + 3j —5k)
§=2i+ 5)—2k—7i—3j +5k
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S=-5i+2j+3k W =-15+8+ 15

Result: The work done is 8 units.

Putting in eq (i)
w=F.S§
W =(3i+4j+ 5k).(=5i+2j +3k)

Q.2: A 2000 kg car traveling at 20 m/s comes to reston a level ground in a distance of 100 m. How large is
the average frictional force tending to stop it?

Data: 2a(100) = (0)? — (20)?
Mass of Car =m = 2000 kg a(200) = —400
Initial Speed of Car = v, = 20 m/s a=—2m/s?

Final Speed of Car = v, = 0 Putting values in eq (i)

F =ma
Frictional Force = F =? F = 2000 x (—2)

Solution: J 0 I " F 4000 N
As we know th R asult: icti ending to
F =ma --- (i) ,
For Acceleration
2aS =V} -V,

Q.3: A 100-kg man is in a car travelingatZO m/s. (a) Find hi : o'Gar sthikés a foncrete

wall and comes e car has collap
harness What l;M’ by the belt a
-

Mass of =m =100 kg

Initial Speed o =

(a) Kinetic Energy of Man =K. E =?
Final Speed of Car = v; = 0

Distance covered =S = 100 m

Distance covered =S = 1 m
(b)Force exerted by the belt = F =?
Solution:

Putting values in eq (i)

F=ma
(a) Kinetic En(irgy 1szg1ven by F = 100 x (—200)
48 =5 [F = —20000 N|
K.E = % x 100 x (20)2 Result: The Kinetic Energy of Man is 20000 J

[K.E = 20000/ and the force exerted by the beltis —20000 N

(b)  As we know that

Q.4: When an object is thrown upward, it rises to a height ‘h’. How high is the object, in terms ofh, whe
has lost one-third of its original kinetic energy?
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K.E =mgh
T KE®O Similarly at point A
K.E' = mgh' ---(i)
h 1 A KE=13KE According to the given condition
| K.E' =:K.E
3
h* T so Eq (i) =>
I 1 @ KE-=Maximum lK E = mgh'
;K.
Data: Or
Final Height = h %(mgh) = mgh'
Height where 1/3 KE lost =h" =? 1
. h ==h
Solution: 3
According to the Law of conservation of Result: The object will loose its One Third K.E
Energy when it has covered one-third of its height.
Change in K. I “
Change in Potentlal

Q.5: A pump is needed through a height of 2.
minimum horse power \ﬁ be?
Data:

Height=h =2.5m

o TRBREHE

= 0.0083 kg/sec

Power ofM =P =7(in hp) 7
Solution:

According to the definition of Power
w
P==

t
mgh

t

P =

Q.6: A horse pulls a cart horizontally with a force of 40 Ib at an angle 30° above the horizontal and moves
along ata speed of 6.0 miles/hr. (a) How much work does the horse do in 10 minutes? (b) Whatis the
power out put of the horse?

Data: P =40x8.8%x Cos30
Force applied by horse =F =40 1b |P =30481b—ft /Secl
Angle b/w force and displacement=6 = 30° Inhp:
6X 5280

Speed =v =6 mi / hr =——= = 8.8 ft/sec 1 hp =5501b — ft /sec
Work done by the horse = W = ? So, p=32%_055hp 7
Time = t = 10 minutes = 10 x 60 = 600 s _ 550_ _
Power output of the horse = p = ? According tomt/he definition of Power
Solution: e

P =Fv Cosf
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W=Pxt=3048x%600=1.82x10%b— ft Result: The work done by the horse is
1.82 X 10°Ib — ft and power output is 0.55 hp.

Q.7: A body of mass ‘m’ accelerates uniformly from rest to a speed Vrin time tz Show that the work done on

2
the body as a function of time ‘t, in terms of Vrand ts, 15% mzzﬁ t? .
f

Proof: Now, we will calculate “S” using 2nd equation of
R Motion
Time=tf 1 .
S=vt+ S at
Vi=0 Vi S=0xt+-(Die?
f
m g m s =2 (he?
f

Putting values of “F” and “S” in eq (i)

The work done iggi o B
ool (TN ==
First we will find “F” g 2nd Law of

Motion

F=m(—f—v_vi)
g3
g
moy EEN

F =
i

i

Q.8: A rocket of mass 0.200 kg is launched from rest. It re i n above the
surface of the earth from the starting point. In the proces i
burning chemical propellant. Ignoring air-resistance and+thera
propellant, find the speed Vrof the rocket at the point P.

Data:

Mass of Rocket =m = 0.200 kg ;iﬁ; et
Height Covered by Rocket =h = 30.0 m
Work done on the Rocket =W = +425]
Final Speed of Rocket = v, =?

30m

Vi=0

Solution:

In this case the total work done by the
fuel will be conerted into Kinetic Energy and
Potential Energy.Therefore,
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W=KE+PE vf=\/3662

1
W= ;mvfz +mgh v, = 60.5m/s
425 = %(0.200) X vfz +0.200 X 9.8 x 30 Result: The speed Vrof the rocket will be 60.5
425=0.1xv,? +588 m/s
p? = 425-588 _ ac 0o

0.1

Taking Square root on both sides

PAST PAPER NUMERICALS

2022

viii) Two forces F1 = 3i- 2=1+6 j+2kact on a body which is displaced along a vector r =4i - j
+ 3k.Calculate the w body.

Data:

F, =3i—2j+5k an
FE, =i+ 6j+ 2k

r=4i—j+3k

Work done =w M 0 nE"'
Solution: EEE
First we have to find the netforce

No Numerical

201

2018
Q.2(ix) A crane lifts a load of 6000 N through a vertical distance of 15 m in 30 s. What is the potential
energy at the highest point of this operation?

Data: P.E = mgh

Load = W =6000 N P.E = (mg)h

Height covered=h=15m Since W = mg

Time =t=30s ~ P.E=Wh

Potential Energy = P.E =7 P.E =6000x 15

Solution: [P.E =90000/]| R
According to the definition of Potential Result: The potential energy at the highestp i

Energy is 90000 J. '

2017

2(v) Ahorse pulls a cart horizontally with a force of 60 Ib at an angle of 30 degrees above the horizontal
and moves along ata speed of 8 miles per hour. How much work does the horse do in 15 minutes and what
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is the power output of the horse.(1 hp=550 Ib-ft / sec) and (1 mile=5280 ft).

Data: In hp:
Force applied by horse =F =60 Ib 1 hp =5501b — ft /sec
: —_p —1200
Angle b/w force and dlsglasiggnent—e =30 So, p— % —1.10 hp
Speed=v=6mi/hr= 11.73 ft/sec ] ——
3600 According to the definition of Power
Work done by the horse =W =7 p="
Time = t = 15 minutes = 15x 60 =900 s t
Power output of the horse =p =7
Solution: W=Pxt=609.6x900=5.48X% 10°lb — ft
P = Fv Cosf Result: The work done by the horse is
P =60 X11.73 x Cos30 5.48 x 10°1b — ft and power output is 1.10 hp.

[P =609.6 lb—ft /sec|

201
Q.2 (vi) rical 5
Q.2 iii) A 80 kg man run rough a height of 3
Data:

Mass of man = m= 80 kg

Height=h =3
Tlme—t—Zse:MORE"'
Average Power HEE

Solution:
The A wer is gi

Q.2 v) An object moves along a straightline in a force fi
force F=4i+ j + 3kacts on it. Find the work done.
Data:

Initial position =r1= (3, 2,-6) = 3i + 2j -6k

Final position =rz= (14, 13, 9) = 14i + 13j + 9k
Force=F =4i+j+ 3k

S=11i+11j + 15k

Putting in eq (i)

Work =W =? w=F.>S
Solution: W= (4 + j + 3K).(11i + 11j + 15k)
According to the def. of work W=44+11+45
W = F.§- (i) [W =100 units]|
§=1r,—r =14i + 13j + 9%k— (3i + Result: | |
2j — 6k) The work done is 100 units.
\___,?
2014
Q.2 (xiv) Textbook Numerical 5
2013

Q.2 (v) Ahorse pulls a cart horizontally with a force of 40 N atan angle of 25 degrees above the horizontal
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and moves along ata speed of 15 m/s. How much work does the horse do in 5 minutes and what is the
power output of the horse. Give your answer in horse power (1 hp=746 W)

Data: In hp:
Force applied by horse =F =40 N 1hp=746 W
: —f — oc0
Angle b/w force and displacement=60 = 25 So, p=5"87_79 hp
Speed =v=15m/s 746
Work done by the horse = W = ? According to the definition of Power
4
Time = t = 5 minutes =5 x 60 = 300 s P ==
Power output of the horse =p =7?
Solution: W =P xt=543.7%300=1.63 x 10%]
B 25" 0 Result: The work done by the horse is
P =40x%x 15 x Cos25 = i
1.63 X 10° J and power output is 0.72 hp.
|P=543.7 W|

2012
Q.2 (iv) An object Weid‘gliuopped from a height g
12m/sec just before it hj nd. How large was the
Sy

Weight of Object =W =98

Height of object=h =10 m

Initial Velocity = ' ' '
Final velocity = S

Frictional Force = f =?

Solution:
A atio
mgh = %mv2 + fh - (i)
201
Q.2 (xii) Textbook Numerical 5
2010
Q2 (¥ Textbook Numerical 5
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CHAPTER 8 || WAVEMOTION AND SOUND

THEORY NOTES

SIMPLE HARMONIC MOTION:

DEFINITION:
If a body moves in a straight line such that its acceleration is always directed towards a fixed point
on that line and its magnitude is proportional to the displacement from that point, then the body is said to

execute simple harmoanﬁm

EXAMPLES: Motion sslattached to one end of
Vibration of a string of sitar.
Motion o 'tﬂa simple pendulum

Motion ofth um of a clock.

(1) Th tion of the body must be un i
(i) The acc i be s

onwards the mean position.

directed

(iii)  The body must have inertia i.e. mass.
If these conditions are satisfied the body will exe

MOTION UNDER ELASTIC RESORING FORCE

CASE [:-

As shown in the figure a mass ‘m’ is attached to one end of a spring placed on horizontal smooth
surface, the other end of which is rigidly fixed. If the mass ‘m’ is pulled to the right through a distance x
and then released, the mass ‘m’ will vibrate about its mean position.
The force exerted on the spring will be proportional to the

displacement.
F ocx
or
F = kx

This is known as Hook’s law.
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Where k is a constant of proportionality, called force
constant of spring. The spring also exerts an equal and
opposite force to restore its shape. This force is called
restoring force.

Restoring force = - Kx

EXPLANATION:

Consider the motion of mass ‘m’ in fig (a) there is no force on the mass ‘m’ because spring suffers
no extension. In fig (b), the spring is pulled to the right through a distance xo, the restoring force of the
spring is F = - Kx

The work done in pulling the spring through a distance x, is stored in the form of potential energy

of the spring. In return ri plies a force to restore its position and the mass ‘m” moves to the left.
Thus potential energ B{H kinetic energy. At its mean position, the mass ‘m’ has a maximum

speed and because o ss moves to the lef otion of
the mass ‘m’ retards. At its extreme left position all the ¢ i .iihi s peats and the
energy of the spring os een potential and Kingti

Let x be the displac the mass ‘m’ at anyli
F = -Kx

From Newton’s Mlo:anT' '
EEE
eration

where a = accel

Hence M

Or a=-K/m)x

Or ao-x

Where k/m is a constant
The equation shows that the motion ‘m’ is vibratory, and its acceleration is directly proportional to the
displacement and directed towards the mean position. This type of motion is called simple harmonic

motion.

CONNECTION BETWEEN S.H.M. AND UNIFORM CIRCULAR MOTION

CASE II:-
Let us consider a particle of mass ‘m' moving around a vertical circle of radius ‘x o' with constant

« n

angular velocity “w". If ‘0" is the angular displacement swept during time ‘t' then 6 = w t
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The projection ‘Q’ of particle ‘P’ on the diameter AB of the circle vibrates to and fro about the
centre of the circle as ‘P’ moves along circular path. It is also observed that the projection ‘Q’ speeds up
when it moves towards the centre ‘O’ and slows down when it moves away from the centre.Thus the
instantaneous acceleration of projection ‘Q’ is directed towards the centre and it is in vibratory motion.

The motion of ‘Q" is associated with the motion of ‘P’ hence the acceleration of ‘Q" must be a
component of the acceleration of the motion of particle P.The acceleration of the particle P is Centripetal
acceleration i.e. directed towards centre of the circle along the line PO and it given by,

vZ

e —
T

2
v . . . .
or a, = —-;L (x0 and ac are in opposite direction)
o

q = o)’

TUV=TW
X

In triangle POQ M n E ' "
EEE
\E _ 7
osH—D_F

_i__-__-_
cosf = " (iii)

o

putting values from eq(i) and (iii) in eq(ii) we get,

2 X
= —XgW" —
0 x

o

a,

or a, = —w’x

As we know that w is constant, Therefore,

a X —Xx

Hence it is proved that the motion of projection Q of particle p executing uniform circularmc
is S.H.M.

EQUATION OF DISPLACEMENT:

At some instant of time t, the angle between OP and x axis is w t+ ¢ , where ¢ is the angle which
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OP makes with the x axis attime t=0.This angle is known as initial phase angle.

In right angled triangle OPQ

_0
cosH—W
cos(w t + g0)=xi v 0=¢+ wt

o

or

X = x, cos(wt+ @)

Where xo=amplitude of S.H.M of Q and x =instantaneous displacement.

EQUATION FOR ACCEL

As shown in the
its linear velocity Vp i

or v, = ra) o ﬁ
let the particle starts from ‘A’ and in time ‘t’ it sweeps n(ﬂ1

projection of P (i.e.Q) along reaches C. W, ﬂA Qisalso
at A. Thus the partlcle P moves al . ence the
motlon of Ois alo -I u n

a. _—7"(1.)

icle p is moving along the circumference of a circle of radius ‘r; with
city w is given by

The acceleration of Q is along AOC, hence the componehtaea OCW ! J ] of O.The
competent of ac along AOC is given by

2

a0 = ac cos® = w*“r cosO

From figure r cosb = x

Ao=—w?x

The negative sing shows that the acceleration of Q is directed towards the center and is
proportional to x.

EQUATION OF VELOCITY:
The velocity of Q is equal to the X component of the velocity of P directed along AOC. Let Vo be the

velocity of Q along AOC and Vp that of P along the tangent at any point on the circumference of the circle
then
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Vq = Vp sin@ = xo w sin O --------- (D

From the relation sin20 + cos20 = 1, we get
sinZ 6 =1 -cos? 0

sin@ = / 1 - cos? 6

putting in equation (i)

’ 2
VQ:xow " iOhI"

RE!N!
Vp = w - i) - -

i) At sition:

x=Xo,putting in eq (ii)

Vo = w x§ —x§
V, = wV0
Vp =0

The velocity of projection atthe extreme position is equal to zero.

ii) At Mean Position:

x=0,putting in eq (ii)

Vo= wyx§—0
Vo = wa_g
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Vo = wxg

The velocity of projection at the extreme position is Maximum.

TIME PERIOD:
The time required to complete one cycle of motion is called time period. Denoted by “T”.

A/c to the definition of angular velocity w

_ 46
T At
For one complete cycle, A@ = 360° = 2, At =T

KINETIC ENERGY"

The instantaneous velocity of the body whenfi
displacement is x is given by,

V= wy x§— x?

In case of Spring mass system w = \/g

_ — |K 2_ 2
—>V—\/;,/x0 x

As we know that, bH‘
KE =1/2 mv?

K I
KE =1/2 m(\/%,/ xg —x?)? ~_

_ K. 2 .2
K.E—l/me(x0 x“)

KE =1/2 K (xZ — x?) [-------- (i)
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() POTENTIAL ENERGY:

A/c to Hooke’s law

F=Kx
At mean Position=> F=0
At extreme position => F=kx

Therefore the average force on mass “m” during the displacement x is

_ O0+Kx
2

F

F= %kx
Now, A/c definition of P.E

P.E=avg. force & di t
P.E = %kx X x

P.E = —kx’- -n(ii)
ool (VRE||
Th r exeauting simple

kinetic energy at that instant at a displac

putting values from eq(1) and eq(ii)
E =1/2 K (xd — x?) + kx?

=L hx? 4 Lhx 2 —Lpy2
E = _lx®+ Zkxy” —~kx

1
E = Ekxoz

The above equation shows that the total energy of a particle executing simple harmonic motion is
proportional to the square of its amplitude of vibration.

SIMPLE PENDULUM

DEFINITION: -
An ideal simple pendulum consists of a point mass suspended from a light inextensible string|tied +4:
to a grid and friction less support when the bob of the pendulum is vertical, the gravitational force W'z

vertically downward and the tension T acts vertically upwards in this case the force W is balanced by the
tension ‘T’ in the string.

CASE III:
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EXPLANATION:
When the bob is slightly displaced from its mean position, it beings to perform oscillatory motion. Let us
see the motion of the bob.

The bob of the pendulum is under the action of two force.

(1) The gravitational force W = mg acting vertically downwards
(i)  The tension T acts along the string.

The net force acting on the bob is Fnet =W - T

Resolving W into two components P
(i) along the length of string (parallel) and

(i) perpendicular to the string.

W, = mg cosB and W, = mg sin0
Since there is no motion of the bob along the string, a net force in

the direction of string i in this case.
mg ﬂﬂ"{
Hence the magnitude e is Fnet = mg sin€
bob to its mean position.
From Newton’s Fﬁlﬂof motion Fnet = ma
ma = mg§in the force is directe
mean po

sition, hence
EEN
If6 Nﬁll sin 6 =0 2

then a=-g0 - (1)

As we know that
S=r6 =>0=S/r
In this case S=x and r=I (Iength of string)
S0,
0=x /I
Putting in eq(i)
a=-g (x/1)
or a=-(g/D) x

where g and | are constant,therefore,

a X —Xx

Hence it is proved that the motion of pendulum is S.H.M.The acceleration of the simple pendulum
is directly proportional to the displacement and directed towards the mean position. Thus the motion of
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simple pendulum is simple harmonic.

TIME PERIOD OF SIMPLE PENDULUM:
A/C to the definition of time period

T=2 (ii)

w

In case of circular motion

a=—w’x —--------- (iii)
and
In case of Pendulum
= — %x ----------- (iv)
comparing eq(iii) and eq(iv), we get
DEFINITION:

The mechanism by which energy transfers from' .
Wave motion is a form of disturbance, which travels through a medium due to periodic motion of
particles of the medium about their mean position.

TYPES OF WAVES:

Types of Wave
Motion

c)w.r.t. Space and

a)w.r.t. Medium b)w.r.t. Propagation| Time

1)Travelling Waves

1)Mechanical 1)Transverse
Waves Waves

2)Electromagnetic | 2)Longitudnal |

Waves Waves 2)Stationary Waves|
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A) W.R.T. MEDIUM:

1.MECHANICAL WAVES:

Those waves which require a particular medium for their propagation are known as mechanical
waves.

For Example: Waves in water, Waves in String, Sound Waves e.t.c.

2. ELECTROMAGNETIC WAVES:

Those waves which do not require a particular medium for their propagation are known as
electromagnetic waves.
For Example: Light waves, X rays, Microwaves e.t.c.

J 0 I " B) W.R.T. PROPAGATION:

1. TRANSVERSE WAVES:

Those waves in whi les of medium oscillate
of waves are called transve es. These waves co

u opagation
. € tra

waves can be mechanical or electromagnetic in nature examples of

mechanical and . T'e'he X rays, rag
electromagnetic h
EEE

2.LONGI L WAVES: L -

Those w i i 0 um oscillate paralle i ion of
waves are called transverse waves. These waves consi [hese
waves are produced in elastic materials like gases and s pFings: t@ the high

and low pressure zones in the medium. For Example: s

C) W.R.T. SPACE AND TIME:

1.TRAVELLING WAVES:
Travelling waves are those waves in which the displacement depends on both space and time. In
case of travelling wave all particles of the medium vibrate simple harmonically with the frequency equal
to the frequency of vibration of source that drives the wave into medium.
A travelling wave can be produced in a medium by disturbing its one end.
Mathematically the wave function is given by,

y=f(x)

Here y is the vertical displacement of particle from its mean position and x is the horizontal
displacement. As we know that when the wave travels though a medium then its position changes w.r.t.
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time also. So we can give the location of wave by the following equation.

y=f(xt)

This is called wave function.

For travelling wave, moving along + x-axis the function will be, y=f(x - vt)
and

For travelling wave, moving along - x-axis the function will be, y=f(x + vt)

2.STATIONARY OR STANDING WAVES:
The waves which are formed due to the overlapping of two travelling waves of same amplitude
and frequency moving in opposite direction in the same medium are called stationary waves. These

waves are only the function of time not space.

STANDING OR STATI IN A STRING:

When a stretched'i een two suppor
extends the whole length between the supports. At eac

and hence it suffers ap . The crestreturns as ! : : e o fixed
points which lasts for f\m the end P and Q, the fincide are always equal in
amplitude and opposite‘in d hence the ends afe Stjl
waves.
In a stati l\['" minimum displae€m t elpoints of
maximum displa [INODES (A). m
EEm a

(i)_For ONE loop:
When the string is plucked from the center it vibrates in one loop. The frequency of such a

vibration is called fundamental frequency or first fundamental frequency or first harmonics and it is the
lowest frequency with which the string can vibrate. In this case.

A
L =3 or A=2L A

Letv,, the frequency of first harmonics is given by

v orv "

or 2

_v
2L

V1

(ii)_For TWO loops: When the string vibrates in two loops, the frequency is called second harmonics, In
this case.

A=1L
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Letv,, the frequency of second harmonics is given by

v
“V=vA orv=-

or
v
(iii)_For THREE loops: When the string

vibrates in two loops, the frequency is called
second harmonics, In this case.

A

E mﬂ/l:jﬂl"

Letv,, the frequency of thir aﬁonics is given by

L =3

“V=vA or

or

3V

— M 0 n E ' ' '
EEN

(iv) For “fB&loops: When the string vi

in two loops, i second

harmonics, In this case.

2 2L
L =n= ori==
2 n

Letvs, the frequency of third harmonics is given by

v
“V=vA orv=-

or
.
n 2L
b=
175
SO,
v, = ny

Thus we see that in case of a string fixed at both ends the harmonics are integral multiple of the
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fundamental frequency.

SUPERPOSITION PRINCIPLE

PRINCIPLE:

When two or more than two waves overlap each other, then a resultant wave is formed. The net
wave displacement caused by the resultant wave is found equal to the algebraic sum of the individual
wave displacements of all given waves. Mathematically we can write as,

Y=y +y, tyz++y,
EXPLANATION:
Let us consider two sinusoidal waves with the same amplitude, frequency and wavelength and
travelling in opposite direction. i.e.

v, = 4, Sin(k;d ]‘
where,

A,=Amplitude of wave

k =2Tn = AngulaFﬂrnber
w=2 nf

x= Position

t= Time MBBE' ' '
Accordin itiongprinciple the re
Y=y, +y
By putting

Y = A)[ Sin(kx — wt) + Sin(kx + wt)
Y = A, [2Sin(kx)Cos(wt) ]
This equation represents the wave function of the
to 2 A, Sin(kx).

e is equal

POSITIONS OF NODES:
As we know that the nodes are the point of minimum amplitude or intensity ,therefore
Sin(kx) =0

kx =sin"10
Z{x = 0°,180°,360°,540°, ...

2

or Tnx = 0,7, 27, 37, 4T, ...

or X = ZL(O,n,Zn, 3m, 4m, ...) ~——7
A

or

~ N
X = 0,;,)\ ,3;,2 D

These are the positions of Nodes in standing waves, which has the minimum amplitudes.
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POSITIONS OF ANTINODES:
As we know that the antinodes are the point of maximum amplitude or intensity ,therefore

Sin(kx) = +1
kx = sin™! +1
= x = 90°,270°,450°, 630°, ..
or =132 5% 7% .
N 27727727 "2
or x=1(5,3£,5£,7£,...)
2m 227727727 2
or
X—— 395,72, ..
4’74774 " 4
These are the positions of Antinodes in standing waves, which has the maximum amplitudes.
J 0 I “ ENERGY IN WAVES
Let a harmonic wave travelling along a string. The
points P,Q and R repre iOU8 segments of the strjing
which move vertically. The oves a distance equa

one wavelength A’ in time period “T". We know thate

point of the strin i down.Thus eye
segment of equamuH ﬂ! energy. The gn
of the segment P ' a1 &gy since the Se

is mome ily stationary. The energy o
entirely kineti
potential energies. Suppose at point Q, the mass of these
transverse velocity Vymax . Then the total energy of thélsé
AE=KE
AE= % Am (Vy max)?
AE= % Am (Yow)?
AE= % Am yo2w?
Now , power is defined as

AE
P=—
T
pP = ’/zAmT}‘lozwz

1 1 2,.2
= - X -

P=gxas vo'w’
1Am 1 ~—7
P =XivXx-— y,lw? v=-
20 70 T
1Am 2 2
= X —— . =
P =vXx-—y, V=LAV
1 Am
P=vXx-py,2w? =—
1Yo .

or
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1
P=vuy,’w?

This result shows that the power transmitted by harmonic waves produced 0“ a

string is proportional to,

(i) The Velocity of the waves ‘V’

(ii) The square of the frequency w

(iii) The square of the amplitude y,

(iv) The linear density of the medium (String) p

SONOMETER

A Sonometer consists of a hollow wooden box over which steel wire a stretched. One end of the
wire is tied to a peg and the other end passes over a friction - less pulley. A hanger is tied at the other
end. The hanger carries|sl hts to change the tension ‘T" in the wire. Two bridges C and D are
placed below the wir th of the vibrating wire

the bridges C and D. The Sonometer is used for deter

In order to find E \Bq of a given tuning fo ion B ire by
keeping a mass M in the hanger. A thin p1ece of paper calledhr idEF is .
The stem of the i the Sene i
between the bnmu‘m e frequency o
of the tuning fo &ffthe wire. Let
position, and 1 be mass per unit length ( nsi
the tuninM

T

R |

B

f=5

Where \E speed of a transverse wave in the wire and L is half

the wavelength DN

Equation (1) also gives the three laws of transverse vibration of
string.

@) The frequency produced in a stretched string is
inversely proportion to its length,

1
fes

(i)  Foragiven mass per unit length and length of string the frequency is directly proportional to the
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square root of its tension.

f T

(iii) For a given tension and length of string the frequency is inversely proportional to the square root
of its mass per unit length.

1
fez

These three laws can be verified by a Sonometer.

lj 0 I " -
DEFINITION:
“A vibration transmai ir or other medium i
rarefactions of the med as Sound.”

PRODUCTION OF SOUND:

Sound is produc like a drum, be nd fro
motion of the drmn TJ refactions ar: 3 : gated in air.
When a body vib i i Wiceslongitudinal y i (hese

compressions and rarefactions are trave e parti
particles. D is transference, so ates in a

2. AUDIBLE FREQUENCY RANGE: Usually "sound" is used to mean sound which can be perceived by the
human ear, i.e., "sound" refers to audible sound unless otherwise classified. A reasonably standard
definition of audible sound is that it is a pressure wave with frequency between 20 Hz and 20,000 Hz

3. ULTRA SONIC SOUND: The term "ultrasonic" applied to sound refers to anything above the frequencies

of audible sound, and nominally includes anything over 20,000 Hz. Frequencies used for medical
diagnostic ultrasound scans extend to 10 MHz and beyond.

SPEED OF SOUND WAVES

NEWTON'’S FORMULA FOR THE SPEED OF SOUND WAVE:
In case of mechanical waves, the velocity of propagation depends upon the ratio between the
elastic property of the medium (bulk modulus), and the inertial property of the medium (density).
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Sound waves are compression waves which propagate through compressible medium such as air. For
compression waves, the elastic property describes how the medium responds to changes in pressure
with a change in volume. This is known as bulk modulus B .

Where AP is the change in pressure and Av is the change in volume V. The negative sign ensures
that an increase in pressure (AP > 0) causes a decreases in volume (Av < 0).

“ ”

The inertial property of a medium is gives by its density “p” .Hence the speed of sound wave in a

medium is given by

\/E
v= |-
Newton’s form on the assumpti

through medium (air o temperature of the
under this isothermal DF e Bulk modulus B s ¢

P
HEE
ormul otind in air

above formula is known as N

tions travel
istobtained

d agree X_lmen e retical

LAPLACE CORRECTION:-
Laplace suggested that when compressions and'sase el through air, the tempe ature

falls. Therefore, the compression and rarefactions occur adiab atically.

In such a case the bulk modulus of the gas is not equal to the pressure of the gas but, ‘y’ times the
pressure of the gas. Where, ‘)’ is the ratio of the specific heat of the gas at constant pressure to the
specific heat at constant volume, For air,y = 1.4.

P
v= |=
p

This is known as Laplace correction.

For an ideal gas PV = nRT

ynRT
Vp

As we know that, Vp=m (mass of gas)
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So,

or,
v= KL “M=n/m
M
The speed of sound wave is directly proportional to the square root of the temperature in Kelvin
Scale.

BEATS

The periodic alternation of sound between a maximum and minimum loudness caused by the

super position of two wav rﬁy the same frequency are called beats.
PRODUCTION OF BEAJ ﬁ

Take two tuning forks A and B of nearly the same i ? tively place
them at equal distanc ar. Let at time t =0 ¢ ght hand
prongs of both the forks a g compressions to ) ‘ willarrive at
the ear together and thus a loud sound in heard.

As time g 1ng at slightl i fall behind.
After % second Mmiﬂﬁl 8 vibrationsfa j i iofis. On the
other hand the f &71/2 Vlbratlons : ill reach
the eara same time. They will cance er. He

As time i f; ehlnd A. After ha T mplete 16
vibrations while the fork B will complete 15 vibrations. i dressions
together and thus again a loud sound will be heard.

After 34 second - fork A will complete 24 vibrati6 tions. At
this compression and fork B will be sending a rarefaction. B pe sending a rarefaction. Thus no sound

will be heard.

After 1 second the fork A will complete 32 vibrations. Both the forks will be sending out
compressions together and thus again a loud sound will be heard.

We have seen that in one second two beat are produced. The difference between the frequencies is
also two. Thus we conclude that the number of beats per second is equal to the difference between the
frequencies of the forks. The maximum beat frequency that the human ear can detect is 7 beats per
second. When the beat frequency is number of beats produced per second) is greater than 7 we cannot
hear them clearly.

ANALYTICAL TREATMENT OF BEATS:

Consider two waves with equal amplitude traveling through a medium in the same direction
having slightly different frequencies f1 and f2. The displacement that each wave produces can be
represented by the equation.
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Yi= Accos2nfit --------mmm- (1)

Yo= Accos2nfot -----m-mmm- (2)
Where y1 and y2 are the instantaneous displacement of the waves (1)and (2). Let Y be the instantaneous
displacement of the resultant wave, then by the principle of superposition of waves, the displacement Y
of the new wave can be found out by adding the two displacements.

Y=Yi+Y2
Y = Ao (cos 2nfot + cos 2nfat) w cosa+ cosf =2 cosazig cosa%ﬁ
Y =2A, cos 2 (fi—f2) tx cos 2r (fi 4 f2) t --------- (3)

2 2
The resultant displacement y as expressed by equation (3) has an affective frequency equal to the

average (f1 + f2) and a i en by
A = 2A, cos2n ({i-f2) t -+--==------ (4)

2

Equation (4) shows th ude varies in time wi
the amplitude variatio y the dotted line of

is detected whenever.

o Lflmn:n ' ' '
There will be tw ima i E(!c!.!ince the amp

beats pergecond. Hence the beat freque ice
fo = —-mmemee--- (5)
CHARACTERISTICS OF

Musical sounds of tones can be distinguished from one other by the following characteristics.
(D) Intensity or loudness (i) Pitch or frequency (iii) Quality.

INTENSITY AND LOUDNESS:
The characteristics of sound by which we can distinguish between Loud and Faint sound is called
Loudness. The intensity of sound is defined as the amount of energy transmitted per sound through unit

area held perpendicular to the direction of propagation of sound wave. It is denoted by 1.
Energy transmitted

IntenSlty = Time X area

or I =

tx A
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Unit: t's S.1 unit is === or ™

Xm

WEBER - FETCHNER LAW:
Weber and Fetchner found experimentally that the loudness depends upon the intensity as well as

on ear. The ear operates on logarithmic scale rather than responding linearly to the intensity of sound.
The loudness (L) of the sound as received by the ear, is proportional to the logarithm of its
intensity ‘I'.
L« Logl
or L=KLogl

Where Kk is a constant of proportionally.

INTENSITY LEVEL:

If Io and I be int o sounds waves, then the difference in the loudness of sound (L -Lo) is
known as the 1nten51tJjﬂ them.

Intensity level gl -Kloglo

SL=

Unit of intensity level (loudness) and is called ds bekaf
Since bel is a big

i
ubmultiples ar@used

1 deci belMHBET 'T k "
1 centi be b I

PITCH OF SOUND:
The characteristics of sound by which a shrill sgu ’e saund is
called pitch of sound.It depends upon the frequency ofis otUH@ pitch lowers

the frequency lowers the pitch of sound. For example the pitch of sound produced by rats, bats, catsis
higher than that of frog, dogs beating drums.

QUALITY OF SOUND:

The quality of sound is that characteristic of sound which enables the ear to recognize a sound
also assigns its source.

The note played at piano to be different from the note played at the violin through both has same
frequency and loudness it is because of the quality of two notes is different. A wave form which is a
combination of fundamental frequency and second harmonic and a wave from which is a combinatio
the fundamental frequency and third harmonic will produce sound of different qualities thou.gh_thﬁ)r
pitch and loudness may be same.

DOPPLER’S EFFECT

The change in the pitch (frequency) of sound caused by the relative motion between the source
and observer is called Doppler’s Effect.
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CASE 1(A): When listener moves towards the stationary source of sound.

Let us consider the listener is moving towards the stationary source of sound emitting sound of
frequencyv ,with velocity V..The speed of sound is V.In this case the apparent frequency heard by
listener is v'.

As we know that

V=v2 =>1=2-(i)

and

v= % (Real Frequency)

But the relative velocity of sound for the listener will be

V+Vy, then apparent frequency will be
, VAV,

y = —
2
putting the Val‘éﬂlll“q(i),we get
v =1 7
;o (V+
il )

%4

This expressi 'T'parent frequé
CASE 1(B): Whe yrém the statio
Letus ider the liste i ards

frequency v ,with velocity V..The speed of sound is V.I
listener is v'.
As we know that

V=v2 =>4 = ee=r(ii)
and

V= ; (Real Frequency)

But the relative velocity of sound for the listener will be V-Vy,

then apparent frequency will be
, V-1,
T
putting the value of 1 from eq(ii),we get
, V-V,
- 14

v

or ‘

V-V,
V' = ( L)v
%

This expression shows that the apparent frequency will be less than real frequency.
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CASE 2(A): When source of sound moves towards the stationary listener.

Let us consider a source of sound moving with velocity Vs towards stationary listener. The wave
crests detected by the listener are closer together because the source is moving in the direction of
outgoing wave resulting the shortening of wavelength.

As we know that

V=via =>1= %(Distance occupied by one wave)
and
V= ; (Real Frequency) ------ 0
During each vibration source travels a distance

equal to ‘:}—5 towards the listener then apparent wavelength

is shortened.
o
or
T V—VS _
/1 - v
The apparent frequ m eq(i) is given as,

S _V
V=2
Putting Van Ei!!E!et
v VTV
or M

y v
= s
v
; v
v =(—2-)v
V-V

This expression shows that the apparent freque

CASE 2(B): When source of sound moves away from the stationary listener.

Let us consider a source of sound moving with velocity Vs

away from stationary listener. The wave crests detected by the
listener are farther together because the source is moving in the
opposite direction of outgoing wave resulting the increasing of
wavelength. e

As we know that

V=vi =>A1= %(Distance occupied
by one wave)
and

V= % (Real Frequency) ------ (1)
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During each vibration source travels a distance equal to ]:/—5 away from the listener then apparent

wavelength is increased.

/1' — K + V_S
v v
or
PP
The apparent frequency from eq(i) is given as,
=Y
V=
Putting value of A’ from eq(ii),we get
V' = e
— V4Vg
or

v _ 1%
This expressioﬂoﬂs e apparent freque
CASE 3(A): When both f[ﬂxﬂund and listener moy
In this case,

CASE 3(B): Whe,

In this case,

V-V
V' = ( L)v
V4V

This expression shows that the apparent frequency will rapidly decrease.

ACOUSTICS

In the recording and reproduction of sound, one must avoid all possible sources of distortion. The
size, shape of room, a studio or an auditorium the material used in the construction of the floor, ceiling
walls, doors and windows etc. Also the number of chairs produced or reproduced in it.

A careful study of all these factors and their effect in the quality of sound produced in aroom a
studio or an auditorium is an important branch of radio engineering and is called ACOUSTICS+——=

Sound starting from a source S will reach a listener only along one path SL where as all other
spherical along all other path are absorbed all other path are absorbed or reflected by the walls, floor,
ceiling etc. At the room ,the material of walls etc. absorbs sound waves of different frequencies by
different amounts and remaining components of frequencies are reflected and approach to listener by
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several paths are shown.

REVERBERATION:

As some of sound wave energy is absorbed and some is reflected. The reflected portion travels
back to hall and re-unite to form “echoes’ which interfere to produce desirable or undesirable hearing.

Even when the direct plus from source has ceased, some of the energy due to multi reflections from the
walls, floor, ceiling etc is still on it way to ear. This cause prolongation or persistence of sound for some

time.

The persistence of audible sound after the sources has ceased to operate is called reverberation

and the time during which sound persists is called reverberation times.All the above sources which affect

the quality of sound can be minimized by careful choice.

JomMIC

1. The oscillatory moﬁoEnuinhe

instantaneous acceleration is proportional to the

displacement of ol'}' '
oscillating bodie | ke
(a) Elastic motion (b) Translatory motj
motion

2. Total energy of a particle performing SHM is
directly proportional to:

(a) The amplitude

(b) The square root of amplitude

(c) Square of amplitude
(d) The reciprocal of amplitude

3. When a particle is executing SHM it is found
that:

() The frequency depends upon the amplitude
(b) The periods depend on the amplitude.

(c) The period and frequency depend upon the
amplitude

(d) The period and frequency are independent of
the amplitude.

(c) Motion of body in a rectilinear Path
(d) Oscillation of mass on a string

6.The product of frequency and time period is:
@1 (b2 (©)3 (d) 4

7. 1f a second pendulum is taken up on the moon,
in order to have its time period same:

(a) The length of the pendulum mustbe =
increased (b) The length of the pendulum m
be decreases

(c) The length of the pendulum must be kept the

same
(d) None of the above
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8. An ordinary clock loses time in summer this is
because:

() The length of the pendulum increases

(b) The length of the pendulum decreases

(c) The length of the pendulum decreases and
time period increases.

(d) The length the pendulum decreases and time
period increases.

9.Weber Fechner law is:
(a) la Log L (b) LaLogl
(c) lal/LogL (d) TaLogL

10. Which one of the M\B} ins a pair of
transverse and longi
(a) Radio & X -rays Pﬂ n

(b) Infra - red & ultra-
(d) Wave in a ripple tank & light

(c) Sound & radio wav
11. The velocity Mogﬁiglua
R el

frequency ‘f and wave len
(@) fa b) f/A (c) A
(d) fA/2

12. Intensity of sound is measured in :

(a) watt/ m2
(c) watt/ sec

(b) joule /m
(d) watt/ m

13. Then temperature of air rises, the speed of
sound waves increase because:

(a) wavelength of wave increases

(b) the frequency of wave increase

(c) both frequency and wavelength increases
(d) neither frequency nor wavelength increase

14. If the frequency of fifth harmonic of a
vibrating string is 200 Hz ,its fundamental
frequency is:
(a) 5 Hz
100 Hz

(b) 25 Hz (c) 40 Hz (d)

15. It is common characteristics of all types of
wave motion that without the transport of

particles what transfers?
(a) Gravity (b) Xrays
(c) Energy (d) Mass

16. The wave length of a radio wave when
transmitted as a frequency of 150 MHz, will be:
(a) 20 m (b)2m (c)10m (d)0.75
m

17. A simple pendulum completes one vibration
in one second. If g =981 cm/s? its length will be:

20. Pitch depends upon:

(a) frequency (b) loudness
(c) time period (d) distance
21. Which of the following is not a transverse
waves?
(a) x-rays
() y-rays

(b) sound
(d) infrared

22. The distance between adjacent nodes or
antinodes is:
(@A (b)a/2 (o) A/4 (d) 2a
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23. The velocity of sound in space is: 27. Frequency of a stretched string is

(a) zerom/s (b) 332 m/s proportional to the:

(c) 33200 cm/s (d)3x108m/s (a) Tension (b) linear density
(c) reciprocal of the length d) Square of the

24. The traveling wave in which particle of the tension

disturbed medium move perpendicular to the

direction of propagation of the wave is called: 28. For a stationary wave in a string the points at

(a) Longitudinal wave (b) Transverse wave which the particle is at maximum displacement
from the mean position are called:

(c) Standing wave (d) Stationary wave (a) Nodes (b) Anti nodes

(c) Compression (d) Rarefaction
25. Earthquake waves are the example of:

(a) audio waves (b) infrasonic 29. A string fixed at two ends vibrates in two
waves whole segment. The standing wave pattern set up
(c) Ultrasonic waves J odl "ck waves is called:

26. In a stretched string, if the speed of the wave

is four times, the tensio times the

original:

@2 ()4 (©)8 (d)16

3.The range of audible sound is:
*1to 10 Hz * 20Hz to 20,000 Hz * 21000 to 24000 Hz *25000 Hz onwards

19.The oscillatory of simple pendulum, the restoring force is
* mg sin@ *mg cosO * mg tan® *mg

29.Pitch of sound depends upon:
*Amplitude * Intensity *frequency * loudness

32.The distance between two consecutive nodes of a stationary wave is:
x4 * A .

4 2 3

2021
(x) The speed of sound in space (vaccum) is:
*332m/s *344m/s *330m/s *Zero m/s
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(xi) A simple pendulum is performing S.H.M with time period T. If its length is doubled. The new time

period will be
*2T *0.5T *2.5T *1.414T

(xv) Abody is executing S.H.M with amplitude A. Its potential energy is maximum when its displacement
from mean position is:

*Zero *A/2 *A *A/ 4

(xxvii) If the mass of the bob of a simple pendulum is doubled, its time period will:

*be doubled *becomes triple * remain same *behalved

(xxviii) The unit of Intensity of sound is:

*watt/m?2 * wa * watt/s

(xxxiii) It does not ex tn\Ie“rmonic motion:
*A hanging spring supporting a weight *The mofti
*The wheel of an auto *Motion offa

2.Beats are pro el ' '
* diffracti
L L

*interference of waves In time

10.The pw
*1 *2

17. Weber Fechner law is:

*la Log L *Lalogl *Ta
2018
5. Intensity of sound is measured in :
* watt/ m? *joule /m *watt/ sec *watt/ m
10. Then temperature of air rises, the speed of sound waves increase because:
*wavelength of wave increases *the frequency of wave increase
* both frequency and wavelength increases * neither frequency nor wavelength increase
2017
9. If the frequency of fifth harmonic of a vibrating string is 200 Hz ,its fundamental frequency is:
*5 Hz *25 Hz *40 Hz *100 Hz

10. The speed of sound in vacuum is:
*zero m/s *332 m/s *33200 cm/s’ *3x108m/s

11. The distance between two consecutive nodes of a transverse stationary wave is equal to:
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4 2

2016

5.The range of audible sound is:

*1 Hz-10 Hz *20Hz - 20000Hz

*21000Hz - 24000Hz *25000Hz - 50000Hz

15. Two vibrating bodies, having slightly different frequencies, produce:

*Echo *Beats *Resonance *Polarization
2015

14. The velocity of a wave of wavelength ' 4 'and frequency "v' is given by:

g * 2 *y 2 * L

A v — v

2014

3. The earth quake waves are the example of:

*Audible Waves nic waves *Shock waves *Ultrasonic Waves

5. The distance betwe tive nodes of a stz

* *1/2

15. If the mass of the b imple pendulum is dou
*be doubled *beco e i
1. Power Law de url
*power n E
HEE
10. The wave enters from one medium t
*fr ES

15. The time period of simple pendulum depends upo
*mass
*acceleration due to gravity

3. The maximum number of beats per second which can be detected by the human ear is:
*2 *3 *5 *7

2012

2. The S.I unit of intensity level of sound is:
*watt * diopter * sone * decibel

6. The frequency of wave produced in a stretched string depends upon:

*length * tension * linear density * all of these
13. Sin 8= 0 if 6 is specially less than:
*150 *100 * 50 * 1 radian
2011

1. Earthquake waves are the example of:
*audio waves * infrasonic waves
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* Ultrasonic waves * shock waves

9. This is compression waves:
*light waves *X rays *sound waves *radio waves

10. If two tuning forks of frequencies 256 Hz and 260 Hz are sounded together, the number of beats per
second will be:
*3 *4 *5 *6

2010
4. Which of the following does not exhibit simple harmonic motion?
*A hanging spring supporting a weight
* The balance wheel of a watch
* The wheel of an automoblle
*the string of

violi
5. Pitch depends upo 0 I “

*frequency

*time period
6. The velocity of souncE ncn
*zero m/s *332 m/s *332 Oﬂ
M 0 n E EEm

Q.1: An objectis connected to one end of a horizontal spring : i Mt is pulled
to the right (in the positive x-direction) by an externally applied force of magni 0 N causing the spring

to stretch through a displacement of 1 cm (a) Determine the value of force constant if, the mass of the
objectis 4 kg (b) Determine the period of oscillation when the applied force is suddenly removed.
Data:

Applied Force =F = 20 N

Displacement=x =1 cm =0.01m

(a) Force Constant =k =?

(b) Mass of Object =m = 4 kg

Time period of Oscillation = T =?

'?ri n
Q.2: A body hanging from a spring is set into motion and the period of oscillation is found to be 0.50 s. Afte

the body has come to rest, it is removed. How much shorter will the spring be when it comes to rest?
Data: | Time period of Vibration=T = 0.5 sec
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Displacement = x =? mg = kx
m X

kg
Putting in equation (i)

T=27r\/£
g

f S.0.B.S
4 1}(. [x T2 — 47.[2(3)
(0.5)% = 4(3.14)2(3)

: _ (05)?x98 _
Solution: = oo = 0.06m
T — 27r\/% —--==- (i) Result: The spring will be 0.06 m shorter when
the body is removed.
Also, W = kx

Q.3: Apipehasa lenng‘nlr“) Determine the fre

two overtones if the pipe is open atboth ends. Takev : as
the frequencies deter the pipe is closed ato ‘
harmonics are present i 1 human being hearing range

Data:

Length of Pipe =la=g2.
Speed of Sound HE ' ' '
(a) For Open Pip EEm

Frequecy@f Fundamental Mode =f; =?

(b) For Closed Pipe:

Frequecy of Fundamental Mode = f; =?
Frequecy of 2 Harmonic = f, =?

Frequecy of 34 Harmonic = f; =?

(c) Frequency of nth Harmonic = f,, = 20000 Hz
No. of Harmonics =n =?

Solution:

(a) For Open Pipe:
Open at Both Ends  Frequency f

S S

\/

e 5 o
S —— The fundamental Frequency is given b
W N _ v _ 344

‘ 2 A ];1_:4;51_;; 2.46
‘X@I‘I@ 3, fﬁfn fu = nfy
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|f, =3f; =3 x35 =105 Hz]

and |f; =5f; =5x35 =175 HZ]
(c) For Open Pipe:

fn =nfi
then n —’;’1[ %

In = 285 harmonics|
Result: (a)For Open pipe the frequencies are 70
Hz,140 Hz and 210 Hz.(b) For Closed pipe the
frequencies are 35 Hz,105 Hz and 175 Hz (c) 285
harmonics are present in the normal human
being hearing range.

Q.4: A standing wave is established in a 120 cm long string fixed at both ends. The string vibrates in four
segments when driven at 120 Hz (a) Determine the wavelength (b) What is the fundamental frequency?

Data:

Length of String =[=120cm =1.2 m

No. ofloops =n =4

Frequency of fourth harmonic = f4 =120 Hz
Fundamental Frequency = f; =?

Wavelength =1 =7 J 0 I "
Solution:
The fundamental Frequency is given by
Or = nf1
= 1 Zkg/ m3, EEE

Data:
Speed of so

Atmospheric pressure = .
Ratio of molar specific heats =y = 1.40
Density of air =p = 1.2 kg/m?
Solution:

The speed of sound in air is given by

'uF'atmospheric

fi=B=22=30Hz

The wavelength of stationary wave is
given by

m/s.

Q.6: A sound wave propagating in air has a frequency of 4000 Hz. Calculate the percent change in wave
length when the wave front, initially in a region where T = 27° C, enters a region where the air temperature

decreases to 10° C.

Data:

Frequency of Sound = f= 500Hz

Initial temperature = T1 = 279C + 273 =300 K
Final temperature = T2 =10 9C +273= 283 K
Percent Fractional Change in wavelength =

0 =?

Solution:
As we know that

v T

v=kJT
So, v, = kT, - (i)
And v, = kyT, - (ii)
Dividing eq (ii) by eq (i)
vy _ kT, ~——7
141 o kT,
v2_ |k
v ATy
va |28
v, 300
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Z=0971 2% 0,029

vy A4
X — A

L=t or 206 = 2.9 %

2 =0971 !

1

Result: The percent fractional change in

42 = 09714,] wavelength will be 2.9%.
Ad=4,— 09712,
A 1= 0029,

Q.7: The frequency of the second harmonic of an open pipe (o pen at both ends) is equal to the frequency of
the second harmonic of a closed pipe (open at one end). (a) Find the ratio of the length of the closed pipe to
the length of the open pipe.(b) If the fundamental frequency of the open pipe is 256 Hz, what s the length
of pipe? (Use v = 340 m/s).

Data:
(a) Ratio of Lengths OJO m =?

Speed of Sound = v = 340 m/s

(b) Fundamental Freq n Pipe =
fi(open) = 256 Hz H

Length of Open Pipe = Lopen =?

Length of Closed '
Solution:
(a) According to given condl on

- fZ(Closed )
v —
LOpen 4'LClased
1 __ 3
LOpen 4LClosed
Leiosed — i
L. 4 ;
2 pipe to the length ofthe open plpe is 3/4 and the
(b) For Open Pipe: 1
= ength of open pipe is 0.66 m and closed pipe is
fi= 0.49 m.

then
Q.8: A 256 Hz tuning fork produces four beats per second when sounded with another fork of unknown
frequency. What are two possible values for the unknown frequency?

Data: 4 =256 —f,
Frequency of 1st Tuning Fork =f; = 256 Hz f, =256 -4
Beats Frequency = f;, = 4 beats/ sec
Frequency of 2nd Tuning Fork =f, =7 For 2nd Possible value:
Frequency of 2nd Tuning Fork =f," =? f.=f - f
Solution: 4=f"—256
For 1%t Possible value: f, =256 +4
fr=hH -1
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f,' =260 Hz

Result: The two possible values for unkown

frequency are 252 Hz and 260Hz.

Q.9: An ambulance travels down a highway ata speed of 75 mi/h. Its siren emits sound ata frequency of
400 Hz . What frequency will heard by a person in a car traveling at 55 mi/h in the opposite direction as the
car approaches the ambulance and as the car moves away from the ambulance.

Data:

Speed of Ambulance = v, = 75 mi/h
Actual Frequency =f = 400 Hz
Speed of Car = v, = 55 mi/h

(a) Apparent frequncy =f' =?

(b) Apparent frequncy =f" =?
Speed of Sound =v = 750 mi/h

Solution:
(a)When Source and lis owards each
other
’ V+VL
V VS
e 750+55
750 75

l

805
675

Q.10: Acar has S
car approaches hm
Data; (.

of sound = f = 2 KHz =
:?

sound =120

Frequen
Apparent o =
Speed of source =V, = 80 km/h
Speed of Sound =V = 1200 km/h
Solution:

When Source moves towards stationary
listener

e What freque

f =477 Hz

(b)When Source and listener move away from

each other
=)
f = (%) x 400
f = (322) x 400

llstener is 2143 Hz

PAST PAPER NUMERICALS

2022

x) Two cars approaching each other from opposite directions with same speed. The horn of one is blowing*:
with the frequency of 3000 Hz and is heard by the people in the other car with the frequency of-3400°Hz -u: yal:

Find the speed of both cars, if speed of sound in air is 3
Data:

SpeedofCar =v, =v, = v
Actual Frequency = f = 3000 Hz

=?

40 m/s.
ApparentFrequency = f = 3400 Hz
Speed of Sound = v’ = 340 m/s
Solution:
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(2)When Source and listener move towards each 1.13(340—v) =340 +v
other 3842—-1.13v=340+v
v +V —_ =
f = (_L)f 384.2 -340 = v + 1.13v
Sy 442 =2.13v
3400 = (2££) 3000 —iiz
= 20.7m/s
3400 _ (340+v) " 213
3000 340-v Result: The speed of both carsis 20.7 m/s

2019
Q.2 (vii) A mass at the end of spring oscillates with a period of 0.4 sec. Find the acceleration when the
displacementis 6 cm.

Data: Putting in equation (i)
Time Period= T = 0.4 sec T Zn\/g
Displacement = x = 6 cm =0.06 m
Acceleration=a =? N S.0.B.S
Solution: /
m .

i — 271\/; - (i

Also, F =kx n n
ma = kx

Q2 (xiv) A strmM l IO' kg, is stretch
attaching a 1 kg mass e spee& of the transve
second h
Data:
Length=l =

Mass of string = m= 0.004 kg

Mass attached to string =M = 1 kg
Velocity of transverse wave = v=?
Frequency of Second harmonic = fz2 =?

Solution:
il Result: Velocity of transverse wave is 70 m/s and
Sy Frequency of Second harmonic 35 Hz.
2018
Q.2(vi) A 15 kg blockis suspended by a spring of spring constant 5 x 103 N/m. Calculate the frequency ¢
vibration of the block displaced from its equilibrium position when it is released. P
Data: The time period of spring mass-systemsig:1-:
Mass of block= m= 15 kg given by

Spring constant =K =5x 103N/m T— Zn\/i
Frequency of Vibration =f =7 k

Solution:
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T =2(3.14) |5 f=29Hz
sx 10 Result: The frequency of vibration of the block is

T =0.344 s 29 Hz

Now,

1 1
f T T T 0344

Q.2(x) A standing wave is established in a 135 cm long string fixed at both ends. The string vibrates in four
loops when driven at 130 Hz. Determine the fundamental frequency.

Data: f, = nz_l

Length of String =(=135cm =135 m Or f. = nf,

No. ofloops =n =4 f, = 4f,

Frequency of fourth harmonic = f4 =130 Hz A

Fundamental Frequency = f1 =? g s T2 = 35 Hz

Solution: Result: The fundamental frequency is 32.5 Hz.
The fundamen is given by
201 | B I
Q.2(xv) A100 cm long fﬁlﬁes into four loops ati5( ' 4x104
e

gm/cm. Calculate the t string.
Data:

Length of string Mlocanu' ' '

No. of Loops =n ——
Frequency of fourth harmonic = f4 = 50

Mass perw
gm/cm

u=4x
10-5 kg/m
Tension in the string=T =? OB
Solution: 625 T/4 x 10~ -5
As we know that ) Or T = 625 x 4 X 10-5
fo=ny
Since Result: The tension in the string is 0.025 N.
v= |L
u
2016
Q.2 (vii) Textbook Numerical 10

pulley and a mass of 1 kg is suspended, Find the speed of transverse waves on the string.

Data: Mass attached to string =M = 1 kg
Length=[ =2 m Velocity of transverse wave = v=?
Mass of string = m= 0.004 kg Solution:
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Mg
(m /D) Result: Velocity of transverse wave is 70 m/s.

1x9.8
(0.004/2)

2015
Q.2 iv) A car emitted a note of frequency 490 Hz, if the car approaching towards a stationary listener at
speed of 55 km/h, what frequency will be detected by the listener. Take speed of sound as 334 m/s.

Data: When Source moves towards stationary
Actual frequency of sound = f =490 Hz source
Speed of car =Vs = 55 km/h = 55x1000/3600 f = ( v )f
V-Vs
Vs =15.27 m/s

' 334
Apparent frequency of i ¥ (334 —15.27) 0
Speed of Sound =V = I = 4 Hz
Solution: : T Ii tener is
Q.2 xiv) TEFB H-‘erical 2

Q.2 (vi) Same as 2019 Q.2 (xiv)

iﬂ!(!z 201
Q.2 (iii) Asound in air enters fromamegio egregs Cto a
region of temperature 5 degrees C. Calcul erce 1 ﬂ
T M
Frequency of Sound =1=

Initial temperature = T1 = 259C + 273 = 298 K
Final temperature =Tz =5 °C +273= 278 K

Percent Fractional Change in wavelength =
A2

=% =? T T
1 A, =0.9651
Solution: l 2 1|
As we know that Now, aA ~ A=A
A A= 0.0351
V=T 5% = 0,035
So, v, = k[T, = (i) o
And v, = kT, - (i) Or 229 =35 %
1
o . . g
Dividing eq (ii) by eq (i) Result: The percent fractional changein =
%2 = 5T wavelength will be 3.5%.
121 kT
vy &
v ATy
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Q2 (% Textbook Numerical 2

2012
Q.2 (vii) Find the velocity of sound in a gas when two waves, of wavelengths 0.8m and 0.81, respectively,
produce 4 beats per seconds.

Data:
Velocity of sound in gas = v =? 4|2
Wavelength of 1st wave = 11=0.8 m M . A2 1
Wavelength of 2nd wave =212=0.81 m 4=v T n
Beat Frequency = fp = 4 beats/sec 4=y |L 1
0.8 081
. 4 = v|1.25 — 1.234]
Solution:
The beat frequency is given by 4= 17|2-016|
fo | i o2 U= ote
J 0 I“ v =250m/s
£ ingg i 50 m/s

Q.2 (xiii) A string,Im lo of mass 0.004 kg, is stret]
the wave in the string i
Data:

Length=[ =1 m

Mass of string = Mon E ' ' '
Force Applies to ? e m
Velocity of transverse wave = v= 140 m/s

Solution:

T

V= [—
(m /1)

T

140 = (0.004 /1)

2011
Q. 2(xiii) A note of frequency of 500 Hz is being emitted by an ambulance moving towards a listener at rest.
If the listener detects a frequency of 526 Hz, calculate the speed of the ambulance. (speed of sound is 340
m/s atthat moment)

Data; 526 = (-2°—) x 500
Frequency of sound = f =500 Hz 526 340 N
Apparent of frequency = f =526 Hz 500 (340 _Vs)
Speed of source =V, =? 1.052 = ( 340 )
Speed of Sound = V =340 m/s a0
Solution: 340 =V, = o2

When Source moves towards stationary 340 -V, = 323.1
listener V., =340 - 323.1

f = (V—Vvs)f [V, = 168 m/s|
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Result: The speed of ambulance is 16.8 m/s.

2010
Q.2 (xi) Same as 2019 Q.2 (xiv)
Q.2 (xii) A simple pendulum completes 4 vibrations in 8 seconds on the surface of the earth. Find the time
period on the surface of the moon where the acceleration due to gravity is one-sixth that of the earth.
Data:
No. of vibrations =N =4
Time = t = 8 sec
Time period of Pendulum =T,,

o__»

g”onMoon = gm =

c\|>—x

Value of g

Solution:
Total time

Time Period = -
No .of V

t

T =

The time period of pendulum on the surface of mo@n

~FOR
The time period of pen n the surface of Earth is 1‘1
Dividing eqm:ﬁn)E

T = 4.89 sec
T |

Result: The time period of simple pendulum at the surface of moon is 4.89 sec.
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CHAPTER 9 || NATURE OF LIGHT

THEORY NOTES

WAVE FRONT AND HUYGEN’S PRINCIPLE

WAVE FRONT:
Whenever a wave passes through a
certain medium, its particles execute simple

harmonic motion. The fi points in
the medium having SZJ ﬁ brations is
called a wave front.

In case of a point source of light in a

certain homogenous m ave front
will be concentric spheres ter as the
source S. such a wave front is known as

- NE
w v —
R I 7 St
. Byl
At a very large distance from source, a small I i aﬂﬂ a =L1a J
portion o herical wave front is nearl Vim = v, 7] 7
plane, Such a poftionofihemavesfrotit is Cid "m! = IL']

a plane wave front.

In case of light, a Ray is known as the direction
in which a wave propagates and it is always
normal to the wave front. Thus a please wave
frontrepresents a parallel pencil of rays.

HUYGEN'S PRINCIPLE:

Huygen'’s principle consists of two parts:-
(1) The first part states that every point on a wave front can be considered as a source of secondary
spherical wave-lets.
(ii) The secondary wavelets travel with the speed equal to the source of wavelets.

Oprt

(i g, =
In figure AB represents the position of a spherical frontat a particular instant. To get the position-eft i’"ﬁ“
new wave front after t second we take some points on the wave front AB, according to the first principle.

If the wave travels a distance vt in time t sec, then draw the secondary wavelets with radius v t. By the

L.
!

second part of the principle draw a plane CD tangential to these wavelets, then CD will be the new wave
front after time t.
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INTERFERENCE OF WAVES:
When two waves superpose one another they either enhance the effect of one another or they

reduce their effect at that point. This phenomenon is called interference of waves.

CONSTRUCTIVE INTERFERENCE:-

When two waves meet such that the crest of one wave coincides with the crest of other wave, and
the trough of one wave coincides with the trough other wave, the resulting crests and troughs are
enhanced. Such interference is called constructive interference. For constructive interference the path

difference between them must be integral multiple of A i.e.

|Path dif ference = mA |

‘Aau'[“t 1; i 2; ig,."

DESTRUCTIVE INTERFERENCE:

When two wave that the crest of one ' h. other wave
and the trough of one Wndes with the crest gf theseith giestsfand troughs
are reduced. Such interference ' temﬂnc the path

difference betweMe * heso

CONDITIONS OF INTERFERENCE OF LIGHT:
For interference of light the following conditions

1. The sources of light must be monochromatic and
2. The slits must be narrow of the order of wavelength of light.
3. The slits must be separated by a small distance.

YOUNG’S DOUBLE SLIT EXPERIMENT

The fringes obtained by Young’s double slit experiment are the result of interference of light
waves. The conditions for interference are:
(1) Monochromatic light must be used. ~_
(i)  The slits must be narrow of the order of wavelength of light and two sources of light must be
coherent.
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(iii)  The two sources mustbe very close to each
other is the wavelength of light is very small,
otherwise the bright and dark pattern in front of
the source would be two fine to see and
interference pattern will be visible.

Light from a monochromatic source falls on the
slits S and illuminate the two slits S1 and S2
separated by a small distance d. Since the light
diverging from the slit S1 has exactly the same
frequency as the light diverging from Sz act as two

|[¢— < ——p] ©

close coherent sources interference takes places at
the screen placed at a distance L form the double
slits.
If O be the central point n then the path difference between S10 and S20 will be zero and the
constructive 1nterfer:e‘dﬂ [ﬁlace at O.

Waves traveli S2 to any point P ¢ e SCree i

S2P = r2 and from the slit S; travel a distance S1P =r1 the i i i s Itjof the
superposition of the walles from S1 and S2. Th

IN CONSTRUC\'I\MI‘Q&IES‘ -
ath difference is an integra ple o
Hence for const i !

d sin® =m A (Maxima)

Where A is the wave length of light used and
m=0+1+2,+3,+4,.

The central bright fringe at® = 0 (m = 0) is called zero order maximum.

Screen

IN DESTRUCTIVE INTERFERENCE:
If the path difference is an odd multiple of A, the waves arriving at P will be out of phase and hence
Destructive interference will take place at P. for destructive interference.
d sin 8 =(m + % )A (Minimum)
m=0,+1+2,+3,+4,..

very small. Thus for small angles.
Sin 6 = tan 6 =Y/L ( From the triangleAOQP)
Now,
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Path diff. = d Y/L

POSITION OF BRIGHT FRINGES:
For bright fringes the path difference is given by

d sind=mA

or dY/L=mA
m AL

% Y="9
_ — oA AL 4L
=> Y—O,d,Zd,Bd,4d,...

These are the positions of bright fringes

Iﬂath difference is given b
sin0=(m+1/2) 1

(m+1/2) A

YMMEm

These are the positions of aa¥k ringes
FRINGE S :

The distance between two dark or two bright
Ax is given by.
The position of 1t bright fringe =0

The position of 2nd bright fringe =%

or

If L, d and Ax are known the value of the wavelength A can be calculated. The fringe spacing
depends upon the wavelength of light used as L and d are constant for a given experiment. ~__=>

INTERFERENCE IN THIN FILM

Constructive and destructive interference of light waves is also the reason why thin films, such as
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soap bubbles, show colorful patterns. This is known as thin-film interference, because it is the
interference of light waves reflecting off the top surface of a film with the waves reflecting from the
bottom surface. To obtain a nice colored pattern, the thickness of the film has to be on the order of the
wavelength of light.

Reflection of light waves, when light waves (transverse waves) strike at the boundary of a denser
medium, the crest returns as a trough and the trough returns as a crest. There is a change in its phase by
a or 180° or a path difference of %2 4. On the contrary when it strikes at the boundary of rarer medium,
the crest returns as a crest and trough returns as a trough. There is no change in its phase. The wave
length of light in a medium is changed by a factor. [/n if A be the wavelength of light in air and An be its
wavelength in a medium of refractive index n, then.

When light falls on a film of a transparent medium of
thickness then a part of eflected from the upper surface
of the film and the chJGHI difference of 2 Ai-akessplaee %
(phase is reversed) Some of the light is refracted into the
the film, which is reﬂecfe lower surface of the

1

it is reflected from the , hence there is no [ch

phase (ray 1 and 2)If the li are normal incideng on iew
S

then the path diff ce betwee d2is “2t".
thickness of the RE iy r
Pa EEm

FOR CONS E INTERFERENCE:
Due to ase change ®of 1800 the an@ destructive
interference are reversed. Therefore, for constructive

- = i
Path dif ference = (m + 2 VA,

or 2t = (m +%)/1n
- 144

or 2t = (m +2)n

or 2tn = (m +%)ﬂ

FOR DESTRUCTIVE INTERFERENCE :
Due to the phase change of 1800 the conditions for constructive and destrug
interference are reversed. Therefore, for destructive interference

S~———
Path dif ference = m A,
or 2t = m4,
or 2t = m?2
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or 2tn = mA

MICHELSON'S INTERFEROMETER

INTRODUCTION:
Michelson’s interferometer was invented by and American physicist A.A Michelson.In case of a

Michelson’s interferometer we use an extended source of monochromatic light in comparison with
Young’s double slit experiment where we use two

narrow slits.Figure shows the principle diagram of My e—— ('f,?,",::,’i‘)
Michelson’s interferometer. '

PROCEDURE:

Light from an extended source strikes the glass . Diffuse

plate C the right side of whi thin coating of o SEh soures,
silver. Part of this lighld ﬂom the silvered
surface at P to the mi a ck through the

silvered surface to the obserjer’s eye. The remainder

i M,

: Fixcd)
| \mirror

of the light passes thro red surface and
through the compensat nd is reflected

u u
from the mirror M. It then returns through D and I refle 1
observer eye. Bo ré of early same t e gh the
Chis L |
EEE

same thickness ed beam splifter

If the distances L1 and L2 are exactly equal and 2 ar thena
wedge fil ill be obtained under this conditi the vi elas the
two surface of a "The i erence fringe g.0btai i ase of

thin wedge shaped film.

CALCULATION OF WAVELENGTH :
Let the extended source be monochromatic of wavelength 4 and the mirror Mz is moved through 4/4, the
path difference is changed by 4/2, and a dark fringe will appear in place of bright fringe. If now the
mirror Mz is moved through A/2, the path difference is changed by A and a dark fringe will replace a

bright fringe. If the fringes are seen, through a telescope, and ‘m’ bright fringes pass through the cross
wire when the mirror Mz is moved through X then

Or /1=;

If m is large then X is also large and can be measured with good precision and hence a precise
value of A4 can be obtained.
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NEWTON'S RINGS

DEFINITION:-
The principle of Newton’s rings is based on the interference of wedge shaped film. A plano-convex
lens is placed on a plane and smooth glass plate. An air film is enclosed between the lens and the glass
plate. The thickness of the air film is zero at the point of contact ‘A’ and increase as we move outward.
Light is allowed to fall on the glass plate which is inclined at an angle of 459. The light is reflected
from lower surface of the glass, plate and falls
normally on the lens. After passing through the lens

the light is reflected from the upper and lower surface
of the air film. The light reflected from the upper
surface of the air film, does not suffer while light
reflected from the lower surface of the air film (upper
surface of the glass) suffer, change of 1800 (if
the thickness of the Nﬂch that the path

difference between Ray No.2 is a

integral multiple of A, destructive interference wil

take place at those po hickness of the air ,

film is such that the pathidi nce between ray [NO.1" ar ‘ NO .2 S & egral multiple of A
destructive interference will take place at those points. j S ol SUu tha the path
difference betw(e)M@ REHl i i L ce will take
place at those p od and Ray

No.2 is odd multiple of A/2 constructive interference I ence the
interferen inges will be circular, (da
center will be darki calle

n m
According to the geometrical theorem ,the product @f . i t!rsech al to the

product of section of diameter then,

BE x DB = AB x BC
rXxr=t(2R—t)
r?> = 2Rt — t?

As tis small then t2 will be so small so that it can be neglected, then

FOR CONSTRUCTIVE INTERFERENCE:( BRIGHT RING)
The condition for constructive interference in thin film interference is,

2tn = (m +§)/1

putting the value of “t” from eq(i),we get,
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2Cn = (m +1)2

= (m +3)AR ( For air n=1)

or r = /(m +%MR

For “Nth “ bright ring

FOR DESTRUCTIVE INTERFERENCE:( DARK RING

The condition fo e interference in thin film interference is,
putting the value'o q(i),we get,
2(_ ) En H
( For air n=
¢ Wn E 11
In case of darkring, for dark ﬁng m=1 beca

According to geometrical optics when light fallsjo the same
shape, and
1. No light enters into the region of shadow and
2. Outside the shadow, the screen in uniformly illuminated

However, it is found when light falls on sharp edges and narrow slits, the light bends into the shadow
showing that light can bend inside the geometrical shadows. “The bending of waves around the corners
of obstacles, sharp edges or narrow slits is called diffraction”.

There are two types of Diffraction.

i. Fresnel’s Diffraction ii. Fraunhofer Diffraction

FRESNEL DIFFRACTION:
If the source of light and screen are at finite distance from the aperture, the diffraction-obtaine

called Fresnel diffraction.

FRAUNHOFER DIFFRACTION:
If the source of light and screen are at infinite distance from the aperture, the rays reaching the slit
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will be parallel to one another, and then the diffraction is called Fraunhofer diffraction.
Fraunhofer diffraction can be obtained in the laboratory by putting a convex lens in between
source and slit at a distance of its focal length from the screen to focus them on the screen.

DIFFRACTION GRATING

DEFINITION:

If instead of a single slit there are large number of slits parallel to one another with equal width,
such an arrangement is called diffraction grating.A diffraction grating consists of a glass piece with a
number of parallel opaque lines marked on it there is transparent portion which acts as slit. The distance
between two lines on a grating is called grating element it is equal to the length of the grating divided by

lt)he number of lines on it, the grating element ‘d’ is given Grating |« S >|
y

l ‘ ' . ’ P

t' W i

g = litlﬂm mg. /
aque lies

In the figure if i e opaque line and ‘B e

width of the opening th i lement is given by. :
M 0 n E EEm

EXPLANA

A diffrac ing i e figure. A
parallel beam of monochromatic light is normal incideht i aves ol.e h slit. A
convex lens is placed in the path of diffracted waves whi giscreen in
a certain direction waves of particular wavelength wh pcus at a

point in chase of white light.
If the parallel rays of light after diffraction differin path difference by A, they will interfere
constructively at P.
For constructive interference the path difference between any two adjacent rays must be zero or
an integral multiple of A.
Path difference = m A
(@a+b)sinB=mA
ordsin® =mA
The central maximum has a path difference equal to zero, hence it is called zero order.

The first order maximum occurs when ............... dsin® =12A
The second order maximum occurs when .......... dsin® =2 A
The third order maximum occurs when............... dsin® =3 A

The mth order diffraction occurs when
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ldsing = m1]

Where m called the order of spectrum and has values
m = Oli)illi2’i3"'

DIFFRACTION OF X-RAYS
X rays have very Short wavelength less than that of visible and ultraviolet light. Therefore diffraction of X
- rays cannot be observed with the help of common grating as X-rays pass through the slits of grating.
However it is possible to obtain it rays diffraction by making use of crystals such as rock salt in which the

atoms are uniformly spaced planes and separated by a distance of the order of 2 -5 A°. Therefore the
diffraction of X - rays takes place when they incident on the crystals as shown in fig.”

Suppose parallel Lattid Mg spacing ‘d’ between each other. It is clear from figure that 274 ray
covers more distance a8°c o 1t ray and the pathydiffesence betweengdwo Ie yslis,
Il

Path diff = BC + BD - (iF 0 H

In right angled A BAC,

X -
S iM oee "
d ] m i
BC = dSin 6 “
“ ;
Similarly,
BD = dSin 0 ) A 0
T r_*' \
Putting values in eq(i),we get ;1 g1, Ly |4
¥ ' B |
\ ,'planes
Path Dif f = dSin 6 + dSin 0 = 1 <] L[-J. 1--7
Path Dif f = 2dSin @ -------- (ii)

Now, For constructive interference,
Path Dif f = mA --------------- (iii)
Comparing eq(ii) and eq(iii)

dSin 8 = mA

This is known is Braw’s Law.Now if ‘d’ the interplanar distance of crystal is known where ‘m’ and
“0” are experimentally measured then wave length of x ray light used can be calculated with the help of
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this equation.

POLARIZATION OF LIGHT

The interference and diffraction phenomena verify the wave nature of light but these phenomena do not
provide any information about the type of light waves.

It is polarization phenomenon which tells us that light waves are transverse in nature.Actually, there is a
periodic fluctuation in electric and magnetic fields along the propagation of light waves. These fields vary
atright angles to the direction of the propagation of the light wave. so light wave is a transverse wave and
this makes it possible to produce and detect polarized light.

Unpolarized light means ordinary light whose waves have electric and magnetic vibrations in all
directions in a plane pe i o the direction of propagation of light. Polarized light means light
waves having vibratiuJ 'E irections ‘y' perpendicular to the direction of propagation of light.

Tourmaline crystals a o polarize the light and

parallel the light 1 i i
emergent beam o
become perpendicular to each o er. On further rotatig i and Bec er when

the axes stals again parallel as show
When abeam o VS

Consequently the emerging beam differs from inciden€lig
sense that all the vibrations are in one direction. Such a
said to be plane polarized. When it falls on a second crystal,
vibrations can only pass if they are parallel to the transmission
direction of the crystal i.e. crystallographic axis of the crystal.It
means that polarization of light is due to selective absorption by
tourmaline of all light waves vibrating in one particular plane. The
first crystal is known as polarizer

where as the second crystal is known as analyzer.

K
APPLICATIONS OF POLARIZATION OF LIGHT: ~—7
(i) The simplest application of polaroid is curtain less windows. An outer polarizing disc is fixed in
position and an inner disc may be rotated to adjust the amount of light admitted.

(ii) In photography it is often desirable to enhance the effect of sky and clouds. Since light from the blue
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sky is partially polarized by scattering, suitable orientation polarization discs in front of the cameralens

will serve as a sky filter.

(iii) Control of headlight glass in night driving is possible if each car has light polarizing viewer.

M.C.Qs.

1. The wave theory of light was proposed by:
(a) Galileo (b) Huygens

(c) Kepler (d ‘YD:
2. Yellow light of a sin [:\u can't be:
(a) Reflected (b)Re

)eR@larized

(c) Dispersed
3. The characteristic property of light wave which

does not vary wi ium i
(a) Frequency litude
(o Velocim (d) Wavelength ?

4. The waveform of waves will be spherical when
the rays of light are:

() parallel (b) perpendicular

(c) monochromatic (d) not parallel

5. Color of light is determined by its.

(a) Frequency (b) Amplitude
(c) Speed (d) Wavelength

6. When a transverse wave travelling through a

rare medium is reflected from a dense medium,
then phase change produced in it will be equal to:

(a) 0° (b)90°  (c)180° (d) 360°

7. The locus of all points in the same phase of
vibration is:

(a) Wave front
(c) Diffraction

(b) Interference
(d) Polarization

rsaloiily

g?re T "'
Meirsal i B nce

11. The experimental evidence of transverse
nature of lightis:

(a) diffraction (b)
interference

(c) polarization (d) dispersion

12. In Newton's rings seen throughout reflected
light:

(a) The central spot is dark
(b) The central spotis bright
(c) The last spot is dark

(d) The last spot is bright

13. The number of lines per cm of a diffraction
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grating is 4000. Its grating element is:
() 25x10%*cm (b) 2.5x10-cm
(c) 4x102cm (d) 4x105cm

14. The phenomenon of interference come out
because wave obey:

(a) The impulse moment theorem

(b) The 1st law of thermodynamics

(c) The inverse square law

(d) The principle of superposition

15. Which of the following is used to plane
polarize light?

(a) A sheet with small openi

(b) A thick glass sheeJ ujl u

(c) Aplano-convex le per sheet
16. The conditions of in thin film are
reversed due to:

(a) Diffraction (b) Phase coherence

() Refraction MUB Eis!l!

17. This equation represents Bragg's Law:
(@) mA= in® (b) mA=dsin©
(c) 2mA = d sin

18. Which of the following phenomenon produce
the colors in soap bubble?
(b) Polarization

(d) Dispersion

(a) Interference
(c) Diffraction

19. The path difference in destructive
interference mustbe:
(a)d=0,22,32

(c) d=0,1/6,31A/6,51/6

(b)d =1/2,3% /2, 51/2
(d) d=0, 31/4, 51 /4

20. Monochromatic yellow light is unable to
show:
(b) refraction

(d) interference

(a) reflection
(c) dispersion

21. According to Maxwell theory, light travels in

the form of:
(a) transverse wave (b) longitudinal wave
(c) mechanical wave (d) electromagnetic

wave

22. One condition for interference is that the two
sources should be coherent and:

(a) Close together (b) at a far off
distance

(c) Opposite to each other (d) Coinciding

23.In Young's double slit experiment; the

condition for the constructive interference is that
the path diff. must be:
a) an odd multiple of the half wavelength

a) Dispersion b) Diffraction

(c) Super position  (d) Interference

26. Which of the following are types of
diffraction?

(a) Interfering and non interfering

(b) Transparent - semi transparent

(c) Fresnel - Fraun hoffer diffraction

(d) Johnson- element diffraction ~—_ =

27. A plate with a number of tiny holes or thin
lines is called .

a) Sheet b) Sieve
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c) Grating d) Collimator c) Interference d) Diffraction
28. A lens which converges a parallel beam of 30. Electromagnetic wave consist of oscillatory
lightis called __. electric field and magnetic field. Both fields are:
a) Concave b) Convex (a) Parallel to each other
c) Plane lens d) Compound lens (b) Parallel to the direction of propagation
(c) Perpendicular to each other
29. The wave theory of light cannot explain: (d) None of these
a) polarization b) Photoelectric
effect

4 Bragg’s law is:

*mA = 2d sin© ﬂ\B d sin© *2m
11.Huygen'’s Principle iEs termine:

*speed of light *position of wave front

15.Wave front nMEnnEc!l! !
|

* Plane * Spherica * Coni

17.The bending o is called -
* Interference *Diffraction *Polarizatiot D
m
202

(xxiii) The equation represents Bragg's law:
*mA = 2d sin© *mA = d sin© *2mA = d sin© *2mA = 3d sin©

(xxiv) In Young's double slits experiment, the condition for the constructive interference is that the path
difference mustbe

*An odd multiple of the half wavelength

*An odd multiple of the quarter wavelength

*An integral multiple of the wavelength
*An even multiple of one third the wavelength

(xxx) The fringe spacing in Young's double slit experiment is:
*dl /L *AL/d *Ld/A *LAd

xxxiv) The motion of number of lines per cm of a diffraction grating are 4000, its grating element is:
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*2.5x10-4cm *2.5x10¢ cm *4 x 102 cm *4x 10 5cm

2019
3.The waveform of waves will be spherical when the rays of light are:
* parallel *perpendicular *monochromatic ~ *notparallel

11. When a transverse wave travelling through a rare medium is reflected from a dense medium, then
phase change produced in it will be equal to:

*0° *90° *180° *360°
2018
9. When Newton’s rings are observed by reflected light, the centre of rings appear dark due to *phase
reversal only *path difference zero only

* intensity of light beirdvdgvlhl both phase reversal and path difference being zero.
11. The experimental évidéenc ansverse nature of liglutsi -
*diffraction F 0 *interference ti (Isl ‘
12. The number ]Eﬂftion grating is
*2.5x10- Un Bc *4 x 10
EEE
6. The COTWMWH o
*Diffraction ase coherence *Refre

8. This equation represents Bragg’s Law:

*mA = 2d sin© *mA = d sin© *2m
2015
9. Newton's rings illustrate the phenomenon of:
*Polarization *diffraction * interference * dispersion
12. In thin film interference, the positions of constructive and destructive interference are interchanged
due to:
*Phase coherence *Phase reversal *Diffraction *Interference
15. Polarization of light due to tourmaline crystals takes place because of:
*Reflection * Absorption * Refraction * Collision
2014
8. Diffraction of light is a special type of:
* reflection *refraction *interference *polarization
14.In Young's double slit experiment, the fringe spacing is:
*d 4 /L *LA/d *Ld/ A *ALd
2013
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11. Monochromatic yellow light is unable to show:

*reflection *refraction *dispersion *interference
2012
7. According to Maxwell theory, light travels in the form of:
*transverse wave * longitudinal wave
* mechanical wave * electromagnetic wave
10. Huygens'’s principle is used to:
*determine the speed of light * locate the wave front
* expressed polarization * find the refractive index
011
2. The wave theory cannot explain:
*polarization * photo electric effect
* interference * diffraction

8. Electromagnetic waves consist of oscillating electricjg

*parallel to each *perpe
*non parallel to *none
8.In Young's do 'c'e'condmon for hhnsEt i path diff.
must be:

mu t1p e of

*an odd m WaveTen oth

* an even number of the wavelength

TEXTBOOK NUMERICALS

Q.1: How many fringes will pass a reference point if the mirror of a Michelson’s interferometer is moved by
0.08 mm. The wavelength of light used is 5800 A°.

Data:

No. of Fringes= m=? m = 2’;_"

Distance moved = A x = 0.08 mm=8x 10->m %8 x 10-5

Wavelength = 1= 5800 A°= 5.8 x 107"m M= Sex10-7

Solution:; A =276 ~ EI"‘ .. )
Ax = ";_’1 Result: 276 fringes will pass the reference point.

Q.2: In a double slit experiment the separation of the slits is 1.9 mm and the fringe spacing is 0.31mmat a
distance of 1 metre from the slits. Find the wavelength of light?
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Data:
Slits separation =d =1.9 mm= 1.9 x 103 m

Fringe Spacing = Ax = 0.31 mm=0.31 103 m
Distance of screen from slits =L = 1 m
Wavelength of Light =A =7
Solution:

The Fringe spacing is given by

AL
Ax ==
d

031x 103 =20 _
19x 10

A=031x 10"3x19x1073

[1=15.89 x 107m|
Result: The wavelength of light used is
589 %107 "m

Q.3: Interference fringes were produced by two slits 0.25 mm apart on a screen 150 mm from the slits. If
eight fringes occupy 2.62 mm. What is the wavelength of the light producing the fringes?

Data:
Slits separation = d =0.25 mm = 2.5x 10-*m
Fringe Spacing = Ax =Ax/8 =

=2.6241 05 =3.27 x 10-*m
Distance of screen frod‘lm “50 mm
=0.15m
Wavelength of Light =A =7

Solution:
by

The Fringe spaciig

Q.4: Green light of a wavelength 5400 Ac is diffracted by

angular deviatimMﬂ.\RrE “1 (b)Isa10
Data:
EEm

Order =m = 3

Wavelengthy= 1 =5400 A =54 X 10"m
Angle =60 =7

No. of lines per cm = n =2000 lines/cm

Solution:
length of grating

No.of Lines

grating element =

d==1

n

d=——=5x10"%cm =5x10"°m
2000

(@) mA = dSinf
(3)(54x1077) =5x 107°Sin6

Q.5: Light of a wavelength 6x10-7 m falls normally on a diffraction grating with 400 lines per mm. At
angle to the normal are the 1st, 2nd and 3rd order spectra produced?

Data:

Order=m = 1,2,3

Wavelength =1 =6 x 107"m

Angle =0 =7

No. oflines per cm =n =400 lines/mm

Ax ==

0.15

6 = Sin~1(1.08)

|6 = Not Possible|
Result: The angular deviation of 3r4 order image
is 18.9% and 10th order is not possible.

Solution: ~—~7
. length of grating
grating element = -
No.of Lines

d==1

n

AUTHOR: MUHAMMAD TALHA BIN YOUSUF Page 213




d= 17 =25%103mm = 2.5 % 10~°m

400
() Whenm=1
mA = dSin6
(1)(6x1077) = 2.5x 107° Sind
Sing = LEID _ 94
2.5%x107°

6 = Sin~1(0.24)
(b) Whenm = 2
mA = dSinf
(2)(6x1077) = 2.5x 107° Sind

=7
Sing = 2E10 0 _ 948
2.5%10

0 = Sin=1(0.48)

(b) Whenm =3
mA = dSin0
(3)(6x1077) = 2.5%x 107° Sind
-7
Sing = QO _ 7

2.5x107°

0 =Sin~1(0.72)
Result: The angular deviation of 15t order image
is 13.8°, 2nd grder is 28.6° and for 3rd order is
46°,

Q.6: If a diffraction gra& t a 1storder spectrum of light of wavelength 6x10-7 m at an angle of 20°
from the normal. Wha and also calculate the numbe nes per mm?

Data:

Order=m=1
Wavelength =1 = 6 x 10-7

Angle =6 = 20°

Grating Element '
No. of lines per
Solution: tl n:

_ oma

Sing

(D(6x1077)
Sin 20°

d =

Q.7: Newton'’s rings are formed between a lensand a flat

F 7, ur_u

—.1 -l

light passes through the gab at 30° to the vertical and the fifth dark ring is of dlameter 9 mm. What s the

radius of the curvature of the lens?
Data:
No.of Ring=N=15
Radius of ring =r =9 mm = 9 x10-3m
(Correction)
Wavelength of light =1 = 5.89 x 10~’m
Angle with the vertical =0 = 30°
Radius of curvature =R =7
Solution:
The radius of Nth dark ring is given by

NAR
cos 6

5%5.89%x10 "/ xR
9x 1073 = 2222~ 7
cos 30°

S.0.B.S
(9x1073)? =

—3 2
(9x1073)"x0.866
R = T

5% 5.89%10

R =23.8m

5%5.89%x10 /xR
0.866

23.8m
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Q.8: How far apartare the diffracting planes in a NaCl crystal for which X-rays of wavelength 1.54 A°make
a glancing angle of 15°-54’ in the 1st order?

Data: According to Bragg’s Law
Order of maximum=m =1 mA = 2dsinf
Glancing angle =6 = 15 degrees 54 minutes d=-"""

2sin 6

=0 =15 +2—§ =6+09 d = 1x1.54x10 10
9 = 15.9° © 2sin 15.9°
_ ~10
Wavelength of xrays=1 = 1.54 4° = 1.54 x d =2.81 x107m]
-10 Result: The between the atomic planes
107"'m
: -10

Distance between the atomic planes =d =? is 281 x107"'m.
Solution:

Q.9: A parallel beam of X-rays is diffracted by rocksalt crystal the 1st order maximum being obtained when

the glancing angle of inc gree and 5 minutes. The distance between the atomic planes of the
crystal is 2.8x10-10 m. avelength of the radiation
m

Data:
Order of maximum=
Glancing angle =60 = 6 ﬁinutes

=0 =6+ =6+008

3
Distance betwee lE!z' '
d=>! EEE

PAST PAPER

Q.2 (ii) Textbook problem 8

2019
Q.2(v) 271 fringes passed through a reference point when a movable mirror of Michelson interferometer is
moved by 0.08mm.Find the wavelength used in A°.

Data: R
No. of Fringes= m= 271 1= 21:8)( 10-5
Distance moved = A x= 0.08 mm=8 x 10->m T ~—+7
Wavelength = 1=? A=59 x1077m
Solution:
AXx = mT’l Result: The wavelength used is 5900 A°,
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Q.2(xii) A diffraction grating produces 3 order spectrum of light of wavelength 7000 A° at an angle of 30°
from the normal. What is the grating element? Calculate the number of lines per cm.

Data:

Order =m =3

Wavelength =4 = 7000 A° =7x 107 m
Angle =6 = 30°

Grating Element =d=?
No. of lines per cm =n =?
Solution:

mA = dSin6
mi

Sind
d= (3)(7x1077)
Sin 300

JUIN

2(vi) If the radius of 5th
what will be the radius
Data:

No. of Ring=N
Radius of ring =
Wavelength of lig H—l I

Radius o vature =
Solution:

No Numerical

The radius of Nth darkring is
given by
NAR

2(xi) Ifadiffraction grating produced a 3rd order spectrum of light of wavelength 7x10-7 m at an angle of

l[d =4.2 x10~°m)|

Or
d=42 x10"* cm
length of gratin
No.of Lines = g - 19 9
grating element
1
n=g
n= 1 = 238llmes
42 %10~

Result: The grating element is 4.2 x 10~ cm and

lines

no. of lines are 2381

30° from the normal. What is its spacing and also calculate the number of lines per mm?

Data:

Order =m = 3

Wavelength =14 =7x10"m
Angle =6 = 30°

Grating Element =d=?
No. of lines per cm =n =?
Solution:

mA = dSin6
_oma

Sinf

3)(7x1077)
Sin 30°

d =

ld = 4.2 x 10°°m)|

Or
d=42 x1073 mm
length of gratin
No.of Lines = g - 19 g
grating element
nel
d
n = 1 = 238lines
4.2 x10 mm

Result: The grating elementis 4.2 X 1073 mm

lines

and no. of lines are 238
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Q.2 (xv) Textbook Numerical 2

2015
Q2 (xv) Textbook Numerical 9

2014
Q.2 (vii) Textbook Numerical 4

2013
No Numerical

2012

Q-2(v) In a double slit experiment, eight fringes occupy 2.62mm on a screen 145 mm away from the slits.
The wave length of light is 545nm. Find the slit separation.

Data:

Slits separation = d =1.9 mm= ?

Fringe Spacing = Ax

ﬂm “ 27 x 10-4m
Distance of screen fro 45 mm
=0.15 m

Wavelength of Light = =545x10"m
Solution:

The Fringe spacing is given by

M Q n E 1L
Q.2 (vii) umerical 6

201
Q.2 (xiv) Ifther. e 'sring

125 mm, calculate the wavelength of the light.
Data:

No.of Ring=N =14

Radius ofring =r =1 mm = 1x103m
Wavelength of light =1 =?

Radius of curvature =R =125 mm = 0.125m

Solution:
The radius of Nth dark ring is given by
NAR
1Xx 1072 =vV14 x 1% 0.125
S.0.B.S
(1x1073)2=14 x A1 x 0.125
_ (1x1073)?
14 x 0.125

[2=571x10"% m|
Result: The light of wavelength used is 571 nm.
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CHAPTER 10 || GEOMETRICAL OPTICS

THEORY NOTES

GEOMETRICAL OPTICS:-

The study of nature and behavior of light is called optics which is a branch of physics., where the
wave nature of radiation need not be considered, but situation can be discussed in terms of rays, such
study is traditionally called Geometrical optics.

LENSES

Alens is a piece of trad t“rial that can focus a transmitted beam of light. This is usually bounded by
two spherical surface |l and a plane surface,Basica i ategories.

1. Converging or Convex lenses
2. Diverging or Concav

1. CONVERGING OR CONVEX LENSES:

A convex ' }'3'1 dle and
thinner at the edm <E:1 ds ifs optical axis.
(the line through its centre o curva?u?er,so thata
beam of lel rays converges at a poin

example in brig i ns caf’produce
bright spot of light intense enough to ignite paper.

2. DIVERGING OR CONCAVE LENSES:

A concave lens is thinner in the middle and thicker
at the edges light rays towards its optical axis. (the line
through its centre of curvature) ,so that a beam of parallel
rays diverges in different direction.

PRINCIPAL FOCUS OR THE FOCAL POINT:
The point F to which the rays are brought to focus is

called the principal focus or the focal point.

FOCAL LENGTH:
The distance between the optical centre of the lens and its principal focus is called focajénﬁgth
For Concave lens it is taken negative and for convex lens it is positive.

PROPERTIES OF RAYS:
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(1)  Aray comes parallel to principal axis after serving refraction passes through focus.
(2)  Aray comes through focus after refraction becomes parallel to principal axis.
(3)  Avraystrikes at center of lens refract without any deviation.

1 A :
0 > A _
~u3
2 0 F Q
I3

P 2F

———p ~—~—J,4— ]

f e

THIN LENS FORMULA

Let us consider je se real and inverted image is formed by a thin convex lens as shown
in figure. J l

As shown in thesfig ht angled trianglefOPX 3 imi

or Ny

1 ox Mg
Again riglmlﬁtr'ﬁgﬁ ﬁ)‘: rd IQF are also

EEm
X |

AX £, i
Q

_XF _
\ I QF_q—E7 ox

Since AX=0P, Therefore,

op _ XF
1Q ~ QF
p_ [
or 9 aq—f l : ;
L 1
p(q—f)=qf s q g
pq —pof =4qf

Dividing by “pqf” on both sides we get,

pe _pf _ 9

paf  pqf paf
_1_1
q9 D
or

+% This is known as lens equation of lens formula.
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COMBINATION OF LENSES

Lens are also used in combination as desired this combination may be of some type lens are in
different lens continuation may be in styles. i.e. (1) lenses are separated sufficiently or (2) may be in
contact or closer. Whenever parallel rays are desired to make again parallel the lenses are places such
that their separation is sum of their focal lengths are shown above i.e. focus of both lenses lies at a some
point.

Consider two lenses of focal length f1 and f2 placed in contact. First lens form the image at I1 of
object O at a distance q1 the lens equation for firstbe.

1 1

1 _ s
This image now es as the

Serv & virtual object for

atl ofob 0 at a distance q ,For second le mula
1 ..
\———?f ; ?—-(u)

2 q1 q

sfthe image

By adding equation (1) and (2)

1 1 11 1 N
— =4 =L —/=
fi f v ql/ql q
l1_1.,1
f_p+q
1 1 1
r -—=—+4—-
© F TR R

This close combination behaves as a single lens whose focal length is given by the above
relation.The power of combination is given by,

MAGNIFYING GLASS(SIMPLE MICROSCOPE)
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Sometimes tiny objects are desired view in fine detail of which brought closer to eye for getting
greater visual angle but object becomes within least distance of distinct vision consequently being closer
could not viewed distinctly . For removing this difficulty converging lens (convex) is used in between

object and eye to view virtual image at least distance 25cm at greater visual angle as shown in figure such
used convex lens is called magnifying glass.

ANGULAR MAGNIFICATION:

Let us consider a small object OP which is placed at a distance p within the focal length of
magnifying glass “L” such that its erect and virtual magnified image 1Q is formed at least distance of

distinct vision “d” as shown in figure. The magnifying power of magnifying glass is given by

= E -------- (1)

(24

where « is the visual angle subtended by object when placed at least distance of distinct vision.
is the visual angle subte cntl “image seen through the magnifying glass.

tan « = —, since « is small —

d
< tan «
g OF "
La= y

In right angled -

tanff = g

p

putting values of @ and f in eq(i), we get

<

&
N
L
N
N

- (@) ;
or M=(5)/() s
&&——q= d >
M= ;“7 -------- (i)

From the lens formula ,we have
11,1

f p q

For Magnifying Glass we have p=+p, q=-d and f= +f
1_1_1

fop
Multiply by “d” on both sides, we get
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M=1 +}% This gives magnifying power of magnifying glass.

COMPOUND MICROSCOPE

Microscope is used extensively in biological researches and in sum researches physic by

microscope small objec and other carriers of disease are magnifications sufficiently for detail
examination.

[
CONSTRUCTION: l I
It consists of tw: f»ﬂ;ﬂg lenses. One called |© i other eye
le Rctiyve

piece of relatively long ( fo >fe) objectis plac

focus in order to get magnified real i 1ma e which is the
glass as shown 1!M0
- - -

Final image

1

F A
(X
A 4

ANGULAR MAGNIFICATION: —
The magnification power of microscope could as calculated. The magnification of objective is
M, =2

Where q, image distance from objective and p, object distance from objective. Magnification of eye
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piece uses as magnifying glass is

Where d = least distance of distinct Vision = 25cm
Net magnification of combination in microscope is
M=M,xM,

Putting values of M, and M, ,we get

This gives magnifying power of compound microscope.

ASTRONOMICA e
1
CONSTRUCTION: f u ﬂN . g -
se i

The telescope is the distant object, likﬁ pla the i rri bygtelgscope is

not greater one but near to eye. Telescope is consists 0_e0 ih speneobjective of lo
length ‘fy’ and e)M ﬁi"'iocal length ‘ h the
. Qo 1 ject havi '

image is virtual i e o view heav vin

called Astronomical telescope.

Object at
infinity

|

er focal
ure,final

Il

ANGULAR MAGNIFICATION:
The magnifying power of telescope is given by
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where « is the visual angle subtended by objectand image respectively.

in right angled triangle 1X1Q

tan « = i, since « is small
QX4
stanx = a
g = 22
QX4
1Q
or a=—
fo
in right angled 36'("
0 . .
tanf = Do since « is small

“¥0R
I

np=2
EEE
putting values of @ and f in eq(i), we ge
\ M=SQZ/$Q’ 2

— (%) / (Ll
or m=(%)/(%)
M= % This gives magnifying po
and Jis the length of astronomical telescope.
TERRESTRIAL TELESCOPE:

As astronomical telescope forms inverted final images of heavenly bodies like moon and stars
which are acceptable. But when terrestrial objects are to be viewed, it is necessary to have an erect final

to the magnification of astronomical telescope but it just gives erect image.

GALILEAN TELESCOPE

Galilean telescope is a convenient reduced length terrestrial telescope developed by Galileo. He
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replaced two convex lenses erecting and eye-piece by single concave lens which does two jobs erection
and magnification simultaneously as shown in diagram.

Magnification of Galilean telescope is computed maximum magnification i.e. when parallel rays,
coming from object at infinite are again made parallel by concave lens for getting such focusing of
telescope, focus of both converging and lenses lies at a single point a shown below diagram.

9"&(&‘(
“'f"*r.'. N
AN \\
\\\\\
\)Id%wﬂk \\
xl
JOIN'
|
|

ANGULAR MAGNIFICATION:
The mag wElff'e is given by
EEE
M = ; ------------ (l)

wlwwjec :

in right angled triangle 1X1Q

i ; .
tan « = i, since « is small
QX4

Stfan X =
I
wa=22
QX
1Q
or a =—
fo

in right angled triangle 1X2Q

10 ~
tan f = ——, since « is small
QX,

~tanf =

wp=

QX
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or B = %

putting values of @ and f in eq(i), we get
M=)/

or =)/ (%)

M=l This gives magnifying power of astronomical telescope.

e

and L=f,+f,| s thelength of astronomical telescope.

DEFECTS IN LENSES OR LENS ABERRATION

The defect in thd’lﬁlm“tion by the lenses are due to two common reasons.
1. Spherical Aberratio
2. Chromatic Aberration - I
£ e
1.SPHERICAL ABERRA n
When rays of light parallel'to the principal

axis of a lens pa
these are broug

S e rtspedges,

M‘ﬂlﬁfi rle than
those rays which #égiof nearer to
its centerglherefore, the focusis nota s int
but is COHM
This produces blurred images. This problem is
knows as spherical aberration as shown
in fig.

This defect can be minimized by following ways®

i. By using only the central portion of the lens. This can be achieved by using a stop on the lens which
makes effective aperture of the lens small.

ii. By making opposite surfaces of the lens of different curvatures.

iii.By combining a strongly convergent lens of producing little spherical aberration with a weaker
diverging lens producing equal amount of aberration in the opposite direction.

CHROMATIC ABERRATION: :
The fact that different wavelengths of light refracted by lens focus at different points w L

chromatic aberration as shown in fig. Actually a thick lens may be regarded as made up of two prism (=

placed one above the other and due to dispersion of the refracting medium of the lens different wave

length of light focus at different points. Hence image formed by lens consists of small linear spectrum.
Chromatic aberration for a diverging lens is opposite to that for a converging lens.
This defect can be reduced to alarge extent by combining Converging lens of crown glass with a
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diverging lens of flint glass. These lenses are so chosen that dispersion of one is equal and opposite to
that of the other. Lenses which are free from dispersion are called “achromatic lenses”

A 4

4

JUINM°C°

1. Power of a lens is eqfﬂ n
(a) Focal length in meters

(b) Reciprocal of focal length

(c) Double of foc ' ' '

(d) Half of focal | il

2.A terreW
an erecting lens to a:

(a) Prism spectroscope (b) Reflecting
telescope

(c) Field telescope
telescope

(d) Astronomical

3. In an astronomical telescope objective is a:
(a) Concave lens of large focal length

(b) Convex lens of large focal length

(c) Concave lens of small focal length.

(d) Convex lens of small focal length.

4. The focal length of magnifying glass is equal to
the least distance of the distinct vision. Its angular
magnification will be :

@6 (b)5 ()2 (@1

5. A lens of linear magnification 2 is placed
between as object and a fixed screen. If size of

Viole
‘0 ¢l Red

7. The magnifying power of a lens of focal length
1/2mis:

(a) 1 dioptre (b) 2 dioptres

(c) 50 dioptres (d) 100 dioptres

8. In a convex lens of large aperture fails to
converge the light rays incident on it to a single
point, it is said to suffer from?

(a) Chromatic aberration (b) Spherical
aberration

(c) Both spherical and chromatic (d) Distortion

9. The distance between the principal focus and
the optical center is called:
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(a) Aperture
(c) Principal axis

(b) Focal length
(d) Radius of curvature

10. If the length of the telescope is 96cm the focal
lengths of its lenses is:

(a) 100cm, -4cm (b) -80cm, -6cm

(c) 90cm, -6cm (d) 90cm, 6cm

11. Two convex lenses of same focal length 'f' are
combined together. The focal length of the
combines lens is:

(a) 2f (b) f/2

(c) 2+f (@ 2-f

12. The magnifying pod'ﬂ Il“
microscope:

(a) Increase with increase in focal length

(b) Increase with decr length

(c) No effect with decrease@ri ase with the
focal length

(d) Equals to dismu’nn E ' ' '

13. If an object is placed at princip efocus F' of a
convergi s, the image will be formed:
(a)atF

(c) atinfinity (d) between focus & optical center

14. Least distance of distinct vision of normal and
healthy people:

(a) Increases with increase in age

(b) Decreases with increase in age

(c) Neither increases nor decreases

(d) Becomes infinite after 60 years

15. The length of a Galilean telescope when

focused for infinity is:
(a) fo/fe (b) fe /fo
(c) fo + fe (d) fo -fe

16. Final image produced by a compound
microscope with respect to the object is?
(a) Real and inverted (b) Real and erect

(c) Virtual and erect (d) Virtual and inverted

17. By using adjustable aperture of a lens we can
reduce the defect of the lens which is called:

(a) astigmatism (b) spherical aberration
(c) chromatic aberration (d) none of them

18. Alens, which is thicker at the center and
thinner at the edges, is called?

(a) Concave lens (b) Convex lens

(c) Plano-convex lens
lens

(d) Plano concave

19. If magnifying power of simple microscope is 6,
the focal length of lens used is:

22. Magnification of the astronomical telescope
is?

(a) fo + fe
(c) fe / fo

(b) fo / fe
(d) (1 + fo/fe) L/fo

23. The function of collimator in spectrometer is?
(a) To produce parallel beam of light

(b) To filter the light rays

(c¢) To make them mutually perpendicular>
(d) No function

24. Chromatic aberration can be removed by
combining:
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(a) A convex lens and concave lens of same type

of glass. 25 .The final image of Astronomical telescope is:
(b) Two convex lenses of different types of glass (a) Real erect enlarged (b) Virtual erect

(c) Two concave lenses of different types of enlarged (c) Real inverted enlarged (d)
glass. Virtual inverted enlarged

(d) A concave lens of one type of glass and a
convex lens of another types of glass

PAST PAPER M.C.Qs.

2022
21.If Mo and Me are magnifying powers of objective and eye piece of a compound microscope
respectively, then total magnification will be

* Mo x Me *Mo - glu *Mo + Me * Mo /Me
25.In a spectrometer, a of light is obtained
*Collimat :

* Diffractio

* Beam Splitter

30.2nd condition of equilibr
*YF=0 *¥P =0

*t=0

M 0 n E EEE 202

(xii) In compound microscope, the image by oBj

*Virtual an nified *Real ied ini i

diminished I
—

(xiii) The point in the lens through which the light ray Eeviatio“'!#

* Optical centre *Principle axis * Optieal axi *Pole

(xvi) An astronomical telescope when focused for infinity with focal length of objective is 60cm and a

focal length of eye piece is 3cm, the length of telescope is:
*63cm *20cm *57cm *180cm

(xvii) In convex lens when an object is placed beyond 2F then its image will be formed:
*at 2F on the other side *between F and 2F on the other side
* beyond 2F on the other side * at infinity

(xxxix) The magnifying power of Astronomical telescope is:
* fo+fo *fofe * fo+fe *f-fe

2019
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8. In a spectrometer, the focal length of convex lens is equal to length ofits:

*telescope *obstacles *collimator *turntable
2018
8. The focal length of magnifying glass is equal to the least distance of the distinct vision. Its angular
magnification will be :

*6 *5 *2 *1
12. A lens of linear magnification 2 is placed between as object and a fixed screen. If size of image is
6cm, the size of the object will be:

*0.5cm *2 cm *3cm *18 cm
2017
13. An astronomical telescope i sed at infinity. The fo cal length of objective is 0.2 cm and that of the
eye piece is 5cm, the le F ope is:
*2.5 cm 4 cm

7.The magnifying poweE Bf focal length 1/2m
*1 dioptre *2 iog *50 dioptre
9.The distance b n_the princi s and the op
*Aperture m EE iﬁ *Pri
EEE
10. The final image formed by a compou i e i
*virtual aM iy
* real and magnified tual andimagnified

16. Two convex lenses of same focal length 'f' are comBi
lens is:

*2f /2

6. If an object is placed at principle focus 'F' of a converging lens, the image will be formed:

*at F *at 2F *at infinity * between focus & optical center
10. The length of a Galilean telescope when focused for infinity is:
*fo/fe *fe /fo *fo + fe *fo - fe
2013
4. In the terrestrial telescope, the central lens is used to:
*erect the image *increase magnifying power
*both of these *none of these

12. Power of magnifying glass having focal length 5cm is:
*5 dioptre *10 dioptre *20 dioptre *50 dioptre

2012
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1. The length of Galilean telescope is equal to:
*fo/fe *fo- fe * fe- fo *fe+ fo

4. If magnifying power of simple microscope is 6, the focal length of lens used is:

*6 cm *S5cm *25 cm *-5cm
2011
3. The magnifying power of a lens of focal length 25 cm is:
*1/2 *1 * zero *2
2010
3. By using adjustable aperture of a lens we can reduce the defect of the lens which is called:
*astigmatism * spherical aberration
* chromatic aberration * none of them
9. If the power of conve 4 diopter, what is the focal length of the lens:
*20 cm *25

*10 cm *50 ¢

Q.1: An object 4 cm tall is placed near the thm ¢o i f the lengt ehs is 25
cm, where e image be formed an a)
dlagram m

Helght of Object=h, = 4 cm
Focal length oflens = f = 25 cm
Image distance = g =?

Height of Image =h; =?
Object distance = p = 33.33 cm

Solution:
Using Thin Lens Formula
1 S
fpr q
1 1 1
25  33.33 +E
11 _1
25 3333 g
0.04 — 0.03 = ;
001=1
q
q =100 cm
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i_i
ho_p

hi _ 100
4 3333
h, =12 cm

Result: The image will be formed at 100 cm from lens and the size of the image will be 12 cm.

Q.2: A convex lens has a focal length of 10 cm. Determine the image distances when an object is placed at
the following distances from the lens. 50 cm, 20 cm, 15 cm, 10 cmand 5 cm

(iii) Object distance = p= 15cm

Data:

Focal length oflens = f = 10 cm
Image distance = q =?

(i) Object distance = p= 50cm

(ii) Object distance =
(iii) Object distance = ﬂ
(iv) Object distance =
(v) Object distance =
Solution: I h
Usmg Th1n Lens Fo
7 - 5 E
1_1 EEE
10 50 + q
B
5
4 1

50 ¢
q———125cm
(ii) Objectdistance = p = 20 cm

1

10 20 ' gq

1

10 20 q

N

20_q

Result: The image will be formed at 12.5 cm, 20
cm ,30 cm,Infinity and -10 cm.

Q.3: Two converging lenses of focal lengths 40 cm and 50 cm are placed in contact. What is the focal length

of this lens combination? What is the power of the combination in diopters?

Data:

focal length of firstlens = f; =40 cm
focal length of second lens = f, =50 cm
focal length of combination = f =?
Power of combination =P =?

Solution:

The power of combination of lenses is¢
given by

I
I
_|_
I

ol e N e
NN
o
U1
o
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or f=022m
According to the definition of power of lens
1
P=7

1 .
P = 022 4.5 diopters

Result: The power of combination is 4.5 diopters

and focal length is 22.2 cm.

Q.4: A converging lens of focal length 20 cm is placed in front of a converging lens of focal length 4 cm. What
is the distance between the lenses if parallel rays entering the first lens leave the second lens as parallel

rays?

Data:

Distance between lenses=L =7
Focal length of 1stlens = f1 =20 cm
Focal length of 2M lens = f2= 4 cm

incoming

Lens 1 I Lens 2

NORE!!!

Data:

Distance between lenses=L=7?

Focal length of 1stlens =f1=-12.5 cm
Focal length of 2nd lens = f2= 50 cm
Solution:

Q.5: A pagallel light beam is diverged by
once more b lens of foc .How fa

Solution:
According to the figure
L=fi+f
L=20+4

Result: The distance between lenses is 24 cm

Result: The distance between lenses is 37.5 cm

Q.6: Two lenses are in contact, a converging one of focal length 30 cm and a diverging one of focal length -
10cm. What is the focal length and power of the combination?

Data:
focal length of firstlens = f; =30 cm
focal length of second lens = f, = —10 cm

focal length of combination = f =?
Power of combination = P =?

Solution:
The power of combination of lenses is
given by
11,1
TR

11
AT
1_1_1
Ff 30 10
1__2
f 30

or f=-015m

According to the definition of power of
lens
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P = Result: The power of combination is -6.67
diopters and focal length is 15 cm.

1

Or ~ Co1s)

= —6.67 diopters

Q.7: Moon light passes through a converging lens of focal length 19 cm, which is 20.5 cm from a second
converging lens of focal length 2 cm. Where is the image of the moon produ ced by the lens combination?

Focal length of Objective = f, = 19 cm Now, Distance between lenses
Focal length of Eye Piece =f, = 2 cm L=p, +q,

Distance between Lenses = L = 20.5 cm 205=p, +19

Object distance from objective = p, = oo

Image distance from Objective = g =7
Image distance from Eye piece = g, =7

For Eye Piece:

0 H p
E § bf
L
<« q q ' '
. . EEN
For Objective:
1t 1
19
1 1
o= 0+ a
1 =1
19 q,

Q.8: Find the distance at which an object should be placed in front of a convex lens of focal length 10 cm to
obtain an image of double its size?

Data: Using Thin Lens Formula
Object distance =p =? 11,41
Focal length oflens = f = 10 cm fl pl 1 1
Linear Magnification = M = 2 0 p T 2
Solution: 1 2p_+2p
e e 10 2p
Magnification is given by 1 3
M=1 10 2p?
P 1_3
2=41 10~ 2p
P
—
For Virtual Image:
For Real Image:
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Using Thin Lens Formula

1_1,1
f r o q
11 1
0 p
1 _ 2p—p
10 2p?
1 _p
10 2p?

1 1

10 2p

Result: For real image the object should be
placed at 15 cm and for virtual image object
should be placed at 5 cm.

Q.9: A compound microscope has a 12 mm focal length objective and a 75 mm focal length eye piece, and
the two lenses are mounted 200 mm apart. If the final image is 225 mm from the eye piece, what is the

magnification produced?
Data:
Focal length of Objective = f, = 12 mm

Focal length of Eye Piece = f, = Z5 mm
Distance between lense i mm
Magnifying Power = ’

Image distance from eye piece =q, = —225 mm

OBJECTIVE I on
. " p

e po s qo
! i

AJIBH

2z
Lo |

"'TRAY DIAGRAM OF COMPOUND MICROSCOPE

N

Solution:

For Eye Piece:
1 1 1

fe  Pe de
1 1 1

75 p, = (—225)
1 1 1
— — ==
75 225  p,
Aned

225 p,

Q.10: An astronomical telescope of angular magnification 1000 has an objective of 15 m focal length. W

is the focal length of the eye piece?
Data:

Angular Magnication =M = 1000
Focal Length of Objective = f, = 15m
Focal Length of Eye Piece = f, =?
Solution:

Pe = Zz—s =56.25 mm

Now , Distance between lenses
L= pe + qO

2 is given

= (22)(1+2)
M = (11.05)(4)
Result: The magnification of compound
microscope is 44.

Angular Magnification of Astronomica
telescope

M=l
fe

_15s
1000_f

e
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OBJECTIVE EYE PIECE

.ope .
!

o ) e
F‘?ﬁk AP ; %7 fe—m
i f. =0.015m

or f. = 15mm
Result: The Focal Length of Eye Piece is 15 mm.

AIIBH

=7
et ]

L‘TRAY DIAGRAM OF COMPOUND MICROSCOPE ‘

Q.11: A Galilean telescope has an objective of 120 mm focal length and an eye piece of 50 mm focal length. If
the image seen by the eye is 300 mm from the eye piece, what is angular magnification?
fo Angular Magnification of Galelean

fe

Telescope is given by

_fo
/\ M = Pe (1)
\ For Eye Piece:

I

\/ 1_1.1
Data:

Angular Magnic

Focal Length of i Zl 'ul

Image distance f; ye piece =¢,=""800 mm
Focal Le of Eye Piece = f, = 50 mm

Solution: S hifiCa tie : e i§ 2.8
Q.12: A compound microscope has an objective with a foc 3 firl ( 0 » 100 mm long. An

image is produced 250 mm from the eye piece when the obje g'objective. What'is the
angular magnification?
Datai
Focal length of Objective = f, = 10 mm Now , Distance between lenses
Distance between lenses = L = 100 mm L=p,+q
o e 0

Magnifying Power =M =? 100 =p, +60
Image distance from eye piece =q, = —250 mm p. = 40 mm
Ob]ec.t distance from objective = p, = 12 mm For Eve Piece:
Solution: : T 11
For Objective: 5P, + 7.

r_1.,1 1_1 L

fo po 4o £, 40 (=250)

1,1 1_1_t

10 12 qq f, 40 250

i_1_1 r_2t

10 12 qq f. 1000

1_1

60 qq
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f. =% =47.6 mm

And Magnification of microscope is given

- ()4

M=) (1+3)

by

M = (5)(6.25)
Result: The magnification of compound
microscope is 31.

Q.13: A converging lens of 4 dioptres is combined with a diverging lens of -2 dioptres. Find the power and

focal length of the combination?
Data:
Power of firstlens = P; = 4 diopters
Power of second lens = P, = —2 diopters
Power of combination = P =?
focal length of combi 0v|="=7
Solution:

The power of combination of lenses is
given by

-FOR

P=4+ (-2)
Q.14: A convex le
cm towards the

p 20cm
P-60 80cm
Data:

Initial Image distance =q = 20cm
Initial Oject distance =p

Final Image distance = q' = 80cm
Final Object distance =p = p — 60
Focal length oflens =f =7

Solution:
For 1st Case:

=
i ject on a fixed Sc
WEEI!xormed on the
‘ EEE

|P = 2 diopters|

According to the definition of power of

lens

p 20 p-60 ' 80
20+p _ 80 +p—60
200 80 (p—60)

20+p _ 20+p
20p 80p —4800
1 1

20p  80p —4800
80p — 4800 = 20p
60p = 4800

To find focal length putting in eq(i)
1_t.1
£ 80 ' 20
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1 5

f 80
8

f=?0=16cm

Result: The focal length of the lens is 16 cm.

Q.15: Two converging lenses are 25 cm part. Focal length of each is 10 cm. An object is placed in front of
one lens at 50 cm. Find the distance between the object and the final image?

Data:

Focal length of 1stlens = f; = 10 cm

Focal length of 2ndlens =f, = 10 cm

Distance between lenses = L = 25 cm

Distance between the object and the final image
=p, +L+q,=?

Object distance from 1stlens =p; = 50 cm

JOIN

pl p2 q2
. EEN

Solution:
For 1st IEIN. 2

1 1

== e—=db—

fi p1 a1

r—1,1

10 50 ' q

1, 1 _8

10 50 q,

4 1

50 4
|q1 =125cm

Now, Distance between lenses
L=p,+q,
25=p, +12.5
|p2 =125cm

For 2nd Jens:

d the final

PAST PAPER NUMERICALS

2022

iif) Two converging lenses of focal length 40 cm and 50 cm are placed in contact. What is the focal length of

this tens combination?

Data:

focal length of firstlens = f; =40 cm
focal length of second lens = f, =50 cm
focal length of combination = f =?
Power of combination =P =?

Solution:

The power of combination of lenses is
given by

el e N e
N
o
U1
o
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Q.2 (vi) An astronomical telescope with small amplitude has an objective whose power is 2 diopters. The
lens is placed 60cm from the eye piece, when the telescope is adjusted for minimum eye strain. Calculate

the angular magnification of the telescope.

Data:
Power of Objective= Po =2 diopters
Distance between lenses =L = 60 cm=0.6 m
Angular magnification = M=?
Solution:
The angular magnification of telescope is

given by

M = £ - (D)

And the length o#ﬂ:l “Ven by

Q.2(ii) An astronomical telescope having angular magnifi

Fmd the power oMﬁn E ' ' '
EEE

Magmﬁcatlon M=5

Length of Ngope= L=24m 7
Power of Objective = ?

Power of Eye Piece = Pe=?

Solution:

L=fy+f,
24=fo & fo ()

Putting in equation (i)

1,1
0.6 =2+ 7
= 1
0.6 =0.5+ )
~=06-05=0.1
So, P, = = 10 diopter
Putting values in equatlon (D)
10
M=5
M =5

Result: The magnification of telescope is 5.

And

-1 _ 1 _
P, = = o0 25 Dioptre

Result: The powers of lenses are 5 dioptre and
25 dioptre.

(=] 3

Q.2(vi) An astronomical telescope has a length of 105 cm and its magnification is 6. Determine \th_ip’gv iy ¢ i‘i

objective and eye piece?

Data:

Magnification= M= 6

Length of Telescope= L =105 cm
Power of Objective = Po=?

Power of Eye Piece = Pe=?
Solution:

L= fO + fe

105=fo + f, ()
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fo
v M=Q
fe

6="L
fe

Putting in equation (i)
105=6 fe+f,
105=7 fe

|fe =15 cm| Or|fe = 0.15 m|

Then

fo = 6x 15 =90 cm|Or|f, =09 m

Now,

1 1 :
P, = oo 6.66 Dioptre

And

1 _ 1 .
P, = fe =8 1.11 Dioptre

Result: The powers of lenses are 6.66 dioptre
and1.11 dioptre.

2(xv) A microscope has an objective of 12mm focal length and eye piece of 25 mm focal length. What is the
distance between the lenses? What is the magnifying power if the object is in sharp focus when it is 15 mm

from the objective?
Data:

Focal length of Objecti mm
Focal length of Eye P mm

Distance between lenses = L =?

Magnifying Power = M
Object distance from o g n
pi e

Image distance from e

=15mm
= —250 mm

Solution:

For Objective:
i_1. 1
fo  Po 4o
1 _ 1,1
12 15 ' qq
1 il gl
12 15 q,
3 1
180 q

2 IS given

M= (411

Result: The distance between lenses is 82.72 mm
and the magnification is 44

Q.2(xii) Alens 2 cm focal length is to be used as a magnifying glass. How far from the lens should the object
be placed? What s its magnifying power?

Data:

Focal Length =f =2cm

Image distance = q = -d = -25cm
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Magnifying Power =M =7?
Solution:
As we know that

11,1
—==4-=
f p q
1_1 1
2 . T s
1,1 1
PR
27 _1
50 D
Q2 (x) Textbook Numerical 13
No Numerical

JOIN

Q.2(xv) A watch maker uses a magnifying glass of local le

he holds the glass close

Data:
Focal length oflens =5 cm

Position of objec ' ' '
Linear magnifica
Solution: u n: EEE

agnification of Magnifying
d

f

_ .2

M—1+5
M=6

As we know that
1 1 1

f p q

2013

Or P = 20 _ 1.85 cm
27

Now, Magnification of Magnifying Glass is given
by

_ d_ 25
M=1+2=1+7

M =13.5
Result: The object should be placed at 1.85 cm
and the magnification is 13.5.

distance

should be 4. 16 cm.

Q.2 (vii) A magnifying glass of focal length 6 cm is used to see a small specimen. The least distance of
distinct vision of the observer is 25 cm. What is the magnifying power of the lens?

Data:
Focal length of Magnifying Glass =f= 6 cm
Least distance of distinct vision = d = 25 cm
Magnifying Power =M =7
Solution:

The magnification of magnifying
glass is

- d
M=1+%
M=1+2
M = 5.16

Result: The magnifying power of the lens is 5.16.
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2012
Q.2 (xii) Same as 2018 Q.2 (vi)

2011
2(xv) Two converging lenses of focal lengths 30 cm and 60 cm are placed in contact. What s the focal
length of this combination? Calculate the power of the combination in dioptres.

Data:
focal length of firstlens = f; =30 cm or f=02m
focal length of second lens = f, = 60 cm According to the definition of power of
focal length of combination = f =? lens
Power of combination = P =? p=1
Solution: f
The power of combination of lenses is Or P = 01_2 = 5 diopters
given by '
l_ 1S
i dﬂ I “ Result: The power of combination is 5 diopters
1 ; <20
7=
£
J/

Q.2 (xiii) A magnifyi

— &
FOR
201

SS pro image of magni
best position of Wﬁﬁr holds the sa
of the watch? EEE
Data:
Power ofu
Position of object =p =7

Linear magnification = M= 6
Solution:
The magnification of Magnifying Glass

d
M=1+-
+f

_ 143
6—1+f

52
~F p=416cm
Result: The magnification is 6 and object distance

Power of lens is given by should be 4.16 cm.

1 _ 1 .
P piriayrie 20 diopter
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