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‘ Chapter 01 INTRODUCTION TO PHYSICS

| What is Natural Philosophy?

The study of nature and its phenomenon in orderly manner is called Natural philosophy. It is earlier observations of
man about the world around him.

| Give the Classes of Study of nature OR What is difference b/w Biological and Physical science

The study of nature is further divided into two branches

Biological sciences Physical sciences
The study of living things is called biological sciences. | The study of non-living thins is called physical sciences
For example Zoology, botany etc. For example physics, chemistry, math

| Define Physics.

The branch of Science which deals with the study of matter, energy and their relationship is called physics.

\ Write the Main frontiers of fundamental sciences.

There are three main frontiers of fundamental sciences
i.  The world of largest things like universe
ii.  The world of smallest things like electrons protons etc.
iii.  The world of middle sized things, from molecule to Earth. These frontiers are heart of fundamental science.

| Give the Areas of Physics?

There are two areas of physics

Disciplinary Areas of Physics: These are the pure branches of Physics like Mechanics, optics, sound etc.
Interdisciplinary areas of physics: These are the branches of Physics link with other fields of sciences like Bio
Physics, Astro physics, Chemical Physics.

| Define the Branches of Physics (Nuclear, solid state, particle physics and Relativistic mechanics).

There are many Branches of Physics, some of branches are as follows

o The branch of physics which deals with study of atomic nuclei is called nuclear physics

o The branch of physics which deals with study of structure and properties of solids is called solid state
physics.

o The branch of physics which deals with elementary particles/ultimate particles is called particle physics

o  The branch of physics which deals with motion of such objects whose speed is approaching the speed of light
is called relativistic mechanics.

+» Mass is form of energy. How much energy is obtained from one kilogram mass?

mass =1kg, C =3*10°m/s, E =?
E=mc?=1* (3*108)2 =9*10'°J
s What is light year? Write its value.
The distance which light travel in one year is called light year. Its value is 9.5*10% m.

| Give the Importance/Role Of Physics in few lines.

Physics plays an important role in the development of science and technology
information media and fast mean of communication made the world global village
The computer networks are product of silicon chips

Silicon is obtained from sand
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| 1.2 PHYSICAL QUANTITIES

\ What are Physical Quantities? Give examples

All measurable quantities are called Physical quantities like mass, temperature, force etc. It has two types, base
quantities, and derived quantities.




What are Base Quantities? Give examples. |
“The quantities which are not derived from other quantities are called base quantities”. Like mass, length, time etc.
What are Derived Quantities? Give examples. |
The quantities which are derived from base quantities are called derived quantities. For example force, velocity,
acceleration etc.
\ What are the Steps For Measurement Of Physical Quantity? \
There are two steps for measurement of physical quantity
i.  Choice of standard
ii.  Toestablish procedure to measuring physical quantity
| What are the Characteristics Of An Ideal Standard? |
There are two characteristics of an ideal standard
i.  Itisaccessible
ii. Itisinvariable
| What is International System Of Units? From which types of units it is built up from? |
A system that was established in 1960 which describe the units of physical quantities is called SI. It is built up from
three types of unit’s base, derived and supplementary units.
| Define Base Units. Write the table for base units. |
The units of base quantities are called base units. There are seven base units in SI

No Quantity Unit Symbol
01 Length Meter m
02 Mass Kilogram kg
03 Time Second S

04 Temperature Kelvin k

05 Electric current Ampere a

06 Intensity of light Candela cd
07 Amount of substance Mole mol

\ Define Derived Units. Give examples. \

The units of derived quantities are called derived units. Like unit of force is newton, unit of pressure is Pascal.
What are Supplementary Units? OR Define Radian and Steradian. |

“The units which were not classified in SI as either base or derived units called supplementary units”. There are two
types of supplementary units which are as follows.
Radian: Plane angle b/w two radii of a circle whose arc length is equal to radius of circle is called radian. It is two
dimensional angle.
Steradian: Solid angle subtended at the center of sphere whose area is equal to square of its radius is called Steradian.
It is three dimensional angle whose value is 4.

Quantity Unit Symbol Value Dimensional
Plane angle Radian Rad 2n Two
Solid angle Steradian Sr 4n Three

| What is Scientific Notation? give example |
Such a technique in which numbers are expressed in standard form by using the power of ten is called scientific
notation. Like 134.7 is written as 1.347*102, 0.0023 is 2.3*10°3.

| Write the Conventions for indicating units?/ Rules for writing units. |
There are following conventions of indicating units
i.  Full name of unit does not starts with capital letter if named after scientist e.g newton, ampere etc

ii.  The symbol of unit after a scientist has initial capital letter e.g N for newton

iii.  Prefixes should be used before unit like mA, micro meter etc

iv.  Combination of base unit is written with one space apart e.g N m

v.  Compound prefixes are not allowed, 10-**10 A, we cannot write it mmA. Its correct form is 10°A(microA)

vi.  When a multiple of base unit is raised to power of ten then power is applied to whole multiple not on base unit

alone like 1Km?=(10°m)?=10°m?.




PREFIXES TABLE

Prefix Factor Prefix Factor Prefix Factor
Atto 1018 Milli 107 Killo 108
Femto 101 Centi 102 Mega 10°
Pico 1012 Deci 10 Giga 10°
Nano 10° Deca 10! Tera 102
Micro 10°© Hecto 102 Peta 10%

Exa 10%8

| What is error? Write causes of error also differentiate b/w Random error and Systematic error.

Error: Difference of actual and observed value is called error. Error=Actual value- observed value
Causes of error: There are following causes of error
i.  Negligence of person
ii.  Inexperience of a person
iii.  Faulty apparatus
iv.  Incorrect method or technique
Types of Error: There are following types of errors

Random Error Systematic error

Such an error which occur when repeated measurements | Such an error which occur due to faulty apparatus as
give different values under same condition is called zero error in instrument is called systematic error.
random error.

It is removed by taking the average of several readings. | It is removed by applying correction factor.

What are Significant Figures? Write the rules of significant figures. Also describe the rules for
rounding off a number

Definition: In any measurement, the accurately known digit and first doubtful digit are called significant figures.
Rules of significant figures: There are following rules of significant figures
i. Alldigits 1,2,3,4,5,6,7,8,9 are significant
ii.  Zero may or may not be significant
ili.  Zero b/w two significant figure is significant like 102, 1.003 etc.
iv.  Zero to left of significant figures is not significant like 0.003 has one significant
v.  Zero to right of significant figures may or may not be significant, in decimal fraction zero to right is
significant like 3.40, in this 0 is significant but in case of integers it is found by accuracy of measuring
instrument.
vi.  In measurement in scientific notation, the figures other than the power of ten are significant like 8.70*10° has
03 significant figures
Rules for Rounding off a Number: There are following rules of rounding off a number
i.  Ifthe first digit is less than 5 then last digit retained should not change. i.e. 3.23 is round off as 3.2
ii.  If the first digit is greater than 5 then last digit retained is increased by one like 3.56 is round off as 3.6
iii.  If the last digit is 5 then previous digit is increased one if it odd, and no change if it is even like 3.75 as 3.8
and 3.45as 3.4
Important rule: In multiplying or dividing numbers, keep a number of significant figures in the product or quotients
not more than that contained in the factor containing least number of significant figures. Also in addition and
subtraction For example

5.348*107 *3.64*10*
1.336

figures so the answer should be written uptothree significan t figures so correct ans is 1.46 *10°

72.1+3.42 +0.003 = 75.5231s rounded off as 75.5, 2.7543+ 4.10+1.273=8.1273is rounded off 8.13

=1.45768982*10°, In this the factor 3.64 *10* least accurate three significan t




| What is Precision And Accuracy? OR What is difference b/w Precision and Accuracy?

Precision Accuracy
The least count of measuring instrument is called The measurement which is less fractional or percentage
precision and measurement which has less absolute uncertainty is called accurate. This property is called
uncertainty is called precise measurement accuracy.
Smaller the least count more precise will be the Accuracy means how a measured value is close to the
measurement. actual value

| What are Absolute uncertainty, Fractional uncertainty and Percentage uncertainty?
These have following formulas

Least count= Absolute uncertainty,
For example least count of Vernier calipers is 0.1 cm this is absolute uncertainty or precision

. . least count
Fractional uncertainty = —
measurment
. least count
Percentage uncertainty = ——*100
measurment

Example 01: For example for instrument L.C=0.1 Cm Measurement=25.5cm calculate uncertainties

Absolute uncertainty= 0.1 cm

0.1cm =0.004 Percentage uncertainty = 0.1cm

.5cm 25.5¢cm

Fractional uncertainty =

*100=0.4%

| Example 02: For example for instrument L.C=0.01 Cm Measurement=0.45 cm calculate uncertainties
Absolute uncertainty= 0.01 cm

0.01cm =0.002 Percentage uncertainty = 0.01cm

Fractional uncertainty =
45¢cm 0.45cm

*100 = 2%

| Assessment Of Total Uncertainty In Final Result |
The total uncertainty in the final result is calculate in different cases, which are as follows

\ i.  Incase of Addition and Subtraction \
Rule: “Absolute Uncertainties are added”.

For example, distance x1=10.5+0.1cm, x2=26.8+0.1cm, then x=x2-x1=((26.8-10.5)+(0.1+0.1))=16.3£0.2cm

| ii. Incase of Multiplication and Division |
Rule: “Percentage uncertainties are added”

For example:
V=52+0.1V | =0.84 + 0.05A Calculate the value of of R with uncertainty
o 0.1 o 0.05
% uncertainty in V = 5*100 =2% % uncertaintyin | = E*loo =6%
V 52 s L .
= o84 6.19 ~ 6.2 and in this % uncertainties are added so total uncertainty = 2% + 6% = 8%

correct value of R = (6.2+8%)ohmOR R =6.2+0.50hm As(8% of 6.2is0.5)




| iii.  In Case Of Power Factor

Rule: Multiply the percentage uncertainty by that power

For Example: consider we want to calculate the volume of sphere then % uncertainty in Volume is
calculate by the formula as the volume of sphere=4/3nr® s0

%uncertainty in volume= 3*%uncertainty in radius(r)
If there area of sphere then A=4nr?, %uncertainty in area=2*%uncertainty in r
Suppose if in measurement we have percentage uncertainty in radius is 2%, then we have

%uncertainty in Volume=3*2%=6% and % uncertainty in Area=2*2%=4% etc.

| iv. In Case of average value of Many Measurement

Rule: Uncertainty in average value is the mean deviation

This rule is explained by following solved example

Six readings of micrometer screw gauge to measure the diameter are 1.20, 1.22, 1.23, 1.19, 1.22, and 1.21
Step 01: Find the average value of measured values

Average 1.20+1.22+1.23+1.19+1.22 +1.21 —1.21mm

6

Step 02: Find deviation of each measured value from average value (take difference of each value and
average value) which is 0.01, 0.01, 0.02, 0.02, 0.01, and 0.00

Step 03: To calculate the mean deviation

Mean Deviation = 0.01+0.01+0.02+0.02+0.01+0.00 _ 0.01mm. Thisis uncertainty

6

\ v. In Case of timing Experiment

Rule: The uncertainty in timing experiment is calculated by dividing the least count of stop watch by
number of vibrations i.e uncertainty in time period=least count/ No vibrations

For example: Time of 30 vibrations of simple pendulum is 54.6 sec with least count of stop watch 0.1 sec
Uncertainty in time period= least count/ no of vibrations=0.1 sec/30=0.003 sec and
Time period =54.6/30=1.82sec, so correct time period will be T=(1.82+0.003) s

+« How many colors are used in color printing?
There are four colors are used in color printing cyan, magenta, yellow, black.
+ Give Travel time of light

| Moon to Earth 1 min 20 sec | Sun to Earth 8 min 20 sec | Pluto to Earth 5 h 20 sec
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| What are the Dimensions of Physical Quantities? |

Definition: Such a technique in which each physical quantity is represented by specific symbols written enclosed a
square bracket is called dimension.

The dimension of length= [L], The dimension of Mass=[M], The dimension of time=[T]

It stands for qualitative nature of physical quantity

| Examples of Dimensions
There are following examples of dimensions
The dimension of speed or velocity, speed=v=length/time=[L]/[T]=[LT]
The dimension of acceleration=a=velocity/time= [LT)/[T]=[LT?]
The dimension of force=F=ma=[M] [LT?]= [MLT?]
The dimension of work=W=Fd= [MLT?] [L] = [ML?T"?], The dimension of power=W/t= [ML?T?}/[T]= [ML?T] etc.
Uses of dimension: There are following uses of Dimension
\ 1. To check the homogeneity of physical equation OR Principle of homogeneity \
To check the homogeneity of equation, we take dimension on both side of equation, if the equation are same on both
sides then it is homogeneous and correct otherwise not. This is called principle of homogeneity.
\ 2. To Derive the possible formula \
To derive a relation for physical quantity depends upon the correct guess of various factor on which physical quantity
depends.
| Exercise short Questions |
1: Name several repetitive phenomenon’s occurring in nature which could serve reasonable time standards?
The phenomenon which repeat itself in equal interval of time is called repetitive phenomenon
i.  Rotation of Earth around the sun and its own axis
ii.  Rotation of moon around Earth
iii.  Shadow of an object
iv.  Sun rise and sun set
2: Give the drawbacks to use the period of a pendulum as a time standard?

As the time period of simple pendulumis T = 272'\/I the drawbacks to use the time period of a pendulum as a time
g

standard are
i.  The value of ‘g’ changes place to place

ii.  Length of pendulum is changed due to change in temperature in different seasons.

iii.  Air resistance may affect the time period of simple pendulum
3: Why do we find it useful to have two units for the amount of substance, the kilogram and the mole?
Kilogram is used at macro level and mole is used at micro level. Mole is used when we concerned with number of
particles as one mole of different substance contain same number of particles but one kilogram of different substance
have different number of particles.
4. Three students measured the length of a needle with a scale on which minimum  division is 1mm and
recorded as (i) 0.2145m (ii) 0.21m (iii) 0.214m which record is correct and why?
The record (iii) is correct.
Reason: As the scale used for measurement has the least count of 1 mm = 0.001 m. So the reading must be taken up to
three decimal places when it is written in meters. Therefore, the reading 0.214 m is correct.
5. An old saying is that “A chain is only as strong as its weakest link”. What analogous statement can you make
regarding experimental data used in a computation?
“The results of experimental data are much accurate when its reading contain minimum error”. This is analogous
statement.
6: The period of simple pendulum is measured by a stop watch. What types of errors are possible in the time
period?
There are two types of errors are possible

i.  Systematic error: (due to fault or zero error in stop watch)
ii.  Personal & Random error: due to negligence and inexperience of person like at the time to stop or start of
stop watch.




7. Does a dimensional analysis give any information on constant of proportionality that may appear in an
algebraic expression? Explain?

Dimensional analysis does not give any information about constant of proportionality in any expression. This constant
can be determined experimentally. It provides the information about units of dimensional constant.

8: Write the dimensions of (i) Pressure (ii) Density?

Force [F] [ma] [MLT 2]

Pressure = — =[ML"T 7]
area  [A] [A] [L°]
. mass [M
Density = _l 3] [ML?]
volume [L°]
9. The wavelength X of a wave depends on the speed v of the wave and its frequency f. knowing that [ 1] =[L]

V]=[LT *Jand[f]=[T]™ decide which of the following is correct, T =VA f :%.

f = v taking dimension on both sides
L e e
LHS=RH.S

f= % taking dimensions on both sides

a_ [LT*l] a
o -

L.H.S =R.H.Ssoit is correct

1.1: A light year is the distance light travels in one year. How many meters are there in one light year: (speed
of light =3.0x10°ms ™)

Given data: Time =t =1year=365days=365*24h =365*24*60*60s, c=V =3*10° m/s

Sol : Distance=S=? ,S=Vt =(3*10° m/s)(365* 24 *60*605s) =9.46*10"° m ~9.5*10"°> m

1.2: A) How many seconds are there in 1 year?

Sol : time = 1year = 365 days = 365* 24 hours = 365* 24*60 min = 365* 24*60* 60 sec = 3.1536*10" sec

B) How many nanoseconds in 1 year?
sol:1year = 31536*10" sec, Aswe know that nano =10 so divide and multiply by 10

31536*107 *107° oc — 31536*10" nano sec

-9 Sec = -9
10~ 10
C) How many years in 1 second?

lyear =31536*10""° nano sec = 31536 *10"° nano sec

lyear

3.1536*10’
1.3: The length and width of a rectangular plate are measured to be 15.3cm and 12.80cm, respectively. Find
the area of the plate.

Given data : Length = L =15.3cm, Width = W =12.80 cm, Area of rectangular plate=?
Sol :Area = A = L*W =15.3cm*12.8cm =195.84 cm?® ~196cm”?

sol: Aslyear =3.1536*10" sec, then 1sec = =3.17*10%year

1.4: Add the following masses given in kg upto appropriate precision.2.189, 0.089, 11.8 and 5.32?
Given Data:m, = 2.189kg, m, = 0.089kg, m, =11.8kg, m, =5.32kg, totalmass = m =?

solution:m=m, + m, + m; + m, = 2.189kg + 0.089kg +11.8kg + 5.32kg =19.398 ~19.4 kg
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I
1.5: Find the value of ‘g’ and its uncertainty using T =277 |— formthe following measurements made
g

during an experiment, Length of simple pendulum | = 100cm. Time for 20vibrations = 40.2s.
Given data : length = L =100cm =1m, time for 20 vib = 40.2sec, T = 40.2/20 = 2.01sec,g =?

_4n’L 4(3.14)%*1

72 2017 =9.76ms

solution : Using T = 2x Lreogrl o g=

m, m
1.6: What are the dimensions and units of gravitational constant G in the formulaF = G — > 2,
r

) m, m i i . *y2
Given:F= G 1—22,un|tofG:?Dlmen5|onofG:? As G = Fr
r m, m,

F*r* _ N*m?> Nm?
m, m, Kg*Kg Kg?
F*r _[MLT][L°] _ [T ][]
m, m, [M][M]  [M]

1.7: Show that the expression VV; =V; -+ at is dimensionally correct, where V; is the velocity at t =0, a

solution ; unit of G =

= Nm’Kg™

dimension of G = =[M LT ?]

is acceleration and Vf is the velocity at time t.

solution :[V,]=[LT*]----- (1) Where Vi +at =[LT*]+[LT?][T]=[LT*]+[LT"]---(2)
from equation (1) and (2) both have same dimensions, soit is dimensionally correct

1.8: The speed v of sound waves through a medium may be assumed to depend on (a) the density O of the
medium and (b) its modulus of elasticity E which is the ratio of stress to strain. Deduce by the method of

dimensions, the formula for the speed of sound.
Vo p?E”

v = Constantp®E® ———————— —— (1)
[VI=[LT™], [pp=[ML>®],[E] = stress/strmin =[ML'T?], puttingin eq (1)
[LT*]=Constant[M L3 [ML'T?]°

[LT™] = Constant[M*L**][M°L"T ]
[M°LT ] = Constant[M**°L3**T %]
comparing powers

T®=T"'=-2b=-1 = b=12

M°=M*"" =a+b=0=a=-b=a=-1/2
Putting the value of a and b in equation (1)

v = Constant p *?E"*?

1/2
v = Constant

= Constant (E)”2
p

172

v = Constant \/E
p




1.9: Show that the famous “Einstein equation” E = mc2 is dimensionally consistent.

Aswork is stored in form of energy soW = E = Fd =[MLT?][L]
[E]=[MUT?]---mmmmmmmme oo 1)

me” =[M][LT]* =[MIIL’T*]=[MLT*]------ )

comparing both equation L.H.S = R.H.S, this provesthat equation is dimensionally consistent.

1.10: Suppose, We are told that the acceleration of a particle moving in a circle of radius r with uniform
speed v is proportional of r, say r, and some power of v, say v, determine the powers of r and v?

Let aoccr'v™

a = constantr"v"™

[LT*]=constant[L]"[LT*]"

[LT 2] =constant[L"[L"T™]

[LT?]=constant[L"""T™]

comparing powersof Land T

T™ = T2

m=2

L"" =L =>n+m=1=>n+2=1=>

10

n=-1
TID BITS/TABLES OF TEXT BOOK
MCQS
1) According to Einstein 1kg mass is converted to energy
9*10°J 97101 J | 9%10%) | 9%107J

sol: m=1kg, ¢ =3*10° m/s as E = mc’ putting values of m and c to get the result

2) Color printing uses colors

‘ Three ‘ Four ‘ Five ’ Seven ‘
3) Which colors are used in color printing?

‘ Cyan ‘ Magenta ‘ Yellow &black | All of these ‘
4) Travel time of light from moon to earth is

‘ 1 min 20 sec ‘ 8 min 20 sec ‘ 5 hour 20 sec ‘ None of these ‘
5) Travel time of light from sun to earth is

‘ 1 min 20 sec ‘ 8 min 20 sec ‘ 5 hour 20 sec ’ None of these ‘
6) Travel time of light from Pluto to earth is

‘ 1 min 20 sec ‘ 8 min 20 sec ‘ 5 hour 20 sec ’ None of these ‘
7) Which of the following primary standard for the unit of time used in Colorado (USA)?

Radio telescope Cesium atomic Technology meter Hour technology

frequency standard

8) Age of universe is

\ 5*10% sec \ 1.4*10% sec \ 1*10°® sec ] 8.6*10% sec \
9) Age of earth is
‘ 5*10% sec ‘ 1.4*10" sec ‘ 1*10° sec ‘ 8.6%10% sec

10) Period of typical radio waves is

‘ 5*10% sec ‘ 1.4*10" sec ‘ 1*10° sec ‘ 8.6%10% sec




11)
12)
13)
14)
15)
16)
17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)
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One day is equal to
\ 5*10'7 sec \ 1.4*10% sec \ 1*10° sec | 8.6*10* sec \
Light year is the unit of
‘ Distance ‘ Time | Speed ‘ None of these ‘
Time between normal heartbeats is
‘ 8*10 sec ‘ 8*102 sec ‘ 8*1073 sec ‘ 8*10" sec ‘
Period of audible sound waves is
‘ 1*10-2 sec ‘ 1*10° sec ‘ 1*107 sec ‘ 1*10 sec ‘
Period of vibration of an atom in a solid is
‘ 1*10° sec ‘ 1*10° sec ‘ 1*1022 sec ‘ 1*10°16 sec ‘
Period of visible light waves is
‘ 1*1013 sec ‘ 1*10° sec ‘ 2*10715 sec | 5*10%7 sec ‘
Which of the following is not unit of time?
‘ Second ‘ Light year ‘ Hour | Minutes ‘
One light year is equal to

9.5*10% m \ 3.1*10’m \ 1*10° sec \ 8.6*10% sec

Hint: See solution of numerical no 1.1, by applying formula S=vt, v is speed of light t is 1 year is time

1 year is equal to One day is equal to

5*10% sec ‘ 3.1*107sec ‘ 1*10° sec ‘ 8.6*%10% sec

Hint: 1 year=365 days=365*24 hours=365*24*60 min=365*24*60*60 sec=31536000 sec=3.1*10sec

Force in terms of base units is written as

‘ Kgms™® ‘ Kgms?2 ‘ kgms ‘ Kgms3 ‘
The units of E in E=mc? are

‘ Kgms? ‘ Kgm?2s?2 ‘ kgms ‘ Kgms? ‘
1 atto is equal to

[10°% 0% | 107 | 10° |
1 femto is equal to

\ 1075 \ 108 \ 1012 \ 107 \
1 Pico is equal to

‘ 1015 ‘ 108 \ 10712 \ 107 \
1 nano is equal to

‘ 1015 ‘ 1018 ‘ 1012 ‘ &9 ‘
1 micro is equal to

‘ 1015 ‘ 1018 ‘ 1012 ‘ &6 ‘
1 milli is equal to

‘ 1015 ‘ 108 \ 103 \ 107 \
1 centi is equal to

\ 10° \ 10° \ 102 \ 10° \
1 deci is equal to

\ 10° \ 10° \ 107 \ 10° \
1 decais equal to

\ 10! \ 10°° \ 101 \ 10° \
1 killo is equal to

\ 103 \ 10° \ 106 \ 1012




32) 1 mega is equal to

12

\ 10 \ 10° \ 10° \ 102 \
33) 1 giga is equal to
\ 10° \ 10° \ 10° \ 102 \
34) 1terais equal to
\ 105 \ 1018 \ 1022 \ 106 \
35) 1 peta is equal to
\ 105 \ 1018 \ 1012 \ 10° \
36) 1 exa is equal to
\ 1015 \ 108 \ 102 \ 106 \
PAST PAPERS SOLVED MCQS
Q# Questions Option A Option B Option C Option D
i The percentage uncertainty in 11% 8% 6% 1%
mass and velocity are 2% and 3%,
the maximum uncertainty in
measurement of K.E
ii. The term 134.7 can be written as 1.347*10° 1.347*10? 1.347*10! 1.347*10*

Apply formula for power factor, which is= power x % uncertainty and for multiplication % uncertainties are
added. As K.E=1/2 mv?, as power of mass is 1 and velocity is 2 so= % uncertainty in K.E= 1*%uncertainty of
mass+2*%uncertainty in velocity=1*2%+2*3%=2%+6%=8%

iii. Solid angle subtends at the center 2n 6m 8n 4n
of sphere
iv. Significant figures in “1.00110” 3 1 7 6
are
V. In scientific notation number 103 10® 1*10* 1*10*
“0.0001” written as
Vi, The quantities which can be Base Derived Physical Supplementary
measured accurately are quantities Quantities Quantities quantities
vii. S unit of co-efficient of viscosity Kgm/s Kgms?! Kgms= None of these
is
viii. 0.00467 has significant figures 2 3 4 5
iX. Absolute uncertainty in a Accuracy Least count Fractional Percentage
measuring instrument is equal to uncertainty uncertainty
X. According to Einstein E=mc? 3x108J 9x10%J 9x108J 9x10%€J
equation 1kg mass equal to energy
m=1kg,¢=3*10° m/s as E = mc? E=1%(3+108)=9*10% J
Xi. The dimension [ML°T?] represents Length Mass Time Force
the
Xii. Name the quantity which can be Weight Power Pressure Work
measured by using base unit
‘kgm?s®
Xiii. Absolute uncertainty in measuring | Least count Fractional Accuracy % uncertainty
instrument is equal to uncertainty
Xiv. The dimension of density are [ML] [ML?T?] [MLTY] [ML?TY]
XV. The number of significant figures 2 3 4 7
in “8.100x10>’ Kg are
XVi. The dimension of quantity light [L] [T] [M] None of these
year is
XVii. What is the correct record for the 2.3cm 2.31cm 2.312cm 2.3124cm
diameter of wire when measured
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by screw gauge of least count of
0.001cm

As least count =0.001 cm According

to rule correct readings will upto three decimal pl

aces

A light year is the unit for

Distance

Time

Speed

Velocity

XViil.
XiX.

The formula for electric field
strength is

E =F/Q’, where E is electric field
strength and F is force and Q is
charge. Which one of the
following options gives the correct
base units for electric field
strength?

kams3Al

kg?m2s3A

kgs2A“

mstA

Unit of for

ce is kgms2 and charge As, put in formula E=kgms?/As= kgms3A*

XX.

Which is not base unit in these?

Kilogram

Joule

Ampere

Kelvin

XXI.

The principle of homogeneity of
dimensions determines

Only variable
in the
equation

Correctness
of an
equation

Only constant
in the equation

Constant and
variable in the
equation

XXil.

Force in terms of base units is
written as

Kgm/s

Kgms=

Kgm?s?

Js

XXiil.

When the dimensions of both sides
of an equation are equal, then the
equation is said to be

Simultaneous

Instantaneous

Homologous

Quadratic

XXiV.

The wavelength ' A' of a wave
depends on the speed 'v' of the
wave and its frequency 'f'. Decide
which of the following is correct?

f=vA

f=v /A

f=Mv

f=vA2

XXV.

The dimension power are

[ML3T?]

[ML?T?]

[ML2TS

[MLTY]

XXVi.

Sl unit of pressure in terms of base
units is

Kgm-!s2

Kgm/s

Kgm?s2

Pacal

XXVil.

Dimension of moment arm is

[L]

[M]

[LT]

[T]

XViil.

An observer notes reading of scale
from different angles (parallax)
while measuring the length of
wire, what type of error is possible

Systematic
error

Precised error

Random
error

Zero error

XXiX.

Which of the following is least
multiple?

Pico

Atto

Nano

XXX.

Which one is the highest power
multiple?

Giga

Mega

Deca

XXXI.

Which set of the prefixes gives
values in increasing order?

Pico, Mega,
Kilo, Tera

Tera, Pico,
Micro, Kilo

Pico, Micro
Mega, Giga

Giga, Kilo,
Milli, Nano

Pico=10"12

, micro=10%, mega=10°, giga=10°

XXXil.

The sum of three number 2.7543,
4.10, 1.273 upto correct decimal

places

8.12

8.13

8.1273

8.127

According to rule of significant figures in addition or subtraction answer should be written upto least significant
figures which are multiply or divided. So in this least significant term of 3 digits so ans will be correct upto 3

digits
XXiii. Dimension of force is [ML] [MLT?] [MLT?] [ML?TY]
KXXIV. The dimensional ratio of work to Joule Killo watt T L
power is hour
XXXV. A student is calculating the area of | 602.64cm? 602.6 cm? 602 cm? 603cm?
rectangular sheet whose length and AW
27.9*21.6=602.64=603
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width are 27.9cm and 21.6¢cm, find
correct value?

According to rule of significant figures in multiplication or division answer should be written upto least significant
figures which are multiply or divided. So in this least significant term of 3 digits so ans will be correct upto 3

should be written as

digits
KXXVI. Which of the following pair have Work and Work and Momentum Power and
same dimension power torque and energy pressure
XXVil. For a student measured the length 0.2145m 0.21m 0.214m 0.2m
of needle whose least count is
1mm, what is correct reading?
As least count 1mm=1/1000=0.001 m According to rule correct readings will upto three decimal places
XViii. The ratio of dimension of K.E and 11 T:1 17! M:T
power is
As dimension of K.E=[ML?T-?] and power=[ML2T"?] taking ratio of these dimensions
KXXIX. Which of the following is Stress Strain Surface Pressure
dimensionless quantity? tension
xl. In 5.47*19.89=108.7983 answer 0.18.8 108.9 109 108.79

According to rule of significant figures in multiplication or division answer should be written upto least significant
figures which are multiply or divided. So in this least significant term of 3 digits so ans will be correct upto 3

contact#0303-9251414

digits
xli. How many seconds are there in 3.156*10%s | 3.1536*10% | 3.1536*10%s | 3.1536*10's
one year
Time=1year=365 days=365*24hour=365*24*60min=365*24*60*60=31536000 s=3.1536*10" s
xlii. Zero error belongs to Personal Random error | Systematic Collective
error error error
xliii. Light year is a measure of Force Light Distance Speed
intensity
xliv. The units of E in E=mc? are Kgms? Kgm?s2 kgms Kgms3
As E is energy the unit of energy is above given in ans
Asad Abbas
Subject Specialist
Physics
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| Chapter 02 Vector and Equilibrium |

| What are Physical Quantities? Describe the Types on the basis of direction |
Physical Quantities: All measurable quantities are called Physical Quantities. E.g length, temperature etc.

Types: There are two types of Physical quantities on the basis of direction

Scalar Quantities Vector Quantities
The quantities which have only magnitude and no The quantities which have magnitude as well as
direction are called scalar quantities. direction are called vector quantities
For example mass, density, temperature etc. For example force, velocity, acceleration etc

\ What are the Methods For Representation Of Vector? \
There are two methods for representation of vector quantity

Symbolic Representation Graphical Representation
It is represented by bold face letter. Like A,B It is also It is represented by a straight line with an arrow head at
represented by a letter with arrow head above or below | its one end. The length of line show magnitude and
it like 4, and magnitude is represented by light face arrow show direction of vector. Like
letter A or |A] — etc

Explain Rectangular co-ordinate system

Rectangular co-ordinate system: Two lines drawn perpendicular to each other are called co-ordinate axis and
system of co-ordinate axis is called rectangular co-ordinate system.

Horizontal line (axis) is called X-axis and vertical line (Axis) is called Y-axis.

Origin: The point of intersection of two axis is called origin. And line right to and above origin is taken as positive
and line left and below origin is taken as negative.

Two dimensional co-ordinate system: Such a system in there are two perpendicular lines is called two
dimensional

The direction of vector in plane is represented by angle which the vector makes with positive x-axis in anti-clock
direction.

Three dimensional co-ordinate system: such a system in there are three perpendicular lines is called three
dimensional co-ordinate system. Direction of vector in space is represented by three angle with the vector makes
with x,y,z axis.

Y F’qa b] z z

P(a,b.c)

X - X X /ﬁ“

3 | A
o Y] -\ B
5
Y

\'4 v i X o

| How two vectors are added (Explain head to tail rule of vector addition). OR Prove that A+B=B+A |
Such a graphical method to add two vectors is called head to tail rule. There are following steps of vector addition by
head to tail rule
i.  Draw a representative lines vector A&B

ii.  Join the tail of Vector B with head of vector A

iii.  Now join the tail of vector A with head of B which gives resultant vector R.
As the vector sum A+B and B+A has the same results so A+B=B+A

B B Resultant vector: Sum of two or more vector

Result into a single vector is called resultant vector.

A -px®

o pr®
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] Vector Subtraction OR How Two Vectors Are Subtracted?

The subtraction of a vector is equivalent to the addition of same vector with its direction reversed.

A
2A
-2A

Subtraction Multiplication

| What is the Multiplication Of Vector

When a vector A is multiplied by a positive number n>0 then its magnitude is nd and in case of negative number
direction is reversed.

\ What is Unit Vector? Write its formula.

A vector whose magnitude is one and used to show the direction of given vector is called unit vector. Its formula is

A:I%I' unit vector along X-axis is 1, along Y-axis isj and along Z-axis is’k.

| What is Null Vector Or Zero Vector?

A vector having zero magnitude and arbitrary direction is called null vector. A+ (—A) =0 For example of position
vector origin is null vector.

\ What are Equal Vectors?

Two vectors are said to be equal if they have same magnitude and same direction regardless of initial position.

| What is Position Vector? Write its formula.

The vector which locates the position of particle with respect to origin is called position vector. I = a. + bA_ And
i j

magnitude |F|=+va® +b? in three dimensional I' =a. +b. +C, and magnitude|F| = va® +b? +c? .
i

What are Rectangular Components Of A Vector? Explain.

Component of a vector: The effective values of a vector in given direction is component of a vector.
Rectangular components of a vector: The components of vector which are perpendicular to each other are called
rectangular components of vector.

Explanation: Let us consider a vector A makes an angle © with x-axis. Draw a projection OM of vector OP on x-

axis and projection ON(ON=MP)of vector OP on y-axis as shown in figure. Y
Using head to tail rule OP=OM+MP A=AXi + Ay |
X- Component of vector: In right angle triangle OPM Cos8 = Z—IZ
CosO = %x Ax = ACosO -------- 1)
Y- Component of vector: In same triangle Sin6 = %
Sing = % Ay = ASing --------- () 7
Vector and its magnitude: Squaring and adding both equation or applying Pythagoras theorem
OP?=0M?+MP? AZ=A2X+A%y A= AX® + Ay®

Direction of vector: The direction of vector can be found by dividing eq (2) by eq (1)
Asind _ Ay =  Tano = Ay =6 =tan™ (ﬂ)
Acost  AX AX AX

This method is also called composition of vector




Write a note on Vector addition by rectangular components

-

Let us consider two vectors A and B represented by lines OM and ON, using head to tail rule the resultant R=4A+B.
Step01: To find x and y components of all given vectors: To resolve the vector R, Aand B into rectangular
components, draw perpendiculars MQ and PR from points “M” and “P” on x-axis.

Step 02: To find the resultant of X-components: As horizontal line X-axis

OR=0Q+QR OR=0Q+MS (As QrR=MS)
RX=AX+BX ----------=--=mm--- 1) A
Step 03: To find the resultant of Y-components: As Vertical components are :
PR=RS+SP PR=MQ+SP (As RS=MQ) |
Ry=Ay+By ---------ememmme- (2 .
Now we can find resultant of Resultant vector R by adding (1) and (2) '
R=RJi+R,] 'R
R = (Ax+ Bx)i +(Ay + By) ] [
Step 04: To find the magnitude of Resultant vector R: Magnitude can be found :
By taking the magnitude of R or using Pythagoras theorem. {
2 !
R]" = (Ax+Bx)* + (Ay + By)® X

[R|=/(Ax+BX)* + (Ay + By)®
Step 05: To find the Direction of Resultant vector R: The direction can be found by

Tano = (& = o=Tan'{ V| = 6=Tan?[ Y*BY
Rx Rx AX+Bx

For any number of coplanar vectors Magnitude can be written as
‘ﬁ‘ = J(AX+Bx+Cx+...)% +(Ay + By + Cy +....)°> And Direction can be written as

Ay+By+Cy+....
AX+Bx+Cx+....

Determination of Angle by rectangular components
First Quadrant: Rx=+ and Ry=+ angle O=¢ 2"d Quadrant: Rx=-, Ry=+ angle ©=180°-¢
Third Quadrant: Rx=- and Ry=- angle ©=180°+¢ 4™ Quadrant: Rx=+, Ry=- angle ©=360°-¢

f=Tan 'l( J This is also called reverse process of vector addition.
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Q. What is Scalar/Dot product? Explain its characteristics.
Definition: If the product of two vectors result into a scalar quantity then this product is called scalar product.

Mathematically it can be written as A.B=|4||B|cose=ABcos6,
Physicallyff .§=Magnitude of Vector A (Projection of B on A)=A(BcosO)= ABcos© shown in fig
Example: Work is an example which is scalar product of force and displacement W=F.d=FdCosO
Characteristics:

(1) Scalar product is commutative 4.5=B.4 , as ABcos©O=BAcosO

(2) Scalar product of two perpendicular vector is zero, i.e ©=90°, A.B=ABc0s90°=0, where in case of unit
vectors

A A

i.j=@@)cos90° =0 Insame case j k=0andki=0
3) Scalar product of two parallel is equal to the product of their magnitudes i.e ©=0°,4.=ABc0s0°=AB, in

case of unit vector i.i = (1)(1)cos0® = (1)(1)(1) =1 Insamecase j.j=1and kk=1
4) Scalar product for two anti-parallel vector ©=180°, A.B=ABc0s180°=-AB

5) Self product of a vector A is equal to square of its magnitude A. A.A=AAc0s0°=A? (1) =A2
6) In case of rectangular components, B

A = Axi + Ayj+ Azk, B =Bxi+Byj+Bzk
A.B = (AXi + Ayj + AzZK)(BXi + Byj + BzK)
AB cos 8 = AxBx + AyBy + AzBz

AxBx + AyBy + AzBz
AB

\9 5cosh .
A

Cosd =

g Cos_l(AXBX + AyBy + Aszj

AB

| What is Vector/Cross product? Explain its characteristics

Definition: If the product of two vectors results into a vector quantity then this product is called vector or cross
product. AxB=ABsinef.In this case AB sine give magnitude and 7 give direction, which is found by right hand rule

Right Hand Rule: Rotate the fingers of your right hand through some possible angle then erect thumb will show
the direction of vector product.

n
—

Example: (1) TorqueZ =F*F =rFsin&n. (2) Angular momentum L=F*P =rPsinén
Characteristics: Properties of Vector/ cross product are as follows.

(1) Vector product is not commutative asAx B # B x A but AXBE =-EF x4

(2) Vector product of two mutually perpendicular Vector has maximum Value 6=90°, AXB ABsine90°n= ABf,

|x1 K, ij =i, kxi= j where in reverse jXI —k, ka i, ixk= —j
Proof : IXj = (1)(1)sin90° k= (1)(1)(1)k =k

(3) Vector/Cross product two parallel or anti-parallel vector is null vector i.e. 0=0°,180°, AxB=ABsine0°A= 0
ixi = jxj=kxk =0 as ixi =(1)(1)sin0° = i

(4) Cross product in terms of rectangular components is expressed in determinant form T AXB

unit vector case

i ]k
. J JAy Az JAX Az AXx A <
AxB=|Ax Ay Az=i —j +k
By Bzl |Bx Bz Bx By B
Bx By Bz <}<'
0
AxB = (AyBz- AzBy) + (AzBx- AxBz)j + (AxBy — Ay BX)K

(5) The magnitude of AXE is equal to area of parallelogram with two A and B adjacent sides.
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| What Is Torque? Calculate The Torque Acting On Rigid Body.

Definition: The turning effect produced in a body about axis of rotation is called torque.

Equation: 7=F*F =rFsin&n Its SI unit is Nm Dimension [ML2T"?]

Moment Arm: The perpendicular distance from axis of rotation to line of action of force is called moment arm. The
nut is easier to turn with moment arm of large value.

Example: Tightening and loosening of nut with a spanner.

Torque on rigid body: Consider force F is acting on rigid body at point P whose position vector relative to axis of
rotation is 7. the Force can be resolved into two rectangular components.

(i) Fsin® is perpendicular to 7
(i) FcosO is along the direction of 7 ( Torque due to this components is zero as it passes from axis of
rotation)

The torque is produced due to Fsin© only about O, which is given by
t=r(Fsind) =rFsind in vector form% =rFsin0f  or T =TxF ....... (@)
Similarly if we resolve the position vector r into its components,
Then only component which produce torque is rsin©
7=F(rsind) = rFsind  in vector form7 = rFsinf  or T = FxF ....... (b)
Important points about torgue:

» Torque is count part of force for rotational motion

» Torque is also called moment of force

» Torque determine angular acceleration in body
» Clock wise torque is taken negative and anti-clock wise torque is taken positive.

| What is Equilibrium of forces? Define its types and conditions.

Equilibrium: A body is said to be in equilibrium if it is at rest or moving with uniform velocity under the action of
number of forces.

Types of Equilibrium: There are two types of equilibrium

Static Equilibrium: If a body is at rest, it is said to be in static equilibrium for example book lying on a table.
Dynamics Equilibrium: If a body is moving with uniform velocity, it is said to be in dynamic equilibrium. For
example A car moving with uniform velocity.

Conditions of Equilibrium: There are two conditions of equilibrium

First condition: Sum of all the forces acting on a body is equal to zero XF=0

2" condition: Sum of torques acting on a body is equal to zero X7 =0

Translational Equilibrium: When first condition of equilibrium is satisfied and body has zero linear acceleration
then is in translational equilibrium.

Rotational Equilibrium: When 2" condition of equilibrium is satisfied and body has zero angular acceleration
then it is in rotational equilibrium.

Complete Equilibrium: When both conditions of equilibrium are satisfied then it is said to be in complete
equilibrium.

| Why do you keep your legs far apart when you have to stand in the aisle of a bumpy riding bus?
When you stand in the aisle of a bumpy riding bus, you are in unstable position and you may fall. To make you stable
you keep your legs far apart.
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| EXERCISE SHORT QUESTIONS CHAPTER 02 |

1: Define the terms (i) unit vector (ii) Position vector and (iii) Components of a vector?
Unit vector: A vector whose magnitude is one and used to show the direction of given vector is called unit vector. Its

—

N

formulais A=—.
A
Position vector: The vector which locates the position of particle with respect to origin is called position vector.
r=a.+b. And magnituder =+va’ +b’ .
i j

Components of vector: The effective values of a vector in a given direction are components of a vector.

2. The vector sum of three vectors gives a zero resultant. What can be the orientation of the vectors?

If the three vectors are represented by the sides of triangle joined by head to tail rule at angle of 60°, there sum will be
zero as shown in figure.

A+B+C=0

Y Q

3) Vector A lies in the xy plane. For what orientation will both of its rectangular components be negative? For
what orientation will its components have opposite signs?

When the vector lies in 3rd quadrant, then both of its rectangular components of vector will negative.

ii) The components of a vector have opposite sign when the vector lies in 2nd or 4th quadrant.

4) If one of the components of a vector is not zero, can its magnitude be zero? Explain.

No, its magnitude cannot be zero. As we know that magnitude of A is \/Ax* + Ay? which shows that magnitude of

vector will be zero only when all of its rectangular components are zero.

5) Can a vector have a component greater than the vector’s magnitude?

No, the component of a vector can never be greater than the vector’s magnitude because the component of a vector is
its effective value in a specific direction and it is the part of vector and part is always less than full. So A>Ax&A>Ay.
6) Can the magnitude of a vector have a negative value?

No, its magnitude can never be zero. As we know that magnitude of A is \/Ax? + Ay? which shows that square of
real values is always positive.
7) If A + B =0, what can you say about the components of the two vectors?

A+B=0= A=-B
In terms of rectangular components R - R

AX. + Ayj = —(Bxi + Byj)
Ax=-Bx, Ay =—By Hence the components of both vectors are equal in magnitude but opposite in direction.
8) Under what circumstances would a vector have components that are equal in magnitude?

P

_ _ _ ) Ax=Ay:>AcosO:Asin6:>ﬂ=1

It is possible only when the vector makes angle of 45° with x-axis. coso
tand =1= 0 =tan"(1) = 45°

9) Is it possible to add a vector quantity to a scalar quantity? Explain.
No it is not possible to add a vector to a scalar quantity because both are different quantities as scalars have only
magnitude while vector quantities have both magnitude as well direction so cannot added be add to each other.
10) Can you add zero to a null vector?
No it is not possible to add zero to a null vector because zero is scalar and null vector is vector and scalar is not added
to vector quantity due to different quantities.
11) Two vectors have unequal magnitudes. Can their sum be zero? Explain.
No, the sum of two vectors having unequal magnitudes can’t be zero. The sum of two vectors will be zero only when
their magnitudes are equal and they act in opposite direction.
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12) Show that the sum and difference of two perpendicular vectors of equal lengths are also perpendicular and
of the same length?
Consider two vectors A and B of equal A=B magnitude which are perpendicular to each other

(A+B).(A-B)=A2-B?=A2-A?=0, when dot product of two vectors is zero then they are perpendicular.

13.How would the two vectors of the same magnitude have to be oriented, were to be combined to give a
resultant equal to a vector of the same magnitude?

It is possible only when the angle b/w two vectors is 120°. If the two vectors are shown by two sides of equilateral
triangle then third side shows their resultant A=B=R.

14)The two vectors to be combined have magnitudes 60N and 35N. Pick the correct answer from those given
below and tell why it is the only one of the three that is correct. (i)100N (ii)7ON (iii)20N.

The correct answer is 70 N.

Sum of two vector is maximum when they are parallel to each other as 60+35=95 N, sum of two vector is minimum
when opposite as 60+(-35)=25N, this shows that range of resultant is from 25 N to 95 N so correct answer is 70 N
15) Suppose the sides of a closed polygon represent vector-arranged head to tail. What is the sum of these
vectors?

Sum of these vectors will be zero, in this case the head of last vector coincides with tail of first vector as
A+B+C+D+E+F=0

16)1dentify the correct answer:
i)The actual direction of motion will be due to west
ii) Fcose-mgsine is correct answer by converting into rectangular components along the inclined plane

17)If all the components of the vectors A1 andA2 were reversed, how would this alter A1 X A2 ?

It would not be changed when all the components of a vector were reversed.
-A1X-A2= A1XA2

18) Name the three different conditions that could make A1 X A2 =0.

This is zero when
i.  Agor Ayisanull vector

ii. Aiand A; are parallel vector(e=0°) As A;*A,sin0°=0

iii.  Asand A; are anti-parallel (e=180°) As A1*A»sin180°=0
19) Identify true of false statements and explain the reason. (a) A body in equilibrium implies that is not moving nor
rotating. (b)If coplanar forces acting on a body form a closed polygon, then the body is said to be in equilibrium.
a) This statement is false because in dynamic equilibrium body may move or rotate with uniform velocity.
b) This statement is true only as first condition if satisfied body is said to be in translational equilibrium.
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20) A picture is suspended from a wall by two strings. Show by diagram the configuration of the strings for
which the tension in the strings will be minimum.

If picture is suspended from wall by two strings and tension is resolved into its rectangular components then
Tsine+Tsine=W, 2Tsine=W T=W/2sine, tension will be minimum if Sine is maximum so at 90° tension will be
minimum.

21) Can a body rotate about its center of gravity under the action of its weight?

No, A body cannot rotate about its center of gravity under the action of its weight because in this case line of action of
force passes through axis of rotation so moment arm is zero and

Torque= (moment arm) force= 0*Force=0 so torque acting on it is zero.

Numericals
2.1: Suppose, in a rectangular coordinate system, a vector A has its at the point P (-2, -3) and its tip at Q
(3,9). Determine the distance between these two points.

Sol : Points P((-2,-3) and Q(3,9), T, =-2i-3j ,%, =3i+9], d="?
d=T,—F =@3i+9))-(-2i - 3]) = Bi +2i) + (9j + 3j) =5i +12]

d=+x%+y? =52 +12% =+/25 +144 =/169 =13 units

2.2: A certain corner of a room is selected as the origin of a rectangular coordinate system, If an insect is
sitting on an adjacent wall at a point having coordinates (2,1), where the units are in meters, what is the
distance of the insect from this corner the room?

Sol : Points P((2,1)and O(0,0), T =2i+] d="?
d=+22+1% =J4+1=1/5 = 2.24 units

2.3: What is the unit vector in the direction of the vector A=4i +3].

A_A_ A 4i+3] _4i+3] _4i+3 _4i+3
A" aZiA? Jaii3 619 VB 5

2.4: Two particles are located at I, = 3q+7 j and I, = 21 + 3j respectively. Find both the magnitude of

the vector (rz_rl) and its orientation with respect to the x-axis.
Sol:, F,=3i+7] ,T,=-21+3},F,-T, =2

T, —F = (-2 +3]) - (31 + 7)) = (-2i - 31) + (3] - 7j) = =51 +-4]

I, —T|= X2 +y? = J(-5)? + (—4)? =/25+16 = /41 = 6.4 units

0= tan‘l(_—g) =38.6°, Asin 3rd quad soangle =180° +38.6° = 218.6° ~ 219°

2.5: If a vector ‘B’ is added to vector A, the result is 6i + j If ‘B’ is subtracted from A, the result is

- 4f + 7 j . What is the magnitude of vector ‘A’?
A+I§:6i+], A-E:—4i+7] A=?
(A+B)+(A-B)=(6i+])+(-4i + 7)) = 2i +8] _
2A=2i+8] = A=i+4j Physics

A= JAZ+A 7 =P +42 1416 =17 =41 contact#0303-9251414

Asad Abbas
Subject Specialist
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2.6: Given that A= 21 +3]and B =31 — 4], find the magnitude and angle of (a) C=A+B, and (b) D=3A-
2B,

Sol (@):C=A+B =C=(2i+3))+(3i-4j)=5i-]

\é\ =) +(-1)2 =+/25+1=+/26 =5.1

Direction = = tan™ (_gl) =11° Asg lies in fourth quad so orintation 360° -11° = 349°
() D=3A-2B = D =3(2i+3j)-2(3i-4j) = (6i +9)) - (6i +8j) = 0i +17]

\é\ =J(0)2 +(17)? =/0+289 =17

Direction = 6 = tan™ (%) =90° Asglies in First quad

2.7: Find the angle between the two vectors, A=51 + | andB=2i +4].
Givendata:A =5i+j,B=2i+4j angle =0 ="?
Using equation of scalar product for twovectors ABcosd = AxBx + Ay By

AxBx + AyBy (5)(2) + (1)(4) 10+4 14
Cose = = = = ”
AB (52 +12)(\2? +4?) \J26420 5.1*45
0 = cos™( ) =0=52°
51*4.5

2.8: Find the work done when the point of application of the force 3f + Zj moves in a straight line from the
point (2,-1) to the point (6, 4).

Given data: F = 3i + 2], point(2,-1) F, = 2i - j, point(6,4), T, = 6i +4] W =2

d=",—F, = (61 +4])- (2i-])=4i +5]

W = F.d = (3i +2j).(4i +5j) =12 +10 = 22

2.9: Show that the three vectors | + j + 12, 2i - 3] +k and 4i + j —5k are mutually perpendicular.
Given Data:A=i+j+k B=2i-3j+k C=4i + j-5k

We know that twovectors are perpendicular if if A.B=ABC0s90° =0=AB=0

B.C=(2i-3]+Kk).(41 + ] -5k) =8-3-5=8-8=0

Hence provethat given three vectors are mutually perpendicular

2.10: Given that A=1 —2] +3K and B =3i — 4K, find the projection of A on B.

Given Data:A=1i- 2] +3k, B =3 -4k Projection of Aon B = Acosé =?

AB  AxBx+AyBy + AzBz  (1)(3) +(~2)(0) + ((3)(-4) _ -9
: B N S

As A.B = ABcosd = Acosé =
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2.11: Vectors A, B and C are 4 units north, 3 units west and 8 units east, respectively. Describe carefully (a)
AxB () AxC (¢) BxC

Given Data: A = 4 unit North, B = 3units west, C = 8 unit east, AxB = ? AxC = ? BxC = ?

AxB = ABsind fi = (4)(3)sin90° =12 units vertically upward (Using Right hand rule)

AxC = ACsind fi = (4)(8)sin90° =32 units vertically downward(using right hand rule)

BxC = BCsinf fi = (3)(8)sin0° =0

2.12: The torque or turning effect of force about a given point is given by I' X F where ‘v is the vector from
the given point to the point of application of F. Consider a force F = 3+ j +5K (Newton) acting on the

point 71 +3] + IZ(m) . What is the torque in Nm about the origin?
Given Data:F=-3i+j+5k, T=7i+3j+ktorque=7="?

~N -

T=FxF=

K
:\3 1 2 7 1 ~ 7 3 a o o
ézu{l 5J—JL3 5J+k{_3 1J:|(15—1)—1(35—(—3))+k(7—(—9))

W e

-3
7 =141 —38] +16k

2.13: The line of action of force, F = f -2 j , passes through a point whose position vector is (— j =+ k)
.Find (a)the moment of F about the origin, (b) the moment of F about the point of which the position vector is

I +K .

Given Data:F=i-2j, F=—]+ktorque=%="?
Pk 1 1| 40 1] .o -1
AT=TXF=0 -1 1/=i -j kKl T|=1(0-(-2)-j(0-1)+Kk(0-(-1)) = 2i + j+ k
@%=Tx '[-2 OJ JL 0J+ L _2J 1(0-(2)-](0-1) + k(0- (1)) = 2i + +
1 -2 0
(b) firstof all tofind r, F =¥, -F, = (—j+K) - (i+K) =—j+k—i—k=—i—] soF=—i—jandF=i-2j

k
. A4-1 0| -1 0] -1 -1| . A A N
T=TxF=}-1 -1 O0[=i -] +k =i(0-0)—j(0-0)+k(2-(-1)) =3k
0 1 0 1 -2

2.14: The maghnitude of dot and cross products of two vectors are 6\/§ and 6 respectively. Find the angle
between the vectors.

Given Data: ABcosd = 6+/3, ABsin0 =6 angle =0="

dividing both equations ABsinb _ 6 = sinf —i:> tanH—i
"ABcosd 643  cos® 43 J3
1
0 =tan™ (=) =30°
( \/§)

2.15: A load of 10.0N is suspended from a clothes line. This distorts the line so makes an angle of 15° with
the horizontal at each end. Find the tension in the clothes line.

Given Data: Weight =W =10 N, Angle =6 =15°,T ="

As Tension due to X - componentsis zero as Z Fx=0

AlongY —axis Tsin@+Tsind =W = 2Tsind =W

T = \/-\/ = -10
2sin@  2sin15°

=19.3N
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Q# Questions Option A Option B Option C Option D
i.| The magnitude of cross product and dot 45° 90° 180° Zero °
product are equal at angle of
A.B=AxB.. ABcose=ABsine, sine/cos=1, tane=1 e=45°
ii.| Magnitude of rectangular components are 45° 90° 180° Zero *
equal at angle of
iii. i (" xk™)=? 1 0 J I
J*Xk™M=iN so iNit=1
iv. Projection of B along A is written as A.B A A.B/B A.B/A
V.| A force of 10N acting on 30° with y axis 5N 8.66N 10N Zero
then magnitude of X-component will be
F=10 N, angle with y axis is 30° then with x-axis will be 60° so Fx=Fcose=10c0s60°=5N
vi.|  The resultant of two force 5N and 10N 4N 6N 9N 13N
cannot be?
Max ans is 5+10=15 N and min ans=10-5=5 N, ans range is 5-15
Vii. Resultant of two forces 30N and 40N 50N 30N 40N 70N
acting at angle of 90° is AR e "
viii. The unit vector along y axis is in 2 kn yr
iX. If the angle between two vectors of 6 12 24 48
magnitude 12 and 4 is 60°, then dot
product
A.B=ABcose= (12)(4)c0s60°=48(0.5)=24
X.| Resultant magnitude of 6N force acting on 6N 8N 10N 14N
right angle with force of 8N el
xi.| Abody is in a static equilibrium when it is Rest Moving with | Moving with All of these
at uniform variable
velocity velocity
xii.| If body is at rest or rotating with uniform Maximum Zero Negative Positive
angular velocity then torque will
Xiii. The magnitude of vector can never be Positive Negative Both A&B None of these
Xiv. The vector in space has components Two Three Four One
XV. Dot product of vector A with itself is A 2A A? 0
xvi.| A body will be in translational equilibrium XF=0 >t=0 Both A&B None of these
if
xvii.| Two forces of 10 N and 20 N act on a body 25.98 N 125N 30.98 N 36.36 N
in direction making angle 30°, Resultant of
X-component is
XViii. If second condition of equilibrium is Translational Rotational Dynamic Complete
satisfied then body will be in equilibrium equilibrium equilibrium equilibrium
XiX. The magnitude of resultant of two A V2A A A?
perpendicular vector of magnitude A will Aoy Pythagors
be? theorem to get result
XX. Name the quantity which is vector? Speed Force Temperature Density
xXxi.| A force 2i + j has moved its point of -10 -18 +18 +10
application from (2,3) to (6,5). What is work
done?
W=F.d, d=r2-r1=(6i+5j)-(2i+3j)=4i+2j, W=(2i+j).(4i+2j)=8+2=10J
xxii.| If a force of 10N acting on y axis then its x 8.66 N 5N 0N 10N
component will be
For Fx=Fcose=10c0s90°=0 as w.r.t X component angle is 90° w.r.t y axis
XXiii. The direction of torque is along Position vector Force Parallel to Perpendicular
plane contain to plane
rand F contain r&F
xxiv.| The magnitude of cross and dot product are6 0° 30° 45° 60°
and 6+/3then what is angle b/w them
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See solution of numerical 2.14

xxv.|  Two vector of 60N and 35N combined 15N 20N 70N 100N
then correct answer will be
Apply Pythagoras theorem to get result , also its max ans=60+35=95N and min ans=60-35=25N, its ans range 95-25 so
xXvi.| A single vector having the same effect as Resultant Equal vector Unit vector | Position vector
all the original vectors taken together vector
called
kxVii.| Unit vector in the direction of vector 2i — 4j
will be: Zi\/— 4j 4i - 2j i—2]j i -2j
6 T - =]
V10 NG V7
A= 27+ (4)f =20 =475 =25, A= A4 _20-2]) _1-2]
25 25 B
xviii.| The angle of A=Axi-Ayj with x-axis in 0° and 90° 90° and 180° 180° and 270° and 360°
b/w 270°
As resultant lies in 4" quadrant so angle is b/w 270° and 360°
XXiX. If the resultant of two vectors each of 60° 30° 90° 120°
magnitude F is also of magnitude F, the
angle between them will be ?
See solution of exp 2.3 for explanation
XXX. | If IA+BI=IA-BI then angle between A&B is | 90° | 0° | 180° | 45°
Sum and difference of equal vectors are perpendicular to each other
xxxi.| Ifthe force of magnitude 8 N acts on a body | Fx=3V3 Fx=43 Fx=4\3 Fx=8
in direction making an angle 30°, its X and Y
components will be: Fy=4 Fy=8 F=4 Fy=473
F=8N, Fx=Fcose=8c0s30°=8v/3/2=4/3 Fy=Fsine=8sin30°=8(1/2)=4
KXXil. | If A=2i and B=3i+4j then A.B | 1 | 0 | 14 | 6
A.B=(2i).(3i+4j)=6(i,i)=6
XXiii. Angle between Ax and Az is 90° 180° 270° 360°
xXiv.| If Fx=2N and Fy=2N then F along X-axis 0° 90° 45° 60°
xxxV.| The scalar product of i and k is: Zero 1 90° -1
xxvi.| A force of 15 N makes an angle of 90° with | 15N ON 100 N 15N
x-axis, its y component will be
KXVil. If vector A lies along x-axis then its A sin© A cos© A tan© Zero
component along y-axis will be?
xviii.| The result of 120 N and 20 N forces cannot 141N 100N 101N 130N
xXix.| When a vector is multiplied by -1 then its 90° 120° 360° 180°
direction is changed by?
xl.| 1f F=2i+3j and d=4i+4j then work will be? 12] 20J 32J) 40J
xli.| If the two unit vectors perpendicular to 1 V2 4 3
each other are added, magnitude of
resultant
By Pythagoras theorem magnitude v1° +12 :\/5
xlii.|  If the magnitude of then angle between 30° 45° 60° 90°
AB=1 4B
2  AandBis
A.B=ABc0se=ABc0s60°=1/2 AB as Cos 60°=1/2 or 0.5
xliii.| Torque of force t=rxF then r and F are at 0° 90° 45° 60°
angle of
xliv. When a vector A is added to negative 2A A 0 Null vector
vector-A then resultant will be
xlv.| A body will be in complete equilibrium First condition | 2" condition Both A&B None of these
when it satisfies
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xlvi.| If we double the moment arm the value of Two times Three times | Four times Half
torque becomes
xIvii.| The position vector r in xz plane i+ ZIZ yf i ZIZ yf 4 XIZ yj xi
Iviii.|  The resultant of two forces 3N and 4N 5N 6N IN 7N
acting at right angle to each other
Apply Pythagoras theorem
xlix.| What is angle between two vectors A=5i+j 66° 520 250 330
and B=2i+4j
See solution of numerical no 2.7 to get the result
l. The vector product rxdp/dt is F I torque Momentum
. i-3kI=? J5 Jis Ji1 V7
Apply formula of magnitude V(a?+bh?+c?) put a=1 b=-1 c=-3 to get the result
lii. If position vector r and F are in same Maximum Minimum Zero Same
direction then torque will be
liii.| Torque has zero value if angle between r 0° 90° 45° 60°
and F is
liv. The cross product k" x j» in i KA -in
Iv. The cross product i* x k* in A K» -in
Ivi.| For maximum torque, the angle between 0° 90° 45° 60°
r&F is
Ivii.| If the scalar product of two vectors is 2v/3 120° 30° 60° 180°
and magnitude of their vector product is 2,
the angle b/w them is
ABcost = 2+/3, ABSInO =2, ABsind __2__, tand = 1. 0= tan‘l(i) =30°
ABcosd 2.3 NE) J3
Iviii.| The resultant of two forces 30 N and 40 N 30N 40N 70N 10N
acting parallel to each other is:
For parallel forces, forces are sum up so 30+40=70 N
- ——— 5 — — — —
lix.| Which is correct formula’ T=rE 7 =rEsing 7 =xE = rEcosd
IX.| A force of 100 N is acting on y axis 60° 50N 60N 70N 86.6 N
with y axis then its horizontal component
will be

F= 100 N, angle with y axis is 60° then with x-axis will be 30° so Fx=Fc0se=100c0s30°=86.6N

Asad Abbas
Subject Specialist

Physics

contact#0303-9251414
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| Chapter 03 Motion and Force

What is Difference b/w Rest and Motion?

Rest

Motion

An object is said to be in rest if it does not change its
position with respect to origin

An object is said to be in state of motion if it changes its
position with respect to its surroundings.

For example book lying on table

For example motion of car

What is Difference b/w Distance and displacement?

Distance

Displacement

The length of track b/w two points is called distance

“The change in position of body from its initial to final
position” OR Shortest distance b/w two points is called
displacement

It is scalar quantity and its unit is meter [L]

It is vector quantity and its unit is meter [L]

Magnitude of displacement is distance

Its formula is d=7»-71, where 7, and 71 are positions

What is Difference b/w Speed and velocity?

Speed

Velocity

The time rate of change of distance of body is called
speed, it is denoted by v, v=distance/ time

The time rate of change of displacement of body is
called velocity denoted by ¥, v=displacement/ time

It is scalar quantity

It is Vector quantity and its direction is along the
direction of displacement

Formula v=d/tand unit is meter/sec[LT]

Formula #=d/ t and unit is meter/sec[LT]

What is Difference b/w Averal

e and Instantaneous velocity?

Average Velocity

Instantaneous velocity

The ratio of total displacement to the total time taken to
cover displacement is called average velocity.

The velocity of a body at any instant of time is called
instantaneous velocity.

—

av

d
— . Its unit is m/s
At

-

) Aq
Vi= lIm At > OA_‘[ its unit is m/s.

What is Difference b/w uniform velocity and variable velocity?

Uniform velocity

Variable velocity

If the body cover equal displacement in equal interval of
time, the body is said to be in uniform velocity

If the body covers unequal displacement in equal
interval of time, the body is said to be in variable
velocity.

In uniform velocity, instantaneous velocity is equal to
average velocity of a body

In variable velocity, instantaneous velocity is not equal
to average velocity of a body, it may be changed.

Acceleration: The time rate of change of velocity of a body is called Acceleration. a=change in velocity/time, a=v/t.
It is vector quantity and its direction is along the direction of change in velocity. Its SI unit is ms2 [LT].

What is Difference b/w Average

and instantaneous Acceleration?

Average Acceleration

Instantaneous Acceleration

The ratio of the total change in velocity to the total time
taken is called average acceleration

The acceleration of a body at any instant of time is
called instantaneous acceleration

AV

Its formulais a_, A
t

-

A
. Ay

n

= =limAt—0

What is Difference b/w uniform Acc

eleration and variable Acceleration?

Uniform Acceleration

Variable Acceleration

A body is said to be moving with uniform acceleration
if its average and instantaneous velocity are equal

A body is said to be moving with variable acceleration if
its average and instantaneous velocity are not equal

What is Difference b/w Positive and Negative Acceleration?

Positive acceleration

Negative acceleration

If the velocity of body is increasing then acceleration is
positive

If the velocity of body is decreasing then acceleration is
negative, it is also called retardation or deceleration.
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| Write a note on Velocity time Graph. |
Graph: The pictorial relationship b/w two quantities is called graph.

Velocity time graph: The graph which describe the relations ship b/w velocity and time is called velocity time graph.

The velocity-time graph representation for the motion along straight line is as follows:

line parallel to X-axis or time axis. The distance covered by the object movina with constant velocity can be
calculated by calculating the area of under the straight line [v

Distance=Area of rectangle= Length x width

|
I
I
I
|
1

S=Vxt=Vt S=Vt

t

e

inclined to time axis (X-axis). The distance covered can be calculated by area under this trianale

Distance= S= 1/2 (base*height) = %2 (V*t) S=% V1.

t

instantaneous acceleration at point A on curve is equal to slope of tangent.

Significance of Velocity time graph: Velocity time graph is used

» To find Average acceleration of object from slope of V-t graph v
» To find the distance by calculating the area under the V-t graph.

\ Give Equations of motion.
Equations of motion for uniformly motion: When an object is moving with uniform acceleration then equations
. V&Vitat .  S=Vit+ Y at?
. 2as=V4-V2i IV.  S=(Ve+Vi)/2*t
Note: These equations are useful for rectilinear motion of an object.
Equations of motion when a body falls with uniform gravitational acceleration g in the absence of air friction
(1) Ve=Vitgt (2) h=Vit+ % gt? (3) 2gh=V?-V?i

Sign of acceleration is positive when object is falling under the action of gravity, sign of acceleration is negative when
object is moving upward again the force of gravity.
| State Newton laws of Motion.
These laws was stated by Isaac Newton in his famous book “Principia Mathematica” in 1687
Newton law of inertia/First law of motion:
“A body at rest will remain at rest and a body moving with uniform velocity will continue to do so, unless
unbalance external force acts on it”. It is also called law of inertia a=0.
Inertia: The property of a body due to which it tend to maintain its state or rest or uniform motion is called inertia.
Definition of mass in terms of inertia. Quantitative measurement of inertia is called mass.
Inertial frame of reference: The frame of reference in Newton’s first law of motion hold is called inertial frame of
reference. As Earth is approximately an inertial frame of reference.

Newton 2" law of motion: When a force is applied on a body, it produces the acceleration in it own direction,
which is directly proportional to applied force and inversely proportional to mass, F = ma .
Newton third law of motion: “Action and reaction are equal in magnitude and opposite in direction” e.g when two

bodies interact with each other like Our walk on ground. Action and Reaction never act on same body but always
act on different bodies.
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| What is Momentum? Write its formula and unit.

Definition of momentum: The product of mass and velocity of moving body is called momentum. P=m?

Its unit is kgm/s or Ns and dimension [MLT™], it is vector quantity.

For example momentum defines how easy or difficult to stop a moving body. When two bodies of same masses
moving with different velocities, then it is difficult to stop the body whose velocity is larger.

State and explain Newton 2" law in term of linear momentum.

mvf —mvi AP
t t

Statement: “Time rate of change of momentum of body is equal to the applied force”. F =

its velocity changes from Vi to Vf,.

Proof: Let us consider an object of mass m is moving with velocity v, when external force acts on it for time t, then

V. -V,
a= _t i (1)
t
a= T T T (2)  comparing both equations Vi Vi
m t
Fxt =m(V; —V,)=mV, —mV, =AP

_AP

F This is Newton 2nd law in terms of linear momentum

What is Impulse And Impulsive Force?

Impulse: When a large force acts on a body for a very short interval of time, then the product of force and time for
which force acts, is called impulse. 1 = Fxt = AP, its Sl unit is Ns, it is vector quantity.

Impulsive Force: A force acting on a body for very short interval of time is called impulsive force. When a ball hit
the bat during stroke of batsman.

State and Explain Law of conservation of linear momentum.

Isolated system: Such a system on which no external force acts is called isolated system. e.g. molecules of gas in
cylinder at constant temperature.

Statement of law of conservation of linear momentum: Total linear momentum of an isolated system remains
constant. OR For an isolated system, total momentum before collision is equal to total momentum after collision.
Equation: Total momentum before collision=Total momentum after collision  myvi+mavo=mava’+movy’
Explanation/Proof: Let us consider an isolated system of two smooth hard balls of mass m; and m, moving with
velocities v, and v, in same direction before collision and after collision velocities becomes vi” and v,’.

We can find change in momentum by using Newton 2™ law of motion

For m, initial momentum P, = m,v, and final momentum P; =m,v,' VL_ -
Fxt=AP=P, -P, €
Fxt=myv,-mv, - ————————— 1) m, m,
Similarly for mass m, initial momentum P, = m, v, and final momentumP, =m,v,' P v

(Fxt) + (F'xt) = (myv,-myv,) + (Myv,-m,v,) %
(F+F')t:mlvll'mlvl +m,v,-m,v, m, m,
As Fand F'are action and reaction forces which are equal but oppositein direction F=—F'

(-F+F)=m,v,~m,v, +m,v,-m,V,

m,v, + m,v, =m,v,'+m,Vv," = Totalmomentum before collision = Total momentum after collision

Adding equation (1) and (2) (v—l- 2,




31

| What is Elastic collision and Inelastic collision? |
Collision: When some interaction take place b/w two objects then collision is said to be occurred

Elastic collision: The collision in which kinetic energy of system is conserved is called elastic collision. For example
bouncing back of a hard ball from a marble floor.

Inelastic collision: Such a collision in which kinetic energy is not conserved is called inelastic collision. For example
collision of two tennis balls.

Note: Momentum and total energy remains constant in all types of collision.

| Discuss Elastic collision in one dimension. |
Consider two smooth, non-rotating hard balls of masses mi1 and m; moving in such a way that they have linear
velocities v1 and v respectively and vi” and v’ after collision as shown in figure.

According tolaw of conservation of linear momentum v v,

m,v, + m,v, =m,v,+m,v," ----------- (A) —_—  —p
m,v, —m,v,'=m,v,'-m,V, ‘J J
ml(Vl_Vll)sz(VZI_vz) __________ (1) -/ .
Now applyinglaw of conservatio of K.E m, m,

1 2 l 2 _1 2 l 2 ' .
Emlv 1 +Esz 2 —Emlv 1 +§sz 2 Before collision

1 1
E(mlvzl +m,v?2) =§(m1v21'+m2v22'

2 2 2 2 . p ‘
mvi:i+m,vi=mvi+m,v- Vi v
m, v —m,vi'=m,v’'-m,v?; N

\
m, (v’ — V') =m, (v’2'-v??) j )
ml(Vl - Vll)(vl + Vll) =m, (Vzl_vz)(Vzl"'Vz) -0 (2) ’
Dividing equation (2) by (1) " 4
m, (v, — V)V + V') M, (v, =V, ) (V, +V,) After collision
ml(Vl _Vll) mz(Vzl_Vz)
vV, +V,'=V,'+V,

vV, -V, =V,-V
Vl - V2 = _(Vl"vzl) """""""""""" (3)
v, — Vv, = Relative velocity of m, w.r.t m, before collision

(v,-v,") = Relative velocity of m, w.r.t m, after collision

Determination of velocities after collision: We can calculate the velocities of both masses by solving
Fromequation (3) we

Vi—V, =V, -V

V,'=V,' -V 4V, p(uttlngm equa)tlon(A) Asad Abbas

m,v, +m,v, =m (v,'-v, +Vv, )+ m,Vv,’ . -

m,v, +m,v, =myv,'-m, v, + mv, + m,v,’ Sl.lbj?ct Speclallst

MV, + M, V, + M,V, —M,V, =MV, +m,V," Physics

2m,v, +(m, —m,)v, =(m; +m,)v,’ contact#0303-9251414

(m, +m,)v,'=2mv, + (m, —m,)v,

Dividing both sides by (m, + m,)

_ 2m1V1 + (mz — ml)VZ
m, +m, m, +m,

2
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Again fromequation v, -v, =V,"-v,'
V,'=Vv, —V, +V,' puttingin equation (A)
m,v, + m,v, =m,v,'+m, (v, - v, +Vv,")
m,v, + m,v, =m,v,+m,v, —m,Vv, + m,v,’
m,v, —m,v, + m,v, + m,v, =m,v,+m,v,’
(m, —m,)v, +2m,v, =(m, + m,)v," dividing bothsides by (m, + m,)
m, —m,)v 2m,V
Vll=( 1 2) 1+ 22 (C)
m, +m, m, +m,
Special Cases of collision:
Case 01: When m; and m; are equal so put m:=m,=m equation (B) and equation (C) to get the result

V1'=V; and V2'=V,

Case 02: When m; and m; are equal and target is at rest mean put my=m,=m and v,=0
V1’=0 and V2=V,

Case 03: When lighter mass m; collide with massive mass m; at rest mean m;=0 and v,=0
Vi'=V and V2’=0

Case 04: When massive body m1 collides with lighter body m2 at rest mean m,=0 and v,=0
V=V, and V2'=2V,

Calculate the formula for Force due to water flow

Let theinitial velocity of water is v and on striking the wall it comes to

rest so final velocity becomes zero Example

initial velocity = vi=v, initial momentum = mv Supposewater flows from a pipeat 3kgs * and

final velocity =v, =0  Final momentum =0 its velocity changes from 5ms™ to 0 on striking wall
i P.—P -mv -

Force — Change |n. momentum _ P; —P; _ 0—mv m_ 3kgs ™, F :7m\7 —3(0-5)=15N
time t t t t

-mv. -m._ .
F= o Tv This is the formula for force due to water flow

| Describe Momentum and Explosive forces

Principle: Within isolated system total momentum remains same due to explosive forces.
Examples: There are many examples of momentum and explosive forces which are as follows
1. Explosion of a shell or bomb: Let a shell is exploded in the mid air and its fragments are scattered in
different directions then by law of vector addition, then its total momentum of its fragments is equal to initial
momentum.
2. Firing of rifle: Let a bullet of mass m fired from a rifle of mass M with velocity v

Asinitial momentum is zero as both bullet and rifle are
initially at rest, m is mass of bullet and M is mass of rifle

final momentum = mv + Mv Asad Abbas
applylaw of conservation of linear momentum Subject Specialist
0=mv+MV -

Physics

V= % This is the velocity of recoil of rifle

contact#0303-9251414
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| Describe Rocket propulsion. |

Working principle of Rocket motion: It based upon law of conservation of momentum and Newton third law of
motion.

Working principle of Rocket: Rocket moves up by ejecting burning gases from its rear part of engine, when fuel is
burned, it turns to high pressure gases with high speed. Rocket gains momentum equal to the momentum of expelled
gases but in opposite direction

Fuel of rocket: Fuel is in the form of liquid or solid and oxygen. 80%o of launch mass of rocket consist of fuel only. A
typical rocket consumes 10,000 kg/s. rocket ejects the burnt gases at speed of over 4000 m/s.
Acceleration of rocket: The acceleration of rocket can be calculated as follows

According to Newton 2™ law of motion, the force exerted on gases by rocket

mv . m,_ _
F == (T)V =mv fort=1sec
The force exerted on rocket F = Ma
Ma = mv
- mv
a=—
M
| What is Projectile Motion? Derive the relations for velocity, time, height and range of projectile |
Projectile motion: A two dimensional motion under the constant acceleration due to gravity is called projectile

motion. And the objects which perform this type of motion are called projectile like

Examples: (i) A football kicked by a player (ii) A missile fired from a launching pad (iii) Bullet fired from gun
Trajectory of projectile: The path followed by projectile is called its trajectory. The trajectory of projectile is
normally parabolic.

Horizontal Distance: Horizontal distance covered by projectile is  X=Vix t using (S=vt)

Vertical Distance: The vertical motion of the ball is under the effect of gravity. For downward motion a=g. Hence
the

Vertical displacement is calculated by 2" equation of motion. Y=Vit+ 1/2 gt>= (0) + 1/2 gt>=1/2 gt?
Instantaneous velocity: Let a projectile is fired with initial velocity v at an angle © with horizontal

Horizontal component of velocity: As there is no force acting on horizontal axis so velocity of horizontal
component remains constant so acceleration ax=0 and Vfx= Vix= Vicos©

Vertical component of velocity: Vertical component of velocity vary point to point by using 1% eq of motion
Viy=Vitat= VisinO+(-g)t= VisinO-g)t Viy=VisinO-gt

Magnitude of velocity: Magnitude of velocity can be calculated by using V =V % +V %

fx fx

Vv \Y
Direction of velocity: Direction of velocity can be calculated by usingTané = V—fy = 0= Tan‘l[—fy] .

Height of projectile: “The maximum vertical distance covered by the projectile is called maximum height of
projectile”.  For finding the value of maximum height we consider

At maximum height the vertical component of velocity vanishes Vfy =0
alsoa, =-g and initial component of velocity Viy = Visin 6, using 3rd eq of motion
2as =Vf?-Vi‘’ = 2(-g)H =0% - (Visin#)*> = -2gH =-Vi*sing?
Y 2
H = V|'23—|n49 This is the formula for height of projectile
g
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Time of flight: The time taken by a projectile to cover the distance from place of projection to the place where it
hit the ground is called time of flight.

As the total vertical distance covered by body from the point of projection
toa pointat hittingis equal tozeroso Y =0,a=-g, Viy =Visinf,t=T
usingeq, Y=V, t+1/2at’

O:Visin0T+%(—g)T2 o

%(g)T2 =Visin g7

T :M,This is the formula for time of flight 0
g

Range of projectile: Maximum distance which a projectile covers in the horizontal direction is called range of
projectile.

Range of projectile is determined by using theformula R =Vixx T (S=wt)
2Visin@
g

f i 2
R = Vicos G(M) =R =\L(Zsm &cosd) =R —V—(sm 20) as2sin&cosd =sin 20
g g g

we know that Vix = Vicos 8, T =

Vi?sin 26
g

R= , thisis the formula for range of projectile

Maximum Range of projectile: The range of projectile is maximum at angle of 45°
Therange of projectileis maximum when sin26 has maximum value ¥

when angle € = 45° putin formula of range

RmaX:V—Ism2(45)_\Lsm90° vit N 7

g g g
RV 2 N

Describe the Applications to Ballistic Missile?

Ballistic Flight: When a projectile is given an initial push and is allowed to move freely due to inertia under the
action of gravity, then such a flight is called ballistic flight.
Ballistic Missile: The unpowered and unguided missile is called ballistic missile.

Ballistic trajectory: The path followed by the ballistic missile is called ballistic trajectory.
For flat earth (short range) the trajectory of projectile is parabolic and for spherical it is elliptical.
Uses of Ballistic missile: The ballistic missile are useful for short range and powered and remote control missile are
useful for long range.

| Exercise short Questions chapter 03

1. What is the difference between uniform and variable velocity. From the explanation of variable velocity,
define acceleration. Give Sl units of velocity and acceleration.

Uniform velocity Variable velocity

If the body covers equal displacement in equal interval | If the body covers unequal displacement in equal
of time then velocity is called uniform velocity interval of time is called variable velocity

Rate of change of velocity is called acceleration. Sl unit of velocity is m/s and acceleration is ms=.
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2. An object is thrown vertically upward. Discuss the sign of acceleration due to gravity, relative to velocity,
while the object is in air?

Since direction of initial velocity is upward. So g will be negative, relative to velocity. For downward motion, g is
positive with reference to the direction of initial velocity.

3. Can the velocity of an object reverse direction when acceleration is constant? If so, give an example.

Ans. Yes. For bodies freely falling back in air. If a body moves upward, finally reverse direction and moves down.
The acceleration due to gravity is constant for both directions of motion.

4. Specify the correct statement:

a. An object can have a constant velocity even its speed is changing.

b. An object can have a constant speed even its velocity is changing.

c. An object can have a zero velocity even its acceleration is not zero

d. An object subjected to a constant acceleration can reverse its velocity.

Ans. Statements (b), (¢) & (d) are correct. Examples of: (b) circular motion. (c) total (upward & downward) velocity is
zero moving under g. (d) in the air, bodies freely falling back.

5.A man standing on the top of a tower throws a ball straight up with initial velocity vi and at the same time
throws a second ball straight downward with the same speed. Which ball will have larger speed when it strikes
the ground? Ignore air friction.

Ans. Upward thrown ball will have larger speed when it strikes the ground. Since it will take more time and move
larger downward distance under g

6.Explain the circumstances in which the velocity v and acceleration a of a car are(i) Parallel (ii) Anti-parallel
(iii) Perpendicular to one another (iv) v is zero but a is not (v) a is zero but v is not zero

Ans. (i) The car moving with increasing speed. (ii) The car moving with decreasing speed. (iii) Moving a curved or
circular path. (iv) When sudden brakes are applied. (v) Moving with uniform velocity

7. Motion with constant velocity is a special case of motion with constant acceleration. Is this statement true?
Discuss.

Ans. Yes, it is true statement. When the body moves with constant velocity than change in velocity is zero so
acceleration is zero and zero is also constant quantity.

8. Find the change in momentum for an object subjected to a given force for a given time and state law of
motion in terms of momentum.

ANS. F — ma— m(Vf t_Vi) _ mVf t_mVi _Pf '[_Pi :ATP

“Time rate of change of momentum of a body equals the applied force”.

9. Define impulse and show that how it is related to linear momentum.

Ans. Impulse: “The product of force and time for which it acts on a body”.

V=V v —mvi = AP

Impulse=F xt =ma xt =m(

10. State the law of conservation of linear momentum, pointing out the importance of isolated system. Explain,
why under certain conditions, the law is useful even though the system is not completely isolated?

Ans. Law of conservation of linear momentum: “The total linear momentum of an isolated system remains constant”.
Mz V1 + Mavo = mvi' + mo V7', ii) If a system is not completely isolated but external forces are very small comparing
with mutual interacting forces, the law is useful. e.g. when calculating pressure of a gas and applying conservation of
linear momentum, neglecting g, the external force.

11 Explain the difference between elastic and inelastic collisions.

Ans. Elastic collision: “The interaction in which both momentum and kinetic energy conserve”.

Inelastic collision: “The interaction in which kinetic energy does not conserve”.

In elastic collision, the bouncing ball should rebound to the original height. In inelastic collision, the bouncing ball
will not rebound or will rebound to a smaller height from where it is dropped.

12. Extensive question

13 At what point or points in its path does a projectile have its minimum speed, its maximum speed?

Ans. A projectile will have its minimum speed at the highest point (maximum height). It has its maximum speed at the
start and end of the projectile motion.
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14 Each of the following questions is followed by four answers, one of which is correct answer. Identify that
answer.

Ans (i) the correct answer is (a). A ballistic trajectory means the paths followed by an un-powered and un-guided
projectile. (ii) The correct answer is (b). In elastic collision, the momentum of the system does not change.

Numerical problems
3.1: A helicopter is ascending vertically at the rate of 19.6 ms-1. When it is at a height of 156.8 m above the
ground, a stone is dropped. How long does the stone take to reach the ground?

Given Data: Vi =19.6 m/s,S=-156.8m,g =-9.8ms™?,t =2

using equation S = Vit +1/2gt > = —156.8 = 19.6t +1/2(-9.8)t*

—156.8 =19.6t —4.9t* = 4.9t*> —19.6t —156.8 = 0 dividing all terms by 4.9 on both sides
t? —4t-32=0=>1(t-8)+4(t-8) =0 =t-8=0= t=8sec

3.2: Using the following data, draw a velocity-time graph for a short journey on a straight road of a
motorbike.
Velocity (ms1) 0 10 20 20 20 20 0
Time (s) 0 30 60 9 120 150 180
Use the graph to calculate
Asad Abbas
(a) the initial acceleration . .
Subject Specialist
(b) the final acceleration and -
Physics
(c) the total distance traveled by the motorcyclist.
Vi _ contact#0303-9251414
s . vf-vi 20-0 =
Sol :(a) initial acceleration=a = =0 - 0.33ms
(b) Final acceleration = a = v -vi = 0 ;OZO =—-066ms™?
(c) Totaldistance = Area of AAOE + Area of rectangleABDE + Area of ABCD

S= %V*t +vt+%v*t = %20*604— 20*904—%20*30 =600+1800+ 300 = 2700m = 2.7km
3.3: A proton moving with speed of 1.0x10"ms™ passes through a 0.020 cm thick sheet of paper and

emerges with a speed of 2.0x10°ms™. Assuming uniform deceleration, find retardation and time taken to
pass through the paper.

given data:v, =1*10" m/s, v, =2*10° m/s,S=0.02cm =0.02*10°m a=?t="?
VASVA: _ (2*10°)® - (1*107)?
2S 2(0.02*10'2)
vf—vi 2*10° —1*10’
a —2.4*10"
3.4: Two masses M, and M, are initially at rest with a spring compressed between them. What is the ratio of

the maghnitude of their velocities after the spring has been released?
Sol : Asinitial momentum = Pi = 0, Final momentum =m,v, + m,v,,v, /v, =?

using equation 2as =v,” -v," = a = = —2.4*10"" ms™?

vi =vitat=>t= =3.33*10"*sec

According to law of conservation of linear momentum initial momentm = final momentum so

vV, _mz
O=myVv,+m,v, =>-myVv, =m,v, > —=—>=
VZ ml
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3.5: An amoeba of mass 1.0x10 kg propels itself through water by blowing a jet of water through a

tiny orifice. The amoeba ejects water with a speed of 1.0x10*ms™ and at a rate of 1.0x10"°kgs™ .
Assume that the water is being continuously replenished so that the mass of the amoeba remains the same.

a. If there were no force on amoeba other than the reaction force caused by the emerging jet, what
would be the acceleration of the amoeba?

b. If amoeba moves with constant velocity through water, what is force of surrounding water
(exclusively of jet) on the amoeba?

Given data:m =1*10"* kg, speed = v =1*10" m/s, m/t =1*10"° kg/s, F=?a ="?
F= ?*v —1*10%3%1%10"* =1*10 ' N

F 1*10™"
F=ma soa=—-= -
m 1*10
3.6: A boy places a fire cracker of negligible mass in an empty can of 40 g mass. He plugs the end with a
wooden block of mass 200g. After igniting the firecracker, he throws the can straight up. It explodes at the
top of its path. If the block shoots out with a speed of 3.0 ms1, how fast will the can be going?

Given Data:m, = 40g = 40*10° kg, m, = 200g = 200*10°kg v, =?v, =3ms™
Using law of conservation of linear momentum initial momentum = final momentum
m,v, 200*10°*3
m,  40*10°
3.7: An electron (M =9.1x10"%'kg) traveling at2.0x10’ms™ undergoes a head on collision with a hydrogen

atom (M =1.67 x102"kg) which is initially at rest. Assuming the collision to be perfectly elastic and a
motion to be along a straight line, find the velocity of hydrogen atom.

Given Data:m, =9.1*10%" kg, m, =1.67*10%" kg,v, =2*10" m/sv, =0 v,'="?

=10"°ms™2

O=-myV, +M,V, =>myV, =m,V, =V, = =15ms™

. . 2m m, —m 2m 2m
Using equation V,'= PR Ly, = EAS M L\ asv, =0
m,+m, m +m, m, +m, m, +m,
* -31 * 7
Vo 2my, _ 2091*10°)(2*10") _, ourge s

m,+m, 9.1*10°" +1.67*10%

3.8: A truck weighing 2500 kg and moving with a velocity of 21 ms collides with stationary car weighing
1000 kg. The truck and the car move together after the impact. Calculate their common velocity.

Given Data: m, = 2500kg, m, =1000kg, v, =21m/s, v, =0 common velocity =v =?
According to law of conservation of linear momentum m,v, + m,v, =m_v,'+m,v,’
asv,'=v,'=v. myv,+m,v, =mVv+m,v=_(m, +m,)v=myVv, +m,V,

y o MoV +myV, 2500*21+1000*0 2500*21

= =15m/s
m, +m, 2500 +1000 3500
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3.9: Two blocks of masses 2.0 kg and 0.50 kg are attached at the two ends of compressed spring. The
elastic potential energy stored in the spring is 10 J. Find the velocities of the blocks if the spring delivers its
energy to the blocks when released.

Given Data:m, =0.5kg, m, =2kg, P.E=10J,V, =?V, =?
using law of conservation of linear momentum Pi =Pf =0=m,v, + m,v,
0.5v,+2v,=0= v,=—4v, -~ —————————— (1)

applyinglaw of conservation of energy %mlvl2 + % m,v,” =101J

m,v,” +m,v,” =20 = 0.5(-4v,)? +2v,” =20 = 8v,” +2v,” =20
10v,” =20=> v, =2=v, =1.41m/s  puttingin (1)
v, =—4(1.41) =-5.76 m/s

3.10:A foot ball is thrown upward with an angle of 30° with respect to the horizontal. To throw a 40 m pass
what must be the initial speed of the ball?

Given Data:R =40m, 8 =30%>g=9.8ms?,v, =?

-2 *
R=gin2o=viz=— R viz\/ OR__ | 9840 o1 ey
g sin 20 sin 20 sin2(30°)

3.11: A ball is thrown horizontally from a height of 10 m with velocity of 21 ms-1. How far off it hit the ground
and with what velocity?

Given Data:Y =h =10m, vi=21m/s,g=9.8ms™ t=?x=2v="
using Y :viyt+1/2gt2 =10=0+1/2*%9.8t> = 4.9t* =10= t* =10/4.9 = t =1.42sec

X=Vi *t=v,co0s0*t=20c0s0° *1.42 = 29.98 ~ 30m
as Vix =21m/s and Vfy = Viy + gt = Vfy =0+9.8*1.42=13.99 =14m/s

V=4V’ +vy® =4/(20)7 + (14)* = 25m/s

3.12: A bomber dropped a bomb at a height of 490 m when its velocity along horizontal was 300 kmh-1. (a)
How long was it in air? (b) At what distance from the point vertically below the bomber at the instant the
bomb was dropped, did it strike the ground?

Given Data:Y =h =490m, vi =300Km/h = 300*1000/3600 =83.3m/s,g=9.8ms™, t =?x ="?
using Y = v, t+1/2gt > = 4900 = 0+1/2*9.8t* = 4.9t> = 490=> t* = 490/4.9 = t =10sec
X =Vi *t=v,cos0*t=283.3c0s0° *10 =833m

3.13: Find the angle of projection of a projectile for which its maximum height and horizontal range are
equal.

Sol : According togiven condition height = range

-2 =2 =2 H i
visin®d _ vi sin2p = 21" v_ 2sinfsin® = sin9 _ 4=tanf=4= 0 =tan"(4) =76°
2g g 2 cosO
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3.14: Prove that for angles of projection, which exceed or fall short of 45° by equal amounts, the ranges are
equal.

Sol : According togiven condition Range of projectile should be same for angle 6 =45+ ¢

=2 -2 ) -2

Exceed R, = ' sin2(45+15)° = 1 sin2(60)° = ' sin120° =~ (0.866) — — — —(1)
g g g g
=2 -2 ) -2

fall short R, = %sin2(45—15)° - %sinZ(SO)O - %sinGO" - %(0.866) )

Hence proveranges are equal at equal exceed or short fall in angle

3.15: A SLBM (submarine launched ballistic missile) is fired from a distance of 3000km, If the Earth is
considered flat and the angle of launch is with horizontal, find the velocity with which the missile is fired and
the time taken by SLBM to hit the target.

Given Data: R = 3000 km = 3000*1000 = 3*10° m, § = 45°,g =9.8ms v, =2t ="?

=2 * N *x 6
R="sin2ovit =B yi= [R_ 987305 100 ms
g sin 26 sin 26 sin2(45°)

(o 2vising _ 2*5.42*10° sin 45°

=782sec ~ 782/60min ~13min

g 9.8
TID BITS/ USEFUL INFORMATIOIN TEXT BOOK
McaQs

1) Typical speed of light, radio waves, x-rays and microwaves in vacuum is

\ a) 3*108m/s \ b) 3*10”m/s \ c) 3*10°mi/s \ d) 3*10°m/s \
2) Speed for Earth-sun travel around the galaxy

\ a) 210 m/s \ b) 2100 m/s \ c) 21000 m/s ] d) 210000 m/s \
3) Speed for Earth around the sun is

\ a) 2960 m/s \ b) 29600 m/s \ c) 296 m/s ] d) 29m/s \
4) Typical speed for moon around the Earth is

\ a) 1mfs \ b) 10 m/s \ c) 100 m/s | d) 1000 m/s \
5) The typical speed for SR-71 reconnaissance jet

\ a) 980 m/s \ b) 98 m/s \ c) 9.8m/s | d) 9m/s
6) Speed for commercial jet airliner

‘ a) 67mls ‘ b) 167 m/s ’ ¢) 267mls ‘ d) 367 mis ‘
7) Typical speed for commercial automobile (max.)

\ a) 60 m/s \ b) 62 m/s \ c) 64m/s \ d) 66 m/s \
8) Typical speed for falcon in a dive

\ a) 50 m/s \ b) 37.mls \ c) 29 m/s \ d) 10m/s \
9) Speed for Running cheetah

‘ a) 100 m/s ‘ b) 29 m/s ‘ c) 10m/s ‘ d) 9m/s ‘
10) Speed for 100-m dash(max)

\ a) 100 m/s \ b) 90 m/s \ c) 10mi/s \ d) 29 m/s \
11) What is the typical speed for porpoise swimming

‘ a) 100 m/s ‘ b) 9 m/s ‘ c) 10m/s ‘ d) 29 m/s ‘
12) Typical speed for flying bee

‘ a) 100 m/s ‘ b) 5mls ‘ c) 10m/s ‘ d) 29 m/s ‘

13) Typical speed for human running
‘ a) 2m/s ‘ b) 4mils ‘ c) 6m/s ‘ d) 8m/s ‘
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14) Typical speed for human swimming

\ a) 2mis \ b) 4m/s \ c) 6mls | d) 6m/s \
15) Typical speed for walking ant
\ a) 1m/s \ b) 0.1m/s \ ¢) 0.01m/s | d) 0.001 m/s \

16) At the surface of the Earth, in situation where air friction is negligible, objects of different masses fall with the
acceleration

a) Different ‘ b) Same ‘ c) Zero ‘ d) None ‘
17) “No body begins to move or comes to rest of itself” statement given by
a) Newton b) Abu Ali c) Einstein d) Churchil

Sena(980-1037)
18) Throwing a package onto shore from a boat that was previously at rest causes the boat to move--- from shore

‘ a) Inward ‘ b) Outward ‘ c) Both A&B ‘ d) None ‘
19) A force of 5 N might be enough to fracture naked skull but with a covering with skin and hair, a force of —is
needed
\ a) 10N \ b) 20N \ c) 50N \ d) 100N \
20) When a moving car stops quickly, the passenger move
a) Backward the b) Forward c) Both A&B d) None
windshield towards the
windshield
21) In thrill machine rides at amusement park, there can be acceleration
‘ a) 3gor more ‘ b) 3gor less ‘ c) Zero ’ d) Infinite ‘
22) For an angle less than --- the height reached by the projectile and ranges will be less
\ a) 30° \ b) 45° \ c) 60° \ d) 90° \
23) When the angle of projectile is larger than --- the height attained will be more the range is less again.
\ a) 30° \ b) 45° \ c) 60° \ d) 90° \
24) In the presence of air friction the trajectory of a high speed projectile fall short of a ---- path
‘ a) Straight path ‘ b) Parabolic path ‘ c) Elliptical path | d) Circular path ‘

PAST PAPERS SOLVED MCQS

Q# Questions Option A Option B Option C Option D
i.| Laws of motion are not valid in a Moving with At rest Isolated Non inertial
system which is uniform velocity
ii. What is angle of projection for 46° 66° 56° 76°

which the maximum height and
range are equal

Put H=R to get the result also see the solution of numerical 3.13 for explanation

iii.| Horizontal range at angle of 30° with 0° 30° 45° 60°
horizontal is same as that of angle of
iv.|  The product of force and time is Impulse Power Torque Velocity
called
v.| The range of projectile is directly sin® Sin20 2sin© O
proportional to
vi.|  Forangle less then --- the height 15° 30° 45° 60°
reached by projectile and range will
be less
Vii. Rocket equation is given by a=M/mv a=Mv/m a=mv/M a=m/MV
viii.| If a force of 10N acts on a body of 10 Ns 50 Ns 5Ns 2Ns

mass 5kg for one second then rate of
change in momentum will be

As t=1sec, F=10N, then apply 2" law in terms of momentum
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diameter of circle and total distance
along circle is

ix.|  Rate of change of momentum is Force Impulse Torque Inertia
equal to
X.| Area under velocity time graph gives Distance Displacement | Acceleration Force
xi.|  How large a force is required to 10N 5N 2N IN
accelerate a body of weight 5N with
4 m/s2
xii.| Horizontal component of velocity of Remains Increase Decrease Zero
projectile is given by constant
Xiii. Sl unit of impulse is Kgm/s Ns N Both A&B
Xiv.| A long jumper should long jump at 30° 90° 45° 60°
an angle of
xv.| The ballistic missile are useful for Short range Long range Medium None of these
range
xvi.| A rocket eject the burnt gas at speed 1000 m/s 2000 m/s 3000 m/s 4000 m/s
of
xvii.|  The decrease in velocity per unit Acceleration Uniform Retardation Negative
time is given as acceleration velocity
XVIiil. If no kinetic energy is lost then Elastic Inelastic Both A&B | None of these
collision is
XiX. If a body moves towards earth , Gravitational Free fall Rectilinear Uniform
neglecting air resistance and small
changes in acceleration with altitude,
what is such motion?
xx.| If a force of 12 N acts on a car and 2sec 12 sec 8 sec 24 sec
changes its momentum from 36
kgm/sec to 60 kgm/sec, the time
during which this change occurs will
be
F:A—P,t: Pf —Pi :60_36:25ec
t F 12
xxi.| What never changes when two or Kinetic energy of | Momentum of Total Total kinetic
more objects collide in isolated each one each one momentum | energy of all
system of all objects objects
xxii.| The range of projectile is same for 300,450 30°,60° 60°,90° 450,900
pair of angle
xxiii.| The ratio of displacement along 1:n 2:m m:1 w2

As displacement =2r, and total distance of c

ircle is circumferenc

e of circle=2mr, dividing to ratio which 1:x

xxiv.| A 1kg block slides down a smooth m/s 5m/s 9.8 m/s 7m/s
inclined surface whose height is 5m
then velocity at bottom is
V=,/2gh=V2 % 9.8 x 5=9.8
xxv.| A ball is thrown above with angle of 20 m/s 60 m/s 30 m/s 45 m/s
300. The height attained by the ball
is 11.5m then launching velocity of
ball is
Put =30°, H=11.5 m, Vi=? Putting values in the formula of height to get the value of Vi
xxvi.| Time of flight of projectile when it is Visin & 2Visin & Visin® @ Vitsin? @
projected from ground is - -
g g g g
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kxvii.,  The component of velocity that Vertical Horizontal Initial Both A&B
remains constant during motion of
projectile is
xviii.| For arocket change in momentum Acceleration of | Momentum of | Velocity of | Thrust acting
per second of eject gases is equal to rocket rocket rocket on rocket
XXIX. One dyne is equal to 10°N 10° N 102 N 10°N
xxX.| A body is moving with an initial 30 ms-1 20 ms-1 10 ms-1 40 ms-1
velocity of 2 kms-1. After a time of
50 secs its velocity becomes
1.5 kms-1. Its acceleration will be
Vf —=Vi  2km/s—-1.5km/s 0.5km/s 0.5*1000 500 2
a= = = = = =10ms
t 50 50 50 0
xxxi.| Slope of velocity time graph gives Velocity Distance Acceleration Force
kxxii.| Arshad is driving down 7th street, he | 0.38 m/s 8.33 m/s 126 m/s 58.33 m/s
drives 150m in 18s.. Assume he does
not speed up or slow down, what is V=Sitto get
his speed: result
xxiii.| Motion of projectile is --- dimension One Two Three Four
xXiv.|  For maximum range the angle of 300 60° 45° 90°
projection of projectile must be
xxxv.| The distance travelled by a moving | 30m 16m 26m 34m
car with velocity 15 m/s in 2s,
decelerates at -2m/s-2 is equal to:
S =Vit +1/2at® =15*2+1/2*(-2)*(2)> =304 = 26m
XXV The distance covered by a free 49m 19.6 m 9.8m 39.2m
falling body in 2 sec will be
S=1/2 gt?>= %*9.8*22=19.6m
KXVil. The mass of an object is a Moment of force | Acceleration Inertia Velocity
guantitative measure of
xviii.| In the projectile motion the vertical | Remains constant | Varies point Becomes Increase with
component of velocity to point Zero time
XXiX. Change in momentum is called Force Acceleration Torque Impulse
x| Which expression represents i Ad i Ay i Ap i AL
instantaneous velocity of body 1M, 0 AL 1My, AL my, 1My, A
xli. An alternate unit to kgm/s is JS Ns Nm N
xlii. The motion of rocket is in Linear Energy Mass Angular
accordance with law of conservation momentum momentum
of
xliii. The formula for maximum range of V2 V2isin @ V2icos@ 7 2isin 20
projectile is given by — — —_— _—
g g g g
xliv.| Which force accelerate the car along Force of car Force Applied force | Engine force
a road reactional
force of road
xlv.| Acceleration of bodies of different The same Variable Different None of these
masses allowed to fall freely is
xlvi.| Powered and remote control guided Medium ranges Short ranges | Long range Half
missile are used for
xlvii.| Dimension of impulse are similar to Work Torque Force Momentum
the dimension of
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Iviii.| A body is allowed to fall freely from 29 g 0/2 None of these
certain height, it cover a distance in
first two second
Apply 2" eq of motion Vi=0, S=1/2 gt?>=1/2 g(2)?=2g
xlix. The equation of motion are not Uniform velocity Uniform Variable Variable
useful for objects moving with acceleration velocity acceleration
I.|  When a ball is thrown straight up, Upward Downward Zero Horizontal
the acceleration at its highest point is
li., The range of projectile is same for 0e,45° 350,550 15°,60° 300,750
lii.,  Which pair has same dimension? Work &power | Momentum& Force& Torque and
impulse torque power
liii. If the force acting on body is Doubled Half One fourth Constant
doubled, then acceleration becomes
liv., When the body moves with constant Parabola Hyperbola Straight-line Curve
acceleration, the velocity time graph
is
Iv.| Dimensional formula for impulse is [MLT] [MLTL [MLT?] [M2T-2]
Ivi.| If the slope of velocity time graph Uniform Variable Uniform Negative
remains constant then body is acceleration acceleration velocity acceleration
moving with
Ivii.| An object of mass 1Kg moving with 102N 103N 1N 1 dyne
acceleration 1ms-? will experience
force
Iviii. The velocity of projectile is The highest point Point of At half of the | After striking
maximum at launching height the ground
and striking
point
lix.| The path followed by a projectile is
known as Range Trajectory Cycle Height
Ix|  Aballisthrown up vertically, it 10 m/s 12.2 mls 15 m/s 28.4 m/s
takes 3 sec to reach maximum
height, its initial velocity is
a=T=M_ g =¥:>—9.8:%:>Vi _28.4m/s
Ixi.| The vertical velocity of ball thrown increase decrease Remains Zero
upward __ with time. same
Ixii.| A ball is thrown up with 20 m/s at 0m/s 10 m/s 20 m/s 16 m/s
angle of 60 with x-axis, the
horizontal component of velocity is
Vix=VicosO=20co0s60=20*0.5=10 m/s
Ixiii.| If the mass of a body is doubled, Double Half One fourth Constant
then acceleration becomes —
IXiv.| In the absence of external force, the Zero Constant Decreasing Increasing
change in momentum is
Ixv.| For which pair of angles, the range 90°,20° 70°.20° 60°,40° 50°,10°
of projectile are equal
Equal rise and fall in 45 result into equal range, 45+25=70°, 45-25=20°
Ixvi.| When average velocity becomes Instantaneous Constant Variable Maximum and
equal to instantaneous then body is acceleration velocity velocity zero
called moving with
Ixvii.| A car starts from rest and covers a 50 m/s? 200 m/s2 250 m/s? 300 m/s?

distance of 100 m in one second
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with uniform acceleration, its
acceleration

S =Vit +1/2at?

=100=0+1/2(a)(1)* = a=200m/s’

same value?

kinetic energy of body having the

xviii.| A body having uniform acceleration 8 Sec 10 Sec 12 Sec 14 Sec
of 10 m/s? has a velocity of 100 m/s.
in what time its velocity will be
doubled?
Putting the given values in formula of acceleration a = Vi t_VI SO t= M-V 20016100 =10
a
IXix.| Atwhat speed the momentum and 1mls 2mls 4 m/s 8 m/s

P =mv, K.E=1/2mv?,comparin

g equations toget result mv =1/2mv?*,soV = 2

Ixx.| Area under force time graph gives Impulse Velocity Acceleration Distance
Ixxi.| Ifabody is moving with constant 1 ms-2 10 ms-2 30 ms-2 Zero
velocity of 10 m/s , its acceleration
is
Ixxii. The velocity of projectile at Vi Zero Maximum Vicos©O
maximum height is
XXiil. In the presence of air friction, Elliptical path Circular path Spherical Parabolic
trajectory of high speed projectile path path
XXIV. A mass of 5000gm produce an 50N 5N 20N 10N
acceleration of 10 ms?, the force
acting
Mass=m=5000gm=5000/1000 kg=5kg, a=10 ms-2, F=ma=5*10=50 N
Ixxv.| The maximum range of projectile is 1km/s 100 km/s 1000 km/s 100 m/s

100km, take g=10ms-2, what must
be initial velocity

R=100km, g=10 ms-2 vi=? Put these values in the formula of range of projectile to get the result

Asad Abbas

Subject Specialist
Physics
contact#0303-9251414
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| Chapter 04 Work and Energy |

| What is work? Calculate the Work done on constant force. |

Work: “The dot product of force and displacement is called work”. OR The product of the magnitudes of the

displacement and the component of the force in the direction of displacement is called work.

Mathematically: W=F.d=d (FcosO) or F (dcos©) = Fd cosO

Unit: As W=Fd= (kgms?) (s) =Kgm?s2 which is equal to joule. Its SI unit is Nm=joule. It is scalar quantity.

Definition of joule: When one newton force acts on a body and it cover distance of 1m in the direction of force,

than work is said to one joule. IN*1m=1J

Dimension: The dimension of work are W=Fd= [MLT?] [L] = [ML?T?] &

Important points about work: Important points about work are
a) IfOe<90°, work is positive P a

(As W= Fd cos0, as angle CosO is positive at less than 90°) - T
b) If ©>90°, work is negative 2 H

(As W= Fd cos0, as angle CosO is negative at greater than 90°) T L
c) If©=90°, no work is done -~ oo >

(As W= Fd cos0, as angle CosO is zero at 90°) < o >
d) If ©=0°, work is maximum

Constant force: Such a force whose magnitude and direction remains same is called constant force.

Work done by constant force graphical representation: When a constant force acts through a distance d then it

can be shown graphically by plotting graph b/w F and d, taking d along x-axis and F along Y axis

Graph for work done by constant force is horizontal straight line parallel to X-axis

Work from graph: Area under the force-displacement curve shows the work done by force graphically.

Area of rectangle=Length*width= Fd=Work

\ What is variable force? Calculate the work done by variable force. \

Variable force: If the magnitude or direction or both of force changes then it is called variable force. For example.
a) Force of gravity on rocket moving away from earth
b) Force exerted by spring.

Work done by variable force: Consider a particle in XY plane moving fr

short interval into displacements Aal,Aaz,Aas, ..... Aanand forces IEl, IE2
Work done by first interval = AW, = F,.Ad, = F,Ad,cos6,

Work done by 2nd interval = AW, = F,.Ad, = F,Ad,cosf,

Work done by 3rd interval = AW, = F,.Ad, = F,Ad,cos6,

Work done by nthinterval = AW, =F,.Ad, =F Ad, cos6,
Total Work = AW, + AW, + AW, +.............. AW,
W = F Ad,cos0, + F,Ad,cos0, + F;,Ad,cos0, +......+ F ,Ad, cos6

W = Zn: FAd;cosb,

This is the work done by variable force.

Graphical Representation: We can calculate the work graphically by plotting graph b/w Fcos© and d. Area under
the graph is divided into n rectangle for each interval. Area of each rectangle show the work done during that interval.
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\ What is gravitational field? Calculate the Work done by gravitational field. \

Gravitational field: The space around the Earth in which its gravitational force acts on a body is called gravitational
field.
ign conventions for work done in gravitational field:
a) If displacement is in the direction of gravitational force work is positive
b) If displacement is against the direction of gravitational force, work is negative
c) If displacement is perpendicular to the direction of gravitational force, work is zero
Work done by gravitational field: let us consider a body of mass m being displaced with constant velocity from
point A to point B along different path in the presence of gravitational force.

Path-1 Work done along path ADB: This work done is divided into two parts W,pz =W, ., + W, 5
W, , = F.d = Fdcos @ = mg(d)cos90° =0,  W,_,, = F.d = Fdcos & = mg(h)cos180° = -mgh
Wjpg =0+ (-mgh)=-mgh——----—-———————————— @

Path-1 Work done along path ACB: This work done is divided into two parts W,z =W, . + W._;
W, . = F.d = Fdcos 6 = mg(h)cos180° =-mgh, W, _, =F.d = Fdcos & = mg(d)cos90° =0

ADB ( mgh) +0= _mgh ___________________ (2)
Path-3 Work done along the curved path AB: Work done along the path AB is divided into small intervals upon
which work done is calculated by adding work of each interval
W,z = mgAy, cos180° + mgAy, cos180° + mgAy, cos180° +....... +mgAy, cos180°

W,z = —MgAy, + (—mgAy, ) + (—-mgAyY,) +....... +(—-moAy,)
W,z =—mg(Ay, + Ay, + Ay, +...... +Ay,) as h=Ay, +Ay, + Ay, +...... + Ay,

Wy = —-mg(h) = -mgh, --------- (3

Eq(1), (2) and (3) shows that work done along any path give same value so work done is independent of path
followed. So work done by gravitational field is independent of path followed. Y =
Work done along closed path: AL_, /y‘l‘
Wopsca =Waso #Wp_g +We o +We 4 /\ = Gl
W speca = Fd c0s90° + Fd cos180° + Fd cos90° + Fd cos 0° t - Ry l

A
W pgea = 0+ (—=mgh) + 0+ (mgh) =0, Thisshowsthat workdone along closed pathis zero
Conservative field: The field in which work is independent of path followed” OR the field in which work done along
closed path is zero is called conservative field for example, gravitational field, electric field, magnetic field etc.
Non conservative forces: like frictional force, air resistance, tension in string etc.
What is Power? What is average and instantaneous power?
Power: The rate of doing work is called power. Work done per unit time is called power. P=Work/time=W/t
Sl unit of power is J/S= watt. It is scalar quantity.

- ) . AW
Average power: Total work done divided the total time taken is called average power. < P >= E
Instantaneous power: The value of power at any instant of time in which time approaches to zero instantaneous

power. P, = LImAt — 0%

Watt: The power is said to be one watt if one joule of work is done in one second. 1 J/1sec= 1 watt
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Prove that P=F .V
let Fis the force acting on moving body withvelocity vthen power

p_timat—0AY _jimat_oFAd
At At

P =F.(lim At > oA—d) =
At

P = F.v, which show that Scalar product of force and velocity is called power.

\ Define KWh. Prove that 1kwh=3.6 MJ. \
The work done in one hour by a source whose power is 1000 watt is called Killo watt hour. KWh is unit of energy.
1KWh =1000W * 3600sec

1KWh =1000*3600 Wsec
1KWh =36*10° J =3.6*10°)

1KWh=3.6 MJ
| What is Energy? define the types of energies.

Energy: The ability of body to do work is called energy.

Types of Energy: It has two types a) kinetic energy b) potential energy.

Kinetic energy: Energy possessed by a body due to its motion is called kinetic energy. Formula is K.E = 2 mv?.
Potential energy: Energy possessed by a body due to its position is called P.E. Its formula P.E=mgh.

Gravitational potential energy: The potential energy due to gravitational field at a height h from surface of earth is
called gravitational potential energy P.E=mgh

Elastic potential energy: The energy stored in a compressed/ stretched string is called elastic potential energy it is

Yo KX2,

| State and explain Work Energy principle. |

Statement: work done on a body is equal to change in Kinetic energy, W=AK.E
Derivation: let us consider a body mass m moving with initial vi and after some distance d its velocity becomes vf by
applying force F then we can calculate the work

W=Fd-—————————— Q)
According to the equation of motion

2ad =v,” -v,”

2 2 .
d=Yr Vo 0 Vi Vi
alsoF=ma------------- 3)
puttingin equation(2) -
2 2

2 2
W = m(%) =%mvf2 -%mviz —K.E, ~KE, = AKE

Work = AK.E, which is required result
Similarly if a spring is compressed, the work done on it is equals the increase in its elastic potential energy.
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| What is Absolute Potential Energy? Derive its relation. |

Definition: The work done by gravitational force in displacing an object from a position to infinity where the force of

. . —GMm
gravity becomes zero is called absolute P.E. U = R

Derivation: As the relation for work done by gravitational force P.E=mgh is true when object is near the surface of
Earth and gravitational force remains constant. But if the body is displaced through a large distance, gravitational
force does not remain constant, it varies inversely proportional to square of distance. In order to calculate the work
done by it the distance b/w 1 to N is divided small steps so that the value of force remains constant for each step.
The work done displacing a body from point 1 to point 2 can be calculated as

: . . n+r
The distance b/w the center of this stepand center of Earth willber = 1 —%

r,-r,=Ar then r,=Ar+r, N
n+Ar+r  2r,+Ar  2r,  Ar Ar :|
r = = = — 4 — = rl R
2 2 2 2 2 "
|
2=+ o7 =2+ (A0 v 2D = 1 +ry(an) i
2 2 2 44
r2=rl+r(,-r)=r’+nr,-r’=nrr, 3.
Force becomes F=G Mzm =G Mm 2
r rr, | t ar 4
=~ r,—r
W,_,, = F.AF = FArcos180° = -G M m(Ar) =-GM mﬂ =-GMm-=—2 ¥ |
rer rer rlr2 I I
r r ||
W, =-GMm(2 L) = GMmE 1) (1) ,
nr, nr, n o I
- 1 1 (.
Similarly W, ,=-GMmM(———=) ----------mmmmmaaao 2) AR
2 3 l |
1 1 |
Wy g = =GMM( =) =ommmmmme oo ®) '
L T ||
1 1
Wy =-GMM(———) ------mmmmmmmmme oo (N) 0 ¢ ‘#
INERLI earth
Adding all above equations to calculate the totalwork
Wi =W, +W, o+, + Wy n
Wy —GMm-L L 1,1 1, 1 1,
r.1 r‘2 I’2 rS rS r.4 r.N 1 r.N
Wtotal =-GM m(i - i) = oo, then i = l =0
oIy y o
W, = -GM m(l -0)=- GM m, this work is stored in form of gravitational P.E
r.1 1
U=- GMm , the general expression for distance r from center of earthis U = — GMm
r, r
When r increases U also increase and absolute potentialon the surface of Earthisr =R

Mm L . . . .
U= _GT' —ive sign shows that Earth's gravitational field for mass is attravitve.
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| What is Escape velocity? Derive its relation.

Definition: The velocity of a body with which it goes out of Earth’s gravitational field is called escape velocity. Its
formulaV,, =+/29R . It depends upon radius and g of planet. Its value for earth 11.2 km/sec.

Derivation:
Theinitital K.E carries an object to infinite distance from surface of Earth

KE:%mw ------------- (1)
Aswork done in lifting a body from Earth's surface to infinity is equal toincrease in P.E
Increase in P.E = (P.E),; - (P.E), :0—(—6%):6% --------- 2
Thebody willescape out thegravitational field when both energies are equal
Loz =gMm 2 _26M
2 R R Asad Abbas
v = ZGT'V' _____________ ® Subject Specialist
. Physics

comparing the forces which are acting mg=G—;

R contact#0303-9251414

GM=gR?, puttingin equation (3)
2
v = 20R

esc

=,/20R, Thisis the formula for escape velocity

for Earthg=9.8ms?, R =6.4*10° m
V = J20R =+/2%9.8%6.4*10° =11.2*10°

V =11.2 km/s

\ Explain Interconversion of potential energy and kinetic energy and Conservation of Energy. \
Statement: “Energy cannot be created nor destroyed but it can be transformed from one form to other”.

Equation: Total energy= P.E+K.E

Consider a body of mass m at rest, at a height h above the surface the Earth. To calculate the P.E and K.E at different
position can be calculated as follows

At position A: The body has P.E=mgh and K.E=0, Total Energy= P.E+K.E=mgh+0, total Energy=mgh ... (1)
At position B: To calculate the Total Energy at position B when body has fallen through a distance x ignoring friction.

PE=mgh-x) ------ (i) Vg0 m
KE= %msz tocalculate V, at point B using equation e A
2a5=V,”-V.? =29 =(0)2-V,> = V,* =2gx putin equation of K.E x Y
KE= %m(ng) =mgX ————— (i) adding (i) and (ii)
h
E =P.E+ K.E=mg(h —X) + mgx = mgh —mgx + mgx PE=mg(hx) 4
E=mgh------------ccccooon - (2) K.E = mgx ,
(h-x)
PE=0
K.E = mgh

C




50

At point C: Just before strikes the Earth, P.E=0 and K.E= % mvZ, to find the value of Vc using the equation
2ch =V.*-(0)> = V,.*=2gh putin equation of K.E

KE= %m(Zgh) =mgh ————— (if) adding K.Eand P.E at pointC

E=PE+KE=0+mgh =

From equation (1), (2) and (3) it is clear that energy can be changed from one form to other but total remains same. As
Lossin P.E=Gainin K.E = mg(h,-h,) :%m(vz2 —v,%)

In case of frictional force present during downward motion: In this case a part of P.E is used in doing work again
friction equal to W=fh the remaining P.E= mgh-fh is converted into K.E

mgh — fh =%mv2 = mgh =%mv2 +fh.

Loss in P.E= Gain in K.E+ work done against friction

| What are Non-conventional Energy sources? Explain. |
Definition: The sources which are not commonly used are called non-conventional energy sources.

Names of sources: i) Energy from tides ii) Energy from waves iii) Solar Energy iv) Energy from biomass

Energy obtained from tides: Gravitational force of the moon produces tides in the sea twice a day which can be
trapped in a basin by constructing a dam at high tide then water is released in control way to run the turbine and
generate electricity

Energy obtained from waves: The tides and winds blow across the surface of ocean water waves produce and energy
of these wave can generate electricity.

Salter’s duck: The device which converts energy of waves into electricity is called salter duck. It has two parts
Duck float and balance float: The wave energy produce the movement in duck float relative to balance float which
generate electricity.

Solar energy: The energy obtained from sun is called solar energy.

Solar constant & its value: Solar energy at normal incidence outside the earth’s atmosphere per second per unit area
is called solar constant. Its value 1.4 KWm?=2,

Solar cell: The device which converts sunlight into electrical energy is called solar cell.

Uses of solar cell: They are used in remote ground based weather stations and in solar calculators.

Energy obtained from biomass: Biomass include organic materials such as crops residue, natural vegetation, trees
and animal dung and sewage. There are two methods for conversion of biomass into fuel. (i) Direct combustion (ii)
Fermentation.

Geothermal energy: The heat energy extracted from inside the earth in the form of hot water or steam is called
geothermal energy.

Digester: Rotting of biomass in a closed tank is called digester.

Aquifer: A layer of rock holding water that allow water to percolate through with pressure is called aquifer.

Renewable Non renewable Source of Energy Original source
Hydroelectric Coal Solar, Bio mass Sun

Wind Natural gas Hydroelectric, Sun

Tides Uranium Wind, waves, Fossil fuels | Sun

Biomass Oil Tides Moon

Sunlight Oil shale geothermal Earth

How pollution can be reduced: Pollution can be reduced if (i) people use mass transportation (ii) use geothermal,
solar and other renewable energy sources.
How can we save energy: (i) Turning off the light and electrical devices when not in use (ii) Using Energy saver
instead bulb (iii) using solar energy (iv) Taking short hot showers.
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| Exercise short Questions chapter 04 |
4.1 A person hold a bag of groceries while standing still, talking to a friend. A car is stationary with its engine
running. From the standpoint of work, how are these two situations similar?

Ans. In both cases work is zero, as there is no displacement; W =Fd cos8=Fx0xcos0=0

4.2 Calculate the work done in Kilo joules in lifting a mass of 10 kg (at a steady velocity) through a vertical
height of 10 m.

Ans. W =F d cos0o = F d =(mg) d = 10x9.8x10 = 980 J, divide and multiply by 1000 to get result =0.98 KJ

4.3.A force F acts through a distance L. the force is then increased to 3 F, and then acts through a further
distance of 2 L. Draw the work diagram to scale.

Work =W = (F *L) + (3F *2L) 3F
work = FL + 6FL 8 2F
work = 7FL e .

I E
Displacement

4.4 In which case is more work done? When a 50 kg bag of books is lifted through 50 cm, or when a 50 kg crate
is pushed through 2 m across the floor with a force of 50 N?

Ans. For books: W =F d cos 8 = mgh cos 0o = mgh = 50 x 9.8 x 0.5 =245 J (more work)

For crate: W=F d cos 8 = Fdcos 0o =Fd=50x2=100J More work is done in lifting bag of books.

4.5 An object has 1 J of potential energy. Explain what it means?

An object has one joule of potential energy means that body has capacity to do work of one joule, it means a force of
one N is required to raise through a height of 1m. 1J=! N*1m.

4.6 A ball of mass m is held at a height h1 above a table. The tabletop is at a height h2 above the floor. One
student says that the ball has potential energy mghl but another says that it is mg (h1 + h2). Who is correct?
Both are correct according to their own point of view.

4.7 When a rocket re-enters the atmosphere, its nose cone becomes very hot. Where does this heat energy come
from?

Due to work again air friction and with dust particles in air this work converts into heat and nose cone becomes very
hot.

4.8 What sort of energy is in the following:

a) Compressed spring= Elastic potential energy

b) Water in a high dam= Gravitational P.E

c) A moving car= Kinetic energy

4.9. A girl drops a cup from a certain height, which breaks into pieces. What energy

changes are involved?
When the cup was in the hands of girl it has gravitational P.E when it drop it gain K.E and when it strike the ground
this K.E converts into sound energy, heat energy and work in breaking the cup PE — gain in KE — sound energy +
heat energy

4.10 A body uses a catapult to throw a stone, which accidentally smashes a greenhouse window. List the
possible energy changes
When boy throws the stone elastic P.E is converted into K.E when stone hit the window this K.E converts into sound,
heat and work done in breaking the greenhouse window.

Numerical problems

4.1: A man pushes a lawn mower with a 40 N force directed at an angle of 20° downward from the
horizontal. Find the work done by the man as he cuts a strip of grass 20 m long.

Given Data:F=40N,06=20°,d =20m,W =?
W = F.d = Fdcos@ = 40*20* cos20° = 7.5*10% ]

4.2: A rain drop (m =3.35 ><:|.O_5 kg) falls vertically at a constant speed under the influence of the forces
of gravity and friction. In falling through 100 m, how much work is done by (a) gravity and (b) fiction.
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?7W =7

friction

Given Data:m =3.35*10" kg, h =100m, W

gravity -

Wity = F.d = mghcos @ = mghcos0° = 3.35*107° *9.8*100 = 0.0328 J
W, .., = F.d = mghcos @ = mghcos180° = —3.35*10"° *9.8*100 = —0.0328 ]

4.3: Ten bricks, each 6.0 cm thick and mass 1.5kg, lie flat on a table. How much work is required to stack
them one on the top of another?

Given data : Massof brick =m =1.5kg, h =6cm = 6/100 = 0.06m, W =?
W =0+ mgh + 2mgh +3mgh + 4mgh +5mgh +6mgh + 7mgh +8mgh +9mgh
W =45mgh =45*1.5*9.8*0.06 = 39.69J ~ 40J

4.4: A car of mass 800kg travelling at 54kmh-1 is brought to rest in 60 meters. Find the average retarding
force on the car. What has happed to original kinetic energy?

Given Data : mass = m = 800kg, v; = 54Km/h =54*1000/3600 =15nV/s,v; =0,d =60m, F=?, KE =

accordingto work energyprinciple Fd = %m(vf2 —v’)=>F= % mv,> v,
F= %800 *(0? —15%) = —1500N -ivesignshowstheretardingforce,
Asvelocityof bodyis decreasingso kinetic energy will be decreaseand becomes zero dueto frictional 1

4.5: A 1000 kg automobile at the top of an incline 10 metre high and 100 m long is released and rolls down
the hill. What is its speed at the bottom of the incline if the average retarding force due to friction is 480 N?

Given Data: m =1000kg, height =h =10m,s=100m,f =480 N v, =?
2Fd

Using WE principle Fd :lm(vf2 -0)= F:imvf2 =V =
2 2d m

V:\/de =\/2 480 10029_9z10m/5
m 1000

4.6: 100 m3 of water is pumped from a reservoir into a tank 10 m higher than the reservoir, in 20 minutes. If
density of water is 100kg m-3, find (a) the increase in P.E. (b) the power delivered by the pump.

Given Data: Volume of water =V =100m?, h =10m, t = 20 min = 20*60 =1200sec, p =1000kgm *,P.E=?P =?
for mass Density =, mass/volume = mass = density * volume = 1000*100 = 10° kg

* 6
P.E =mgh =10°*9.8*100 = 9.8*10° J, Power = % = PéE = 9'32;8 8.2*10°Watt = 8.2KW
4.7: A force (thrust) of 400 N is required to overcome road friction and air resistance in propelling an

automobile at 80kmh-1. What power (kW) must the engine develop?
Given Data: F =400 N, velocity = v =80Km/h =80*100/3600 = 22.22 m/s, Power = ?

P = F.V = Fvcosé = Fvcos0°® = 400*22.22 = 8888watt = 8888/1000 = 8.9KW
4.8: How large a force is required to accelerate an electron (m = 9.1><10_31 kg) from rest to a speed of

2.0x10"ms™* through a distance of 5.0 cm?
Given Data:mass = m =9.1*10°'kg, v, =0, v, =2*10" m/s,d =5cm =5*10"m,F =?

using work energy principle Fd = %m(vf2 —v)=F= %m(vf2 -v.%)

1

F=—"——-91*10%((2*10")* -0%) =3.6*10™* N
2*5%*10

[CE.




4.9: A diver weighing 750 N dives from a board 10 m above the surface of a pool of water. Use the

conservation of mechanical energy to find his speed at a point 5.0m above the water surface, neglecting air

friction.
Given Data:W =750N,h, =10m,h, =5m,v="?

Asloss of potentialenergy = gian in kinetic energy = mg(h, -h,) =1/2mv°®
v=.2g(h,-h,) =/2*9.8(10-5) =9.9m/s

4.10: A child starts from rest at the top of a slide of height 4.0m. (a) What is his speed at the bottom if the

slide is frictionless? (b) If he reaches the bottom, with a speed of 6 ms1, what percentage of his energy at
the top of the slide is lost as a result of friction?
Given Data: height = h = 4m, speedat bottom= v =? % age of totalenergy lost = ?(if v =6 m/s)

Asloss of P.E = Gain in K.E = mgh =1/2mv? = v® = 2gh = v = ,/2gh =+/2*9.8%4 =8.8ms™

loss of energy . _ 1/2mv? -1/2mv? _v?-v? 8.8% —6°
- 2 2

total energy 1/2mv® v 8.8
TID BITS/USEFUL INFORMATION

% loss of Energy = *100 =54%

Q.1 Tick the right option.
1) Which of these is example of conservative forces?
a) Gravitational b) Elastic spring c) Electric force d) All of these
force force
2) Which of these is example of non-conservative force?
a) Frictional force b) Air resistance c) Propulsion force d) All of these
of rocket

3) What is the power of jumbo jet air craft?

\ a) 1.3*108watt \ b) 1.1*10° watt \ c) 2*10% watt ] d) 7.5*10% watt \
4) What is the power of car at 90kmh!

\ a) 1.3*10%watt \ b) 1.1*105watt \ c) 2*10° watt ] d) 7.5*10* watt \
5) What is the power of electric heater

\ a) 1.3*10%watt \ b) 1.1*10° watt \ c) 2*10° watt \ d) 7.5*10* watt \
6) What is the power of pocket calculator?

\ a) 1.3*108watt \ b) 1.1*108 watt \ c) 2*10° watt | d) 7.5*10*watt \
7) What is the power of color TV?

| a) 100 watt | b) 120 watt | ¢) 140 watt | d) 160 watt |
8) What is the power of flash light(two cells)

| a) 0.5watt | b) 15watt | ¢ 2.5watt | d) 3.5watt |
9) How much energy is used to make a car

\ a) 9*10°J \ b) 1000 J \ c) 9*10%) \ d) 1*10%2) \
10) A car uses about how much energy from petrol in its life time?

\ a) 9*10°J \ b) 1000J \ c) 9*10%) ] d) 1*102J \
11) How much energy is obtained from kinetic energy of car at 90 km/h

\ a) 30*10°J \ b) 5*107J \ c) 1*108) ] d) 3*10%J \
12) What is the approximate energy value obtained from burning 1 ton coal?

\ a) 30*10°J \ b) 5*107J \ c) 1*10°] ] d) 3*102J \
13) How much energy is obtained from burning 1 liter of petrol

\ a) 30*10°J \ b) 5*107J \ c) 1*10°J \ d) 3*102J \
14) How much energy is obtained from running person at 10km/h

\ a) 30*10°J \ b) 5*107J \ c) 1*108) \ d) 3*10%2J \

15) How much energy is obtained from fission of one atom of uranium?

\ a) 30%10°J \ b) 5*107J \ c) 1.8*101J \ d) 3*107J




16) What is the approximate energy value obtained from kinetic energy of molecule of air
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\ a) 30*10°J \ b) 6*10%J | c) 1*10°J | d) 3*102J

17) All the food you eat in one day has about the same energy as --- liter of petrol
1 1 1 1
a) > b) 3 c) 2 d) -

18) There is more energy reaching Earth in ---days of sun light than in all the fossil fuels on Earth

\ a) 5 \ b) 10 \ c) 15 | d) 20 \
19) More coal has been used since --- then was used in the whole of history before that

\ a) 1945 \ b) 1940 \ c) 1950 \ d) 1955 \
20) Escape speed for Moon is

\ a) 2.4 kmils \ b) 4.3km/s \ c) 5kmis \ d) 10.4 km/s \
21) Escape speed for Mercury

‘ a) 2.4km/s ‘ b) 4.3 km/s ‘ c) 5kmi/s ‘ d) 10.4 km/s ‘
22) Escape speed for Mars is

\ a) 2.4 km/s \ b) 5kmils \ ¢) 10.4 km/s \ d) 11.2 km/s \
23) Escape speed for Venus is

\ a) 10.4 km/s \ b) 11.2 km/s \ c) 22.4km/s \ d) 25.4 km/s \
24) Escape speed for Uranus is

\ a) 10.4 km/s \ b) 11.2 km/s \ c) 22.4 kmls \ d) 25.4 km/s \
25) Escape speed for Neptune

\ a) 10.4 km/s \ b) 11.2 km/s \ c) 22.4kmi/s | d) 25.4 kmi/s \
26) Escape speed for Saturn is

\ a) 10.4km/s \ b) 37 km/s \ c) 22.4km/s \ d) 25.4 km/s \
27) Escape speed for Jupiter

\ a) 10.4 km/s \ b) 11.2 km/s \ c) 61km/s ] d) 25.4 km/s \
28) Escape speed is maximum for planet?

‘ a) Moon ‘ b) Mercury ‘ c¢) Jupiter ‘ d) Saturn ‘
29) Escape speed is least for which planet?

‘ a) Moon ‘ b) Mercury ‘ c) Mars ‘ d) Jupiter ‘
30) Sun is the original source of

‘ a) Biomass ‘ b) Fossil fuels ‘ c) Wind ‘ d) All of these ‘
31) Which of these is renewable energy source?

\ a) Hydroelectric \ b) Wind \ c) Tides \ d) All of these \
32) Which of these is non-renewable energy source

‘ a) Coal ‘ b) Natural gas ‘ c) Oil, uranium ‘ d) All of these ‘
33) Tidal effect can distort the continents pulling land up and down by as much as

‘ a) 15cm ‘ b) 20cm ’ c) 25cm ‘ d) 30cm ‘
34) Original source of tides is

‘ a) Sun ‘ b) Earth ‘ ¢) Moon ’ d) None ‘
35) Original source of geothermal energy

‘ a) Sun ‘ b) Moon ‘ ¢) Earth ‘ d) None ‘
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negative

Q# Questions Option A Option B Option C Option D
i.| If direction of force and displacement are Minimum Zero Maximum Infinity
perpendicular then work will be
ii.| A stone is thrown up from the surface of Mgh Yo mv2 2mgh Zero
earth when it reaches at maximum height
its kinetic energy is equal to
iii.| Which is renewable source of energy? Coal Natural gas Sunlight Uranium
iv.|  Which one is non renevable source of Wind Biomass Coal Sunlight
energy
V. Which one is conservative force? Electric Tension in Propulsion Normal force
string force of
motor
Vi. 1 KWh="? 3.6%10°) 3.6*10%J 3.6%107J 3.6%108)
Vii. The dimension of work are [MLT?] [ML2T2] [MLT] [ML2T7]
viil. Source of tidal energy is Moon Sun Earth Uranium
iX. A body at rest may have Energy Momentum K.E Torque
X. Which one is not the unit of work Watt second Nm Joule Kam/s
xi.| When do high tides occur in the ocean When moon Onarainy | Whenthereis | During day
is b/w sun day full moon time
and earth
Xii. Nonrenewable source of energy is Uranium Wind Biomass Sunlight
xiii.| Escape velocity on the surface of earth is 2R _ ]
given by Vesc=? VT V= VG% ﬂ V—wszTM
xiv.| To evaluate gravitational P.E , final point om 1000Km Infinity None of these
must be consider at
XV. 6 joule of work is done in 3 sec then 6Watt 3 watt 18 Watt 2 watt
power is
P=work/time=6/3=2watt
XVi. Work done is maximum if the angle 0 30° 180° 90°
between the force and displacement is
xvii.| Escape velocity of a body of mass 1000 11 km/s 5.5 km/s 22 km/s 44 km/sec
kg is 11 km/s, if the mass of body is
doubled then escape velocity is
Escape velocity is independent of mass
XVilil. Killo watt hour is the unit of Power Force Energy Weight
XiX. 1KWh="? 0.36 MJ 3.6MJ 36MJ 360MJ
xX.| As we move up a body above the surface Negative Positive Zero Infinity
of earth, the change in potential energy
will be
XXi. Rate of doing work is known as Impulse Energy Power Momentum
xxii.| Which one is biggest unit of energy and Erg Joule Watt hour Killo watt
commercial unit hour
XXiil. Joule is a unit of K.E P.E Heat energy All of these
XXiV. Kinetic energy can be defined as dot Momentum Force and Average None of these
product of and force velocity momentum
and velocity
xxv. | If mass of moving body is doubled then 2 times 4 times 8 times 16 times
its kinetic energy becomes
xxvi.| A field will be conservative when work | By centripetal By a In closed None of these
done force is zero frictional path is zero
force is
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kxvii.| Power is equal to the dot product of force | Displacement | Acceleration Velocity Position
and vector
xviii.| Value of escape velocity for the surface 11 km/sec 2.4 km/sec 10.4 km/sec 4.3 km/sec
of the earth is 11 km/sec. Its value for
surface of the moon is
XXix.| KW/m? is the unit of Power Intensity Energy work
xXx.| The area under the curve force Force Displacement Work Power
displacement graph represents
xxxi.| If velocity is doubled then Momentum Momentum Momentum Momentum
increase 4 and K.E increase 2 increase 2
times and k.E . times and times and
2 times remains same K.E remains | K.E increase
same 4 times
Momentum is directly to velocity and kinetic energy is directly to square of velocity
kxxii.| If by some means the diameter of earth Same Double Half One fourth
increases to 4 times the escape speed will
becomes
As escape speed is directly proportional to sq.rt of radius/diameter, so sqg.rt of 4 is two
XXiii. Solar cell converts light energy into Heat energy Chemical Electrical | Atomic energy
energy gnergy
XXIV. A body of mass 2kg moving with 16J 8J 32] 2]
velocity of 4m/s has K.E equal to
As m=2kg, v=4 m/s, put in formula K.E=1/2 mv2=1/2*2*4?=16
KXXV. The value of solar constant is 1.4 KW/m? 1 KW/m? 4.1 KW/m? 0.1 KW/m?
xxvi.|  Work will be negative when angle is <90° >90° 0° 45°
KXVil. Work has dimension like Torgue Momentum Velocity Power
xviii.| Earth receives large amount of energy Wind Water Sun Moon
directly from
xXix.| Original source of energy for biomass is Earth Moon Sun Star
xI.| A layer of rock holding water that allows Geyser Aquifer Steam vent Hot spring
water percolate through it with pressure
is called
xli. The value of escape velocity is 1 Km/h 11 Km/s 1.1 Km/h 1.1m/s
xlii.| 3 J of work is done in 3 sec then power is 6W 3W 18W W
P=work/time=3/3=1watt
xliii.| All the food we eat in one day has about One liter of 14 liter of 1/3 liter of Y4 liter of
the same energy as: petrol petrol petrol petrol
xliv.| The work done is negative when angle 45° 90° 180° 0°
between force and displacement is
xlv.| On aclear day at noon, the intensity of | 1.4 kWm-2 1.0 kWm-2 1.4 Wm-2 1.4 KWm-2
solar energy reaching the earth’s surface
is about
xlvi. Bio mass is converted into fuel by Evaporation Scattering Reflection Fermentation
xIvii.| Which of these is not conservative force? Frictional Gravitational | Electric force Elastic
force force restoring force
Iviii. Escape velocity is independent of Mass Radius Gravitational All of these
acceleration
xlix.| A body has P.E=mgh when it is height h mgx mgh mg(h-x) mg(h+x)
from ground, at the point distance x
below from top, its P.E will be
I.| The dimension of power is [MLT?] [ML?T] [MLT] [MLT]
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li.| If 50 kg crate is pushed through 2m 245 100J 500 501
across the floor with force of 50 N, work
will be
lii. | Work done will be zero if angle between 0° 270° 60° 360°
force and displacement is: Putin
W=Fdcose
liii.| 100 joules work has been done by an 1000 watt 0.10 watt. 100 10 watt.
agency in 10 seconds. What is power of Apply P=W/t
agency
liv.| Escape velocity for mars is 10.4 km/s 2.4 kml/s 4.3 km/s 5 km/s
Iv.| The escape velocity corresponds to Total Initial kinetic. | Absolute None of these
energy gained by body, ]
which carries it to an infinite distance Potential
from the surface of earth.
Ivi.| The power needed to lift a mass 5000g to | 2.45 W 245W 245 W 2.45 KW
height 1Imin 2 sec
P=W/t=mgh/t= 5*9.8*1/2=49/2=24.5 W
Ivii.| If a body of mass 5kg is raised vertically | 49 J 49 490J 0.49)
through a distance of 1m, then work
done is
W=Fd=mgh=(5)(9.8)(1)=49J
Iviii.| The consumption of energy by 60-watt 20 301J 0.02J 120J
bulb in 2 seconds is:
POWER =energy/time, Energy = power*time= 60*2= 120 J
lix.| If a certain force acts on an object and 9257 65J 9751 130J

changes its kinetic energy from 65 J to
130 J, then work done by the force will
be

Apply work energy principle as work done is equal to change in kinetic energy so=130-65=65J

Asad Abbas

Subject Specialist

Physics

contact#0303-9251414
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| CHAPTER 05 CIRCULAR MOTION |
Circular motion: The motion of an object in circular path is called circular motion. For example motion of satellite in
orbit around the earth.

| What is Angular displacement? State right hand rule. |
Angular displacement: The angle subtended at the center of circle by a moving body in given time is called angular
displacement. Sl unit of angular displacement is radian.

Right hand rule to find the direction of angular displacement: “Rotate the fingers of your right hand through some
possible angle then erect thumb will show the direction of angular displacement.

Radian: The angle subtended at the center of circle by an arc whose length is equal to radius of circle is called radian.
Prove that S=rO.

let Sis the length of circle of radius r |

which makes an angle & at the center

g &cC Ie_ngth (rad) l/P
radius (

g=> e
r |
S=réf

Prove that 1 radian=57.3°
Aswe know that in one revolution distance covered
by a particleis equal to circumference S = 2nns0
0= S = 2ﬂt(rad) = 2z radian

r r

as angle for circle is 6 =360°s0

0

360° = 2 radian = 1radian =

T
lradian = 57.3° which is required result
| What is Angular velocity? What is average and instantaneous angular velocity?

Angular velocity: Time rate of change of angular displacement is called angular velocity. Its formula is @ = %f .

Sl unit is radian/sec. It is vector quantity. Its dimension are [T™]. Its direction is along the axis of rotation.
Average angular velocity: The ratio of total change in angular displacement to total time is called average angular

. AG
velocity. < w >= e
Instantaneous angular velocity the angular velocity at any instant of time when limiting value approaches to zero is

. A6
called instantaneous velocity. @ = lim At — OE

\ Define Angular acceleration? what is average and instantaneous angular acceleration?

Definition: The time rate of change of angular velocity is called angular acceleration.
Its formulac = A_t . It is vector quantity and Sl unit is rad/sec? and [T-?], its direction is along the axis of rotation.

Average angular acceleration: The ratio of total change in angular velocity to the total time interval is called average

. Aw
angular acceleration. < o >= T

Instantaneous angular acceleration: The angular acceleration at any instant of time when limiting value approaches

. . . . Aw
to zero is called instantaneous angular acceleration & = lim At — OE :
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| Relation b/w linear and angular velocities OR prove that V=rw

let a point P in rigid body at perpendicular distance r from axis of rotation with linear velocity v,
AS =TA0

dividing bothsides by At
AS A6

— =r—— taking limit on both sides
At At

lim At — 02> limat >0r2? .1
At At

AslimAt—>0A—S:v,Iim At—>OA—9:a)
At At

putineq (1
vV =ro which is required result
| Relation b/w angular and linear acceleration. OR prove thata =ra

let a point P in rigid body at perpendicular distance r from axis of rotation with with angular acceleration «,
AV =rAw

dividing bothsides by At

AV Aw

— =r—— taking limit on both sides
At At

lim At — 02Y = limat »>0r22 .1
At At

AslimAt+0%=a,limAt—>0%:a

putineq (1
a = ra which is required result

| Write Equations of motion in case of angular motion

Uniform acceleration Angular velocity
Vi=Vi+at w; =, + ot

S=Vit+1/2 at?

0=o, Lo

2as=Vf2-Vi? 2

200=w," —w

| What is Centripetal force and centripetal acceleration? derive their relations.
Centripetal force: The force which move the body in circular path is called centripetal force. For example force
acting on Earth around the sun. Fc=mv?/r.

Centripetal acceleration: The acceleration which is produced by centripetal force is called centripetal acceleration.
Its formula is a=v?/r=w?r. It is also called radial acceleration. The direction of centripetal acceleration is along the
radius towards the center of circle.

Expression for centripetal acceleration and centripetal force: Let us consider a particle of mass moves from point
A to point B with uniform speed v. the velocity of the particle changes its direction but magnitude remains same. This
change in velocity is shown in fig produce acceleration whose value
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AV
@ = - mmemmmmeeemeeeeeees )

Let V1 and V, are the velocities at point A and point B so magnitude of both speed are equal. V1 =V,=|V|=V. so time
taken to travel distance S or AB is At which is At=S/V put in equation (1)

AV _ VAV
=SV TS -

For calculation of AV we draw a triangle APQR such that PQ is parallel to V,and PR is parallel to V,

So from isosceles triangle PQR the value of angle 8 = % = 471/ ----- (M
Similarly From triangle OAB, the value of angle 6 = g = ; ---------- (i)
Comparing both (i) and (ii) we get % = é AV = % putting in equation (2)

SV

vVE) vz i .
=S =V—, this is the formula for centripetal acceleration
S r R AV
2
Expression for centripetal force: As we know that F=ma, and a=V7 putting in formula to get result v Q
1
mv? . . . . . Vl
F=T this is the formula for centripetal force, in case of angular motion V=r® so we get p
2 2,.2
F;@ =" =mrw?, this is centripetal force, its unit is newton and dimension [MLT], and it is only force

which perform no work.

| What is Moment of Inertia? Calculate the torque in terms of moment of inertia on rigid body. |
Definition: The product of mass of particle and square of its perpendicular distance from axis of rotation is called
moment of inertia. It is scalar and unit is kgm?. Its formula is I=mr? and its dimension is [ML?].

Significance: Moment of inertia plays the same role in angular motion as mass play in linear motion.

Explanation: consider a mass which is attached to a massless rod which can rotate about a frictionless axis of
rotation O. let the system be in horizontal place. A force F acts on the mass perpendicular to rod,

F=ma. This force rotates the mass in angular motion a=ra, equation of force
F=mra multiplying both sides by r, rF=mr%q

As T=rF, T= mra as we know that I= mr?

T=la, is the torque acting on a body of mass.

Moment of inertia of rigid body:

Consider a rigid body made up of n small pieces of masses m;, mz, ms...my
Magnitude of torque acting on m; T1= miri2os

Magnitude of torque acting on m; T2= marz?ay

Magnitude of torque acting on mj Tn= Maln?an

Total torque T= T1+ Tz*.......... + Tn = Mar%a1 + Moo +.......... + mnrn2on = (Mar? + mMar2? +....4 mardo= lo

Thinrod =1 = iZmLZ, Thin Ring or Hoop = | = mr?, solid cylinder = | =%mr2,sphere= | = %mr2
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| What is Angular momentum? Prove that L=lw. |

Definition: The cross product of position vector r about axis of rotation and linear momentum P of rotating body is
called angular momentum. Its SI unit is kgm?/s or Js , whose dimension are [ML?T™].

Explanation: Consider a body mass m moving with v and linear momentum relative to origin then angular
momentum

Aswe know taht L = F =P = rPsing f b
putP =mvand 6 =90° /?f )
L = r(mv)sin90° = mvr O ! ,f‘i‘r?{_“
as we know that v=re 7':},,,/
L=m(e)r=mr’o=Ilwo

The direction of angular momentum is perpendicular to plane containing # and P.

Angular momentum of rigid body: Consider rigid body rotating body about a fixed axis through center of mass m as
shown in fig, each particle rotates about the same axis in circle with same angular velocity .

Magnitude of angular momentum acting on m; L1= miri?m;

Magnitude of angular momentum acting on m; Lo= mar?m;

Magnitude of angular momentum acting on m, Lr= Mnlv?on

Total L= L+ Lo+.......... + Lo = marior« Marmz +.......... + Maln2on = (M + marz? +...+ Mahd0= lo

Spin angular momentum: Angular momentum of spinning body is called spin angular momentum Ls.

Orbital angular momentum: Angular momentum of orbiting in circular path is called orbital angular momentum.
Point object: Such an object whose radius is larger as compared to size of the body is called point object.

| State and explain Law of conservation of angular momentum.

Statement: If no external torque acts on a system, total angular momentum remains constant. 1,0, = 1,o,
Explanation: This law has great importance for Earth as it moves around the sun. No other sizable torque is
experience the Earth, because the major force acting on it is the pull of the sun, the Earth’s axis of rotation, therefore,
remains fixed in one direction with reference to the universe around us.

Other examples: (1) a man diving from diving board (2) Diving (3) Gymnastics (4) Ice-skating.

| What is Rotational Kinetic Energy? calculate rotational kinetic energy and speed for disc and hoop. |
Definition: The energy possessed by a body due to its rotation about an axis is called rotational kinetic energy. OR the
kinetic energy of rotating or spinning body is called rotational kinetic energy.

Derivation: To derive the relation for rotational kinetic energy, consider a piece of mass dividing into (m, mz,my)
from a distance (ra,r2,rs,....m), also we know v=ro then

K.E= % mv=Y m(ron =% mriw?,

for each part its sum will be

K.Erot=22 mir? o2 +Yamar? % +.......... + Yo Maln? 0 20 = Y2 (Mar? + mMar2? +....4 Mo o2

K.E rot =% Iw?

Uses: It is used by fly wheel which are compulsory parts of many engines. A fly wheel stores energy b/w the power
strokes of piston.

Rotational kinetic energy of a disc Rotational kinetic energy of hoop

We know that K.Er= ¥ loy? We know that K.En= Y lo?

Foradisc I=%mr? as we know v=ro Forahoop 1= mr? as we know v=r®
K.Ewni= % (Y2 mr?)o®= Ya m(rPo?)= Y% m(r ©)’= ¥ mv? K.Ewi= %2 (Mr?)o’=Y% m(r’w?)= % m(r 0)*=% mv?
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Velocity of a disc

Velocity of hoop

Consider a disc starts moving down an inclined place of
height h, its motion consists of both rotational and
translational motion as shown in fig

Consider a hoop starts moving down an inclined place of
height h, its motion consists of both rotational and
translational motion as shown in fig

PE=KE,, +KE,, PE=KE,, +KE,

tran tran

mgh = %mv2 +%mv2 for disk K.E :%mv2 mgh = %mv2 +%mv2 for disk K.E ,, = %mv2

2mv? +mv®  3mv? mv? +mv?  2mv? )
mgh = = mgh = = =mv
4 4 2 2
2 _
v2 oA . @ﬁ) vZ =gh
3 i v=,/gh
— @ . conclusion: it is concluded from both equations that
3 . Disc> Vhoop

| What is Artificial satellite? Derive the formula for speed and time period of artificial satellite. |
Satellite: The objects which orbits around the Sun are called satellites.

Avrtificial satellite: The man-made objects that orbit around the Earth is called artificial satellite. They are put into
orbits by rockets and era held in orbits by gravitational pull of Earth. The low flying satellites have acceleration 9.8
ms 2 towards the center of Earth.

Critical velocity for artificial satellite: “The minimum velocity required to put the satellite into orbit around Earth”
Formula for critical velocity: consider a satellite moving in a circle of radius R having centripetal force which is
supplied by gravitational force.

-------- €

2

Centripetd force = mv

Gravitational force =mg

comparing both equations =mg =Vv’=0R

vV=,/0R = v =+9.8%6.4*10° =7.9*%10°m/s = 7.9 km/s , thisis the numerical value of critical velocity.
Time period: “The time required by the satellite to complete one revolution around the Earth is called Time period”.
* * *106
Aswe S=wt :t:§: 2rn _2*3.14 6'43 10 =5060sec ~ 84 min
v v 7.9*10

If the satellite moves at height h from surface the earth, thus higher the satellite, the slower will be the required speed
and longer it will take to complete one revolution around the earth. Closest orbiting satellite the Earth at a height of
400Km.

Global positioning system: There are twenty four satellites close orbiting satellites form the global positioning
system. With help of this system, an airline pilot, sailor or any other person can now use a pocket size instrument or
mobile phone to find his position on the Earth’s surface to within 10m accuracy.

Asad Abbas

Subject Specialist
Physics
contact#0303-9251414
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| What is Real and apparent weight? Discuss its different cases. |

Real weight: The gravitational pull of Earth on object is called real weight,
Apparent weight: Weight is generally measured by spring balance and the readings of spring balance is called
apparent weight.
Apparent weight of an object in a lift: Consider the apparent weight of an object mass m suspended by a string and
spring balance in a lift, the tension T in the string can be measured with help of spring balance.
Case 01: When the lift at rest or moving with uniform velocity: In this case, acceleration is zero as net force is zero
on the object, if W is the gravitational force (Real weight) and T is tension (apparent weight) then using Newton’s law
T+(-W)=ma =T-W =m(0) a=0so0
T =W, Result: Apparent weight of an object is equal to real weight

Case 02: When the lift is moving upward with acceleration a: In this case upward force T is greater than real
weight W then net force acting on the body willbe T + (-W)=ma
T-W=ma =T=W+ma ,Result:Apparent veight of object is increased by an amount ma than actual weight.
Case 03: When the lift is moving downward with acceleration a: In this case real weight W is greater than real
apparent weight T then net force acting on the body will be W + (-T)=ma
-T+W=ma =T=W-ma ,Result: Apparent veight of object is decreased by an amount ma than actual weight
Case 04: When the lift is falling freely: When the lift is falling freely then a=g
T=W-ma= W-mg=mg-mg=0 as W=mg, ma=mg in this case apparent weight is zero.
Weightlessness: When the apparent weight of object is zero than this condition is called weightlessness.

| Write a note on Weightlessness in satellite and gravity free system. |
Weightlessness: When a satellite is falling freely in space under the action of force of attraction of Earth, then this
state is called weightlessness.

Explanation:

An Earth’s satellite is freely falling object.

To explain this if the projectile is thrown continuously at larger speeds then during its free fall to the Earth, the
curvature of the path decrease with increasing horizontal speeds.

If object is through fast enough parallel to the Earth, the curvature of its path will match the curvature of the
Earth and space ship simply circle round the Earth.

Its free fall acceleration is simply g.

In fact the space ship is falling towards the center of Earth at all times but due to spherical shape of Earth, it
never strikes the surface of Earth.

Gravity free system: When a satellite is moving under weightlessness then no force is required to hold it, such a
system is called gravity free system.

VV VYV VYV

| What is Orbital velocity? Derive its formula. |
Definition: The velocity of satellite with which it revolves around the Earth is called orbital velocity.

Gm
Formula: V=./—— Where r=R+h
r

Formula derivation: Let us consider a satellite of mass m moving with orbital velocity v around the Earth of mass.

If ris theradius of orbit then centripetal force LA (1)
r
Itis provided by gravitational force b/w Earth and satellite F=G Mzm ————— 2
r
2
equating (1) and (2) wWo_G Mzm =v?= GM
r r r

V= 1/% , G =Gravitation constant, M = mass of Earth, r =R +h, R =radius of Earth, h = height of orbit from equator
r
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| What is Artificial Gravity? Derive the expression for frequency of spaceship.
Avrtificial Gravity: The gravity produced in an orbiting satellite by spinning it around its own axis is called artificial

1 |
gravity. Formula for frequency of spaceship for artificial gravity is f = 2— % .
V4

Need of artificial gravity: If the spaceship is to stay in orbit for longer times, then weightlessness creates many
problems for astronauts present in spaceship, to overcome this problem, artificially gravity is created.

How it produced: Artificial gravity is produced by rotating the spaceship around its own axis, the astronauts then
pressed the outer rim and exert a force on the floor of spaceship in much as same way as on the Earth.

Expression for Freguency: Let us consider a spacecraft having radius R which rotates around its axis with angular
speed o, linear speed v=Rm. As force of gravity provides the centripetal acceleration so in this case a=g.

5 v (Rw)® R’
° R R R
a, =R®*——————--———————— ()]

as Angular frequency is w = 2?” puttingin (1)

2 2
a, =R ZZ| =R _4r2rit Asf=lofr=L
T T T T T
a, =4r7°R(f?)
f?= 123: 12g As a_ =g so
4z R 4r° R

fo-t 9

47% R
f :2i % This is the formula for frequency of spaceship required to provideartificial gravity

T

| What is Geostationary Orbit? write its uses and derive the formula for radius of geostationary orbit. |
Geo stationary orbit: The orbit in which the period of rotation of satellite is equal to period of rotation of Earth about

its axis is called geo stationary orbit. A geostationary satellite orbits the Earth once per day(24h) over the equator.
Uses of Geostationary orbit: There are following uses of geostationary orbit

Such satellite are used in communication system, weather observation and other military uses.
Expression for orbital radius of Geo stationary orbit: As we know that the orbital speed necessary for the circular

L GM . . :
orbitis givenas v=, ,|————————————— (@), ris the distance of satellite from Earth, M= Mass of earth
r
. S 2nr . . . .
This speed must equal to speed sV = T T (2), tistheperiodof revolution of satellite
Asad Abbas
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Equating both equation 2nr = ‘/G—M,squaring both sides Mg @
T r

4n’r* GM , GMT?
> = — =TI :—2 ,

T r libs
r_(GMTZ

| 4n?

Taking cube root on both sides &%;"‘

1/3
J , Thisis the formula for orbital radius of geostationary satellite

2 1/3
. = 4.23*10"km
4(3.14)

The height above the equator comes out tobe 36000 km.

. (6.67 *10-11*6*1024* (86400)

| What is Communication satellite? Explain. |

Definition: Such a satellite which is used for worldwide communication is called communication satellite.
» A communication system can be set up by placing many geostationary satellites in orbit over different point
on surface of Earth.
» One such satellite covers 120° of longitude, so whole populated Earth surface covered 03 correctly position
satellites.
» Solar cells provides the energy to amplify and retransmit the signal
» About 200 Earth stations transmit and receive signals via satellite from other countries

Why Microwaves are used in communication satellite?: Micro waves are used in communication satellite because
they travel in straight line and can pass easily through atmosphere of the earth.
What is INTELSAT?: INTELSAT mean international satellite organization. It is managed by 126 countries. It
works at the microwaves frequencies 4, 6, 11, 14 GHz and capacity of 30000 two way telephone calls plus 3 tv
channels.1 GHz=10° Hz.
| Describe Newton and Einstein views of gravitation. |
Newton views about gravitation: “Gravitation is the intrinsic property of matter and gave law of gravitation which is
Law of gravitation: “Every particle of matter attract every particle with a force that is directly proportional the
product of their masses and inversely proportional to the square of distance b/w them”, F=Gmim,/r?.
Einstein Views about gravitation: According to Einstein gravity is due to the curvature of space and time, to observe
this we take example of thin rubber sheet, if a heavy weight is hung from it, it curves.
According to Einstein bodies and light rays move along
Geodesics: Such path which is equailent to straight line in plane geometry is called geodesics.

What is Differences b/w Einstein and Newton views about gravitation?

Newton views Einstein views
Newton discovered inverse square law but give no Einstein theory gives a physical picture of how gravity
explanation of it works
According to Newton gravitation is due to force b/w According to Einstein gravity is due to the curvature of
masses. space and time

Why Einstein theory of gravity is better than Newton theory of gravitation?: It is better than Newton theory
because it gives explanation of inverse square law of gravitation and deflection of light must bend light due to gravity
by definite amount. So Einstein theory about gravity is better than Einstein theory.
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| Exercise short Questions chapter 05

1. Explain the difference between tangential velocity and the angular velocity. If one of these is given for a
wheel of known radius, how will you find the other?

Ans. Tangential velocity (v) “The linear velocity, along the direction of the tangent at any point on that curve which
is followed by the moving particle”.

Angular velocity (®): “The rate of change of angular displacement of a particle moving along a curved path”. Both
arerelated as: v=r ®

2. Explain what is meant by centripetal force and why it must be furnished to an object if the object is to follow
a circular path

The force needed to move a body around a circular path”. Mathematically, F = mv?/ r = mro?.Its direction is towards
the center of the circle. Fc is furnished for an object moving in a circular path (of constant radius). For m & r constant,
F o« o?

3. What is meant by moment of inertia? Explain the significance.

The product of mass of particle and square of its perpendicular distance from axis of rotation is called moment of
inertia. I=mr?

I plays the same role in angular motion as that of mass in linear motion.

4. What is meant by angular momentum? Explain the law of conservation of angular momentum.

The cross product of position vector and linear momentum”. Mathematically, L = r x p

“If no external torque acts on a system, the total angular momentum of the system remains constant”. Mathematically,
Tiota = L1 + L2 + .....= constant.

5. Show that orbital angular momentum Lo = mvr.

Aswe know taht L = T *P = rPsinf f
putP =mvand 6 =90°
L =r(mv)sin90° = mvr

Lo =mvr
6. Describe what should be the minimum velocity, for a satellite, to orbit close to the Earth around it.
The minimum velocity needed to orbit a satellite close to earth is called critical velocity. Its formula is

v=,/0R Itsvalue is 7.9 km/sec

7. State the direction of the following vectors in simple situations; angular momentum and angular velocity.
The direction of angular velocity and angular momentum is along the axis of rotation stated by right hand rule “
Grasp the axis of rotation in your right hand then erect thumb show the direction of angular velocity and moment and
curled fingers show the direction of rotation”.

8. Explain why an object, orbiting the Earth, is said to be freely falling. Use your explanation to point out why
objects appear weightless under certain circumstances.

An object is given certain tangential velocity for orbiting the earth. It is like freely falling due to force of gravity. It
will follow curved path due to two forces. The curvature of its path will match the curvature of the earth. Its
centripetal acceleration equals its acceleration due to gravity; i.e.a=¢g, so T =mg —mg = 0. Hence it appears
weightless.

9. When mud flies off the tyre of a moving bicycle, in what direction does it fly? Explain.

Ans. The mud will fly in a direction tangent to the wheel. When mud separates from the tyre, centripetal force is
ceased from the mud particles

10. A disc and a hoop start moving down from the top of an inclined plane at the sametime. Which one will be
moving faster on reaching the bottom?

Disc will be moving faster on reaching the ground

Because V = 1/% For disc v = \/E for hoop

4
V gisc= \/; gh:1-15vhoop SO Vdisc>Vhoop
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11. Why does a diver change his body positions before diving in the pool?
To increase angular velocity, the diver changes his body positions. L =1 @ = mr? o for smaller r, o will be greater.
The diver closed his legs and arms to make smaller r so that his angular velocity increases to make more somersaults.
Lo, =1,0,.
12 A student holds two dumb-bells without stretched arms while sitting on a turntable. He is given a push until
he is rotating at certain angular velocity. The student then pulls the dumbbell towards his chest. What will be
the effect on rate of rotation?
His rate of rotation will increase, due to smaller r, the distance from the axis of the distribution of massm. L=1® =
mr? @ When he pulls the dumbbells towards his chest, his moment of inertia decreases and he spins faster.
13 Explain how much minimum number of geo-stationary satellites are required for global coverage of T.V.
transmission.
Three correctly positioned satellites are sufficient for global coverage of TV transmission. As one such satellite covers
120° of longitude.

Numerical problems
5.1: A tiny laser beam is directed from the Earth to the Moon. If beam is to have a diameter of 2.50 m at the
Moon, how small must divergence angle be for the beam? The distance of Moon from the Earth is

3.8x10%m.

Given Data:S=2.5m,r=3.8*10°m, 0 ="?
S 2.5

— = W = 6.6*1079 I'ad
r .

5.2: A gramophone record turntable accelerates from rest to an angular velocity of 45.0 rev min-1 in 1.60s.
What is its average angular acceleration?

Given data: i =0, ®; =45rev/imin =45*2nn/6 =1.5x rad/sec, t =1.60sec, o = ?
o; —0i  1.57-0
t 1.6

o= =2.95rad s*

2
5.3: A body of moment of inertia | =0.80 kg M~ about a fixed axis, rotates with a constant angular

veIocitleO rad S_l. Calculate its angular momentum L and the torque to sustain this motion.

Given Data:1=0.80kgm?, @ =100rads™,a =0,L =27 ="?
L=1w=0.80*100=80Js, r=la=1(0)=0

5.4: Consider the rotating cylinder shown in fig. 5.26. Suppose that m=5.0 kg, F=0.60 N and r=0.20 m.
Calculate (a) the torque acting on the cylinder, (b) the angular acceleration of the cylinder. (Moment of

1 >
inertia of cylinder=—Mr 7).

Givendata:m=5kg, F=060N,r=0.2m,0=90°,t=?, =0
T=rFsing =0.2*0.6*sin90° = 0.12Nm, | =1/2mr? =1/2*5(0.2)* = 0.1kgm°

Ast=lo=a="= 012 _ 1.2rads >
I 01 Asad Abbas
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30
5.5: Calculate the angular momentum of a star of mass 2.0x10 kg and radius 7.0 ><f|.05 km.ifit
makes one complete rotation about its axis once in 20 days, what is its kinetic energy?

Given Data:m =2*10* kg, r = 7*10° km = 7*10° *10°m = 7*10°m,

T =20days=20*24*60*60 =1.728*10°sec Angular momentum=L=? K.EE="?
*
L=lo= 22 27 _ 3(2*1030)(7 *10%)? L‘Me =1.42*10%Js
5 T 5 1.728*10
* 2
K.E= 1 lo® = Egmrz(z—ﬂ)2 = 1(2*1030)(7*108)2[L.146J =2.5%10%)
2 25 T 5 1.728*10

5.6: A 1000 kg car travelling with a speed of 144km h-1 round a curve of radius 100m. Find the necessary
centripetal force.

Given Data: m =1000kg, v =144 km/h =144*1000/3600 = 40 m/s,r =100 m,F, =?

E_ mv? _ (1000)(40)2

2 =16000N =1.6*10*N
r 100

5.7: What is the least speed at which an aeroplane can execute a vertical loop of 1.0km radius so that there
will be no tendency for the pilot to fall down at the highest point?

Given Data:R =1000m, v =29 =9.8 ms™
v=,0R =+9.8*1000 =99m/s

5.8: The Moon orbits the Earth so that the same side always faces the Earth. Determine the ratio of its spin
angular momentum (about its own axis) and its orbital angular momentum. (In this case, treat the Moon as a

particle orbiting the Earth). Distance between the Earth and the Moon is 3.85 ><:|.08 M .Radius of the Moon
is1.74x10°m .

Given data : Radius of moon =r_ =1.74*10°m, Distance b/w Earth and moon =r = 3.85*10%m

Ls 25Mrno’ r2 2(1.74%10°)°

= =8.17*10°
Lo mr2w? 5r>  5(3.85*10%)?

5.9: The Earth rotates on its once a day. Suppose, by some process the Earth contracts so that its radius is

only half as large as at present. How fast will it be rotating then? (For sphere | = — M R? ).

Given Data: T, =1day = 24 hour, T, = ?if radius of earth becomes half of present.

Using law of conservation of angular momentum l,®, = 1,0, = nglz X2 = ngzz x 21
5 T 5 T,
2 2
T, T, T, 4T, 4 4

5.10: What should be the orbiting speed to launch a satellite in a circular orbit 900 km above the surface of

the Earth? (Take mass of the Earth as 6.0x10%*and its radius as 6400 km).
Given Data: M =6*1024 kg, R = 6400Km, h = 900km, r = 600 + 900 = 7300Km, v = ?

* 1l % p % 24
,_ [em :\/6.673 10 63 107 5 4% 10°m/s = 7.4Km /s
Vr 7300*10
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1) As the wheel turns through an angle, it lays out a ----distance S=re
| Circular | Tangential | Linear | Angular |
2) Which are needed for turn that taken so quickly that friction alone cannot provide energy for centripetal
force
| Banked tracked | Linear track | Circular track | None |

3) Curved flight at high speed requires a --- centripetal force that make the stunt dangerous even if the air
planes are not so close

| Small | Large | Zero | Maximum |
4) Two cylinders of equal mass, which mass has greater rotational inertia?
Smaller diameter Larger diameter Both have equal None
diameter
5) As the sphere rolls to the bottom of inclided surface, its gravitational potential energy is changed to
Kinetic energy of Kinetic energy of Both A&B None
rotation translation
6) Asthe wheelrolls, it has
| Translational K.E | Rotational K.E | Both A&B | None |
7) Global positioning system tracked immediately the ---when switch on mobile phone
| Time | Location | Both A&B | None |
8) Your apparent weight differ from your true weight when the velocity elevator changes
| At the start | Atthe end | Both A&B | None |
9) Which satellite is first human satellite of Earth
| Bruce McCandless | Hawaii | Island | None |
10) When Hawaii island stepped into space the first human satellite
| 1987 | 1985 | 1984 | 1986
11) First human satellite was above the height of Hawaii island
| 100 km | 200 km | 300 km | 400 km |
12) Bruce McCandless have speed
| 290 km/h | 29000 km/h | 2900 km/h | 29 km/h |

13) The surface of rotating spaceship pushes on an object with which it is in contact provides—to keep object
moving on a circular path

| Linear force | Centripetal force | Angular motion | None |
14) 1GHz=?

| 10° Hz | 10° Hz | 10" Hz | 10 Hz |
15) Which can bend light

| Mass | Gravity | Acceleration | All of these |
16) --- could be used to focus light from stars

| Gravity of star | Mass of star | Radius of star | Atmosphere of star |
17) Coasting rotating system slows down as water drip into beaker in order to conserve?

| Momentum | Angular momentum | Mass | Torque |

PAST PAPERS SOLVED MCQS

Q# Questions Option A Option B Option C Option D
i Sl unit for angular displacement is Meter Degree Revolution Radian
ii.| A satellite moving around the earth Inertial frame Non inertial Both A&B None of these
makes of reference frame of
reference
iii.| The angular velocity of minute hand of 2m rad/s 7 rad/sec /60 rad/s 7/1800 rad/s
a clock is

0 2w rad T

t  3600sec 1800

rad /sec
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iv. The period of revolution for 84 sec 84 min 84 hour 24 hour or
geostationary satellite is 1 day
v.| The force which do not work on the Elastic force Frictional force | Gravitational Centripetal
body on which it acts is force force
vi.| The angular momentum L is given by mxwW xP Mv None of these
vii. Minimum number of geostationary 2 3 4 5
satellite to cover whole of the world
viii.| When a body moves in circle then angle 90° 0° 180° 45°
between linear and angular velocity
iX.| One geostationary satellite coves the 90° 120° 180° 45°
longitude of
X.| The light from stars can be focused by Mass Distance Radius Gravity
their
xi.| Ifangular velocity of rotating body in | Remains same | Becomes half Becomes Becomes four
circle is doubled then moment of inertia double times
xii.|  Rotational kinetic energy for disc is Yy mv?2 Yo mv?2 1/3 mv? 1/5mv?
given by -
xiii.| Largest satellite system is managed by 24 126 200 3
the countries
xiv.| Ifagymnastic sitting on stool with his | Angular speed | Angular speed | Both inertial Neither inertia
arms stretched out lowers his arms decreases increases and non- nor non inertial
inertia
XV. Sl unit of angular velocity is m/s Radian Radian/sec Joule second
xvi.| Angular speed of daily rotation of earth 2n T 4n 7.3%10°
is given by rad/sec
0=wt,w= o _2mad 2 rad = 7.3*10°rad /s
t 1day 86400sec
xvii.| When torque acting on a system is zero Linear Force Angular Impulse
then which of the following quantity momentum momentum
remains same
XViii. Centripetal force performs work Maximum Zero Minimum Negative
XiX. A diver spin faster by reducing its Torque Angular Moment of Inertia
momentum inertia
XX. Linear acceleration is rtimes linear | r_times angular | rtimes speed None of these
acceleration acceleration
xxi.| When happened to moment of inertia of 1/12 ML2 1/3ML? 2/5 ML? ML?
thin rod if its length is doubled ?
xXii.| The expression for spinning frequency g g m None of these
to create artificial gravity in satellite is | f = |= S =5=a= =50
given by L R R
XXiii. As the wheel turns out, it cover Radial Tangential Circular Straight
distance distance distance distance
xxiv. | Sl unit of rotational kinetic energy is Rad/Sec Js J Kgm2
xxVv. | 20 N centripetal force move a body 10J 501 0J 100
circle of radius 1m, work done by it
xxvi.| The Sl unit of angular momentum is JS Ns Joule Newton
KXVil. Which theory is better about Einstein Newton Plank Michelson
gravitation?
xviii.|  The direction of angular velocity is Left hand rule | Head to tail rule | Right hand General rule
given by rule
xxix.| Dimension of angular momentum is [MLTH] [ML2T1 ML2T] None of these
XxX.| The dimension of angular acceleration [T [T [LT2] [LT]
xXXi.| A man standing in an elevator is acted One force Two force Three forces Four forces
upon
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Kinetic energy

kxxii.| The time period of artificial satellite is T=1/f 2R
given by T = . T:\/G% v=14/gR
XXiil. If a body is at rest or moving with Zero Minimum Maximum None of these
uniform angular velocity then torque
will be
xXiv.| A man of weight w is standing on an W+ma W-ma w Ma
elevator which is ascending with
acceleration a the apparent weight of
the man
xxxv.| Rotational kinetic energy of a hoop Y mv? Y, mv2 ¥ mv? Mv?
moving down frictionless inclined
plane with velocity v
xxvi.| Rotational kinetic energy K.Erot=? Yo mr2w? Y5 mrew Yo mrw 1/2mrw?
KXVil. The weight of man in an elevator Half Double Four times Zero
moving with acceleration g will be
xviii.|  According to Einstein space time is Linear Curved Circular Elliptical
xXix.| Rotational inertia of two equal masses Lesser Larger Same None of these
cylinder but one has larger diameter
will be
xl. A ball tied to the end of a string is Equal to Zero Equal to Maximum
swing in vertical circle under the action centripetal weight of ball
of gravity tension in string when ball is force
maximum height
xli.| A body of mass 8kg moves along a 48N SN 128N 72N
circle of radius 4m with constant speed
of 8m/s , the centripetal force on the
body is
Put m=8kg, r=4m, v=8 m/s in formula of centripetal force Fc=mv?/r
xlii. Two cylinder of same mass but Same | | is larger for I is smaller Depends upon
different diameter are larger for larger angular velocity
; diameter
diameter
xliii.| The angle subtended at the centre by IT radian 3 27 radian Radian
circumference of the circle whose arc
length is equal to radius
xliv.| The minimum velocity necessary to put 7.1 Km/s 7.3 Km/s 7.9Km/s 8.9 Km/s
a satellite into orbit is
xlv.| Angular acceleration is produced by Momentum Torgue Pressure Power
xlvi.| Sl unit of angular momentum are JS Kgm/s Kgm?/S Kgm?s2 Kgm2s!
they can also be expressed as B
xIvii. A particle is moving in circle with Along the Along radius | Along radius | Changing with
constant _speed, the dir(_ection of tangent towards centre | away from the the motion
centripetal force will be - centre
Iviii.| A 100 kg man is standing in an elevator, 1000 N 500 N 10N Zero
which accidently falls freely. What will _ Dueto free fall
. weightlessness condition
be the WEIght occur so apparent will
of the person in the freely falling elevator be equal to zero
(take g=10 m/s2)
xlix. The weight of man in an elevator Twice Half Zero Unchanged
descending with an acceleration 4.9m/s? -
will
I.| Which is unimportant in describing the | Distance from Gravitation Mass of Mass of earth
satellite orbit earth centre constant satellite
li. 1 revolution is equal to 57.3¢ 1800 360° 90°
lii.| Which is larger for a hoop of mass M Translational Rotational Both are Answer depends
and radius R that is rolling without Kinetic energy same upon the radius




slipping, its translational or rotational
kinetic energy?

2m/s in a circle of radius 0.4m its

angular speed is

liii.| The direction of angular momentum of Along the Perpendicular Radially Radially inward
a body moving in a circle is tangent to the plane of outward
circle
liv.| The counter part of force for rotational Linear Angular Angular The torque
motion is called momentum momentum acceleration
Iv.| A man in an elevator descending with Increased Decreased Reduced to Not changed
an acceleration will conclude that his - zero
weight has
Ivi.| Moment of inertia of 100 kg sphere of 10 kgm? 5 kgm? 500kgm? 2.5 kgm?
radius 50cm will be
1=2/5 mr?=2/5*100(50/100)?=2/5*(100)*(1/4)=10kgm?
Ivii.| The apparent weight of a man in an Increase Decrease Remains Becomes zero
ascending lift moving with acceleration constant
(g
Iviii. | A body rotates with constant angular Zero Nm 10 Nm 100 Nm 50 Nm
velocity of 100 rad/sec about a vertical
axis, the required torque to sustain
motion
lix.| The ratio of moment of inertia of disc Ya 2/4=1:2 Ya 4/4
and hoop is -
lisc=1/2 mr? lnoop=mr? dividing to get the result
Ix.| The velocity of stone whirled in a circle Centripetal Centrifugal Tangential No acceleration
increase from 10 _rer\]//min to 20 rev/min acceleration acceleration acceleration
it has -
Ixi.| Velocity of hoop Vi and velocity of Vih>Vs Vh<Vs Vh=Vs Vh=2Vs
sphere Vs are related by -
Ixii.| Ratio of moment of inertia of two objects 3:4 3:2 2:3 4:3
'A"and 'B' is 2:3. Which one of the Torque=la
following is the For constant o
ratio of torques of 'A" and 'B' respectively, torque is
if both are being rotated with constant proportional to
angular I. s0 same ratio
acceleration? oceur
Iiii.| A wheel of radius 50cm having angular 15 2.5 35 4.5
speed of 5 rad/sec will linear speed in _
m/s is
As r=50cm=50/100=0.5m V=rw=0.5*5=2.5
IXiv. When a diver change his position Moment of Angular Angular Linear
during jumping, which of the following inertia momentum velocity momentum
quantities remains constant? -
Ixv.| A body is moving in a circle under Fs Fs/2 2F 4Fs
centripetal force F, if its linear velocity
and radius both are made twice, the
centripetal force will be
As centripetal force is directly proportional to square of velocity and inversely to radius
Ixvi. The angular displacement of one 1 radian /2 radian IT radian 2z radian
revolution is equal to
Ixvii.| INTELSAT operates at microwaves 4,6,8 and 10 4.6,8,10 MHz 4,6,8,12 Hz 48,1114 GHz
frequencies of Hz
Xviii.| When a body is whirled in a horizontal | Mass of body Velocity of Tension in Centripetal
circle by means of a string, the body string acceleration
centripetal force is supplied by
IXix.| If a car moves with uniform speed of 4 rad/sec 5 rad/sec 1.6 rad/sec 2.8 rad/sec
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V=rw w=v/r=2/0.4=5
IXX. Weight of a 60kg man in moving Zero 300N 600N 200N
elevator(downward) with constant
acceleration g/2(g=10 m/s?)
T=w-ma=mg-mg/2=mg/2=60*10/2=600/2=300 N
Ixxi.| The ratio of orbital velocity to escape 1 1/2 /
velocity is ﬁ ﬁ
2GM GM . ..
as Vesc = 1/ Tand Vo = 1/ ?dlwdlng both eq to get the result
Ixxii. One radian is equal to | 12nrev | I rev | w2revolution | 360 rev
1 rev=2m radian. 1radian=above result
xxiii.| 1f m=100kg, r=50cm then moment of 25kgm? 50 kgm? 500kgm? 5000 kgm?
inertia
As m=100kg, r=50cm=50/100=0.5m I=mr?= 100*0.5?=100*0.025=25
XXiV. 360 is equal to /8 /6 /5 /12
To convert into radian multiply by 7/180, 36*1/180=n/5
Ixxv.| Centripetal acceleration is also called Tangential Radial Angular Rotational
Acceleration | Acceleration | Acceleration | Acceleration
xxvi.| Weight of a body at the center of earth Maximum Minimum Zero Infinite
is
KXVil. Satellite are the objects that orbit Moon Sun Earth Star
around the
XViii. A body moves in a circle with 6cm 7cm 9cm 3cm
increasing angular velocity, at V=rw
time’t’= 6s the angular velocity is r=v/w
27rad/s... What is the radius of circle 81/27=3
where linear velocity is 81cm/s
xXiX.| A wheel of radius 1 m covers an angular 3.14m 6.28 m n rad 0.157 m
displacement of 180°. Its linear 18%:_“ rad
displacement is -
IXxX. If linear velocity and radius are both F F F 2F
made to half of a body moving around a - —
circle, the centripetal force becomes i 4
As Centripetal force is directly to square of velocity and inversely to radius so, Fc=m(v/2)%/(r/2)=1/2(mv?/r)=F/2
xXxi.| A man of mass 5kg is falling freely, the 5N 9.8N 19.6 N Zero
force acting on it will be
kxxii.| A disc at rest without slipping, rolls down 114 22.8 19.6 9.8
a hill of height (3 x9.8) m. What is its
speed in m/sec when it reaches at the
bottom?
. 4qgh 4g9*(3*%9.8
applydisc formula = v\/ g =\/ g (3 ) =4/4%9.8*9.8 =19.6
xxiii. | A body is having weight 20 N, when 196 N 198N 198N 2N
the elevator is descended with a =0.1
ms-2, then the value of tension ‘T is:
w=mg =20,m=2kg,,soT =w—ma=20-2*0.1=20-0.2=19.8N
xxiv. | Siunit of angular momentum is given J/S2 Js /S Jm
by -
XXXV. 1 rev/min is equal to
2 rads™ 2 rads™ Z rads™ Z rads™
6 15 20 30

Irev=2n rad, 1min=60sec, w=2x rad/60sec= 1t/30 rad/sec
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rev/min. the linear speed of point in m/s

XXVi. Which one of the following is not Angular Angular Centripetal Angular
directed along the axis of rotation? acceleration momentum acceleration displacement
kxvii.| If a body revolves under centripetal Non zero Variable Zero Increasing
force, its angular acceleration is
XViil. A wheel of diameter 1m makes 60 T 2n /2 3n

d=Im,r=d2=1/2=05mw=60*2rrad/60sec =27 =>v=rw=05*2r=r

elevator moving downward with acceleration
equal to
acceleration due to gravity. What is the
apparent weight of object?

Due to free fall
weightlessness

xxiX.| The diver spins faster when moment of Greater Smaller Constant None of these
inertia becomes
XC. Direction of angular acceleration is X-axis Axis of rotation Y axis Z axis
always along
XCi. A body starting from rest attains 14 rad/s 10 rad/s 3rad/s 2 rad/s
angular acceleration of 5 rad/s? in 2 sec,
find angular velocity
a=Aolt=>Aw=a*t=5*2=10
Xcii. The angular version of F=ma is r=Ilw r=la | =1cx F=mv/t
xciii.| Inangular motion, the centripetal force mr2w mraw2 mrw? r2w?
Fcis
xciv. | When a lift is accelerated upward, the Equal to its real Zero Less thanits | Greater than its
apparent weight of an object in it will be weight real weight real weight
XCV. All points on a rigid body rotating Speed Angular speed Angular Angular
about a fixed axis do not have same acceleration displacement
xcvi. | Radian is a unit of angular displacement | 180 2 yia T
which can also be measured in degrees. - P Ton [rp—
How many 180 & 57.3
radians are equal to one degree?
o rad = 360°1° = 2% =
360 180
xcvii.| Linear velocity or tangential velocity of 16 ms-1 10 ms-1 4 ms-1 6 ms-1
any particle moving in a circular path of
radius 2 m with
angular velocity 8 rads-1 will be:
V=rw=2*8=16 m/s
cviii.| Moment of inertia of a solid sphere is Y. M2r Mr2 2/5 Mr2 Mr
xcix.| Two cylinders of equal mass are made Faster than Equal to. Slower than None of these.
from same material. The one with the
larger diameter
accelerates the other under
the action of same torque
Acceleration is related to diameter of mass as acceleration is more for more diameter
C. The value of 2 radian 57.3¢ 1800 114.6° 90°
1radian=57.3°, 2radian=2*57.3°=114.6°
ci.| Close orbiting satellite orbit the earth at 400 Km 4000Km 400m 400cm
a height of
cii.| In rotational motion, torque is equal to | angular Angular Linear Angular
the rate of change of momentum velocity momentum acceleration
As force is equal to rate of change of momentum so its analogues is
ciii. An elevator is moving upwards with mg + mv mg — mv mg Zero
constant velocity of ‘v’. What is a weight as T=W+ma
of a person of a ais zero so
mass ‘m’ inside the elevator during T=W=mg
upward motion?
civ. An object of mass ‘m’ is suspended in an Zero mg 2mg mg/2
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CV. Speed of moon around the Earth is 1000 m/s 1100 m/s 1200 m/s 1300 m/s
CVi. The ratio of velocity of_disc to velocity of 2 4 2 \/Z
hoop is — — — -
V3 J3 3 3
cvii.| Indryer, water is pushed out of wet Retarding Abundance of Lack of Friction
clothes due to force centripetal centripetal
force force
cviii.| Due to some mechanical fault, a lift falls Zero mg 2mg mg/2
freely from the top of a multistory
building. Which of vagiegf“fefsenZ'S'
the followings is the apparent weight of a | . nition occur so
man inside the lift, if mass of man is 80 apparent will be
kg while value equal to zero
of 'g'is 10 ms-2?
cix.| The relation between escape velocity Vesc=1/2 Vo Vesc = EVO Vesc=Vo Vesc=2Vo
and orbital velocity is
as Vesc = 1/ @and Vo = 1/ %dividing both eq to get the result
cx.| The law of gravitation was introduced Huygen Boyle Newton Pascal
by
CXi. Angular momentum of rigid body 12w Iw? 1w 12w2
cXii. If the body is rotating with uniform Zero Maximum Clockwise Remains the
angular velocity, then its torque is same
When uniform angular velocity then angular acceleration is zero so torque=la=0
cxiii.| A man in a lift moving upward with Increased Decreased Reduced to Not changed
constant velocity will conclude that his zero
weight has
CXIv. One degree is equal to 2_;; rad 2_;; rad T o ES rad
260 180 180 360
As 2w radian=360°, 1°=27/360 r= /180
cxv.| The apparent weight of man moving mg 2mg Zero Y% mg
upward with acceleration g is
cxvi. | The rate of change of angular Applied force Applied Acceleration Momentum
momentum is equal to torque
cxvii.| A body of mass 2kg is suspended from 0 39.2 N 98N 19.6 N
the ceiling of an elevator moving up
with an acceleration g, its apparent
weight in elevator is
T=W+ mg=mg + mg=2mg=2*2*9.8=39.2 N
xviii.| Height of geostationary satellite from 42300 Km 900 km 36000 km 400 km
Earth surface
cxix.| What is torque ‘1’ in a circular motion? T=mr’n T = mro. T = mrq T = mr?/o
CXX. If w= 60 rev mln - |S equal tO n rad/sec —27[ rad/sec i rad/sec E rad/sec
V4 V4
As lrev=2mn rad, 1min=60sec, w=60*27w rad/60sec= 2x rad/sec
Note: Errors and omissions are accepted.
Give your suggestions to improve these notes. Asad Abbas
Subject Specialist
Physics
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| CHAPTER 06 FLUID DYNAMICS

Fluid: Any substance that can flow from one place to other place is called fluid. e.g water, honey. Fluid is
combination of liquid and gases.

Fluid statics: The branch of Physics which deals with the study of fluid at the state of rest is called Electrostatics.
Fluid statics is based upon Newton’s first and third law.

Fluid dynamics: The branch of Physics which deals with study of fluids in motion is called Fluid dynamics.

A fluid is studied on the basis of (1) Law of conservation of mass (Eg. of continuity) (2) Law of conservation of
energy (Bernoulli eq).

| What is Viscous drag and Stokes law |
What is Viscosity? Write formula and unit. Frictional force effect b/w different layers of flowing fluid is called
viscosity. Its Sl unit is kgms™ and its dimension is [ML'T]. Co-efficient of viscosity is denoted by symbol 1 from
stokes law F=6anrv.

The fluids which can flow easily have small co-efficient of viscosity. For example air, water etc

The fluids which cannot flow easily have large co-efficient of viscosity. For example honey, tar etc.

| What is the Effect of temperature on viscosity of liquid and gases? |
Viscosity of gases increase with increase in temperature (due to random motion)

Viscosity of liquids decreases with increase of temperature.

| What is Drag force? Upon which factors it depends? |
An object moving through a fluid experiences a retarding force is called drag force. F=6mnrv

For example, when we switch our hand out of the window of a fast moving car, we feel a force opposite to our motion.
Factors upon which drag force depends: (1) speed of sphere (2) radius of sphere (3) viscosity of sphere.

State Stokes law. “Drag force acting on a sphere is equal to 6x time the product of co-efficient of viscosity, radius and
fluid speed” F = 67ziprv . Stokes law is valid only for spherical bodies moving slowly. At high speed it is not valid.

What is Terminal velocity? Derive its relation. OR Prove that terminal velocity is directly proportional to the
square of radius.
Terminal velocity: When the magnitude of drag force becomes equal to the weight of droplet, then it will start

_ . . . L _ . 209r?
moving downward with constant and maximum velocity, this velocity is called terminal velocity. V, = ';g .

Derivation: consider a droplet falling vertically downward under the influence of gravity and drag force. The drag
force increases as the velocity of droplet increases. The net force on the droplet is
Net force = weight - drag force
ma= mg - 6anrv
as the droplet moves with constant velocity so acceleration is zero so above eq becomes
m(0)= mg - 6mnrvi

mg=6mnrvt
__mg
Vt - 6Tnr ____(1)

now we have to find the value of m, as Density= mass/ volume
mass= Density x volume= ¢* 4/3 nr® , putting in eq (1)

4
v, = Pr gm0 _p*anrig
" 6mpr 187nr

_2pyr?
t = 977
Zﬂ = Constant
9

Vi = Constant r?
Vy o 72,
This shows that terminal velocity is proportional to square of radius of droplet.
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| Difference b/w laminar and turbulent flow.

Laminar flow Turbulent flow
The regular, steady and smooth flow of fluid is called The irregular and unsteady flow of fluid is called
laminar flow. turbulent flow.
Laminar flow usually occurs at slow speed Turbulent flow usually occurs at very high speed

e x=hs —

— Plate ——
Streamlines (laminar flow) @

Turbulent flow

Steady flow condition: For steady flow, different streamline can never intersect each other, this is called steady flow
condition.

Ideal fluid: A fluid which is non-viscous (no viscosity), incompressible (density is constant) and steady is called ideal
fluid.

| State and Explain Equation of continuity. |

Statement: “For an ideal, the product of cross sectional area of pipe and fluid speed at any point along the pipe
remains constant, this constant equals the volume flow per second of fluid or simply flow rate.” Av, = A v,

Derivation: Consider a fluid flowing through a pipe of non-uniform size. The particles in the fluid move along the
streamline in steady state flow as shown in fig. In the small time At, the fluid at the lower end of the tube moves a
distance Axi, with velocity va. If Al is the area of cross section of this end,

Volume of fluid in lower side= A1Ax1

Vs

Asdensity of fluid = p = —~™_ — Am, = pV —
Volume

Am, =p,AAx, A2

As S=vt = Ax, =V,At

Am, =p, AV At -----meeee - (1)

similarly the fluid at the uppercross section of pipe AX

Am, =p,A,V,At ------mno--- (2)

As Am, = Am, A,

P AV AL =P, ALV AL

p.AV, =p,A,Y, Asdensityissamesop, =p, =p '(———){

PALV, = PA,V, AX,

A,v, = A,v, = Av = constant..thisis called volume flow rate whose unit is m*/sec.

This is required Equation of continuity. This is according to law of conservation of mass.
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| State and Explain Bernoulli equation

Statement: For an incompressible, non-viscous fluid, sum of pressure, kinetic energy per unit volume and potential
energy per unit volume remains constant. P + %pvz + pgh = Constant. This is according to law of conservation of

energy.

Explanation: let us consider the flow of incompressible and steady fluid through the pipe in time t.

Pressure on upper end of pipe P1=F1/As, the force on upper end= F1=P1A;

The work done through Ax, =W, = FAx, = P,A Ax,

similarly at lower end thework = W, = -P,A,Ax, (W, is taken as - ive as work is against the fluid force)
Thenet workdone =W =W, + W,

W = (P,AAx,) + (-P,A,Ax,) = PA,Ax, —P,A,AX,

As According to Eq of continuity A;Ax, = A,Ax, =V

W =PV -P,V

W=P,-PV-—-———--———————— @

As V =m/p putinabove W =(P,-P,)m/p———————— (A)

As partof this work is stored in form of potentialand partin form of Kinetic energy so,
W=AKE+APE ----------- 2

AK.E=K.E, -K.E, =%mvf2—%mvi2 ————————— (B)

AP.E=P.E, -P.E, =mgh,-mgh,-——————————— (C),

puttingthe value of (A), (B) and (C) in equation (2)

(P,—P,)mip = %mvf2 —%mvi2 +mgh,-mgh,
(P, —P,)mip = %mvf2 —%mvi2 +mgh ,—mgh,
1 1 —_—
(P, —P,)mlp = m(EVf2 _Eviz +gh,—gh,) A A
1 , 1,
(P1_P2)1/P:(§Vf _Evi +gh,—gh,)

1 1
(P, —P,)= (Epr2 _EpVi2 +pgh,—pgh,)

1 1
P, +§PVi2 +pgh,=P, +EPVf2 +pgh,

P +%pv2 + pgh = Constant, This is required Bernoulli equation




| State and prove Torricelli theorem

Statement: “Speed of efflux is equal to the velocity gained by the fluid in falling through distance (hi-hz) under the

action of gravity”V = /29(h, —h,).

Proof: Let us consider a large tank of fluid has two orifices A and B on it as shown in fig. to the find the speed the
speed with which the water flow from A, speed v; is so small approximate zero. Using Bernoulli equation

1 1
P, +EPV12 +pgh,=P, +EPV22 +pgh,

1
pgh,= Epvzz +pgh,

1
Epvzz = pgh ,—pgh = pg(h,—h,)

V22 = Zg(h Z_hl)

v, =./29(h ,—h,), Thisis called Torricelli Theorem

A

| What is Relation b/w pressure and speed of fluid |

Statement: “Where the speed is high, pressure will be low”
Let us consider water flows through a pipe as system , the water will flow faster at B , than does at A or C. let suppose
speed=v;=0.20 m/s, v.= 2m/s, so we can compare pressure at A and B and having same P.E, so

1
P,—P, = EP(sz _V12)

P,-P, = %*1000*(22 ~(0.2)?)
P, —P,

=1980pa, This show that pressureis high where speedis low

| What is Dynamic lift in aero plane? |
It is produced due to the effect, where the speed of fluid is high, its pressure will be low because when air moves faster
at upper side of wing than lower side pressure is lower at the top of wind so the wing feels a net upward force.

| How Perfume bottle works? |
A stream of air passing over a tube dipped in a liquid will cause the liquid to rise in tube. This effect is used in
perfume bottles and pain sprayers.

| Why the chimney works best when it is tall? |
Chimney works best when it is tall and exposed to air currents which reduces the pressure at the pressure at the top

and force the flow of smoke.

| Swing of fast moving cricket ball |
The velocity of the air on one side of the ball increases due to spin and air speed in the same direction and so pressure
decreases. This gives swing to the ball.

| What is Venture meter? Give its principle |
Definition: A device which measures the fluid speed is called venture meter

Its working principle is venture relation. P, —P, = lp\/z

2
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| Briefly describe about Blood flow

Blood is incompressible fluid. Density of blood is nearly equal to water.

Viscosity of blood increase 3 to 5 times that of water.

High concentration of red blood cells is 50%.

The pressure exerted by circulation of blood on the walls of the blood vessels is called blood pressure
High blood pressure is systolic and low blood pressure is diasystolic.

Systolic Bp is 120 torr and diastolic pressure is 75-80 torr.

Blood pressure is measured in torr or mm of Hg. 1 torr= 133.3 Nm™,

Blood pressure is measured by an instrument which is called sphygmomanometer.

YVVVYVYYVYVVY

| How blood pressure is measured?

An inflatable bag is wound around the arm of a patient and external pressure on the arm is increased by
inflating the bag. This effect is to squeeze the arm and compress the blood vessels inside.

When the external pressure applied becomes larger than the systolic pressure, the vessel collapse and flow of
blood stop.

By opening the release valve on the bag gradually decrease the pressure.

A stethoscope detects the instant at which the external pressure becomes equal to systolic pressure. At this
point the blood flow through it produce a high flow speed in turbulent flow

As the pressure drops, the external pressure eventually equals the diastolic pressure, from this point, the vessel
no longer collapse during any portion of the flow cycle. The flow switches from turbulent to laminar and
gurgle in stethoscope disappears, this is the signal to record diastolic pressure.

L 300 Air bulb Release valve

YV VYV V V

= 260
b 220
. Stethoscope

— 140

120 — p
— 100 Bd._\.'.
— 60 | /
- |
10 —i 4 1y
L— 20 s J,\

- . f 4
mmHg(Torr) l\ | 4
| . 2

| Exercise short Questions chapter 06

Q.1 Explain what do you understand by the term viscosity?

Frictional effect b/w different layers of flowing fluid is called viscosity. Its SI unit is kgm™s? and its dimension is
[MLT].

Q.2 What is meant by drag force? What are the factors upon which drag force acting upon a small sphere of
radius r, moving down through liquid, depend?

“The retarding force experienced, when an object move through a fluid”. According to Stoke’s Law, the drag force, F
is; F = 6mn rv = F depends upon 1 = coefficient of viscosity, r = radius of the sphere v = speed of the sphere through
the fluid.

Q.3 Why fog droplets appear to be suspended in air?

Due to drag force. As fog droplet falls, soon its weight becomes equal to the drag force. And net force becomes zero.
So it appears to be suspended in air. Putting F=0 in equation to get the required equation

F=weight-Fp ....> mg=6anrv

Q.4 Explain the difference between laminar flow and turbulent flow.The regular, steady and smooth flow of fluid
is called laminar flow. The irregular and unsteady flow of fluid is called turbulent flow.

In laminar flow each particle of fluid moves along smooth path, in turbulent flow pattern is not smooth.




Q.5 State Bernoulli’s relation to a liquid in motion and describe some of its applications.

For an incompressible, non-viscous fluid, sum of pressure, kinetic energy per unit volume and potential energy per
unit volume remains constant.

P+ %pvz + pgh = Constant. Its applications are Torricelli theorem, Venture relation, blood flow etc

Q.6 A person is standing near a fast moving train. Is there any danger that he will fall towards it?

Yes, He will fall towards the train. As the relative speed of air is high, the pressure will be low. So the greater air
pressure behind the person will push him towards low pressure.

Q.7 Identify the correct answer. What do you infer from Bernoulli’s theorem?
Where the speed of the fluid is high the pressure will be low.
Q.8 Two row boats moving parallel in the same direction are pulled towards each other. Explain.

Relative speed of water and air between the boats is high, the pressure will be low, so both boats pulled towards each
other.

Q.9 Explain, how the swing is produced in a fast moving cricket ball.

The velocity of the air on one side of the ball increases due to spin and air speed in the same direction and so pressure
decreases. This gives swing to the ball.

Q.10 Explain the working of a carburetor of a motor car using Bernoulli’s principle.

“An apparatus used to charge air with gas from petrol for producing light or power” is called carburetor. Air is drawn
outward through small pipe with a piston. High velocity of air produces low pressure. So petrol-air mixture is drawn
inside.

Q.11 For which position will the maximum blood pressure in the body have the smallest
value. (a) Standing up right (b) Sitting (c) Lying horizontally (d) Standing on
one’s head?

(c) Lying horizontally, position will have smallest value of maximum blood pressure in the body have the smallest
value. In this position all parts of the body are nearly in level with the heart

Q.12 In an orbiting space station, would the blood pressure in major arteries in the leg
ever be greater than the blood pressure in major arteries in the neck?

No. Due to lack of force of gravity, (as we use to experience on the earth) The blood pressure in major arteries in the
leg will be equal than in arteries in the neck, due to weightlessness.
CHAPTER 06

6.1: Certain globular protein particle has a density of 1246 kgm-3. It falls through pure water
(77 =8.0x107* Nm_ZS) with a terminal speed of 3.0 cm h. Find the radius of the particle.
3*107°m

Given Data: Density = p =1246kgm*,7 =8*10—4Nms,v, = ———— =8.33m/s,r =?
3600sec

r
9 2,0 2,9 2%1246*9.8

Aswe know that v, = =5*10""m.




6.2: Water flows through a house, whose internal diameter is 1cm at a speed of 1ms-1- What should be the
diameter of the nozzle if the water is to emerge at 21ms1?

Given Data:d, =1cm =1*10?m,v, =1ms™,v, = 2Ims™*,d, = ?

sol: UsingA,v, = Av, = (ar,°)v, = (xr,’)v, = (d, /2)%v, =(d,/2)?v, (d,)?v, =(d,)’v, =

(@) = 2-@) = d, =J§—l(dl)2 =\/2i1(1*10'2>2 =0.002m
2 2

6.3: The pipe near the lower end of a large water storage tank develops a small leak and a stream of water
shoots from it. The top of water in the tank is 15m above the point of leak. (a) With what speed does the
water rush from the hole? (b) If the hole has an area of 0.060 cm2, how much water flows out in one
second?

Given Data:h =15m, A = 0.06cm?, v =2, water flow out in one sec = ?

sol:v=,/2gh =+/2*9.8*15 =17.1ms™ =17.1*100cms ™" =1710cms ™

volume flow out in one sec = Av=0.06cm?*1710cms ™ =102cm?

6.4: What is flowing smoothly through a closed pipe system. At one point the speed of water is 3.0 ms?,
while at another point 3.0m higher, the speed is 4.0 ms, If the pressure is 80 kPa at the lower point, what is
pressure at the upper point?
Given Data:v, =3ms™, v, =4ms™, P, =80*10° pa,h, —h, =3m,P, =?
sol : using Bernoulli eq, P, +1/2 pv,” + pgh, =P, +1/12 pv,” + pgh,
P, =P +12p(v,° —Vv,*)+ pg(h, —h,) =80*10° +1/2(10%)(1000*9.8*3) = 47*10° pa = 47Kpa
6.5: An airplane wing is designed so that when the speed of the air across the top of the wing is 450 ms-,
the speed of air below the wing is 410ms1. What is the pressure difference between the top and bottom
of the wings? (Density of air = 1.29kgm-3)
Given Data:v, =450 ms™, v, =410ms™,p =1.29kgm °,P, —P, = ?

. H _ l 2 2y 1 * 2 2\ _ * 3 _
sol:usingP, —P, = Ep(vl -V, )= 3 1.29(450° —410°) = 22*10° Pa = 22KPa

6.6: The radius of the aorta is about 1.0cm and the blood flowing through it has a speed of about 30 cms-1.
Calculate the average speed of the blood in the capillaries using the fact that although each capillary has a
diameter of about , there are literally millions of them so that their total cross section is about 2000 cm2.

Given Data:r, =1cm, A = nr,” =3.14*1=3.14cm?, v, = 30cm/s, A, = 2000cm’
A, 314

Sol:UsingAv, =A,v, =V, =—tv, =———*30=4.7*10"cm/s =4.7*10"*m/s
A, ' 2000

6.7: How large must a heating duct be if air moving 3.0ms-1 along it can replenish the air in a room of 300 m3
volume every 15min? Assume the air’s density remains constant.

Given Data :speed = v = 3m/s, Volume =V =300m?®,t =15min =15*60 = 900sec, r = ?
using : Av = volume/t = zr?v = Vit = r? = Vin/n = r = /Vim/n =+/300/3.14*3*900 = 0.19m
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6.8: An airplane design calls for a “lift” due to the net force of the moving air on the wing of about 1000Nm-2
of wing area. Assume that air flows past the wing of an aircraft with streamline flow. If the speed of flow
past the lower surface is 160ms-1, what is the required speed over the upper surface to give a “lift” of
1000Nm-2? The density of air is 1.29 Kgm-3 and assume maximum thickness of wing to be one metre.

Given Data:P, -P, =1000Nm?,v, =160ms™, p =1.29kgm™>,v, =?

. 1 2(P, -P 2(1000
using P, -P, == p(v,” —v,*) =V, = 2R -F) +v,° = \/¥ +(160)® =165ms™
2 Yo, 1.29
6.9: What gauge pressure is required in the city mains for a stream from a fire hose connected to the mains
to reach a vertical height of 15.0m?

Given data: height = h =15m, g =9.8 ms?, p =1000kgm*, P, -P, =?
using Bernoulli equation P, - P, = pgh =1000%9.8*15 =147*10° pa =147KPa

TID BITS/ USEFUL INFORMATION OF TEXT BOOK

MCQS

1) Viscosity of air at 30° is ---------- x10° Nsm?

| 0.019 | 0.295 [ 0.510 | 0.564 |
2) Viscosity of acetone at 30° is ---------- X103 Nsm

| 0.019 [ 0.295 | 0.510 | 0.564 |
3) Viscosity of methanol at 30° is ---------- x10° Nsm™

| 0.019 | 0.295 | 0.510 | 0.564 |
4) Viscosity of benzene at 30° is ---------- X103 Nsm

[ 0.019 [ 0.295 | 0.510 | 0.564 |
5) Viscosity of water at 30° is ---------- X107 Nsm

| 0801 [ 1.000 | 1.6 [ 6.29 |
6) Viscosity of ethanol at 30° is ---------- X107 Nsm™

| 0801 | 1.000 | 1.6 | 6.29 |
7) Viscosity of plasma at 30° is ---------- X107 Nsm

| 0.801 | 1.000 | 1.6 | 6.29 |
8) Viscosity of glycerin at 30° is ---------- X107 Nsm™

[ 0801 [ 1.000 [ 1.6 | 6.29 |
9) Formula one racing car have a ----- design

| Streamlined | Circular | Elliptical | None |
10) Dolphins have ------ bodies to assist their movement in water

| Streamlined | Circular | Elliptical | None |
11) As the water falls, its speed increases so its cross sectional area--- as by eq. of continuity

| Zero | Increase | Remains same | Decrease |
12) A stream of air passing over a tube dipped in a liquid will cause the liquid to rise in tube/capillary action is

used in

| Perfume bottles | Paint sprayer | Both A&B | None |
13) A chimney works best when it is

| Small | Large | Tall | None |
14) A chimney works best when it is tall and exposed to air current, which can

Reduce the pressure at | Force the upward flow Both A&B None
top of smoke

15) Carburetor of a car uses --- to feed the correct mix of air and petrol to the cylinders.

| Small pipe | Venture duct | Gas | None |
16) Drag force acts along --- to direction of motion of object

| Same | Opposite | Both A&B | None |
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Q Questions Option A Option B Option C Option D
#
i. One torr is equal to 1.33 N/m? 133.3 N/m? 0.133 N/m? 1333.3 N/m?
ii.|  Stokes law hold good for bodies having Circular Spherical Rectangular Triangular
shape
iii.l The device used for liquid flow is called Mano meter Baro meter Hydrometer Venture
meter
iv.| The maximum force drag force on falling IN 9.8N 19.6 N Zero
sphere is 9.8N then its weight will be?
Explanation: When a sphere is falling then its drag force is equal to weight so in this case weight is equal to 9.8N
v.|  Venture relation is given by P1-P2=? Y5 @v? Yo \2 Ya (V22-vi?) Vs 9(V22-V1?)
vi.| The term % gv? in Bernoulli equation has Work Volume Pressure Force
same unit as
vii. Drag force depends upon Density Acceleration Linear Radius of
due to gravity acceleration sphere
viii. Velocity of efflux is m m St Dt
ix.| The study of properties of fluid in motion is Fluid Eluid Fluid statics None of these
called dynamics
x.| Drag force increase as the speed of object Increase Decrease Remains same | None of these
Xi. Laminar flow occurs at low speed High speed Very high None
speed
Xii. Blood pressure is measured by Barometer Galvanometer Stigmometer Sphygmo
manmeter
xiii..  The blood pressure in vessel is always Less thenatm | Greater then Equal to atm 133.3 N/m?
pressure atm pressure pressure
Xiv. Turbulent flow is Unsteady and Steady and Unsteady and Steady and
regular regular irreqular irregular
xv.|  Bernouli equation is based upon law of Mass Momentum Pressure Energy
conservation of
xvi.|  The property of fluid by which its own Surface Adhesion Cohesion Viscosity
molecules are attracted is said to be tension
xvii.| Drag force on sphere of radius r moving 6y 6727?]?"21/‘ 6nr Ma
with speed v
xviii. A paratrooper moves downward with Zero Constatn Positive Negative
acceleration | acceleration acceleration acceleration
As it moves with terminal velocity which is constant value so acceleration is zero
xix.|  The density of blood is nearly equal to Air Water Milk Honey
xx.| A fog droplet falls vertically through air Equaltog Zero Less than g Greater than
with acceleration
xxi.| The dimension of co-efficient of viscosity [MLT?] [ML2T?] [ML1T1] [ML2T]
are
xxii.|  The ratio of velocities of water in pipe 1:2 2:1 1:4 4:1
lying horizontally at two ends is 1:4. The
ratio of diameters of pipe at these ends
As we know that Vt is proportional to square of radius/diameter so, diameter is sq.rt of velocities
xxiii.| ~ Venture meter is used to measure --- of Viscosity Density Pressure Speed
fluid
XXiV. Law of conservation of mass gives us Bernoulli Equation of Torricelli None of these
equation continuity theorem
xxv.| Bunsen burner works on the principle of | Venture effect Bernoulli Torricelli None
effect effect
xxvi.l  The maximum constant velocity of an Final velocity Terminal Initial velocity | None of these
object falling vertically downward is called velocity
XXVii. Ball pen function of the principle of Surface Viscosity Gravitational All of these

tension

force
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pressure

kxviii.| If the radius of droplet becomes half then Half Double One fourth Four times
its terminal velocity will
XXiX. Tis denoted as co-efficient of Friction Viscosity Gravitational Linear
customer expansion
XXX. Swing is produced to Increase the Decrease the Deceive the Apply the
speed of ball speed of ball player force on ball
XXXi. SI unit of rate of “flow rate” m?/sec md3sec md/sec m2sec
XXXii. The working of carburetor of car uses Equation of | Gravitation law Bernoulli Stokes
continuity eguation theorem
KXXiii. Which fluid has minimum viscosity? Tar Water Acetone Plasma
xxxiv. An object having spherical shape of radius ‘r’ 61N r2 6mnr 61Tn/r2 6tmn/r
experiences a retarding force F from a fluid
of coefficient of viscosity ‘n’ when moving By stokes law divided
through the fluid with speed ‘v’. What is the both sides by v to get
ratio of retarding force to speed? result
XXXV. Which has max viscosity Air Water Blood Glycerin
KXXVi. Sl unit of pressure is Nm? Nm:=2 N2m Js
XXVii. The mathematical relation is Equation of Bernoulli Torricelli Venture
V2 =.2g(h2-hl) continuity equation theorem relation
kxviii.| For the horizontal pipe, the fluid inside it is P+pv2= P+ 2pv2= 2P + pv2 = 2P + 2pv2 =
flowing horizontally then Bernoulli’s constant constant constant constant
equation can
be written as
P+1/2ov2 + pgh = constant, puth = 0and multiplying both sides by 2 to get said result
KXXiX. Stokes law holds for Motion Motion Bodies of all All medium
through free throuah gh shape
space .
viscous
medium
xl. Bernoulli theorem is applicable to Solids Fluids Gases None of these
xli., When a body is falling under the action of Constant Zero Variable 9.8 m/s2
gravity with terminal velocity its T
acceleration is
xlii.| Law of conservation of energy is the basis Stream line Equation of Bernoulli Venture
of flow continuity equation relation
xliii.| Potential energy per unit volume is given by: mgh gh Mgh/p pgh
xliv. In Bernoulli’s equation the term K.E. per K.E. per unit K.E K.E. per unit
V2 pv2is called unit volume area length
xlv. Sl unit of viscosity is KgmsY/ Kgm/s Js Kgm-is
Nsm-2
xlvi.| When fluid is incompressible, the quantity is Mass Pressure Density Force
constant is:
xlvii. Mass flow per second of the fluid is given by pAv pv Av
Av/p
xlviii.l If speed of efflux through a small hole in a large 1m 4.9 m 9.8 m 19.6 m
tank is 9.8 m/s. Find the height at the fluid above Apply Torricelli theorem
the hole to get height
xlix.| Pressure will be low where speed of fluid is Zero High Low Medium
. The blood vessels collapse when External External External External
pressure pressure pressure pressure
applied applied is applied is less applied is
becomes equal to than the zero
greater systolic systolic
than the pressure pressure
systolic
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li. The word “FLUID” means to rise To fall To flow To oppose
lii.| When the drag force is equal to the weight of High Speed Certain Low Speed Constant
the droplet, the droplet will fall with: acceleration Speed
liii.| If cross sectional area of pipe decrease the Venture Bernoulli Vibration Time period
speed of fluid must increase according to relation equation
liv. Flow speed of the fluid through a non-uniform 1000 N/m2 8000 N/m2 9000 N/m2 4000 N/m:
pipe increases from 1 m/sec to 3 m/sec. If change
in P.E. is zero, then pressure difference between Apply venture
two points will be: (density of the fluid relation to get
=1000kg/ms) the result
Iv.| Systolic pressure of normal healthy person 120 Torr 130 Torr 110 Torr 11 torr
Ivi.| The terminal velocity of a droplet falling Its density Its radius Its viscosity Its elasticity
down under gravity is directly proportional
to the square of
Ivii.|  The product of cross-sectional area of the Remains Exponentially Is zero Exponentially
pipe and the fluid speed at any point along the constant increases decreases
pipe:
Iviii.| What is the speed of an incompressible non- A) 5m/s 2m/s 10 m/s 50 m/s
viscous liquid flowing out Where h =5 m and Apply Torricelli theorem
g =10 m/s2. put h=5m
lix. When water falls from top,its cross Decrease of Increase of Air pressure Gravity
sectional area decrease due to speed speed increase
Ix.] A 6m high tank is full of water. A hole 7.66 m/s 5.66 m/s 6.66 m/s 8.66 m/s
appear at it middle. What is the speed of
efflux?
V =,/2g(h, —h, putting values h:-h,=3m and g=9.8 to get the resultv'2 * 9.8 = 3=7.66
Ixi. Which has minimum viscosity? Air Water Glycerin Acetone
Ixii.| The instrument which detect the instant at manometer Sphygmo Barometer Stethoscope
which external pressure equal to systolic manometer
Ixiii. Stokes law is valid only for speed Slow High Medium All of these
Ixiv.]| A small leak is developed in a large water 14 m/sec 9.8 m/sec 10 m/sec 20 m/sec
storage tank. If the height of water above
leakage is Apply Torricelli
10 m, then find the speed of efflux through theorem put h=10m
the leak
Ixv.| Let A=area of cross section, v=Ffluid speed, | Volume flow Energy flow | Mass flow rate | Pressure flow
then Av is called rate rate
Ixvi.| The dimension of potential energy per unit Pressure Work speed Density
volume is equal to
Ixvii.| A pipe varies uniformly in diameter from 2 m 64 m/sec. 8 m/sec. 32 m/sec. 4 m/sec.
to 4 m. An incompressible fluid enters the Diameter varies
pipe with velocity 16m/sec. What is velocity double change the
of fluid when it leaves the pipe? velocity half
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| Chapter 07 Oscillations
Oscillatory motion/vibratory motion: To and fro motion of a body about a mean position is called vibratory or
oscillatory motion. For example motion of mass suspended from a spring and motion of bob of simple pendulum.
Periodic motion: The vibratory motion that repeats itself in equal interval of time is called periodic motion.
Restoring force: The force which brings the system back to its equilibrium position is called restoring force. F=-Kx.
Requirements for oscillations: There are two requirements for oscillations

(1) Oscillating system must have restoring force (2) Oscillating system has inertia
How oscillations are produced: A body is pulled away on one side from its equilibrium position and then released
the body starts to oscillate due to restoring force.
Hook’s law: Within elastic limit, the applied force is directly proportional to the displacement. F=KXx.
Spring constant: Force per unit extension is called spring constant. K=F/x its SI unit is N/m and dimension [MT?]
Simple harmonic motion: A type of motion in which acceleration is directly proportional to displacement from
mean position and directed towards mean position is called SHM. @ o€ —X
Conditions for SHM: The system must have inertia, restoring force and frictionless for SHM.
Waveform of SHM: The curve which shows the variations of displacement with time is called wave form. Wave
form of SHM is sine wave.
Characteristics of wave form of SHM:

Instantaneous displacement: The displacement of vibrating body at any instant of time B F
Amplitude: the maximum displacement of vibrating body on either position from its mean position /7 £\

- - ; . . . L. 1 \Cd JE \G |
Vibration: one complete round trip of vibrating body about is mean position A== X

- - . . . . . . . b \i/ \
Time period: The time required to complete one vibration. It is shown by T and its unit is second 6 -

Frequency: the number of vibrations completed in one second f=1/T.

The product of frequency and time period is equal to 1, fT=1

Angular frequency: If time period is T of a body executing SHM, its angular frequency w = 27 /T = 24f . Basically
the angular frequency is the property of circular motion.

| Prove thatd &€ —X? |
Consider a mass m attached to one end of spring which can move freely on horizontal surface by applying force
According toHook's law F = Kxand opposingforce brings the mass towards mean position which is

According to Newton 2nd law acceleration is produced by force F=ma -------- (2
comparing (1)and (2) -Kx=ma

S K
a=—X = aow-X whichisreqresult as — = constant
m m

| EXPLAIN SHM AND UNIFORM CIRCULAR MOTION. |

Consider a mass m attached with end of vertically suspended spring. It vibrates simple harmonically with period T,
frequency f and amplitude X.. The motion of mass is displayed by the pointer P1 on the line BC with A as mean
position and “B” and “C” as extreme position as shown in fig.

At t=0 pointer is at position A then at position B, A, C and back to A at instant T/4, T/2, 3T/4 and T respectively.

In circular motion pointer P is moving in a circle of radius xo with uniform angular frequency ®. Let us consider the
motion of point N, the projection of P on diameter DE, the levels of D and E are similar to points B and C, hence the
comparison of motion of point N and P1 shows that motion of projection of particle p moving in a circle is SHM.
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Instantaneous Displacement: let N be the projection of a particle P moving in a circle of Angular frequency » and
angle subtended is ©=wt in radius of circle Xo.

Fromright angle triangle(OPN)

Sin0 :% = ON =0OPsin@
OP

X=X,Sing
X =X, Sin ot
atd=wt=0° = x=x,sin0° =0 at 0=wt=90° = x=x,sin90° = X,

at 0=t =180° = x=x,8in180° =0 at 0 =t =270° = X =X, SiN270° = —X,

at 0 =wt=360"°= x=x,5in360° =0 @ = wtisthephaseof vibration

Instantaneous velocity: The velocity of point P at the instant t, will directed along the tangent to the circle at P and its
magnitude is Vp=X.w. The velocity of N is actually the vertical component of velocity Vp in direction parallel to DE.
The component of velocity parallel to DE is

V =V, sin(90° - 6) ol \v.
V=V, Coso *.‘f 08 P
V = X,0CO0S0 -~ === === (1) / / {\
NP 22 ’ ; a=l | 0
Fromfig Cos@ = P ~—2  puttingthe value in eq(1) \ 0 g
X, /
2 2
X" —X /
V:XO(DO—:O) XOZ _X2 \E
X

At mean position welocity is maximum and at extreme position velocity is minimum
Instantaneous Acceleration (a): The acceleration at any point P along the circle is a,=X,»? which is directed towards
the center O. the acceleration of point N will be the component of acceleration ap along the diameter DE as a=a,sin©

a=X,0°Cos(90+0)

) D
a=-x,0°Sing '\P
N ..... -
. X . . 0
as Sin6 = —, puttingin equation (1) xv‘ */a,
X0 0:(1)' 0
X 0 '
a= —XO(DZ(—) =
XO
a=-0°X :

a = —constant x
a oc -X, Thisshows that acceleration is directly proportioral to displacement and directed towards mean position

| What is Phase? Give its two cases. |

The angle @ = t which gives the displacement as well as the direction of motion executing SHM is called phase.
This angle is obtained when SHM is related with circular motion. Phase determine the state of motion of vibrating

body.

Case 01: When motion starts from mean position its phase would at this point be 0. ND P

Let at t=0 the angle made by rotating radius OP with reference line OO1=¢, after a time t, 7 o Pt
the radius rotate through angle=wt and angle made by rotating radius OP is (ot+d) * /

and displacement is X=X, sin (wt+¢). This is shown in fig 1 - AL Enyy
Case 02: When motion starts at the extreme position, its phase would be 7/2.

In this case we take initial phase as 90° or 71/2 as shown in fig 2 then displacement is

X=Xosin(®t+90)= X,Coswmt :

L??_Eﬁl:l AEEAS (SUEJECT SFECIALIST FHYSICE GHMLW HSESHIMIAHWALI]]
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| Write a note on characteristics of Horizontal mass spring system.

Let us consider a mass which is attached with a spring at one side and at the other side

Spring is fixed with rigid support

Instantaneous Acceleration of spring system: let the Restoring force produces acceleration then
F=ma ---------- (1) F=-Kx------ (1) comparing both egs

ma = -Kx

— KX . . i
a=——Thisis theformula for acceleration of mass springsystem
m

K
a = -constant x as — = constant
m

aoc-X  Thisshows that acceleration is directly proportioral to displacment and directed towards mean position
Angular frequency: as we know that acceleration for simple harmonic motion is

a=-0'X———————— @
—K . ;
a=—X———————— (2) comparing both egs F,
m J——
(a) |
) — VA=
—0°X=—X A -
m b
X =5
2 K x=1)
0 =—
m | F=0
K ) l |
o = .|—, Thisis the formula for angular frequency A :
m I
Time period and frequency: Time period and frequency of . 2 0
i i F,
mass spring system having SHM are '
T= 2_7[ (c) . |
w ,\'\'\"', - M l
X
2 ~
T= x=10

T= Zﬂ\/g, thisis the formula for time period

ZL K This is the formula for frequency of mass springsystem
z\m

_.,
Il
=
~
—
Il

Instantaneous displacement: The displacement at any instant of time is calculate as X = X, Sin &t = X, Sin \ %t .

Instantaneous velocity: The velocity at any instant of time is calculated as

V=X, —X?
v=[K7 i -xE = K2 (k.2 x?)

V=, Spa=x )

i iti —ov=x_ /K
Max velocity at mean position at x=0 v =X, %n
Min velocity at extreme position x=x,,v=0

BEaDAEEAS (SUEJECT SFECIALISET FHYSIGE GHMLW HESM{MIGHWALIT]]
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[ 2
X
Relation b/w maximum velocity and instantaneous velocity: V=V, 1——2 .
XO

What is Simple pendulum? Prove that motion of simple pendulum is SHM. Also derive the relation for time
period of simple pendulum.

Definition: A small heavy mass suspended by a weightless and inextensible string with frictionless support is called

simple pendulum.

Motion of simple pendulum: Let us consider an object of mass m attached with the end of a light weight string

whose length is |

When the pendulum is displaced from mean position through a small angle © and released then it start to oscillate to

and fro motion about mean position. Two forces acting on it

Equation: Weight mg of bob acting vertically down and Tension T of string acting upward

The weight has two components mgsin© and mgcosO, the only component mgsin® is responsible for motion of

pendulum which brings the bob back towards the mean position

Restoring force = F=-mgsing---------- (1) -ive sign shows that force is directed towards mean position
F=ma------v-c-occecnna- (2) comparing both equation

ma =-mgsiné where angle is very small so for small angle sin@ ~

ma =-mgé

a=-gé as we know from figH:’%

a=-g X5 %: constant

I
a = —constant x

a oc -X This relation shows that acceleration is directly proportioral to displacment and directed towards mean position

Angular frequency

a= _I_g X———————— (2) comparing both egs = \/
| T
22 Rl

I —_—

5 “bé-" 7‘ g cos 0
= \/I: , This is the formula for angular frequency M mgsin em-
T s

w
To2%
JE

|

T= 272'\/1, this is the formula for time period
g

f=1/T-= zi\/ii This is the formula for frequency of simple pendulum
T

Double pendulum: A simple pendulum whose time period is 2 second. Its frequency is 0.5 Hz and length is 99.2 cm.

BEaDAEEAS (SUEJECT SFECIALISET FHYSIGE GHMLW HESM{MIGHWALIT]]
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| Explain Energy conservation in SHM. |

Let us consider a mass spring system. when the mass is pulled and stretched the spring by distance xo along horizontal
frictionless surface. Instantaneous potential energy can be calculated

According to Hook's law F = Kx when displacment is x at extreme position F
l—
F =0 when displacment is zero at mean position {a) i .
. 0+kx kx —— x
average forceis F = = > .
x=1

work done is equal to P.E in this case so

(b}

W =Fd= Fx:(ﬁ)x:lkx2

2 2
P.E :%kxz, if displacment is at maximum value xo at extrement position then
P.E =%kx02 this is maximum P.E and at mean position x=0so P.E =0 min

N . 1
Instantaneous Kinetic energy can be calcualted by using the formula K.E = 5 mv?

VZXO\/%(l_)%OZ) energy
K.E = %m(xo\/%(l— X%oz )’

total energy

-

#
'

e

K.E:meozﬁ(l—xy 2) E Ergp |
2 m X, ' P.E.. H
1., 2 | v X
KE=>Kx “(1-X : J :
2 0 ( AOZ) T
_— _ . . . . —x O +X°
at mean position x = 0, kinetic energy will be maximum °

1 2 02 1 2
KE==Kx_ “(1- S KE=2KX “——c————__ 2
2 0 ( AOZ) 2 0 ( )

Kinetic energy at extreme position will be minimum atat x=x, = K.E=0
TotalEnergy =P.E+ K.E

=Lk +1Kx02(1—x7 2)
2 2 X,

E=Lky? +1Kxo2 Ly
2 2

Equation (1), (2) and (3) show that totd energy remains constantin SHM .

| What are Free and forced oscillations? Give example of each. |
Free oscillations: If a body executes oscillations with its natural frequency without the interference of external force,
then these oscillations are called free oscillations. For example a simple pendulum vibrates freely with its natural
frequency.

Free oscillations: A body is said to be executing forced vibrations if it oscillate under the action of an external force.
for example if mass of simple pendulum is struck repeatedly then forced vibrations are produced.

Driven harmonic oscillator: The physical system that undergoes forced vibrations is called driven harmonic
oscillator.
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| What is Resonance? Describe Barton pendulum experiment. And examples of resonance. |
Resonance: The phenomenon in which the amplitude of vibrating body increase when the frequency of applied force
is equal to natural frequency of harmonic oscillator is called resonance.

For example, motion of swing, tuning of a radio, microwave oven etc.

Barton pendulum experiment: Consider a horizontal rod AB is supported by two strings

Three pairs of pendulums, and are suspended to this rod.

If one of these pendulums, say c, is displaced IR 2 = Y
from its mean position, then its resultant oscillatory motion causes
Slight disturbance motion in rod AB.

This causes the pendulum to oscillate back with steadily increasing amplitude. )

However, the amplitude of the other pendulums remains small. D o
The increase of the amplitude of pendulum is due to effect of resonance, o -
Because the periods as well as the natural frequencies of pendulum and are equal.

Examples of Resonance : ¢

Mechanical Resonance for the case of swing: A swing is the good example of mechanical resonance. It is like a
pendulum with a single natural frequency depending on its length. If a series of regular pushes are given to the swing,
its motion can be built up enormously. If pushes are given irregularly, the swing will hardly vibrate.

March of soldiers on bridge: The column of soldiers, while marching on a bridge of long span is advised to break
their steps. Their rhythmic march might set up oscillation of dangerously large amplitude in the bridge structure.
Electrical Resonance in Tuning of a Radio: Tuning of a radio is the best example of electrical resonance. When we
turn the knob of a radio, to tune a station, we are changing the natural frequency of electrical circuit of receiver, to
make it equal to the transmission frequency of the radio station. When the two frequencies match, energy absorption is
maximum and this is the only station we hear.

Cooking of a Food in Microwave Oven: Another good example of resonance is the heating and cooking of food very
efficiently and evenly by microwave oven. The waves produced in this type of oven have a frequency of 2450 MHz.
At this frequency the waves are absorbed due to resonance by water and fat molecules in the food.

| Why microwave oven use 2450 MHz? |
Microwave oven use 2450M Hz frequency because at this frequency the waves are absorbed due to resonance by
water and fat molecules in the food, heating them up and so cooking the food.

| What is undamped and damped oscillations? Also define damping. |
The oscillations in which amplitude remains same with time are called undamped oscillations. For example
oscillations of an ideal simple pendulum.

The oscillations in which amplitude decrease with time due to energy dissipation are called damped oscillations. Its
example is the shock absorber of a car

Damping is the process whereby energy is dissipated from the oscillating system.

| What is Effect of damping on vibration of a body? |
The amplitude of vibration of a body increases when the damping is small and amplitude decrease when damping is
large. A heavily damped system has fairly flat resonance curve.

Smaller the damping, greater will be the amplitude and more sharp will be the resonance

| What is Sharpness of resonance? |
Such a type of resonance in which amplitude of vibration of a body increase at maximum value when damping is very
small is called sharpness of resonance.

y
y
Yo
8 Yo S
2 @ a
£0 nis ; ;
¢ TUUTTTY £ ' |
Yo 5
Yo (b) Damped
(@) Undamped
Graph between amplitude and time Graph between amplitude and time

Driving frequency
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| Exercise short Questions

Q.1 Name two characteristics of simple harmonic motion.

i) a o - X Acceleration is directly proportional to the displacement and directed towards mean position
ii) Total Energy remains constant K.E+P.E=constant

Q.2 Does frequency depends on amplitude for harmonic oscillators?

No. Frequency of harmonic oscillator is independent of amplitude. Because for simple pendulum f = ZL /% it
T

depends upon length and g where for mass spring system f = Zi % it depends upon mass and spring constant K.
T

Q.3 Can we realize an ideal simple pendulum?

No. Due to friction and weight of the string. For an ideal simple pendulum, the string should be massless, inextensible
and suspended from frictionless support and these condition are difficult to achieve.

Q.4 What is the total distance traveled by an object moving with SHM in a time equal to its period,

if its amplitude is A?

Total distance traveled will be 4A. Time period is time during which vibrating body completes one round trip and in
one round trip total distance is A+A+A+A=4A.

Q.5 What happens to the period of a simple pendulum if its length is doubled? What happens if the suspended mass
is doubled?

As we know that simple pendulum, T = 2r,/1/ g for doubling the length T = 27,/21/ g=V2 x 2nV 1/ g =2 T So the
time period increases by V2 (=1.414) times, as length is doubled. ii) There will be no change, when suspended mass is
doubled. Since time period, T, is independent of mass, m.
Q.6 Does the acceleration of a simple harmonic oscillator remain constant during its motion? Is the acceleration
ever zero? Explain.
No. Acceleration depends upon X, a = - ®? X the acceleration is zero at mean position (x = 0) and it becomes maximum
at extreme position (X = Xo) so the acceleration of simple harmonic oscillator does not remain constant during its
motion
Q.7 What is meant by phase angle? Does it define angle between maximum displacement and the driving force?
i) Phase angle (or phase): “The angle 6 = ot which specifies the displacement as well as the direction of motion of
the point executing SHM”. It indicates the state and direction of motion of a vibrating particle.
ii) No, It does not define angle between maximum displacement and the driving force.
Q.8 Under what conditions does the addition of two simple harmonic motions produce a resultant, which is also
simple harmonic?
The addition of two simple harmonic motion produce a resultant, which is also simple harmonic when
i.  They have same frequency

ii.  Same phase

iii.  They are parallel
Q.9 Show that in SHM the acceleration is zero when the velocity is greatest and the velocity is zero when the
acceleration is greatest.
We have for SHM; v = » Vx02 - x2 & a = - ®*> X At mean position, from the above equations, X =0thena=0& v =
® xo—maximum value, i.e. acceleration is zero and velocity is greatest. &
at extreme positions; X = xo then v = 0 & a = -w*x0—maximum value. i. e. velocity is zero when acceleration is
greatest.
Q.10 In relation to SHM, explain the equations;
(H)y=Asin(ot+¢)
(ii)a=- w’x
y = A sin (o t + ¢) initial phase
Instantaneous displacement y and A is Amplitude angle subtended in time t this equation shows that displacement of
SHM as a function of amplitude and phase angle depending upon time.
a = - 2 x where a = acceleration of a particle executing SHM o = constant angular frequency x = instantaneous
displacement from the mean position.

Q.11Long Q
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Q.12 Describe some common phenomena in which resonance plays an important role.

1) Tuning radio/TV we change the frequency with knob. When it becomes equal to a particular transmitted station,
resonance occurs. Then we receive amplified audio/video signals.

2) Microwave oven Microwaves (of frequency 2450 MHz) with A = 12 cm, are absorbed due to resonance by water
and fat molecules in the food, heating them up and so cooking the food.

3) Musical instruments In some instruments (e.g. drums) air columns resonate in the wooden box. In string
instruments (e.g. sitar) strings resonate with their frequencies and loud music is heard.

Q.13 If a mass spring system is hung vertically and set into oscillations, why does the motion eventually stop?
Due to friction and air resistance mass-spring oscillating system eventually stops. When it oscillates, due to frictional
forces energy is dissipated into heat and finally it stops.

Chapter 07
No.7.1: A 100.0 g body hung on a spring elongates the spring by 4.0cm. When a certain object is hung on

the spring and set vibrating, its period is 0.568s. What is the mass of the object pulling the spring?

Given Data: m =100g =10/1000kg = 0.1kg, x = 4cm = 4/100m = 0.04m, T = 0.568sec, mass of object =m'=
mg 0.1*9.8
x  0.04
T= 2”\/E =>m'= Tzf = (0.568)° *34'5 =0.2Kg

K Vi¥is 4(3.14)
7.2: A load of 15.0g elongates a spring by 2.00 cm. If body of mass 294 g is attached to the spring and is

into vibration with an amplitude of 10.0 cm, what will be its (i) period (ii) spring constant (iii) maximum
speed of its vibration.

AsF=Kx= mg=Kx =K-=

=24.5Nm™, Now using the formula for time period of mass spring

Given Data :m =159 =15/1000 = 0.015kg, x = 2cm = 0.02m, m'= 294g = 0.294kg, X, =0.1m, T=?,K=?,V, =?
mg 0.015*9.8

F= = =Kx =D K=—o=s""" _""-73Nm*
KX g X 0.02

T= 27[( 2*3. 141f0294 =1.26se

V, =X \/ Ol\/i 0.49ms™
m+m' 0.015+0.29

7.3: An 8.0kg body executes SHM with amplitude 30 cm. The restoring force is 60 N when the displacement
is 30 cm. Find (i) Period (ii) Acceleration, speed, kinetic energy and potential energy when the displacement
is 12m.

Given Data:m =8kg, xo =0.3m,F=60N,x=0.3m, T=?,a=", v:’7kE:?P.E:?(Whenx:o.lzm)

F=Kx,= K= F = 60 _200Nm = T= 27r\/7 2*3.14 / =1.3sec
20 2
=4.82Hz = a=w’x=(4.82)**0.12=3ms ™

v:w,/xo e :4.82\/(0.3) ~(0.12)* =1.33ms™*

2 2
<E =2rx,20-25) = 1200~ 0370 - 12y 769
2% 0=57)=3 ©03)
1

PE=> Kx’ :%(200)(0.12)2 =1.44]
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7.4: A block of mass 4.0 kg is dropped from a height of 0.80 m on to a spring of spring constant k = 1960
Nm-1, Find the maximum distance through which the spring will be compressed.

Given Data:m = 4Kg, h =0.8m, K =1960 Nm™,x_ =?

=0.18m

*AN* *
P.E = mgh aIso%KXOZ =mgh= x,’ =—2“:<gh = x, = \/2”‘9“ - \/2 479.8%08

K 1960
7.5: A simple pendulum is 50.0 cm long. What will be its frequency of vibration at a place where

g=9.8 ms2?

Given Data:l = 50cm = 50/100m = 0.5m, g = 9.8ms?, f =2

fzi\/gz L 1/%=O.7HZ
2z V1 2*3.14V05

7.6: A block of mass 1.6 kg is attached to a spring with spring constant 2000 Nm-, as shown in Fig.7.14.
The spring is compressed through a distance of 2.0 cm and the block is released from rest. Calculate the
velocity of the block as it passes through the equilibrium position, x=0, if the surface is frictionless.

Given data:m =1.6kg, K =1000 N/m, x, = 2cm =0.02m, v ="?

V= xo\/K =0.02, /@ =0.5ms™
m 1.6

7.7: A car of mass 1300 kg is constructed using a frame supported by four springs. Each spring has a spring
constant 20,000 Nm-. If two people riding in the car have a combined mass of 160 kg, find the frequency of
vibration of the car, when it is driven over a pot hole in the road. Assume the weight is evenly distributed.

Given Data:m, =1300kg, m, =160 kg, m =m, + m, =1300+160 =1460kg
for one spring, K = 20,000N/m, for 4 spring = 4*20000 = 80000 N/m, f =?

usingf:i £: L ‘/80000 =1.18Hz
2z \m 2*3.14\ 1460

7.8: Find the amplitude, frequency and period of an object vibrating at the end of spring, if the equation for

its position, as a function of time, is X = 0.25 COS(%) { what is the displacement of the object after
2.0s?

Given Data:t = 20sec, amplitude=x,=?,f =2, T=?, xwhent =2sec="?

comparing given eq X = O.25C08(§jt with x = x,cos(w)t = x, = 0.25m

ngjzmczng:in 7211 igsec

16 f 116
T T
X = 0.25cos(§J *2 = 0.25COS(Zj =0.18m
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Q# Questions Option A Option B Option C Option D
i. Distance covered by 2A 4A 0 A?
oscillating body during one
vibration of amplitude A
ii.| Which of these quantity has | Surface tension Spring constant Force Momentum
unit kgs2
K=F/x=N/m=Kgms-?/m=Kgs
iii.| The product of frequency 1 0 3.14 2
and time period
As f=1/T, fT=1
iv.| The frequency of second 2 Hz 0.5 Hz 1Hz 0.25Hz
pendulum is
Time period=2sec, f=1/T=1/2=0.5Hz
V. Angle of projection of -gx/I -w2x -X -gsin©
projectile moving around a
circle is given by relation a
=7
vi.| In mass spring system mass T2=Ti T:=\2T: T2=2T: T2=T/\2
'm' is attached with spring
of Spring constant 'k' with Time period is directly
time proportiomn:lstossq root of
period T1'.. Then the mass
is replaced by 2m' with
same spring, what is the
time period 'T2'
vii.| Mass attached to spring is Y2 KXo Yo Kxo? KXo W2Xo
pulled slowly from mean
position to x0 then work
done will be ?
viii.| Angular displacement of a 30° 60° 45° 75°
point moving in a circle Sinx=x/xo
10cm when displacement of =10/8.66
projection Sin-(0.866)
of this point along vertical 60°
diameter of circle is 8.66cm
will
iX.| A body performing SHM s /4 /2 -
with displacement x=Xo
sin(wt+fi), when t=0, X=Xo.. at this angle
Then what is the phase X=Xo
angle fi??
X.| If distance covered by wave 10cm 5cm 15cm 20cm
is 20 cm then what is the
amplitude is
Distance=4*amplitude, 20=4A. A=5cm
Xi. The motion of simple Amplitude is large Mass is small Amplitude is Length is small
pendulum is SHM is only if small
Xii. The expression for ) . All of these
instantaneous displacement g =0 ‘ F — kx
of particle executing SHM is a W I xo i (01
given as
xiii.| If aload of 15g is elongated 7.5N/m 7 N/m 7.35 N/m 0.75 N/m
a spring by 2cm, then K
Xiv. Instantaneous potential 1, 1, Mgh None of these
energy of spring mass 5 Kx"o 5 Kx

system is given by
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XV.

At which place the motion of
simple pendulum is slowest

Karachi

K-2

Murree

Lahore

As we know that frequency and speed is directly to g so the
motion of simple pendulum is slowest

value of g is minimum in these places at K-2 so at that point

from Earth to moon, how
does it change the period of
oscillation(g at moon=1.6)

factor v6

factor four

xvi.| A simple pendulum 50cm 0.70 Hz 7 Hz 70 Hz 10 Hz
long its frequency of
vibration at place where To see n#7.5
9=9.8 m/s?
xvii.| A simple pendulum is moved Remains same Increased by Increased by Decreased by

factor V6

As we know that T is inversely proporitional to sq.rt of g so at moon the value of

g is g/6 so it increased T by /6 times

projection is given as

XViil. The frequency of waves 2450 Hz 2450 MHz 2450 KHz 12 Hz
produced in microwave oven
is
XiX. Tunning of radio is an Mechanical Light wave Electrical Physical
example of resonance resonance resonance resonance
XX.| A spring of spring constant 10J 20J 3017 4010
10 N/m amplitude 2m. the
maximum P.E
P.E=1/2 Kx?=1/2*10*(2)?>=20 J
xxi.| A particle takes 0.2 sec to 10Hz 5Hz 50Hz None of these
complete one revolution, its
frequency is f=1/T=1/0.2=5 Hz
xXii.| In SHM the restoring force is Velocity Acceleration Displacement Time period
directly proportional to
xxiii.|  The waveform of simple Sine wave Square wave Pulsed wave Cosine wave
harmonic motion is
XXV, If fis frequency of body 2nf 1t 4nf 2n/f
executing SHM, its angular
frequency w is
XXV. If mass of pendulum is Double Half Four times Remains same
doubled then its time period
will be
XXV Sl unit of frequency is Radian m/s Hertz Meter
kxvii.| If F=0.08N and x=4cm then 6 N/m 4 N/m 8N/m 2 N/m
K=?
K=F/x=0.08/4cm=0.08/4*10-2=2 N/m
XViii. The phase angle &= wt ofa Only dir(_ection of Onl)_/ magnitude of Both A&B None of these
body performing SHM amplitude displacement
indicates
xXix.| The process in which energy Resonance Forced oscillations Damping None of these
is dissipated in oscillating
system is called
xxx.| If the frequency of oscillator 0.1 Sec 0.2 Sec 0.4 Sec 0.5 Sec
is 5Hz then time period will
be
Time period =1/f=1/5=0.2 sec
XXXI. Angular frequency is Circular motion Linear motion Vibratory motion Elliptical
basically a property of motion
kxxii.| If the mass attached with a One fourth Half Double 3/4
spring becomes four times, the
time period of vibration
becomes:
XXiii. The displacement of Xo W t Wt
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X = x, sin wt

, Which
quantity represents phase
XXiV. In a simple pendulum, the gcosf mg cos 0 mg sin 0 mg
tension of the string is
XXxV.| An oscillating body is at mean Extreme position Between extreme Mean position Beyond extreme
positionatt=0. Att=T/4 it and mean position position
will be at
XXVI. At mean position during P.E is Max and K.E P.E is min and Both K.E and Both K.E and
SHM min K.E max P.E maximum P.E min
KXVil. What is kinetic of body 1 1 3
executing SHM when /2 ﬁ 3/ 2 / 4
displacement form mean
position is half of its
displacement
Energy is directly proportional to square of amplitude, so when half then its square is ¥4

xviii.| Which expression is correct Tal Ta Jj Tom None of these
for the time period of simple
pendulum
XXiX. If time period of simple 1Hz 2 Hz 0.5 Hz 4 Hz
pendulum is 2sec its
frequency will be
Frequency=1/T=1/2=0.5Hz
xI.| Sl unit of spring constant are mt Nm? Nm- Nm?
xli. Time period of simple Mass of bob Length of Amplitude of Size of bob
pendulum only depends on pendulum vibration
xlii.| A simple harmonic oscillator has a a=-2x a=-(20m)x a=-(20m)’x a=-(2n/10)*x
time period of 10 seconds. Whig:h by abplvin
equation rotates its fasie i
acceleration ‘a’ and displacement a=-(2m/T)*
‘x’?
xliii. The oscillation in which Natural oscillations Free oscillations Damped Forced
amplitude decreased steadily oscillations oscillations
with time are called
xliv. When the length of a simple 1/4 \2 1/2 142
pendulum is doubled, find the
ratio of the new frequency to the
old frequency?
xlv. In SHM the velocity of Extreme position Mean position Between extreme None
particle is maximum at and mean
position
xlvi.| What is the period of mass m I/m 2n Yam
spring system during SHM if apply time period
the ratio of mass to spring formula to get result
constant is
Ya?
xlvii.| Acceleration of mass spring Uniform Variable due to Variable due to Both B&C
system is change in direction change in
magnitude
Iviii. The unit used for factor Meter Second Kilogram Radian
[
g may be

As T=2n \/g in this formula 27 has no dimension, so \/g has unit of time also (

ms

1/2
m
2

(5’2)1/2 =5

xlix.

The acceleration of body
performing SHM depends
upon its

Mass

Time period

Amplitude

Displacement
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If the time period of simple
pendulum is doubled its
amplitude becomes

Remains same

Doubled

Half

1.41 as large

Time period is independent of

amplitude of simple pendulum

The wave length used in
micro wave oven is

12cm

10cm

24 cm

2470 cm

10cm extension is produced
in a spring due to a force of
20N. the spring constant is

2 N/m

20 N/m

200 N/m

2000 N/m

As extension x=10cm=10/100=0.1m, F=20N, K=F/x= 20/0

.1=200 N/m

If length of simple pendulum
becomes double then time
period

Increase double

Increase 1.41
times

Increase 4 times

Decrease 1.41
times

As time period is directly p

roportional to sq.rt of |

ength

liv.

One complete round trip of
body in motion is called

Frequency

Amplitude

Vibration

Time period

The expression for restoring
force is

F=Kx

F=ma

F=dpldt

F=-Kx

Ivi.

A quantity which indicates
the state and direction of
vibrating body is called

Time period

Amplitude

Phase

Frequency

Ivii.

For vibrating mass-spring
system, the expression of
kinetic energy at any
displacement ‘x' is
given by:

1 x?
5 kxo? (1— =)

0

1 x?
—Mmow(l-—
> ( " 5)

(o]

1
—mx,w
2

Iviii.

When soldiers cross a bridge,
they are advised to march out
of step due to

Resonance

High frequency

Noise produced

Fact that bridge
is weak

lix.

Which of the following
guantity can be expressed in
Kgs?

Spring constant

Density

Momentum

Force

.| The wavelength of transverse

wave travelling with speed v
having frequency f is equal
to

fiv

\%i

VI

fIv?

Ixi.

When a particle is moving
along a circular path, its
projection along the diameter
executes

Linear motion

Vibratory motion

Rotatory motion

%)
I
<

Ixii.

A simple pendulum complete
20 vibrations in 5 sec,
frequency will be

2 Hz

3 Hz

5Hz

4Hz

Ixiii.

the dimension of spring
constant are

MT]

[MT]

MT7]

[MT]

IXiv.

Oscillations of shock
absorber of car is an
example of

SHM

Forced oscillations

Damped
oscillations

Undamped
oscillations

Ixv.

Potential energy at mean
position in SHM

Maximum

Equal to K.E

ZEro

Negligible

Ixvi.

Ixvii.

The maximum velocity in
SHM

2
X, ®

X

Xw?

XViil.

Food being cooked in
microwave oven is an example

Beats

Resonance

Overtones

Stationary waves
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IXix.

What should be the ration of
kinetic energy to total energy for
simple harmonic oscillator?

Hint take ratio of both to get the result

(Xo* = X?)

EXZ
2

IXx.

Resonance occurs when the
driving frequency is:

Greater than natural
frequency

Less than natural
frequency

Unequal the
natural frequency

Equal to the
natural

frequency

Ixxi.

What should be the length of
simple pendulum whose period is
6.28 second at a place where g
=10 ms-2.

0.28 m

6.28 m

10m

10.8 m

applyformula of timeperiod, 6.28 = 272'\/% =] =10m as T=6.28m and 2pi has 6.28 value

Ixxii.

A body performs simple
harmonic motion with a period
of 0.063 s. The maximum
speed of 3.0

ms-1. What are the values of
the amplitude ‘xo (M) and
angular frequency ‘o (rads-1)

Xo=53, =16

Xo=10.03, ® =100

Xo=0.19, 0 =16

Xo=3.3, ® =100

=

2z 2*314
T 0063

=100, X

_Vv_3 _
" w100

0.03m

XXIil.

Frequency of simple
pendulum of length 9.8 m will
be

2 w Hertz

1/2n7 Hertz

n/2 Hertz

n/4 Hertz

Apply formula for frequency of pendulum to put 1=9.8m and g=9.8ms, to get the result
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| Chapter 08 waves |
Wave: It is the mechanism by which energy is transferred from one place to another.

Types of waves: There are following types of waves

Mechanical waves: The waves which need material for their propagation are called mechanical waves. For example
water waves, sound waves, string waves.

Electromagnetic waves: The waves which do not need material medium for their propagation are called
electromagnetic waves. For example radio waves, light waves etc.

Matter waves: The waves which are associated with motion of particles are matter waves. For example motion of
electron.

Progressive/travelling waves: The waves which transfer energy by moving away from the source of disturbance are
called progressive or travelling waves. They have two types (i) transverse waves (ii) longitudinal waves.

Transverse waves: The waves in which particles of medium are perpendicular to direction of propagation of waves
are called travelling waves. Waves produced in water and rope.

Longitudinal/compressional waves: The waves in which particles of medium are parallel to direction of propagation
of waves are called longitudinal waves. For example sound waves.

Why sound waves are longitudinal in nature: Both types of waves can be set up in solids. In fluids, however,
transverse wave die out very quickly and usually cannot produced at all. That’s why, sound waves in air are
longitudinal in nature.

Periodic waves: The waves which are produced by the continuous and rhythmic disturbances in medium are called
periodic waves. For example waves in oscillating mass spring system.

Transverse periodic waves: The periodic waves in which the displacement of particles of medium is perpendicular to
the direction of motion of waves are called transverse periodic waves.

Crest: The part of transverse waves which is above the mean level is called crest

Trough: The part of transverse wave which is below the mean level is called trough

Wavelength: The distance b/w two consecutive crest or two trough denoted by Greek letter A is wavelength.
Amplitude: The maximum displacement of point in crest or trough of wave is called amplitude

Time period: The time for which a wave travel a distance of wavelength is called time period.

Frequency: The number of waves passing through a medium in one second is called frequency. f=1/T.

Speed of wave: The distance covered by a wave in 1 second is called speed of wave.

Prove that v=fi:

Distance covered by wave

Speed = —

Time interval
v:&:x*lzm asiz f
T T T

v=fl
27X

Phase angle of wave: ¢ = 7

Longitudinal/ Compressional periodic waves: The periodic waves in which particles of medium vibrate along the
direction of motion of waves are called longitudinal periodic waves.
| Derive Newton and Laplace formula for Speed of sound in air. |

Speed of sound depends upon as v = /%

(1) Compressibility of medium

(i) Inertia(density) of medium

Newton formula for speed of sound in air: Newton assumed that sound waves passing through air at constant
temperature (isothermal process) so by using Boyle law, he calculated the formula for speed of sound
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PV, =PV,

When sound waves passes pressureincreases and volume decreases so,

PV = (P+AP)(V-AV)

PV =PV — PAV + VAP - APAV, AsAPAV is small quantity so it is neglected
PV =PV - PAV + VAP

0=-PAV + VAP
PAA =VAA
AP Stress E
“AV/  Strain
K/ Strain

P = E putting in speed of sound formula V = % we get
V= /%, ATSTP, P=1.01*10° Nm?, p=1.29 kgm ?,

V=, /1-01*10%29 =280m/s.  and experimental value of speed of sound is 332 m/s which is 16% more this.

Laplace correction: Laplace assumed that during compression and rarefaction temperature of system changes but
during compression and rarefaction energy is transferred from one place to other due to fast response under adiabatic.

PV" = ConstantAndy = Cp/Cv and for air y =1.4.

Process. In this case Boyle law becomes
PV” =(P+AP)(V —AV)”

PV’ :(P+AP)V7(1—AV—V)7

P=(P+AP)1- AV—V)Y, now using bionomial expansion (1—x)" =1-nx + higher power terms...

P—(P+ AP)(l—;/AV—V )

P=P —yP% + AP —yAP%, neglecting yyA %due tosmall value

p-p—p2Y AP
v

\(Pﬂ =AP

\%

_ AP stress

~ AV strain
\%

E

vP

yP =E puttingthe formula of speedof soundin air v = \/E
Yo

V= his This is the lap lace formula for speed of sound in air.
Y2,

y =14 P=1.01*10°Pa, p=1.29kgm*

* *10°
V= 1{% =333 m/s Thisis close to the experimental value of speed of sound.
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| Describe Effects of variation of pressure density and temperature on speed of sound in air. |

7/P

Effect of pressure on speed of sound: Speed of sound remains same v = _|~— as density is proportional to the
Yol

pressure. When pressure of gas is increased, density of gas also increases.

Effect of density on speed of sound: Asv = /i , SO at constant temperature and pressure Speed of sound is
Yo

. . . 1
inversely proportional to square root of density. V oc T :
yo,

Speed of sound is four time to its speed in oxygen as density of oxygen is 16 times as that of oxygen.
Effect of temperature on speed of sound: As when a gas is heated at constant pressure then its volume increased
and density decreased so speed of sound increased due to increase of temperature. v, = v_ +0.61t.

The formula for ratio of speed at toC and 0°C is Ve o Tl
VO [o]

Prove that Vt=Vo+0.61t.
Using the formula For ratio of speed of sound at 0°C and t°C, Theratio of speed of sound

AR

VO
:,I_: -+ %73)/2

/2 ) ) } }
Vv, = v0(1+ %73)1 , using bionomial expansion

v, =V, +0.61t.

This shows that with one degree Celsius rise in temperature, speed of sound increased by 0.61 m/s.

| State Principle of superposition. Define its three cases. |
Principle of superposition. “If a particle of medium is simultaneously acted upon number of waves then the resultant
displacement of particle is algebraic sum of their individual displacements” Y =Y, +V, +Y, +.....

Cases of superposition principle: There are following three cases of principle of superposition.

Interference: The phenomenon in which two waves having same frequency travelling in same direction

Beats: The phenomenon in which two waves of slightly different frequencies and travelling in same direction
Stationary waves: The phenomenon in which two waves of same frequency travelling in opposite direction.

| What is Interference? Define constructive interference and destructive interference. |
Interference: The phenomenon in which two waves having same frequency travelling in same direction superpose is
called interference.

Constructive interference: when the path difference is an integral multiple of wavelength, displacement of two
waves are added up AS = nA, this effect is called constructive interference

Destructive interference: when path difference is odd integral multiple of half of the wavelength, the displacement of
two waves cancel the effect of each other. This effect is called destructive interference.

As=(n+1/2)1.
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| What are Beats? Write its uses. |
The phenomenon in which two waves of slightly different frequencies travelling in same direction overlap each other
is called beats. fi-f>= no of beats per second.
Beats are the periodic vibration of sound b/w maximum and minimum loudness.
Beats are the result of constructive and destructive interference. It means basic principle of beats is interference.
If the frequency difference b/w two waves is greater than 10Hz, than it is difficult to recognize.
Uses of beats: there are following uses of beats
i.  Beats produce variety in music

ii.  To find unknown frequency of vibrating body

iii.  Totune a musical instruments.
| What is Reflection of waves? State two cases of reflection in media?
The bouncing back of wave from the boundary of medium is called reflection of waves..

i.  When a wave in rare medium is incident on denser medium, it is reflected such that phase of 180° is
produced(path difference of A/2)
ii.  If transverse wave in denser medium is incident on a rare medium is reflected without any change in phase(no
path difference).

| What are Stationary waves? |
The waves which are produced by superposition of two waves of having same frequency travelling in opposite
direction are called stationary waves.
Node: The points of zero displacement in stationary waves are called node
Antinode: The points of maximum displacement in stationary waves are called antinodes
The distance b/w two consecutive nodes and anti-nodes is 2/2. The distance b/w node and anti-node is 3/4.
When antinodes are at their extreme position the whole energy is P.E while at passing through equilibrium position,
the whole energy is K.E.
Why stationary waves are called standing waves: As nodes remains at rest so the energy remains standing in
medium b/w nodes so energy cannot flow through these points, that’s why stationary waves are called standing waves.
| What are stationary waves? Explain Stationary waves in a stretched string. |
The waves which are produced by superposition of two waves of having same frequency travelling in opposite
direction are called stationary waves.
Let us consider a string of length | stretched and is clamped at its two ends with rigid support. The tension in the string
is F.

F
Speed of wave depends upon tension F in the string and mass per unit lengthv = \/: .
m

Case 01: First mode of vibration: when the string is plucked at the middle of its length then string vibrates in a single
loop as shown in fig. such a mode is called fundamental mode of vibration.

Distance b/w two consecutive nodes = | = /2
I:ﬁ =1 =2 }4 - : - .|
Asspeedof wave = v =f, 4, "ol A e
_v_v N T =ssloe=== N
a2 T %
f, =% % Thisis the formula for fundamental frequency

Case 02: second mode of vibration: When the string is plucked from one quarter (1/4) of its length the string vibrates
into two loops as shown in fig. f; is the frequency of 2" mode vibration.
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f, =21,

Thus when the string vibrates in two loops, its frequency becomes double then when it vibrates in one loop.
Similarly by plucking the string properly, it can be made to vibrate in 3 loops then

f;=3f; and so on for nth loop

fo=nf, n=1,2,3.....

As these discrete and quantized value of frequencies fi1, 2f1,3f1,....nf1 which are called harmonic series.

If the frequency of string on musical instrument changes by changing the tension in string and length of string.

| What are stationary waves? Explain Stationary waves in air column?

The waves which are produced by superposition of two waves of having same frequency travelling in opposite
direction are called stationary waves.

Organ pipe: An organ pipe is a wind instrument in which sound is produced due to setting up of stationary waves in
air column is called organ pipe.

Stationary waves can be set up in air column inside a pipe or tube. A common example of vibrating air column is an
organ pipe.

It consists of a hollow long tube both ends open or with one end open and other is closed.

Case 01: Mode of vibration when both ends are open: Let us consider an organ pipe of length | which is open at
both ends. In fundamental mode of vibration there is only one node at the middle of the pipe and two anti-nodes at
ends. If A1 is the wavelength of wave then

I_x LA
— ™~ -—
Ay = il -y
f,=— =072  fi=vA2
7"1 (a)
Vo, . . .
f, = o0 This frequency is called fundamental frequency or firstharmonic . . . o . o o . o o |,
In second mode of vibration there are anti nodes and two nodes e N
}\l }\l }\l // \\ // \\
|:_+§+_ 1<2(3.2) f2=2v2)
4 4 }
(h)
| = X, for2nd mode of vibration
%
f,=— s %
" KKK
N
f2:¥=2*%=2f1 1=3(2)  f=30720)

f, =2f, Thisfrequency is for 2nd harmonic, and similarly for nth mode of vibration

f,=nf, wheren=1,23....
Case 02: Modes of vibration in organ pipe closed at one end: let us consider an organ pipe of length | which is
closed at one end. At closed end we get
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L J
7\‘ 4—o—> “ o -
== = N ——
4 L
Ay =4l 1~ Ai4 fi=v/dl
v
f,=— (a)
1 )\41
v 4 o> - 4 o> -
f, = i This is frequency for fundamental frequency ><‘ ‘>
In second mode of vibration there are anti nodes and two nodes 1= 300J8) f = 3(wdl)
AA
I==+= (M
4 2
3A 4d o p oA e poa—wpe
| = — ~ -~ ~ P o
4 Ao S .2
KZ — 4|/3 - .v ‘v
| = 5()/4) 2= 5(vw4l)
v %
f2 = — = E—
41/3 41

f, = 3f, This frequency is for 2nd harmonic, and similarly for nth mode of vibration
f, =nf, nisodd

\ What is Doppler Effect. Explain its cases. \
Definition: The apparent change in the frequency of waves due to relative motion b/w source and observer is called
Doppler Effect. This effect was firstly observed by John Doppler while he was observing the frequency of light
emitted from a star. In this topic we take the example of source of sound S and an observer O and their relative motion

is studies
Case 01: When observer moves towards stationary source: Let us consider an observer A moves towards the

source with velocity u, then the relative velocity of waves and observer is v+ U, . The relation for frequency is
Observer N
¢ _{v+uo}_ VU, i
N = =

L%

fA:{V_HJO}f as {v+uo}>1
% %
f, >f Result:Theapparentfrequency/pitch of sound heared by observer will increase

Case 02: When observer moves away from the stationary source: Consider observer B moves away from the
source with velocity uo then relative velocity of waves and observer v- U,

fo VU | v
B 7\’ - %

f, =[V_u°}f as [‘“”0}1
\/ \/

fg <f Result: Theapparentfrequency/pitchof sound heared by observer will decrease

Case03: When source moves towards the stationary observer: When source moves towards the stationary observer
C with velocity then waves are compressed and wavelength is reduced , this decrease in wavelength in one second is
called Dopper shift.and is calculated as follows

Observer B
—_——
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p VU v U
f f f _

u il Mserver O

Ay =A—AL as A==+ alsowe know that Q ohloss)e ,e
- ——-
D Whserver 1D i
oY v -
A, v-u,

fc{ v }f L |
V—u, V—u,

f. > f Result: Apparentfrequencypitch of soundheard by observer will increase

Case04: When source moves away from the stationary observer: When source moves away the stationary observer
D with velocity then waves are expanded and wavelength is increased and is calculated as follows.
V+u, Vv u

° f foof
Ap =A+AA as AZ:uTS also we know that
% v
fo =2 = vru,
f

fD{ v }f V<1
V+ Uy V+ Uy

fp, < f Result : Apparentfrequency/pitch of sound heard by observer will decrease.

| Explain Applications of Doppler Effect. |
There are following applications of Doppler Effect

1) RADAR: RADAR stands radio detection and ranging, it is a device which transmits and receives radio waves
and used to find the height and speed of aero plane is called RADAR. The system emits radio waves which
are reflected from aero plane and received by system.

2) SONAR: SONAR stands for sound navigation and ranging. It is technique for detecting the presence of
objects under water by echo location. This system uses ultra sound waves because they travel longer distance
in water.

3) Speed of satellite: Speed of satellite determined by sending EM waves from earth, when these waves are
reflected back after striking with satellite, then these waves are received on earth. The value of Doppler shift
in wavelength gives the speed of satellite.

4) Speed of star: Doppler effect can be used to calculate the speed of star w.r.t Earth. It is done by comparing
the line spectrum of light coming from a distant star and the light emitted from lab source.

Blue shift: The frequency of light emitted by star increases (wavelength decreases) if it is moving towards the Earth as
compared to light emitted.

Red shift: The frequency of light emitted by star decreases (the wavelength increases) if it is moving away (receding)
from earth red shift.

5) Speed of car: Microwaves are emitted from a source in form of short bursts. Each burst is reflected back by
any moving car, in their way the reflected bursts are detected and Doppler shift is observed and speed is
calculated by computer program.

Uses of ultrasonic waves and high frequency radio waves: Ultrasonic waves are useful for undersea
communication and detection systems. High frequency radio waves used in radar travel just a few centimeter in water.
Whereas highly directional beams of ultrasonic waves can be made to travel many kilometers.
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Organisms Frequencies(Hz) Tvoes of 0as
Dolphin 150-150,000 N 17;7
Bat 1000-120,000 onoatomic :
Diatomic 1.40
Cat 60-70,000 Polvatomi 129
Dog 15-50,000 olyatomic :
Human 20-20,000
1) What happens when a jet plane like Concorde flies faster than speed of sound? OR What is sonic
boom?

A conical surface of concentrated sound energy sweeps over the ground as a supersonic place passes overhead. It is
known as sonic boom.

2) Under what condition a standing wave pattern is formed?
A standing wave pattern is formed when the length of string is an integral multiple of half wavelength, otherwise no
standing wave is formed.

3) What is primary driving mechanism in organ pipe?
It is wavering. Sheet like jet of air from flute slit which interacts with the upper lip and air column in pipe to maintain
a steady oscillation.

4) How dolphin use echolocation?
Echolocation allows the dolphins to detect small differences in the shape, size and thickness of objects.

5) How Doppler Effect used to monitor blood flow?
Doppler Effect can be used to monitor blood flow through major arteries. Ultrasound waves of frequencies 5SMHz to
10MHz are directed towards the artery and receiver detects the back scattered signal.

6) On which apparent frequency of blood flow depend?
The apparent frequency depends on the velocity of flow of the blood.

7) How bat navigate & find food?
Bat navigate and find food by echolocation
| Exercise Short Questions chapter 08 |
1 .What features do longitudinal waves have in common with transverse waves?
1) In both waves, particles of the medium vibrate about their mean position. 2) Transport energy and momentum but
not matter. 3) When propagate in a medium they obey, v=1fA
2. (a) trace B represents the loudest note. b) trace B represents the highest frequency.
3. Is it possible for two identical waves travelling in the same direction along a string to give rise to a stationary
wave?
No. It is not possible. For stationary waves two identical waves should travel in opposite direction along a string.
4.A wave is produced along a stretched string but some of its particles permanently show zero displacement. What
type of wave is it?
Stationary wave. Here nodal points show permanently zero displacement.
5 Explain the terms crest, trough, node and antinode.
Crest: “The portion of a transverse wave above the mean level”.
Trough: “The lower portion of transverse wave below the mean level”.
Node: “The point of zero displacement in stationary waves” are called nodes
Antinode: “The point of maximum displacement on a stationary wave” are called anti nodes.
6. Why does sound travel faster in solids than in gases?

In the relation v = /E / p Elastic modulus E is greater for solids than in gases. The effect of density, p is very less as
compared to E. so sound travel faster in solids then in gases.

7. How are beats useful in tuning musical instruments?

A new instrument is tuned. The new, and standard musical instruments are sounded together, beats are produced. The
frequency of the new instrument is made to change until the resonance occurs.

8. Correct answer is (iii) (f1 - f2)

Number of beats per second is equal to the difference between the frequencies of the tuning forks.

9. As a result of distant explosion, an observer senses a ground tremor and then hears the explosion. Explain the
time difference

Sound waves travel faster in solids than in air. The sound waves produced by the explosion travel two paths. One
through earth reaches faster than traveling through atmosphere. This accounts for the time difference.
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10 Explain why travels sound faster in warm air than in cold air.

v o /T The speed of sound varies directly as the square root of absolute temperature. That’s why sound travels faster
in warm air than in cold air. As the temperature of air increases, the pressure increases and density decreases. So speed
of sound increases.

11 How should a sound source move with respect to an observer so that the frequency of its sound does not
change?

If the relative velocity b/w source and observer is zero, there will no change in frequency of sound. For example when
observer is at origin and source moves along the circumference of circle or both source and observer are moving in
same direction with same velocity.

Chapter 08
8.1: The wavelength of the signals from a radio transmitter is 1500 m and frequency is 200 kHz. What is the
wavelength for a transmitter operating at 1000 kHz and with what speed the radio waves travel?
Given data : wavelength = 4, =1500m, f, = 2000KHz, f, =1000KHz, 1, =?,v="?
_ 13 18 v 3*10°
sol :v = f.4, =2000*10°x1500 =30*10°m/s, v=fA, =X, = —=—————=300m
f, 1000*10
8.2: Two speakers are arranged as shown in fig. 8.24. The distance between them is 3m and they emit a
constant tone of 344 Hz. A microphone P is moved along a line parallel to and 4.00 m from the line
connecting the two speakers. It is found that tone of maximum loudness is heard and displayed on the CRO

when microphone is on the center of the line and directly opposite each speakers. Calculate the speed of
sound.

Given Data:frequency =f =344 Hz,pathdiff =4 =S,P-SP=5-4=1m,v="?
sol:v=f1=344*1=344Hz
8.3: A stationary wave is established in a string which is 120 cm long and fixed at both ends. The string

vibrates in four segments, at a frequency of 120 Hz. determine its wavelength and the fundamental
frequency?

Given Data: length of string=1=120cm =120/100 =1.2m,n=4,f, =120Hz, A =?,f =?

sol: A=12=122=06m, f =nf,=f,=nf, =f = 120 _ 30Hz
n

8.4: The frequency of the note emitted by a stretched string is 300 Hz. What will be the frequency of this
note when; (a) the length of the wave is reduced by one-third without changing the tension. (b) The tension
is increased by one-third without changing the length of the wire.

(@) f =300, f =?when wavlength is reduced by one third
v=fl-——-Q,v=1'(1-4/3)=2f'1/3————— (2) comparing both (1) & (2)
fA=2fA3 = f=2f3=f"'=3f /2=3*300/2 =450 Hz

(b) f =i\/E----(1) f' =— F+F/3 1/il?’ ————— (2)dividing both eq
21 \m m 2I m

4F3

L 2' :,»f_\ff—\f*soo 346Hz
f 1 [F

21
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8.5: An organ pipe has a length of 50 cm. Find the frequency of its fundamental note and the next harmonic

when it is (a) Open at both ends. (b) Closed at one end. (Speed of sound = 340ms‘1) .
length of pipe=1=50cm =50/100m = 0.5m, v = 350 m/s, fundamental frequencies in both cases =?

W g = B0 _z50p; ¢, - B0 _ 7004,

2l 2(0.5) 2(0.5)

(a) when pipeis closed at oneend: f, = ﬂ,f1 = (1)(E30) =175Hz,f, = [OICEY) =525Hz
4l 4(0.5) 4(0.5)

8.6: A church organ consists of pipes, each open at one end, of different lengths. The minimum length is 30

mm and the longest is 4 m. calculate the frequency range of the fundamental notes (Speed of sound = 340ms™)

(@) when pipeis openat bothends: f, =

given data:l . =30mm=30*10°m,|_ =4m,v=340m/s,f_ =2f =7
fo= v o 1730 ogashgf, = 1340 5 o5h;
oAl 4*30%10° nmg) *4 '

min max

8.7: Two tuning forks exhibit beats at a beat frequency of 3 Hz. The frequency of one fork is 256 Hz. Its
frequency is then lowered slightly by adding a bit of wax to one of its prong. The two forks then exhibit a
beat frequency of 1Hz. Determine the frequency of the second tuning fork.

Given Data:f, = 256 Hz, beat frequency before load wax = 3Hz, Beat f after loading =1Hz,f, =?

f,-f,=4n =f, =f £n=256+3=259Hz or 253Hz, As the no. of beats per sec decrease on loading first fork
is one so correct answer is 253Hz

8.8: Two cars P and Q are travelling along a motorway in the same direction. The leading car travels at a

steady speed of 12ms-1; the other car Q, travelling at a steady speed of 20 ms-1, sound its horn to emit a
steady note which P’s driver estimates, has a frequency of 830 Hz. What frequency does Q’s own driver

hear? (Speed of sound=340ms ™).
given data:speedof car =v, =12m/s, u, = 20m/s, v =340 m/s, f, =830 Hz,f, =7

Ug=Uq-U,=20-12=8m/s, = f' =(L)f :>830=(ﬂ)f = f =810.5Hz
V-U 340-8

TID BITS/USEFUL INFORMATION
1) Which waves are particularly useful for undersea communication an detection system?

a) Ultra sonic b) Micro waves ¢) Radio waves d) Sound waves
waves
2) High frequency radio waves travel --- in water
| a) Few meter | b) Fewcentimeter | c¢) Fewkilometer | d) Few milli meter
3) Highly directional beam of ultrasonic waves can be mad to travel
a) Few meter b) Milli meter c) Many Kilo d) None
meter
4) Speed of sound in lead at 20°C
| a) 1320mi/s | b) 3600 m/s | ¢) 5100 m/s | d) 5130m/s |
5) Speed of sound in copper at 20°C
[ a) 1320m/s | b) 3600m/s [ ¢) 5100 m/s [ d) 5130mis |
6) Speed of sound in aluminum at 20°C
| a) 1320m/s | b) 3600m/s | ©) 5100m/s | d) 5130m/s |
7) Speed of sound in iron at 20°C
| a) 1320m/s | b) 3600 m/s | ) 5100m/s | d) 5130mis |
8) Speed of sound in glass at 20°C
| a) 5100m/s | b) 5500 mis | ¢) 5130m/s | d) 3600m/s |

9) Speed of sound in methanol at 20°C
| a) 1320m/s | b) 3600 m/s | ©) 5100 m/s | d) 1120mi/s |
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10) Speed of sound in water at 20°C

| a) 1320m/s | b) 1483 mis | ) 5100m/s | d) 5130m/s
11) Speed of sound in CO,at STP

| a) 258mls |  b) 315mis | ©) 332mis | d) 972mis
12) Speed of sound in oxygen at STP

| a) 315 m/s | b) 332m/s | ©) 333m/s | d) 345mis
13) Speed of sound in helium at STP

| a) 258ms | b) 315m/s | ©) 972mis | d) 1286 m/s
14) Speed of sound in hydrogen at STP

| a) 258ms | b) 315mis | ¢ 972mis | d) 1286 m/s
15) Range of hearing for dolphin is(Hz)

| a) 150-150,000 | b) 1000-120,000 | ¢) 60-70,000 | d) 15-50,000
16) Range of hearing for bat is(Hz)

| a) 150-150,000 | b) 1000-120,000 | ¢) 60-70,000 | d) 15-50,000
17) Range of hearing for cat is(Hz)

| a) 150-150,000 | b) 1000-120,000 | ¢) 60-70,000 | d) 15-50,000
18) Range of hearing for dog is(Hz)

|  a) 150-150,000 | b) 1000-120,000 | ¢) 60-70,000 | d) 15-50,000
19) Range of hearing for human is(Hz)

| a) 150-150,000 | b) 1000-120,000 | ¢) 60-70,000 | d) 20-20,000
20) Which waves cause the candle flame to flicker

| a) Lightwaves | b) Soundwaves | c) Heatwaves | d) None
21) A conical surface of concentrated sound energy sweeps over the ground as supersonic place passes overhead

is known as

| a) Beats | b) Echo | ¢) Sonic beam | d) Doppler shift
22) A standing/stationary wave pattern is formed when the length of string is an integral multiple of--

a) Half b) Wavelength c) Double d) One fourth
wavelength wavelength wavelength

23) In organ primary driving mechanism is

| a) Beats | b) Stationarywaves | c¢) Soundwaves | d) Wavering
24) Which allow the dolphin to detect small differences in the shape, size and thickness of objects?

|  a) Beats | b) Soundwaves | ¢) Echolocation | d) None

25) Doppler effect can be used to monitor blood flow through major arteries in which ultrasound of frequencies
are directed toward the artery and receiver detect the back scattered signal

a) 5MHzto10 b) 5KHzto 10 c) 5Hzto10Hz d) 5GHzto 10
MHz KHz GHz
26) The apparent frequency in artery of blood flow depends upon
a) Velocity of flow b) Shape of flow of c) Size of flow of d) None
of blood blood blood
27) --- is used in radar to detect the motion of an aero plane
a) FErequency shift b) Wave shift c) Nature of d) Shape of
medium medium
28) Bats navigate and find food by
a) Echo location b) Shape of flow of c) Size of flow of d) None
blood blood
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Q# Questions Option A Option B Option C Option D
i.| The distance between compression and A2 M4 A 2
adjacent rarefaction
ii.| A 2m long pipe is open at both ends. What 42.5Hz 220 Hz. 85 Hz None of these.
is its harmonic frequency?
Put L=2m, v=340, n=1 in formula to get the result  f=nv/2L.= 1*340/2*2=340/4=85 Hz
iii. | A standing wave pattern is formed when the Triple Half Full Double
length of string is an integral multiple of
wavelength.
iv. Transverse waves cannot be setup in Metals Fluids Solids Soil
Because there is no mechanism for driving motion perpendicular to the propagation of wave
v.| The error in the speed of sound calculated 14% 15% 16% 17%
by Newton at S.T.P is about
vi. Speed of the waves is equal to: A MT AT Both A and B
Vii. What is it that we use to calculate the Doppler Effect Beats Interference | All of the above
speeds of distant stars and galaxies?
viii.| The profile of periodic waves generatred by | Sine wave Circle Tangent wave Cosine wave
a source executing SHM is represented by
iX. If the pressure of gas is doubled then Is doubled Is half Is not Becomes four
speed of sound affected times
X. Two sound waves having the same Zero amplitude | Difference of The sum of Double the
amplitudes are moving in the same direction the amplitude of amplitude of
are out of amplitudes of | the two waves either wave
phase. The amplitude of the resultant wave the two
is waves
xi.| On increasing the tension, the frequency Increases Decreased | Remains same | None of these
of vibration is
Xii. A source ‘Y’ of unknown frequency 244 Hz 248 Hz 236 Hz 246 Hz
produces 4 beats with a source of 240 Hz
and 8 beats with a Apply beats formula to get
sound of 252 Hz. Frequency of the source | result as 252-8=244 Hz with
Y’ is y source
xiii.| The wavelength of fundamental node of I 112 21 41
vibration of both end closed pipe of
length | is
XXiv.| The spectrum of a star’s light is measured | Moving away | Stationary Moving Revolving
and the wavelength of one of the lines as the | from the earth towards the around the
sodium’s line is found to be 589 nm. The north planet
same line has the wavelength of 497 nm
when opserved in the laboratory. This means By applying Doppler shift
the star is relation
Xiv. A source of sound wave emits waves of vf (v — wo)f
frequency ‘f”. If ‘v’ is speed of sound v
waves, then what f vV +uo
will be the wavelength of the waves ans f
XV. An organ pipe closed at one end has a 25cm 100 cm 50 cm 75 cm
length of 25 cm. Wavelength of the
fundamental note is )=4L=4*25=100cm
xvi.| Speed of sound has maximum value in Oxygen Hydrogen Helium Air
xvii.|  The distance between two consecutive M2 M4 A 2\
anti node is
xviii. | 1 332 waves pass through a medium in im 7m 332m 664 m
one second with speed of 332 m/s, then
wavelength is

As we know that frequency is no of waves passes in one second so =332 Hz, v=332 m/s, A=v/f=332/332=1m

xix.| Louder the sound, the greater will be its |

Amplitude

| Wavelength |

Speed

Frequency
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maximum and minimum loudness is
called

interference

xx.| A metallic wire of length 2m hooked 48 Hz 6.25 Hz 24 Hz 12,5 Hz
between two points has tension 10N. If
mass per unit apply formula for
length is 0.004 kg/m, their fundamental fundamental frequency
frequency emitted by wire on vibration of vibration
is
XXi. Beats are used to find Frequency Wavelength Speed Intensity
Xxii. Speed of sound in air depends upon Temperature Density Humidity All of these
xxiii.| Which one of these media both transfer Solid Liquid Gas Plasma
longitudinal and transverse waves?
XXivV. Audible frequency range for younger 20-200 Hz 20-2000 Hz | 20-20000 Hz | 2000-20000Hz
person is
xxv.| For same mass and length if tension of 2 times 4 times 6 times 8 times
vibrating string is four times then speed
of wave increase by
Speed of wave is directly proportional to sq.rt of tension
xxvi. | Beats are easily detectable upto frequency 2 Hz 6Hz 10 Hz 32 Hz
upto two frequency difference between
two sounds
xxvii.|  The velocity of sound is maximum at Lead Copper Glass Iron
20°C in
kxviii.| Which one is correct relation for one end 2l/n 4l/n nv/| nv/4l
closed pipe fn=?
XXiX. Speed of sound at t°C is given by Vi=v0+0.61t V0=vt+0.61t Vt=0.61t Vt=280+0.61t
XXX. Distance between crest and trough is A A2 M4 2A
xxxi.| Speed of sound at 2°C is given as at 0°C 333.2 m/s 33 m/s 335 mis 232 m/s
is 332 m/s
As Vi=V0+0.61t, put Vo=332, t=2, V1=332+0.61*2=332+1.2=333.2 m/s
xxxii. | Stationary waves are generated on string fi=v/l fi=2v/l fi=v/2l £ =v2l
of length | its fundamental frequency is _—
given by
KXXiii. Two identical tuning fork vibrating Zero One Two Three
simultaneously, the number of beats per
second is equal to
KXXiV. Sound waves can only travel through Vaccume Ether Material Non metals
medium
XXXV. Laplace formula for velocity of air L £ o \/E L 7 None of these
P P P
kxxvi.| In stationary waves, particle velocity at Maximum Minimum Zero Medium
node is
XXVii. Longitudinal waves do not show Reflection Diffraction Refraction Polarization
kxviii. | Speed of sound is greater in solids then in Density Pressure Elasticity All of these
gases due to high value of
xxxix.| When two note of f1 and f2 and f1>f2 fi-f, fo-f1 Y, (f1-f2) Y (fo-f1)
then frequency of beat is
xl. How much velocity of sound changes 0.61 cm/sec 0.61 m/s 61 m/s 6.1 m/s
when rise of 1°C temp
xli.| Speed of sound at 20°C is given as at 0°C 348.2 m/s 344.2 mis 340m/s 348 m/s
is 332 m/s
As Vt=Vo0+0.61t, put Vo=332, t=20, Vt=332+0.61*20=332+12.2=344.2 m/s
xlii. | Number of node between two consecutive 1 2 3 0
anti node is
xliii. |  Periodic alternation between sound of Destructive Beats Reflection Diffraction
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xliv.| The frequency of vibration for nth mode nv ny 2] 4]
of vibration for stationary longitudinal Jin= Z Jin= E Jn=— Jn=—
waves in a pipe open at both ends = v nv
xlv. The waves which propagate by the Matter waves Magnetic EM waves Mechanical
oscillation of material particle are called waves waves
xlvi.| To monitor blood flow ultrasonic waves 5MHz to 10 25MHz to 30 9MHZ to 20MHz to
of frequency are used MHz MHz 90MHz 200MHz
xlvii. | Density is increased four times then speed Increase four Decrease Decrease four | Remains same
of sound times two times times
xlviii. | The portion of wave below the mean level Crest Trough Node Anti-node
is
xlix.| When a transverse waves is reflected on There is 180° There is no A crest is A trough is
going from a denser medium to a rare phase shift change in covered with covered into
medium then phase trough crest
I.| A set of frequencies which is the multiple | Beat frequency | Harmonics Doppler Nodal
of fundamental frequency is called frequencies frequencies
li. The ratio Cp/Cv for diatomic gas is 1.67 15 1.4 1.29
lii. The waves which donot require any Mechanical Matter EM waves Compressional
medium for their propogation waves waves waves
liii.| When a star is receding the earth it show Blue shift Red shift Green shift Yellow shift
liv. The louder the sound, greater will be Speed Amplitude Frequency Wavelength
Iv. Speed of sound is independent of Pressure Density Temperature All of these
Ivi.| The point of maximum displacement on a Node Anti-node Crest Trough
stationary wave is called
Ivii. Speed of sound in vacuum is 332 m/s 340 m/s 0m/s 1000 m/s
Iviii.| Star moving away from the earth shows Red shift Blue shift Doppler shift | Frequency shift
lix. A mechanical wave is represented by Light Sound Compression Heat
al wave
Ix.| The fixed ends of a vibrating string are Anti-node Node Over tones Neither node
nor anti node
Ixi.|  The distance b/w 1% node and 4™ anti 704 S5M4 13)/4 110/4
node is
As distance b/w two consecutive node and anti node is A/4 so distance from 1%t node to 41 anti node is
Ixii. | The string of length | fixed at both ends is | 2 1/4 41
vibrating in two segments the wavelength
of wave is
Ixiii.| When two identical wave move in the Standing wave | Interference Beats None of these
same direction they give rise to
Ixiv.| A stretched string 4m long and it has 4 Im 2m 3m 4m
loops of stationary wave. Wavelength
As for 4 loops 1=2A so A=1/2=4/2=2m
Ixv. Theory of waves used in “Sonar” are EM waves Matter Water waves | Sound waves
waves
Ixvi.| With rise of temperature the velocity of Decrease Increase Remains Becomes zero
sound constant
Ixvii. The wavelength of stationary waves 112 L 21 1/4
produced in a string of length | in first
mode of vibration will equal
Ixviii.| Two waves having same frequency and Stationary Constructive | Destructive Beats
travelling in opposite direction will waves interference interference
produce
Ixix. At the open end of an organ pipe Nodes are Anti-nodes Both node Neither anti
formed are formed | and anti-node | node nor node
formed formed
IXX. A stationary wave is established in a 15Hz 30 Hz 60 Hz 480Hz

string which vibrates in four segments at
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a frequency of 120Hz, its fundamental
frequency is

As fn=nf1, 120=4f1, f1=120/4=30 Hz
Ixxi.| Which EM waves are used as medium in Micro waves Radio waves Infra-red Ultra violet
satellite communication system waves waves
Ixxii.| The portion of wave above mean level is Crest Trough Node Anti-node
Ixxiii. The location of submarines can be Doppler effect | Temperature Diffraction | Compton effect
detected by effect
Ixxiv. Sound waves cannot be Reflected Refracted Polarized Diffracted
Ixxv. Radar system is an application of Interference Beats Stationary Doppler effect
waves
Ixxvi. Sound waves cannot travel through Air Water Material Vaccum
medium
xxvii.| The speed of sound in air would become 313°C 586°C 1172°C 899°C
double then its speed at 20°C at
For explanation see exp no 8.1, T=20°C=20+273=293K by using short formula VVt=factor?*given temperature
=22*293=1172K again conversion into centigrade, 1172-273=899°C
kxviii. | Two fork of frequencies 260Hz and 257 Zero 4 3 257
Hz are sounded together, number of beats
per second is
No of beats=f1-f2=260-257=3
IxXix. Car A has siren sounding a note of B lead A and B is behind Both moves B lead A and
540Hz. A listener in car B has 544 Hz moves faster A and moves with same moves slower
move in same direction one conclude that slower speed
Ixxx.| Two waves can interfere only if they have | Phase coherence Same Different Different
velocity frequencies wavelength
Ixxxi.| On reflection from denser medium light 7 radian 2w radian 3 7/2 radian 7t/2 radian
wave undergoes a phase change of
XXXil. The stationary waves consist of Crest and trough | Compression Nodes and Reflection and
and anti-node rarefaction
elongations
KXXiii. The pitch of sound depends upon Intensity of Loudness of | Wavelength Frequency of
sound sound of sound sound
xxxiv.| Inorder to produce beats, the two waves | Same amplitude Slightly The same Slightly
should have different frequency different
amplitude frequencies
xxxv.| When a wave is reflected from the denser 0° 90° 180° 270°
medium then phase of wave changes by
KXXVi. A star is moving towards earth show Blue shift Violet shift Red shift White shift
XXVil. The basic principle of beats is Interference Reflection Diffraction Refraction
kxviii.| Newton calculated the value of speed of 332 m/s 340 m/s 350 m/s 280 m/s
sound in air?
XXXiX. Speed of sound is greatest in Air Steel Ammonia Water
xc.| The distance covered by wave in 1 second Wavelength Wave Frequency Wave speed
number
XCi. Tuning fork is a source of Energy Heat Light Sound
xcii.|  Longitudinal waves are also known as Stationary waves | Transverse | Compression Electro
waves al waves Magnet
waves
Xetil The value of 7 for monoatomic Lo 140 129 !
XCiv. Half wavelength corresponds to 0e 90° 180° 360°
XCV. Sound travels faster in CO2 H» 07) He
XCVi. What is the value of § in expression? 273 1/273 0.61 142

Vt=Vo+ pr
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xcvii.| The apparent change in the pitch of sound | Carnot theorem Interference Doppler Beats
due to relative motion is called effect
kcviii. Tuning fork is a source of Energy Heat Light Sound
xcix. | Speed of sound in hydrogen is higher than 1 2 3 4
oxygen is
c.| A spectator watching a cricket match sees Amplitude Intensity Frequency Speed
the bat striking the ball and hears the
sound this about half sec later due to light
wave and sound waves difference of
ci. If 20 waves are passing through a 05m im 20m 2m
medium in 1 sec with speed 20 m/s, the
wavelength is
Time period=time/no of vib=1/20 then A=vT=20*1/20=1 m
Cii. A standing wave pattern is formed Integral Integral Both A and B None
when length of string is multiple of half | multiple of
wave length full
wavelength
ciil. In organ pipe,primary driving Slattering Wavering Fighting Vibrating
mechanism
Civ. Sound waves are Electromagnetic | Compressio | Transverse Matter waves
Waves nal waves Waves
cv. | The speed of sound at 40°C is if at 0°C 340.6 m/s 346.6 m/s 356.4 m/s 332 m/s
is 332 m/s
As Vt=Vo+0.61t, put Vo=332, t=40, Vt=332+0.61*40=332+24.4=356.4 m/s
cvi. | If a stretched string vibrates in three A vy 31 | =31
loops, the relation b/w its length and = 3 I= 3 I= 3
wavelength of stationary wave is
L= i + i + & =3 i
2 2 2 2
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| CHAPTER 09 PHYSICAL OPTICS |
Physical optics: The branch of Physics which deals with study of light and its different phenomenon is called
physical optics.
Light: A type of energy which produce the sensation of vision is called light.

What is Wave front, spherical and plane wave front. Also define ray of light. |
Wave front: The surface on which all the points of waves have same phase of vibration is called wave front.
Spherical wave front: The wave front in which the light waves are propagated in spherical form with the source is
called spherical.
Plane wave front: At very large distance from the source, a small portion of spherical wave front will becomes very
nearly plane wave front. As light reaches from sun to earth.
Wavelength and ray of light: The distance b/w two consecutive wave fronts is called wavelength.
Ray of light: The line normal to wave front is called ray of light.
In 1678, a Dutch scientist Huygens proposed that light consists of wave nature.
| State Huygens’s principle.
Huygens’s principle is used to find shape and location of wave front. It has two parts

i.  Every point of wave front may be consider as a source of secondary
Wavelets which spread out in forward direction with speed equal to speed of wave
ii.  The new position of the wave front after a certain interval of time can

Be found by constructing a surface that touches all the secondary wavelets.
| What is Interference of light? Also define its types and condition for detection of interferometer. |
Interference of light: The phenomenon in which when two identical waves travelling in the same direction are
superimposed is called interference.
Constructive interference: If the crest of one wave falls on the crest of wave and trough of wave fall on trough then
it is called constructive interference.
Destructive interference: If crest of one wave falls on the trough of other wave then they cancel each other such
interference is called destructive interference.
Condition for detection of interference: Following conditions are necessary for detection of interference. (i)
Monochromatic (ii) coherent etc.
| Explain Young Double slit experiment. |
Definition: Such an experiment which was performed by Thomas Young in 1801 by applying the principle of
interference and prove the wave nature of light is called young Double slit experiment.
Experimental arrangement: A screen having two narrow slits is illuminated by a beam of monochromatic light and
portion of wave fronts incidents on the slits behave as source of secondary wavelets and superposition of these waves’
results in a series of bright and dark fringes and are seen on screen placing at distance L from slits. The bright fringes
are called maxima and dark fringes are called minima
Equation of path difference for maxima and minima: let us consider an arbitrary point P on the screen on one side
of central point O. The path Difference b/w wavelets leaving the slits and arriving at point P is BD
For maxima or constructive interference: If point P is to have bright fringe then path difference must be an integral
multiple of wavelength
Path difference =BD=mA —————— (1) wheremis order of fringegs m=0,1,2,...

from thefig,sind = %

BD=dsin® ------------------- (2)
comparing both equations

dsind=mA  Thisis theequation for pathdiffernce of maxima or bright fringes
For Destructive interference or minima: In case of dark fringes then path difference must half integral multiple of
wavelength so above equation for minima becomes dsin0 = (m +1/2)A .

Position of dark and bright fringes: Let Y is the distance of point P from central point O and a bright fringe is
formed at P then using triangle POC.
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p
Tang= 2P _ Y [ 63
oC L & :

Y =L Tan0 Forsmall value of angle sinf ~ tanf T[C ; ’JL
Y=LSing—-————————— 3) e 6.7 0
using pathdifference equation dsin = mAA sin® =mA)\/ puttingin eq (3) B[ N

Y = L(mA(mA } 4

MAA

Y = e This s the positionfor bright fringes

Y =(m+1/2) 7:1—L This is the positionfor dark fringes

Fringe spacing: The distance b/w two consecutive bright or dark fringes is called fringe spacing.

For bright fringes : For mthorder Y, = mT/lL and (m+1)thfringe Y, (m +d1)/“—
Ay=Y,_.,-Y,

(m +l)/1L m/iL mAL AL mAL
Ay = +

d d d d d

AL

Ay = —
d d

Similarly same results will obtained for dark fringes Ay = 7:1—L

| What is Thin film? Give the factors upon which path difference of thin film depend. |
Definition: A transparent medium whose thickness is very small as comparable to the wavelength of light is called
thin film.
For example,
e Oil film on the surface of water.
e Surface of soap bubble etc
e The vivid iridescence of peacock feathers due to interference of light.
Explanation: Brilliant and beautiful colors in soap bubbles and oil film on the
Surface of water due to interference of light reflected from the
Two surfaces of the film as shown if fig.
Factors upon path difference depends: Path difference depends upon
i.  Thickness of the film
ii.  Nature of the film
iii.  Angle of incidence
| Write a note on Newton Rings. |

Definition: Circular and bright fringes obtained by Newton which are concentric circles are called Newton rings.
Explanation: When a Plano-convex lens of long focal length is placed in contact with a plane glass plate, air film is
enclosed b/w them to form circular dark and bright fringes due to interference of light, these fringes are in the form of
concentric circles termed as newton rings.

When a monochromatic light is incident on the Plano convex lens system, light rays reflect

And interfere constructively and destructively.

From upper and lower layers of the air present b/w lens and glass plate.

Central spot in newton rings is dark when observed with reflected light

Central spot in newton rings is bright when observed with transmitted light.

Why central spot is dark in Newton rings: At the point of contact of lens and glass
Plate. The thickness of film is zero due to reflection at lower surface of air film from
Denser Medium an additional path difference A/2 is introduced so center of newton rings
Is dark due to destructive interference.
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| What is Michelson Interferometer? Explain its principle, construction and working. |

Definition: An instrument that can be used for ultra-precise measurement of wavelength light and distance is called
Michelson interferometer. It was devised by Michelson in 1881

Principle: Working principle of Michelson interferometer is interference. i.e when light from a single source is
splitted into two parts and then interfere, it forms interference pattern. g M,
Construction: Michelson interferometer consists of following parts

I
Source of light i 5
Two glass plate(beam splitter and compensator) l e I
One fixed mirror P 4 %
i Source I1.
One moveable mirror & < |
Telescope N

Explanation: let us consider a monochromatic light from a light source falls on half silver glass plate G1(beam
splitter) G1 that partially reflects it and partially transmit it towards the fixed and moveable mirror. Both beams
reflects from both mirrors and interfere constructively and destructively observed by observer’s eye through telescope.
If mirror is moved

If mirror M1 is displaced through a distance equal to A/2, a path difference of double of this displacement is produced

equal to A.

By counting the number of fringes m, shifted displacement of mirror L can by calculated by formula L = mT’l

Definition of standard meter: “Standard meter is equal to 1553163.5 times the wavelength of red cadmium light”.

| What is Diffraction of light? Explain diffraction due to narrow. |
The phenomenon of bending of light around obstacles and spreading of light into geometrical shadow of an obstacle is
called diffraction. Diffraction is also a special case of interference.

Diffraction is prominent when the wavelength of light is large as compared to size of obstacle. Smaller the size of
object or obstacle the higher degree of diffraction is observed.

Diffraction due to narrow slit: The slit AB of width d is illuminated by a parallel beam

of monochromatic light of wavelength. The screen S is

placed parallel to the slit AB. Rays of light are brought to

focus on the screen. A small portion of the incident wave front

passes through the narrow slit. Diffraction due to a narrow slit has central
Maxima and alternate minima and maxima.

In order to find the value of path difference ab we consider the

Right angle triangle aAb as shown in fig.

ab ab
2

Sind = A% :V

ab = 4/ 5in6

Aspathdifference ab = A/2 so
_d/ qj

M2 = 2sme

A =dsin® Thisis theequation for first minima and for mth order

dsin® = mA wherem =0,+1,%2,...
Diffraction grating: A diffraction grating consists of a glass plate having number of slit ruled on it
A typical diffraction has 400 to 5000 lines per centimeter.
Grating element: the distance b/w the centers of two adjacent lines is called grating element. d=L/N
Grating equation: the path difference for constructive interference b/w two consecutive rays should be integral
multiple of wavelength so path difference difference=ab=A and equation is dSiNO = M\, m is order of fringes.
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| What are X-rays? Explain Diffraction of X rays through crystals and derive Bragg’s law. |
X-rays: A type of electromagnetic waves of much shorter wavelength having order of 10-°m called X-rays.
Diffraction of X-rays through crystals: The study of atomic structure of crystals by X-rays was initiated in 1914 by
WH Bragg and his son WL Bragg and found that a monochromatic beam of X-rays was reflected from a crystal plane
as if it acted like mirror.

Let us consider an X-rays beam is incident at angle © on one of the planes. The beam can be reflected from both the
upper and lower planes of atoms. The beam reflected from the lower plane travel some extra distance as compared to
the beam reflected from the upper plane.

Bragqg law: let an X-rays beam is incident at angle O the beam reflected from the lower plane travels some extra
distance (BC+CB’) as an effective path difference. From triangle ABC we have

Sind = BC
AC Jl
BC=ACsin6 AC=d
BC=dsing--------- (1) \
Similarly from triangle ACB', we have \ '
) CB' P \ H/ A \H p'
Sing = —— A <8
C éc 0 C=d 5 ﬁ -
BC = ACsin AC= v :
[ H P' . f C \ Y, p,
CB'==dsing--------- (2) d sinf d sin®

Adding both equations '
BC+CB'=dsin6 + d sinf ;

total pathdifference = 2d sin6

also we know that pathdifference =nA and comparing with above eq

2dsind =nA Thisis called Bragg' s equation

Uses of X-rays diffraction/Bragg equation.
i.  Thisis used to find inter planer spacing
ii.  Itisused to determine the structure of biologically important molecule such as hemoglobin.
iii.  Itisused to find wavelength of light.
| What is Polarization? Steps for detection and production of plane polarized light.
Polarization: The process of confining the beam of light into one plane of vibration is called polarization.
Polarized and un-polarized light:
A beam of ordinary light consisting of large number of planes of vibration is called un-polarized light.
A beam of light in which all vibration confined in one plane is called polarized light.
Steps for detection and production of plane polarized light:
i.  Selective absorption
ii.  Reflection from different surfaces
iii.  Scattering by small particles
iv.  Refraction through crystal
Light waves are transverse in nature: light waves are transverse wave. If the light waves were longitudinal then they
would never disappear even if the two Polaroid’s were mutually perpendicular.
Optical rotation: Such a process in which a plane polarized light passes through certain crystals and they rotate the
plane of polarization. e.g. Quartz crystals and sodium chlorate.
Polarizer/concentration in solution: A few millimeter thickness of such crystals will rotate the plane of polarization
by many degrees and they show optical rotation when they are in solution this property of optical active substance is
used to find concentration in solutions. This device is called Polari meter.
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| Exercise short Questions chapter 09 |
1. Under what conditions two or more sources of light behave as coherent sources?
Two or more waves having a constant phase difference (same A & T) are called coherent sources.

i.  One method of producing two coherent light beams is to use monochromatic source to illuminate a two holes

screen. The light emerging from the two slits is coherent because a single source produces two parts.

ii.  Light with its mirror image also show coherent beam.
2. How is the distance between interference fringes affected by the separation between the slits of Young’s
experiment? Can fringes disappear?
We have Fringe spacing = Ay = AL / d The relation shows that fringe spacing is inversely proportional to the
separation ‘d’ between the slits. If separation is increased the distance between fringes will decrease.
Ultimately fringes disappear for larger distance between the slits.
3 Can visible light produce interference fringes? Explain.
Yes. Visible light can produce interference fringes, if it has phase coherence. White light will produce colored
interference fringes.
4.In the Young’s experiment, one of the slits is covered with blue filter and other with red filter. What would be the
pattern of light intensity on the screen?
No interference pattern will be observed as blue and red light not being in phase coherence.
5 Explain whether the Young’s experiment is an experiment for studying interference or diffraction effects of light.
Diffraction is a special type of interference. Young’s experiment is basically for studying interference. But diffraction
is observed. Light is diffracted from two slits. So it is a combination of diffraction and interference.
6 An oil film spreading over a wet footpath shows colors. Explain how does it happen?
Due to interference of light waves, colours are seen on the oil film. At a certain place of the film, its thickness and the
angle of incidence of light are such that the condition of destructive interference of one colour is being satisfied.
7. Could you obtain Newton’s rings with transmitted light? If yeas, would the pattern be different from that
obtained with reflected light?
Yes. We can obtain Newton’s rings with transmitted light. The difference will be that, the central spot will be bright.
8.In the white light spectrum obtained with a diffraction grating, the third order image of a wavelength coincides
with the fourth order image of a second wavelength. Calculate the ratio of the two wavelengths.
AnNs. d sinb =nA ; d sind =3A1 , & d sinf =4A2 =
3M =402 or Al/A2=4/3
9.How would you manage to get more orders of spectra using a diffraction grating?
We have, d sinf = mA To increase more orders of spectra (m), we should increase the grating element (d), i.e. a grating
with lesser number of ruled lines.
10.Why the Polaroid sunglasses are better than ordinary sunglasses?
Polaroid sunglasses reduces glare, as they produce plane polarized light and they protect the eyes from bright rays of
sun light.
11 How would you distinguish between un-polarized and plan-polarized lights?
If a Polaroid is rotated in front of un-polarized light, a component of light will pass for each angle. But for plane-
polarized light, at certain orientation, no light will pass

TID BITS/USEFUL INFORMATION

MCQS

1) Small segments of large spherical wave fronts approximate a

| Spherical wave front | Plane wave fronts | Both A&B | None |
2) Sodium chloride in a flame gives out pure---

[ Ordinary light | Red light | green light | Yellow light |
3) The value of sine and tane are equal/comparable upto angle

L6° | 8° | 10° [ 4° |
4) Colors seen on oily water surface are due to ----- incident white light

| Diffraction | Reflection | Interference | Polarization |
5) The vivid iridescence of peacock feathers due to--- of light reflected from its complex layered surface?

| Diffraction | Reflection | Interference | Polarization |

6) The fine ruling each --- wide on CD function as a diffraction grating
[05m | 0.5 mm | 0.5cm | 0.5um |
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7) Light reflected from smooth surface of water is ----- parallel to the surface
| Completely polarized | Partially polarized | Both A&B | None |
8) Which part of polarimeter stops the light when rotated from vertical positions
| Polarizer | Analyser | Both A&B | None |
BISE AND UHS PAST PAPERS SOLVED MCQS
Q# Questions Option A Option B Option C Option D
i Bending of light around the Refraction Reflection Interference Diffraction
obstacle of light is called
ii The equation of Michelson L=mj/2 L=m\ L=mA/4 L=2m/A
interferometer
iii The distance between two Ay=AL/d Ay=mALld | Ay=(m+1/2)AL/d Ay =Ad/ L
adjacent dark fringes is given by —_—
iv.| The phase difference between 0 T /2 /4
two points on a wave front is
V. If a polarized light is made Non plane Plane polarized Un polarized Diffraction
incident on a sheet of polariod polarized
then transmitted beam of light
will be
vi. Diffraction is special case of Polarization Reflection Refraction Interference
vii. Which property of travelling Amplitude of Frequency of Direction of Propagation of
wave differ from stationary wave wave wave wave energy
viii. | For destructive interference path s=nl+A = (2n- 1)i 1 None of these
difference between two sound ' 2 s=02+ z)
waves is
iX. The distance between two Time period Frequency Wavelength Displacement
consecutive wave front is called
X. The distance between two Ay=AL/d Av=mAL/d Av:(m+1;"2]ib‘"d Ay=Ad/L
adjacent bright fringes is — e
xi.| Indiffraction grating the distance | Grating element Normal to Diffraction Fringes
between two adjacent slits is grating
called
xii.| In the diffraction of light around an | The wavelength | The amplitude of | The wavelength The amplitude of
obstacle, the angle of diffraction is | of incident light | the incident light | of incident light the incident light
increased then wave is increased wave is wave is decreased | wave is decreased
increased
xiii.| Color seen on oily water surface Interference Diffraction Polarization Refraction
due to ---- property of light
xiv.| When one mirror of Michelson 5000 nm 5000 A° 500cm 2000A°
interferometer is moved a
distance of 0.50mm,2000 fringes
are observed the wavelength of
light used is
L=0.5 mm, m=2000, by apply A=2L/m putting the values to get the result where A°=10"1m
xv.| Sodium chloride in a flame gives Blue light Yellow light Red light White light
out pure
xvi.| Which phenomenon shows that Interference Diffraction Polarization Refraction
light waves are transverse waves
XVii. One angstrom is equal to 10°m 108 m 109 m 102 m
xviii.|  Polarization proves that light Longitudinal Transverse EM Monochromatic
waves are
xix.| Light from sun reaches the earth Spherical Plane Elliptical Hyperbolic
in the form of -------- spherical
wavefront
xx.|  The theory of wave nature of Thomas young Huygen Marwel Fresnel

light proposed by
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use

xxi.| The distance between atoms is 0.30 | A = 0.60 nm A =0.20 nm A =0.30 nm A =0.90 nm
nm. What will be the wavelength
of X-rays at angle 6 = 300
for 1st order diffraction?
By using 2d sin & = nA put angle=30°,n=1,d=0.30nm, 2*0.30nmsin30°=12, A=2*0.30nm*1/2=0.30 nm
XXii. Sound waves cannot be Reflected Refracted Polarized Diffracted
xxiii. Which property of light is Wave nature Particle nature Dual nature Light waves are
evident of polarization of light transverse
Waves
xxiv.| Newton rings are formed as a Interference Dispersion Diffraction Polarization
result of
xxv.| InYoung’sDouble Slit Experiment, A=123x102m |A=455x10sm | A=3.25x107m | A=51x107m
slit separation x = 0.05 cm, distance put
between screen and d=0.05%10-2m
slit D = 200 cm, fringes separation x = L=2m, Ay=0.13%10-2m
0.13 cm, then tl_le w.avelength ‘A’ of J=AYdIL to get result
light is
xxvi.| Phase angle of 180°is equailent to M4 M2 A 2\
path difference of
xxvii.| first dark fringe appears from 'm’ 1 0 3 2
will be equal to in (m+1/2)L
kxviii.| According to modern idea about | Wave nature of Particle nature Dual nature of None of these
the nature of light shows light of light light
xxix.| A maxima is produced at points M4 A2 A 203
where path difference of
monochromatic wave is
xxx.| What happens to the interference | Fringe spacing is | Eringe spacing | Intensity increase | Fringe spacing is
pattern produced by double slit doubled is halved not changed
arrangement by doubling the slit
spacing
Fringe spacing is inversely proportional to slit separation
xxxi.| Michelson interferometer is used Measure Find speed of Study Study diffraction
to distance with light interference in of light
high precision thin films
xxxii.| A surface on which all the points Crest Trough Wave front Wavelength
have same phase of vibration is
known as
KXXiii. The process of confining the Interference Diffraction Total internal Polarization
beam of light to vibrate in one reflection
plane is called
kxxiv.| When Newton rings are observed Red Blue Dark Bright
with reflected light, the central
spot
xxxv.| The wavelength of light which 6 x 10-7m 5x10-7m 4x10-sm 3x10-sm
produces second order spectrum
on diffraction grating on
which 5000 lines/cm are ruled
at an angle of 30° will be:
dsine=mA L/Nsine=m), ©=30°, m=2 L=1cm, N=5000 put in formula to get the result
kxxvi.| Angle between ray of light and 0e 90° 60° 1200
wave front is
XXVii. Basic principle of beats are Interference Diffraction Total internal Polarization
reflection
kxviii.| In case of point source the shape Plane Spherical Circular Elliptical
of wave front is:
xxxix.| Fringe spacing increases if we Red light Blue light Yellow light Green light
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substance

xl. In 10min sun light covers a 0.18*10% m 18*10%m 1.8%10°m 0.018*10'm
distance of
Time=10 min=10*60=600 sec, S=vt=3*108*600=1800*108=1.8*108+2=1.8*10%" v is speed of light
xli.|  Vivid iridescence of peacock Reflection Refraction Interference Diffraction
feather due to
xlii. Fine ruling each wide on CD 0.5cm 0.5 mm 0.5m 0.5um
function
xliii.| A typical diffraction grating has 400-500 400-5000 40-50 400-50000
lines per centimeter
xliv.| When newton rings are observed Dark Bright Blue Red
with transmitted light then central
ring is
xlv. An object 15 cm from a lens +15cm +10cm +20 cm +25cm
produces a real image 30 cm from
the lens. What is the focal length
of the lens?
Apply lens formula 1/f=1/p+1/9=1/15+1/30=(2+1)/30=3/30=1/10, f=10cm
xlvi.| In Newton ring apparatus, at the M4 A w2 M3
point of contact of the lens and
glass plate, the additional path
difference introduced is
xlvii.| The image of an object placed inside Less than 25 cm | Greater than Near point Infinity
the focal length of a convex lens will 25 cm
be largest and clearest
when it is at the
xIviii.| What is the formula for critical sin-1 (n2/ny) C0S-1 (N1/N2) C0S-1 (N2/N1) sin-1 (n 1/n2)
angle in case of light through two
mediums having refractive
indexes n1and nz2 such that n1> n2?
xlix.| The concentration of a sugar solution Un-polarized light Interference of Plane polarized Diffraction of light
can be determined by light light
.| In  Young’s  Double Slit Zero Doubles One Half
Experiment, if the distance between
slits and screen is doubled, then Ayal
fringe spacing becomes
li.| In Michelson’s interferometer 792 588 nm 348 nm 620 nm 400 nm
bright fringes pass across the field
of view when its movable
mirror is displaced through 0.233 See solution of
mm using the equation 1 = m\/2 numerical no 9.4
the wavelength of light used
is:
lii.| A yellow light of wavelength 500 5000m 0.5 mm 1.33 mm 50 mm
mm emitted by a single source
passes through two narrow slits Ay=A/d
1 mm apart. How far apart are two Put A=500mm
adjacent bright fringes when L=10m d=1mm
interference is observed on a
screen 10 m away?
liii.| According to Huygen principle, Secondary Primary New wave front Sound
each point on a wave front acts as a wavelet wavelet
source of
liv. Blue color of sky is due to Scattering Reflection Diffraction Polarization
Iv. Fringe spacing is inversely Slit separation Wavelength L Frequency
proportional to
Ivi.| Newton rings are formed as result | Interference Dispersion Diffraction Polarization
of
Ivii.| Michelson interferometer is used to | Wavelength of | Wavelength of Velocity of Velocity of light
find light sound sound
Iviii. Light is polarized by using Nacl Dichoric Optical fiber Plane glass
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| Chapter 10 Optical Instruments |
Optical instruments: The instruments which are based on the principles of reflections and refractions are called
optical instruments. For example microscope, telescope etc.

Visual angle: The angle made by an object at the eye is called visual angle.

Least distance of distinct vision/ near point: The minimum distance from the eye at which an object to be distinct is
called least distance of distinct vision or near point. It is denoted by d

Least distance of distinct vision increase with increase of age. Its value is 25 cm or 10 inches.

Linear magnification: The ratio of size of image to size of object is called linear magnification.

I Size of object |
Magnification = JIZEOT O _ L . It has no unit.

Sizeofimage O
Angular magnification: The ratio of angle subtended by the image as seen through optical device to that angle
subtended by the object at the unaided eye.

Magnification = angle subtended by image = s . It has no unit.

angle subtended by object «
Resolving power of an instrument: The resolving power of an instrument is its ability to show the minor details of
object under examination.
Formulas of resolving power: The resolving power is the reciprocal of minimum angle of resolution Releigh showed
this formula

D
1HR=——= @ D is diameter of lens and A is wavelength of light

min

(2 R=§ A=A =A, and AL =4, -,

(3) R=N*m were N is number of rules lines on grating and m is order of diffraction

| What is Simple microscope? Give Working principle and magnification?
Definition: A device which is used to see the magnified image of very small and near object is called simple
microscope. A convex lens can be used for magnification.
Working principle of simple microscope: “When the object is placed b/w focal point and optical center of biconvex

lens then an erect, virtual and enlarged image is obtained”. [
Magnification of simple microscope: Magnification for simple microscope 1 TRRYE
q & e Eye
M =1+? Where d is least distance distinct vision and f is focal length of lens. . 7 OFHGO\ 5
q=

It shows that focal length should be small for higher magnification.

| What is Compound microscope? Give Working principle and magnification?
Definition: A compound microscope is used when high magnification is required.
It consists of two convex lenses objective of short focal length, eye piece of large focal length.
Principle of compound microscope: “When the image formed by the objective of small focal length is within focal
length of eye piece of large focal length then a virtual, inverted and magnified image is obtamed”
Magnification of compound microscope: \ i §
d] ‘ % "‘7‘54.7»47,,%" !’o‘

Formula for magnification of compound microscope is M = ﬂ[1+ T
p
For higher magnification we use eye piece of short focal length..
High resolving power: High resolving power can be achieved by
i.  Using wider objective
ii.  Using blue light of shorter wavelength to produce less diffraction.

e
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| Astronomical telescope? Give Working principle and magnification? |
Definition: The telescope used to see the distinct image of distant heavenly objects like planets or moon is called
astronomical telescope. It consists of two lens objective of large focal length and eye piece of short focal length.
Principle of astronomical telescope: “A real, inverted and diminished image formed by the objective Serves as an
object for eye piece which is at the focal point of both the lenses then a virtual and magnified image is formed at
infinity”.

f
Magnification of astronomical telescope: The magnification of astronomical telescope is M = f—° by using
e

objective of large focal length and large aperture for higher magnification of telescope.
| What is Spectrometer? Give its three parts.
Definition: An optical device which is used to study the spectrum of various sources of light is called a spectrometer.
Name of its parts: There are three main parts of spectrometer (i) Collimator (ii) turn table (iii) telescope.
Function of collimator: To make the light beam parallel coming from a nearby source of light. Collimator consists
convex lens at one end and adjustable slit at other end, when slit is just at the focus of convex lens then light rays
entering from slit become parallel after passing through lens.
Uses of spectrometer: Spectrometer is used to
i.  Study the deviation of light by glass prism
ii.  Study the spectra of different sources of light
iii.  Calculate the wavelength of light and refractive index of material.
| Give Michelson formula for Speed of light. |
Michelson formula for speed of light C=16fd, the value of speed of light in vacuum C=3*108 m/s. speed of light in
other materials is less than C and it depends upon the nature of medium.
| What is Optical fiber? Give advantages and principle.
Definition: Number of glass fibers combine together to transmit light from one part to other is called optical fiber.
Advantages of fiber optics: There are following advantages of fiber optics
i. Itisused to transmit light around the corners and into inaccessible places
ii. It has wider band of capability and free from electromagnetic interference
iii.  Itincreased the efficiency of word processing, image transmission and reception
iv.  Fiber optic consist of much smaller and light weight cables
A fiber optic its protective case is about 6 mm, in diameter, which can replace by 7.62cm diameter bundle of copper
wires carrying same amount of signals
| What is Principle of propagation through fiber optics?
The propagation of light within optical fiber through
i.  Total internal reflection
ii.  Continuous refraction
Total internal reflection: When a light ray travelling from a denser medium towards a rare medium, makes angle of
incidence greater then critical angle of medium, then ray is totally reflected back into the same denser medium, this
phenomenon is called total internal reflection.
What is Critical angle? The angle of incidence in denser medium for which its corresponding angle of refraction is
90° is called critical angle.
What is Refractive index? The ratio of speed of light in vacuum to the speed of light in transparent medium is called
refractive index. n= C/V.

siné,
State Snell’s law? The ratio of sines of angle of incidence to angle of refraction is constant. N = W . Also written
r

asn,sing, =n,sing,.
| Calculate the value of critical angle for glass air boundary
When 6, =6c,and 8, =90°,n, =1.5for glass, n, =1for air

. . . n
Snell's law becomes = n,siné = n,sin90° = sin & = =
nl

o = sin (1) = 41.8°
15
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State Conditions for total internal reflection? There are two conditions for total internal reflection
i.  Light should travel from denser to rare medium

ii.  The angle of incidence should be greater than critical angle
What is Continuous refraction? such a process in which propagation of light through fiber is continuously refracted
within the fiber is called continuous refraction.
| Give the Name of types of optical fiber? |
There are three types of optical fiber

i.  Single mode step index fiber

ii.  Multimode step index fiber

iii.  Multimode graded index fiber
| What is Single mode step index fiber? |
Single mode step index fiber has very thin core about 5um diameter. It has relative large cladding and use
monochromatic light source i.e laser. It can carry more than 14 tv channels and 14000 phone calls.
| What is Multimode step index fiber? |
Multimode step index fiber is central core has diameter 50um and high refractive index. The central core has a
constant refractive index of core 1.52 and cladding 1.48. It is used for carrying white light but due to dispersion
effects it is used for short distance only.
| What is Multimode graded index fiber? |
Multimode graded index fiber central core has high refractive index. The diameter of core ranges from 50um to
1000um. there is no particular boundary b/w core and cladding. The light is continuously refracted within the fiber
optics. It is useful for long distance.

| Explain Components of fiber optic communication system. |
There are three major components of fiber optic communication system, transmitter, optical fiber, and receiver.
Transmitter: The transmitter converts electrical signal into light signal which is obtained from microphone.

The light signal is invisible infrared of typical wavelength 1.3um which moves faster than visible or UV light.

Optical fiber: The modulated pulse travel through the optical fiber by total internal reflection and continuous
refraction with very fast speed. The light signals while through optical fiber become dim and must be degenerated by
a device called repeater. Repeaters are typically placed 30km apart, but in newer system this separation is 100 km.
Receiver: Receiver captures the light signals at the other end, and convert the light signal into electrical signal by
photodiode.

Optical fibre
Microphone Laser '\ Photodiode Earpiece
Electrical 3 Electrical
(sound) —> % > (sound)|
signal — oy s signal

Digital light pulse

| What are the power losses in fiber optics? |
Power is lost in optical fiber by following factors
i.  Scattering
ii.  Absorption
iii.  Dispersion
| How Power lost by scattering and absorption in fiber optics? |
When the light travel along fibers by multiple reflections, some of light energy is absorbed by the glass medium. It is
due to the impurity of glass medium. Some part of energy of light signal is scattered by group of atoms such as joints
It can be reduced by careful manufacturing.
| Give Time difference in step index fiber. |
In step index fiber, the overall time difference b/w different wavelengths may about 33 ns per km. but using a graded
index fiber, the time difference is reduced to about 1ns per km.
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| Exercise short Questions chapter 10 |
1. What do you understand by linear magnification and angular magnification? Explain how a convex lens is used
as a magnifier?

Linear magnification: The ratio of size of image to size of object is called linear magnification.

Size of object _ I
Sizeofimage O

Angular magnification: The ratio of angle subtended by the image as seen through optical device to that angle
subtended by the object at the unaided eye.

angle subtended by image B

angle subtended by object o«

Both have no units.
When we place the object within focal lengths of convex lens then the image formed is erect, virtual and magnified.

Magnification =

Magnification =

2.Explain the difference between angular magnification and resolving power of an optical instrument. What limits
the magnification of an optical instrument?
Angular magnification:“The ratio of the angles subtended by the image as seen through the optical device to that

subtended by the object at the unaided eye”; M=p/a R= L = L Resolving power (amin): “The ability of
ann 1224

an instrument to reveal the minor details of the object under examination..

Limits: Due to chromatic and spherical aberrations, the magnification of the optical instruments is limited.

3.Why would it be advantageous to use blue light with a compound microscope?

By using wider objective and Blue light increases the resolving power and more details of an object can be seen. As

blue light produce less diffraction due to short A. R = i = L .
A 1.222

4. One can buy a cheap microscope for use by the children. The image seen in such a microscope have colored

edges. Why is this so?

Due to chromatic aberration, we see colored edges in cheap microscope. It is due to non-focusing of light of different

colors. These colors arise due to dispersion.

5. Describe with the help of diagrams, how (a) a single biconvex lens can be used as a magnifying glass. (b)

Biconvex lenses can be arranged to form a microscope.

~

. s -
§ . N A=
- . i = s
\J - K I s
- - L 152 L

p

@) 1
(b)

6 .If a person were looking through a telescope at the full moon, how would the appearance of the moon be
changed by covering half of the objective lens?

The intensity of the image become half and there will be no change of shape. Less transmitted light due to half-
covered objective, still he will see full image of the moon.

7. A magnifying glass gives a five times enlarged image at a distance of 25 cm from the lens. Find, by ray diagram,
the focal length of the lens.

M =5,d=25cm, f =?

M =1+%:5=1+§:>$=5—1:> f =%=6.25cm




55

8. Both have same options. The diameter of the objective lens.
9. Draw sketches showing the different light paths through a single-mode and multimode fiber. Why is the single-
mode fiber preferred in telecommunications?

Uaddmg

i >
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e P S
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Single-mode fiber is preferred in telecommunlcatlons because they are dlgltal and use monochromatlc laser light. Here
the transmission is free from dispersion.

10 How the light signal is transmitted through the optical fiber?

By total internal reflection on continuous refraction light signals is transmitted through the optical fiber. A transmitter
converts electrical signal into light signal and at the receiving end these are converted back to electrical signals. The
most common method of transmission is digital modulation, in which the laser is flashed on and off at extremely fast
rate. The communication is represented by code of 1s and 0s. The receiver is programmed to decode 1s and 0s.

11. How the power is lost in optical fiber through dispersion? Explain.

Power is lost due to scattering and absorption of light signals during travel through the optical fiber. The information
received can be faulty and distorted due to dispersion, i.e. spreading of light signals into component wavelengths. Due
to impurities in the glass and multiple reflections along the fiber is occurred

BISE AND UHS PAST PAPERS SOLVED MCQS

Q# Questions Option A Option B Option C Option D
i.| For normal adjustment length of fo+fe fo-fe folfe fe/fo
astronomical telescope is
ii.| Theimage formed by simple Real and inverted Erect and Erect and real Inverted and
microscope is virtual virtual
iii. Which of the following lights Visible light Ultra-violet Invisible infra- Ordinary light.
travels the fastest in optical fibers? red
iv.| Ifasingle convex lens is placed Telescope Magnifyin Microscope None of these
close to eye then it is being used glass
as
v.| A watch maker uses ___ to repair Telescope Convex lens Convex mirror Concave lens.
the watches.
Vi. The ratio of the _is called Image size to Eyepiece size to Object size to None of these
magnification object size object size image size
vii.| Using a graded index fiber, the 33ns per 100Km 33 ns per km 1ns per km 1ns per 100km
time difference is reduced to
about
viii.|  The information received at the Longer Intensity Frequency Dispersion or
other end of a fibre can be wavelengths Spreading
inaccurate dueto__ ofthe
light signal.

ix.| If focal length of objective and
eye piece is 0.5m and 10cm
respectively then magnifying
power of telescope will be?
Solution: M=? f0=0.5m=0.5*100cm=50cm, fe=10cm, M=fo/fe= 50/10=5

lon

0.5 10 20

X. Final image of compound Virtual and erect Virtual and Real and inverted Real and erect
microscope is inverted
xi.| Which of the following device Compound Newton rings Telescope Diffraction
works on the principle of microscope apparatus grating
interference?
xii.| Least distance of distinct vision Increase with Decrease with Remains same First decrease
increase in age increase in age then increase
xiii.| The power of lens of one meter iD 2D 05D 4D

focal length is
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having magnifying power 5
consists consist of two thin lenses
24cm apart. Focal length of

xiv.| The normal human eye can focus a Least Point Far Point Near Point Distinct Point
sharp image of an object on the eye
if the object is located
at certain distance called
XV. Magnifying power of Increase of fo Decrease of fo Increase of fe Decrease of fe
astronomical telescope increase
by
XVi. An astronomical telescope 4cm, 20cm 20cm,30cm 16 cm, 20cm None of these

its focal length is

lenses is
As M=5, 1=24, as M=fo/fe, 5=fo/fe...fo=5fe & L=fo+fe, 24=5fe+fe, 6fe=24, fe=4cm, put again then f0=20 cm
XVii. Light emitted from LED has 1.3um 1.3nm 1.3 mm 1.3cm
wavelength
xviii.| At some angle of incidence when Phase angle Critical angle | Refractive angle Incident angle
angle of refraction become 90°C
this angle is called
xix.| In case of X-ray diffraction by dsind =nA 2dsin® =ni | 2dcosl =ni None
crystal, the wavelength can be —_—
found by using the equation
xx.| To find interplaner spacing we dsiné =nA 2dsinf =nAi 2dcos@ =ni None
used equation -
xxi.| A convex lens acts as diverging f 2f b/w f and 2f Within f
lens if object is placed at
xxii.| Ina multimode step index fiber, Edge to core Core to edge Even Multiple
density of optical material
decrease from
xxiii.| Glass air boundary acts as a/an Mirror Glass Water Air
xxiv.| Wavelength of X-rays is of the 109 m 1019m 102 m 10 m
order of
xxv.| The minimum distance from the 15cm 10cm 20cm 25cm
eye at which an object appear to
be distinct
xxvi.| A convex lens of focal length f is 32 f Y half 4f 2f
cut into two identical halves
along the lens diameter, the focal
length of each half
xxvii.| The technique used to study the X-Rays Newton rings Polarization Interference
structure of hemoglobin is diffraction
kxviii.| Near point of normal human eye 25m 250 mm/25cm 25cm None of these
is
xxix.| The speed of light in vacuum is 3*108 mis 3*10° m/s 3*10" m/s 0m/s
xxx.| A lens whose power is 2 diopter 75cm 50cm 25¢cm 5cm

focal length =1/f= %=0.5 m to convert into

cm 1m=100cm, 0.5*100=50 cm

magnification by objective = 20,

As power=1/f=
xxxi.| Light reaches from the suntothe | Spherical wave Plane wave Cylindrical wave Circular wave
Earth in the from of front front front front

xxxii.| A double convex lens acts as Inside the focus | Between fand At the focus At alarge
diverging lens when the object is 2f distance

kxxiii.| The diameter of single mode step 10pum 50u 100um 5um

index fiber is

KXXIV. If a convex lens is used as Short size Long focal Large size Short focal

magnifying glass, which lens will length length
give higher magnification?
xxxv.| Inacompound microscope, the M = -220 M = -0.05 M =-0.19 M= 220

M=M1*M2
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magnification by eyepiece =

20%11=220
11, then the total magnification is
MXXVI. The information from one place to Copper wire Photodiode Aluminum wire Optical fiber
another can be transmitted very safely
and easily by
xxvii.| Innormal adjustment of compound Optical Center Principle Focus Infinity Near Point
microscope, the eye piece is positioned
so that the final
image is formed at
KXViii. When light passes through a Dispersion Reflection Diffraction Polarization
pinhole type opening , it seems to
spread out , this phenomenon is
known as
XXXiX. The speed of light in other Less than ¢ Greater then ¢ Equal to c None of these
material is always
xl.| Magnifying power of convex lens 7 9.6 11 35
of focal length 10cm is
M=1+d/f= 1+25/10=1+2.5=3.5 d=least distance of distinct vision=d=25cm
xli. For the phenomenon of total Equal to critical Smaller then Greater then Zero
internal reflection the angle of angle critical angle critical angle
incidence should be
xlii.|  The optical fiber are of types Two Three Four Five
xliii.| A transparent refracting medium Lens Glass Mirror Prism
bounded by two curved surface is
called
xliv.| A real object placed inside the Real image but | Real but enlarge Virtual but Virtual but
focus of a convex lens gives diminished image diminished enlarged image
image
xlv.| Television signals are converted Decoder Transistor Photodiode Optical fiber
into light signals by
xlvi.| [If the object is placed within the Magnified Erect Virtual All of these
focal length of convex lens its
image will be
xlvii.| The power of lens is measured in Watt Joule Diopter Minutes
xlviii.| Multi-mode step index fiber is Short distance Long distance No distance Infinite distance
useful for
xlix.|  The optical fiber in which the Single mode Multi-mode Multi-mode None of these
central core has higher refractive index fiber index fiber graded index
index and its density gradually fiber
decrease towards its periphery is
called
I.| The value of critical angle for 41.8° 41.50 42.8° 420
glass air boundary
li. Which is optical instrument Telescope Galvanometer Ammeter Voltmeter
lii. Resolving power of a lens is D o o
expre%s?ad by relation Apin =1.22— | = l-zzi G =1224D | @y, =1.522D
A D
liii.| Propagation of light in an optical Total internal Total internal | Interference and | Interference and
fiber takes place by two reflection & reflection & dispersion continuous
phenomenon which are dispersion continuous refraction
refraction
liv.| The collimator in a spectrometer | Disperse the light | Reflect the light | Make the light Converge the
is used to beam beam beam parallel light beam
Iv.| Magnification of a convex lens of 2 5 6 20
focal length 25 cm is
M=1+d/f=1+25/25=1+1=2
Ivi.| The medium in which speed of Homogenous Heterogeneous Non homo Free space
light is the same in all direction is genous

called
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Ivii.|  Which of the phenomenon of Total internal Polarization Interference Diffraction
light is used in propagation of reflection
light through optical fiber
Iviii.| Which combination can ensure A wider A wider A wider eye A wider eye
less diffraction and more details | objective and red | objective and piece and red piece and blue
to be seen by compound light blue light light light
microscope
lix.| In Michelson experiment, the 16fd 16f/d 16d/f 1/16fd
equation used to find the speed of
light c=?
Ix.| A layer over the central core of Jacket Plastic Cladding Rubber
the jacket is called
Ixi.| The refractive index of water is 3*108 m/s 1.8*108m/s 2.3*108m/s Zero
1.33. the speed of light in water
is:
Asn=c/v  1.33=3*10%/v v=3*10%/1.33= 2.33*108 m/s
Ixii.| In newer system of fiber optics 30Km 50Km 100Km 500Km
signals regenerated by placing
repeater may separated by as
much as
Ixiii. | Effective path difference between dsind =ni 2dsin® =ni | 2dcosl =nt None
two reflected beam in X-rays —
diffraction
Ixiv. Spectrometer is used to Study diffraction Measure Measure All of these
of light wavelength of refractive index
light of material
Ixv. Bragg equation is given by V=ft dsin@=nl | 2dsin@=niA | 2dcosO=nl
Ixvi.| The image of an object 5mm high 0.5 0.2 1 2
is only 1cm high the
magnification produced by lens is
M= size of image/size of object= 1lcm/5mm= 1*10-2/5*10-3= 10/5=2
Ixvii.| Ifnland n2 are refractive index ni>n2 nil<n2 nl=n2 None of these
of core and cladding then for
optical fiber
Ixviii. Snell law is expressed as nlsin@l=n2sin 62 nsin® =90 1/sin©¢ None of these
Ixix.| If N is the number of ruling on R=Nm R=N/m R=1/Nm R=m/N
the grating then resolving power
of nth order diffraction is equal
Ixx.| Compound microscope forms Near point Focus of eye Focus of Infinity
final image at piece objective
[xxi. If d is the least distance of 1+d/f 1-d/f 1+f/d 1-f/d
distinct vision, then
magnification of convex lens of
focal length f will be
Ixxii.|  Optical rotation a property of Determine Determine Determine Determine
optically active substance can be density viscosity concentration of elasticity
used to sugar
Ixxiii.| The ratio of size of image to size Focal length Visual angle Resolving power | Magnification
of object is called
Ixxiv.| Optical fiber is covered for the Glass jacket Plastic jacket Copper jacket | Aluminum jacket
protection by a
[xxv. If magnifying power of 25¢cm 12.5cm 5cm 3cm
magnifying glass is 3 then focal
length will be
M=1+d/f  3=1+425/f 3-1=25/f 2=25/f f=25/2=12.5cm
Ixxvi.| Convex lens act as magnifying At 2F AtF Inside F At 3F
glass when object is placed
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then its velocity in a medium of

refractive index is 1.3

XXVii. Which of the following will UV light Visible light Invisible White light
travel must faster than other infrared light
through optical fiber
lix. Using the relation for the 5 6 7 8
magnifying power Lo, M = 1 + d/f,
if f=5cmandd =25 cm then M
will be
kxviii.| The focal length of convex lens Negative Positive Large Small
Ixxix.| The final image seen through eye Real, englarged, | Virtual, enlarge, Virtual, enlarge Real, enlarge ad
piece in telescope inverted and erect and inverted erect
Ixxx.| Magnifying power of telescope fo+fe fo-fe folfe felfo
Ixxxi.| Rayleigh formula for resolving A D a,. =122AD | a, . =1.52AD
powerts 1.22D 1.224
xxxii.| Multimode graded index fiber 5 to 50um 50 to 100pm 50 to 1000um 50 to 10,000um
has core whose diameter range
lie from
kxxiii.| If a convex lens of focal length 5 6 10 25
5cm is used as simple -
microscope then magnifying
power will be
M=1+d/f=1+25/5=1+5=6
kxxiv.| Which is not essential component Collimator Telescope Turntable Microscope
of spectrometer?
xxxv. | If p=5cm and d=25cm then linear 5cm 25 5 25cm
magnification
Linear magnification= size of image/size of object=25/5=5
KXXVi. The ||ght Signal in Optical fiber Regenerator Generator Regeater Diode
must be regenerated by a device
is called
xxvii.| Sl unit of magnifying power of Watt Diopter No unit None
telescope
XViil. Final image obtained by Erect Magnified Virtual None
astronomical telescope is
xxix.| When the object is placed within Real Inverted Virtual Of same size
the focal length of convex lens
then its image will be
Xc.| The detector in photo phone is Cadmium Germanium Selenium Silicon
made up of
xci.| X-rays diffraction has been very Hemoglobin Stars Galaxies Stones
useful in determining the
structure of
xcii.| If speed of light in vacuum is C, C/1.3 1.3C 1.3/C C

As n=c/v, 1.3=c/v, v=C/1.3
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| Chapter 11 Heat and Thermodynamics |
Thermodynamics: A branch of Physics which deals with conversion of heat energy into other forms of energy is
called thermodynamics.
Temperature: The degree of coldness or hotness is called temperature. SI unit of temperature is kelvin.
Kinetic molecular theory of gases: Such a theory which explains the behavior of gases and relationship of
macroscopic properties (Temp,Volume etc) with microscopic properties(k.E) is called kinetic molecular theory.
Give four Postulates of KMT: There are following postulates of KMT
i. A finite volume of gas consists of very large number of molecules

ii.  Size of molecule is much smaller than separation b/w molecules

iii.  The gas molecules are in random motion

iv.  Collision b/w gas molecules is perfectly elastic.
Pressure of gas: The momentum transferred to the wall of the container per second per unit area due to continuous
collision of molecules of gas is called pressure of gas. P=F/A
Effect of pressure and temperature on average translational Kinetic energy: Pressure of gas is directly

proportional to average translational kinetic energy P = % p<V:>

Temperature of an ideal gas is directly proportional to average translational kinetic energy T o< K.E >
Boyle’s law: At constant temperature, pressure of gas is inversely proportional to volume of given mass of gas
P= 2§N<K.E> = as (K.E)remains constantso PV = constant

p_ constant —p mvi

Charles law: At constant pressure, volume of given mass of gas is directly proportional to absolute temperature of
gases. According to KMT at constant temperature means average kinetic energy is constantso V oc T .

| What is internal energy? |
Definition: The sum of all forms of molecular energies of substance such as K.E and P.E is called internal energy. It is
directly proportional to its temperature.

We can increase the internal energy by heating a substance or by doing mechanical work. Internal energy is state
function as it depends upon the initial and final states of system. ;

Sign conventions for work and heat: There are following conventions for work and heat
Work done by the system is positive and work done on the system is taken as negative

Heat added to system is taken as positive and heat leaving the system is taken as negative
Derive an Expression for work by gas on piston:

Consider a gas enclosed in cylinder with moveable piston p Constant Pressure

the force exerted per unit area P = F/Ais F = PA

work done by thegas is W = F.d takingd = Ay , e
W = FAA=PA(AA(= PAA ol A
work is calculated by area under P - V diagram

| State First law of thermodynamics. Describe its applications.

Statement: “When heat Q is added to a system, this heat energy appears as increase in internal energy AU plus system
work on surrounding” Q=AU+W.

Examples: For example bicycle pump and human metabolism

Applications of first law of thermodynamics: There are two applications of first law of thermodynamics

Isothermal process: Such a process in which temperature of system is constant is called isothermal process. First law
of thermodynamics in isothermal process is Q=W. the curve represent this process is called isotherm.

Adiabatic process: Such a process in heat no heat enters or leave the system is called adiabatic process. For example
rapid escape of air and cloud formation in air. First law of thermodynamics in adiabatic process is W=-AU.

Such a process in gas is expanded and do external work and temperature of gas falls is adiabatic expansion W=-AU
Such a process in gas is compressed and work is done on the gas and increase the temperature is called adiabatic
compression —-W=AU. The curve represent this process is called adiabate.

>




61

| Define Specific heat of gas. Define Cp and Cv. and prove of Cp-Cv=R |
Specific heat: The amount of heat required to increase the temperature of one kilogram of substance upto one kelvin
is called specific heat.

Molar specific heat: The amount of heat required to increase the temperature of one mole of gas through 1 kelvin is
called molar specific heat. Its unit is JmolK™.

Molar specific heat at constant pressure Cp: The amount of heat at constant pressure required to increase the
temperature of 1mole of gas through 1K

Molar specific heat at constant volume Cv: The amount of heat at constant volume required to increase the
temperature of 1 mole of gas through 1 K. both are related Cp-Cv=R.

Derivations of Cp-Cv=R: To derive the relation consider one mole of an ideal gas at constant volume so that its
temperature rise by AT then heat transferred Qv and derived as 4

Qv =CvAv

Using first law of thermody ramics

Qv=AU+W

Qv=AU+PAV Asvolume is constant so change in volume is zero AV =0
CvAT = AU + P(0)

AU=CVAT ---------mmmmmmm oo - 1) A
Now at constant pressure,if one mole of an ideal gas is heated then rise in temperature AT and [ o=c, At

heat transferred is Qp = CpAT

using Firstlaw of TD Qp =AU + PAV

fromequation (1) AU = CvAT and Qp putin above equation
CpAT =CVAT +PAV ----------- 2

for one mole of an ideal gas equation becomes

PV =RT = PAV =RAT thenequation(2) becomes

CpAT = CVvAT + RAT

Cp=Cv+R [o=coar |
Cp-Cv=R fromthiswe can say that Cp > Cv

| What is Reversible process and irreversible process? |
A process which can be retraced exactly in reverse order without producing any change in surrounding is called
reversible process. i.e liquefaction and evaporation.

A process which cannot be retraced exactly in reverse order, without producing any change in surroundings. For
example explosion or work done against friction.

| What is Heat engine? |
Definition: A device which converts heat energy into mechanical work is called heat engine.

Main parts: It has three main parts. Hot reservoir, cold reservoir and working substance.

| State 2" law of thermodynamics. Why we have to need the 2" law of thermodynamics. |
Kelvin statement: “ It is impossible to make a heat engine which converts all the heat absorbed from a hot reservoir
into work without rejecting heat into sink”.

Need the 2" law of thermodynamics: As first law of thermodynamics tells us that heat energy can be converted into
equivalent amount of work but not give any information about the conditions under which this conversion takes place
so we have to need the 2" law for this conversion.

BEaDAEEAS (SUEJECT SFECIALISET FHYSIGE GHMLW HESM{MIGHWALIT]]
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| Explain Carnot engine and Carnot cycle. Also derive the relation for efficiency.

In 1840 Sadi Carnot proposed a hypothetical engine that operates in reversible cycle using the isothermal and
adiabatic process. He showed that a heat engine operating in an ideal reversible cycle b/w two heat reservoirs at
different temperature would be most efficient engine.

Carnot cycle: A Carnot cycle consists of four steps as shown in PV diagram.
Step01: In this step, gas is allowed to expand isothermally at temperature T, absorbing A

heat from hot reservoir. This process is represented by the curve AB. :'\’s?r\hem, 8
Step 02: The gas is then allowed to expand adiabatically until its temperature drops. '
this process is represented by the curve BC.

Step 03: The gas at this stage is compressed isothermally

Rejecting heat to the cold reservoir. This process is »
represented by the curve CD. 0 ‘
Step04: In this step finally the gas is compressed Vi Ve v Vs
adiabatically to restore in initial state at temperature

.This process is represented by the curve DA.

Efficiency of Carnot engine:

work done during one cycleequals to thearea enclosed by path ABCDA of PV diagram.

from first law of thermodyrnamics Q=AU+W

W:Ql'Qz

Efficiency of heat engine =n =

o
\eqe\PV

output(wok) _ Q,-Q,
input(Energy) Q,

9 Q_, Q
Q Q.

%n = (1—%) *100 Thisis the formula for efficiency of carnot engine.

1

%n=01- %) *100 Intermsof temperature T, =temperature of HTR, T, = Temperature of LTR.

1
Carnot theorem: “No heat engine can be more efficient than a Carnot engine operating b/w the same two
temperatures”.
| What is Thermodynamic scale of temperature? What is triple point cell. |
Definition: Such a scale of temperature which is independent of nature of working substance is called thermodynamic
scale of temperature. If heat ‘Q1” is absorbed at temperature ‘T’ and heat ‘Q2’ is absorbed at temperature of triple

point of water, then unknown temperature of system (in K) is T = 273.16& . Sl unit is kelvin.
2
Triple point cell: A triple point cell in which solid ice liquid water and water vapors coexist in thermal equilibrium.
Its value is 273.16 K.
Kelvin: one kelvin is defined as 1/273.16 of thermodynamic temperature of triple point of water.

| Write a note Petrol engine and Diesel engine? |
A typical four stroke petrol engine is based on the principle of Carnot cycle.

Intake Stroke The cycle starts on the intake stroke in which piston moves outward and petrol air
mixture is drawn through an inlet valve in to the cylinder from the

carburetor at atmospheric pressure.

Compression Stroke On compression stroke, the inlet valve is closed

and the mixture is compressed adiabatically by inward movement of the

piston.

Power Stroke On power stroke, a spark fires the mixture causing rapid

increase in pressure and temperature. The burning mixture expands and

forces the piston to move outward. This is the stroke which delivers

power to the crank shaft to drive the flywheels.

spark plug
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Exhaust Stroke On the exhaust stroke, the outlet valves opens. The residual gases are expelled

and piston moves inward. Efficiency of petrol engine is 25 to 30%.

Diesel engine: No spark is needed in diesel engine. Diesel is sprayed into cylinder at maximum compression because
air is at high temperature after compression the fuel mixture ignites on contact with air in cylinder and pushes the
piston outward. The efficiency of diesel engine is 35% to 40%.

| What is Entropy? Write its formula and unit. |

AQ

Definition: The measure of disorderness of molecules of system is called entropy. Its formula AS = =S and unit is

JIK. 1t is state function. Concept of entropy was given by Rudolph clausius in 1856.
State 2" law of thermodynamics in terms of entropy? “If a system undergoes a natural process, it will go in the
direction that entropy of system plus the environment increase”.
What Heat death of universe? When the entropy of the universe will reach at maximum value, everything will be at
same temperature and there will be no way to convert heat into useful work is called heat death of universe.
What is Refrigerator? A refrigerator transfers heat from a low temperature reservoir to higher temperature reservoir
with help of external work. It is heat engine operating in reverse order.
| DESCRIBE ENVIRONMAENTAL CRISIS AS ENTROPY CRISIS |
According to 2" law of thermodynamics, Environmental crisis is an entropy or disorder crisis. According to which,
any increase in the order in a system will produce an even larger increase in entropy in the environment
o Energy methods we use are not very efficient. As a result most of the energy is lost as heat to the environment
o Most energy transformation processes such as heat engines used for transportation and for power generation
causes air pollution.
It is because of the reason that even for small changes in temperature, the environment can have significant effects on
metabolic rates in plants and animals. This can causes serious disturbance of the overall ecological balance.
| Exercise short Questions chapter 11 |
1. Why is the average velocity of the molecules in a gas zero but the average of the square of velocities is not
zero?
The molecules of the gas moves in random direction. We assume that the same number of molecules move in both

directions, so the average of each component velocity is zero. <v> = V+T(_V) =0

But the average of the squares of the velocities of the molecules is not zero because square of negative is positive.
2 2
2 V" +(=V
Wy =D L

2 Why does the pressure of a gas in a car tyre increase when it is driven through some distance?

In driving, the car tyre gets hot due to force of friction. This heat goes inside the tyre and increases translational
kinetic energy. So increase of KEtrans makes pressure increase.

3.A system undergoes from state P1 V1 to state P2 V2 as shown in the fig. What will be the change in internal
energy?

The change in internal energy (AU) will be zero. In the figure the graph is isotherm. It means temperature remain
constant. So AU =0

4 Variation of volume by pressure is given in the fig. A gas is taken along the paths ABCDA, ABCA and A to A.
What will be the change in internal energy?

In the figure, all three paths returns to the initial state, so there is no change in internal energy.

5.Specific heat of a gas at constant pressure is greater than specific heat at constant volume. Why?

Specific heat at constant pressure (Cp) is greater than Cv , because a part of heat is used to do work on piston and rest
of heat is used to increase the temperature through 1K and at constant volume all the heat absorbed is used to increase
temperature through 1K.

6 Give an example of a process in which no heat is transferred to or from the system but the temperature of the
system changes.

Adiabatic process, for example rapid escape of air from a burst tyre, rapid expansion and compression of air, cloud
formation in the atmosphere.

7. Is it possible to convert internal energy into mechanical energy? Explain with example.

Yes. In adiabatic expansion of a gas internal energy converts into mechanical energy or work. Gases can be liquefied
by this process.
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8 Is it possible to construct a heat engine that will not expel heat into the atmosphere?
No. It is not possible. Because according to 2nd law of thermodynamics it is not possible to construct an engine
without a sink or cold body to reject a part of heat to it, the atmosphere (or cold body).

9 A thermos flask containing milk as a system is shaken rapidly. Does the temperature of milk rise?

Yes. As KE of the molecules increases due to rapid shaking, so the temperature of the milk rises.

10 What happens to the temperature of the room, when a air conditioner is left running on a table in the middle
of the room?

The temperature of the room remains same. Because heat absorbs from the room is expelled in the same room. Rather
the temperature will rise due to work done by the compressor will change into heat.

11.Can the mechanical energy be converted completely into heat energy? If so give an

example.

Yes, in a adiabatic compression, work done on the gas, increased the internal energy, i.e. converting mechanical
energy (work) into heat energy (AU).

12 Does entropy of a system increases or decreases due to friction?

The entropy of the system increases, due to friction. As work done against friction changes into heat and this
irreversible process increases its entropy.

13 Give an example of a natural process that involves an increase in entropy.

1) Melting of ice into water: The heat Q transferred to the ice at absolute temperature from the surroundings. AS =Q /
T Since heat is added, Q is +ve and entropy increases. ii) Free expansion: In a free expansion of a gas in a chamber,
which is irreversible process. Here the gas molecules confined to one half of a box are permitted to fill the entire box,
which is irreversible process.

14 .An adiabatic change is the one in which. Correct answer is (a) No heat is added to or taken out of a system in the
adiabatic change.

15 Which one of the following process is irreversible?

Correct answer is (d) a chemical explosion is irreversible process

16 An ideal reversible heat engine has

Correct answer is (b), an ideal reversible heat engine has highest efficiency. From the knowledge of 2nd law of TD, a
heat engine cannot have 100 % efficiency and is independent of the working substance

Chapter 11

11.1: Estimate the average speed of nitrogen molecules in air under standard conditions of pressure and
temperature.

Given Data:STP, T =0°C, P =1atm =1.01*10° pa,< v >="?, m = molar mass/N , = 28*10-3/6.02*1023 = 4.65*10 *°kg
* *10)23 *
v [3KT :\/3 1.38*10 - 213 _p0nr e
m 4.65*10

11.2: Show that ratio of the root mean square speeds of molecules of two different gases at a certain
temperature is equal to the square root of the inverse ratio of their masses.

As <V, > = 3K—T,<V2 > = ?’K—T dividing both equations
\/ m, \/ m,

<V >0 V my <V Zms _ |M2 which is required result
<V,> /3KT m, ~ <Vp>p U,
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11.3: A sample of gas is compressed to one half of its initial volume at constant pressure of

1.25 ><105 Nm‘z. During the compression, 100J of work is done on the gas. Determine the final volume of
the gas.

GivenData:V, =V, V, =V-V2=V/[2, P =1.25*10"°Pa, W =-100J, V, =?

W =PAV =P(V/2-V) =W =-PV /2= -100= P(-V /2) =V /2=100/P,V, =100/1.25*105=8*10"*m’

11.4: A thermodynamic system undergoes a process in which its internal energy decreases by 300 J. If at the
same time 120 J of work is done on the system, find the heat lost by the system.

Given Data: AU =-300J, W =-120J,Q=?= Q=AU +W =-300+ (—120) = —420J

11.5: A Carnot engine utilizes an ideal gas. The source temperature is 227°C and the sink temperature is

127°C . Find the efficiency of the engine. Also find the heat input from the source and heat rejected to the
sink when10000 J of work is done.

T,=227°C=227+273=500K, T, =127°C =127+ 273 = 400K, W =10000J,7=?,Q,=?Q, =?

n= (1—T2)*1OO (1—@)*100 0.2 =20%, using formula =W /Q, = 0.2 =10000/Q1 = Q, =50000J

1

Now using W = Q, -Q,, Q, =Q, - W = 50000 —10000 = 40000J

11.6: A reversible engine works between two temperatures whose difference is100°C. If it absorbs 746 J
of heat from the source and rejects 546 J to the sink, calculate the temperature of the source and the sink.
Given Data: T, -T, =100°C =100K, Q,=746J,Q,=546J, T, =?T,="?

n=1-Q,/Q, =1-546/746 =1 =0.268———(1)

n=1-t2 BT o068 107 - 100 575131 —373.16- 27316 =100°C
T, T, T, 0.268

again using T, - T, =100= T, =T, ~100 = 373.16 —100 = 273.16K = 273.16 - 273.16 =0°C

11.7: A mechanical engineer develops an engine, working between 327 ° C and 27° C and claims to have
an efficiency of 5290 . Does he claim correctly? Explain.

T, =327°C=327+273=600K, T, =27°C = 27 + 273 = 300K, claimed 7 =52%, claim =?

usingn = (1- 2)*100 (1-@)*100 50%, His claim is not correct.

11.8: A heat engine performs 100J of work and at the same time rejects 400 J of heat energy to the cold
reservoirs. What is the efficiency of the engine?

given data: W =100, Q2:4OOJ W=0Q,-Q, = Q1l=W+Q, =100 +400=500J, 77 =2

%or = (1-82)*100 (1- )*100 20%

11.9: A Carnot engine whose low temperature reservoir is at 70 C has an efficiency of 50%0. It is desired to
increase the efficiency to /0% . By how many degrees the temperature of the source be increased?
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Given Data: T2=7°C=7+273=280K,7, =50% =0.5,77, = 70%=0.7,T, =2,T,'= 2, T,"-T, = ?

m :l—T—Z30.5:1—@:>@:0.5:T1 = 560K,
Tl Tl 1
1, :l—%:OJ:1—2—89:@:0.3:>T1':933.3K
1 1 1

T,-T, =933.3-560 = 373K

11.10: A steam engine has a boiler that operates at 450K. The heat changes water to steam, which drives
the piston. The exhaust temperature of the outside air is about 300K. What is maximum efficiency of this
steam engine?

Sol. T,=450K,T, =300K, n="? %77:(1-%)*100:(1-%)*100=33%

1

11.11: 336 of energy is required to melt 1 g ice at 0°C. what s the change in entropy of 30 g of water at

0°C asitis changed to ice at 0°C by a refrigerator?

given Data:L, =336J,m=30g, T=0°C=273K,AS="

A mL * Negative sign shows decrease in entropy
As=-AQ _ Mt 307336 a5905/k
T T 273
TID BITS/USEFUL INFORMATION
MCQS
1) A diatomic gas molecule has
Translational kinetic Rotational kinetic Vibrational energy All of these
energy energy
2) The constant downward applied force F acting on frictionless piston is
| PA | PV | VT | ma |

3) According to Kelvin statement of 2" law of thermodynamics heat from a source at a single temperature ---- be
converted into work

| Can | Cannot | May | None of these |
4) A heat engine operating in reverse order is called

| Diesel engine | Refrigerator | Petrol engine | Carnot engine |
5 A----- transfer heat from a low temperature reservoir to high temperature surrounding with the help of external

work

| Diesel engine | Refrigerator | Petrol engine | Carnot engine |
6) A triple point cell in which solid, ice, liquid water and water vapor coexist in ----

| High temperature | Low temperature | Thermal equilibrium | Neutral equilibrium |
7) The value of triple point cell is

| 273.16 K | 273.16°C | 0K | 32°C |
8) Approximate efficiency of electric generator is

[ 70-80 % | 70-90% [ 80-90% | 70-99% |
9) Efficiency of electric motor is

| 50-60% | 60-70% | 50-93% | 90% |
10) Efficiency of dry cell battery is

[ 60% | 70% | 80% | 90% |
11) Efficiency of domestic gas furnace

| 50-60% | 60-70% | 70-85% | 80-90% |

12) Efficiency of storage battery is
| 12% | 62% | 72% | 92% |
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| 50% | 70% | 80% | 60% |
14) Efficiency of liquid fuel rocket is
| 65% | 37% | 83% | 47% |
15) Efficiency of steam turbine is
| 35-40% | 35-46% | 35-56% | 35-65% |
16) Efficiency of fossil fuel power plant is
| 10-20 % | 20-30% | 30-40% | 40-50% |
17) Efficiency of nuclear power plant is
| 10-20 % | 20-30% | 30-35% | 40-50% |
18) Efficiency of nuclear reactor is
| 50% | 70% | 80% | 39% |
19) Efficiency of air craft gas turbine engine
| 50% | 36% | 87% | 60% |
20) Efficiency of solid state laser is
| 50% | 70% | 80% | 30% |
21) Efficiency of internal combustion gasoline engine
| 10-20 % | 20-30% | 30-35% | 40-50% |
22) Efficiency of gallium arsenide solar cells are
| >20% | <20% | <10% [ <5% |
23) Efficiency of florescent lamp is
| 20% | 30% | 10% | 5% |
24) Efficiency of silicon solar cell is
| 12-14% | 12-16% | 12-18% | 12-20% |
25) Efficiency of steam locomotive is
| 5% | 8% | 1% | 20% |
26) Efficiency of incandescent lamp is
| 5% | 8% | 1% | 20% |
27) Efficiency of watt steam engine is
| 5% | 8% | 1% | 20% |
28) The jet engine on air crafts convert
Thermal energy to Thermal energy to Thermal energy to heat | None
work electrical energy energy
29) Considerable---------- is lost as waste heat in jet air craft is
| Mechanical energy | Thermal energy | Electrical energy | None |
BISE AND UHS PAST PAPERS SOLVED MCQS
Q# Questions Option A Option B Option C Option D
i. | Which is not the example of | Rapid escape of | Rapid expansion Conversion of Cloud formation
adiabatic process air from burst tyre of air water into ice in in atmosphere
refrigerator
ii. Isothermal process is Pressure Volume Temperature All of these
carried out at constant
iii. The pressure on the other Pascal’s Law Boyle’s Law Hook’s Law Charles’s Law
sides and everywhere inside
the vessel will be according
to the:
iv. | The entropy of the universe Decreases Remains the same Increases Both A and B
always
V. Boltzmann constant is R/Na NaR N/R None of these
written as K=?
Vi. The efficiency of Carnot Sink temperature Source Both A&B Working
engine depends temperature substance
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ideal gas and average
translation kinetic energy is
T=?

Vii. The pressure exerted by latm 1 N/m2 1 Pascal None of these
column of mercury 76cm
high and at 0°C is called
viii. Average translational 2/3KT 3KT 2T/3K 3T/2K
kinetic energy of molecules o
for an ideal gas is given by
ix. | Pressure of gas is given by 1/3 o<v®> 3/2 g<v®> Q<v> None of these
the relation
X. J/IK is the unit of Efficiency Entropy Heat of fusion Internal energy
Xi. Which of the following W =AU W =—-AlU W =0 W=0
relation shows adiabatic -
process
xii. | The value of triple point of 0K 100 K 273.16 K 373.16 K
water is given by
Xiii. The relation Avogadro’s Newton’s Charles constant Boltzmann’s
R/NA constant constant constant
=1.38 x 102 JK-1in a gas
law is known as
Xiv. Number of spark plugs 1 2 3 0
needed in diesel engine is
XV. Unit of thermodynamics Kelvin Fahrenheit Centi grade Celsius
scale of temperature is
given as
XVi. The relation ‘PV =nRT’ Charles Law Newton’s Avogadro’s Law Ideal Gas Law
shows which law of physics Constant
XVil. When heat is added to a Positive Negative Zero None
system then entropy change
is
XViil. For monoatomic gas 3/5 5/3 4/15 15/4
Cv=3R/2 then gamma?
Cp-Cv=R, Cp-3R/2=R, Cp=R+3R/2=5R/2, put Cp=5R/2, Cv=3R/2 in y=Cp/Cv=5/3
XiX. An ideal reversible heat 100% Efficiency Maximum Efficiency depends None of these
engine has highest on working
Efficiency substance
XX. The efficiency of diesel 25-30% 30-35% 40-45% 35-40%
engine is
xXi. | A process in which no heat Isothermal Adiabatic Isobaric process Isochoric process
enter or leave the system is process process
called
XXil. Thermal pollution is First law 2" law 15t law of motion None of these
inevitable consequence of
thermodynamics
XXiii. The efficiency of heat Engine Cold reservoir Hot reservoir None of these
engine is increased by
increasing temperature of
XXiV. The unit of entropy is JK K/J JIK J
xXxv. | The concept of entropy was 1840 1856 1864 1870
introduced by Rudolph
clausius in
XXVI. The cloud formation in Isothermal Adiabatic Isobaric process Isochoric process
atmosphere is an example process process
of
KXVil. The relationship between 2 ] 5 3 1 5 3] 5 2 ] 5
—{—mv —{(—mv —k{—mv —k{—mv
absolute temperate of an 3% <2 ) oy <2 ) > <2 ) 3 (2 )
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Xviii. | Pressure of the gas depends | Only on molecular | Only on mass of | Only on number of Number of
upon speed molecule molecule inaunit | molecule in unit
volume volume and
speed of
molecule
XXiX. No entropy change is Isothermal Adiabatic Isochoric process Boyle law
associated with process process
XXX. One is an example of Work done Heat produced Melting of ice Explosion
reversible process against friction by a current
XXXI. Gas law Isothermal Adiabatic Isobaric process Isochoric process
PV’ =constant i for process process
kxxii. | The highest efficiency of a 70% 60% 38% 135%

heat engine whose lower
temperature is 17°C and
high temperature is 200°C is

T2=17°C=17+273=290K, T1=200°C=200+273=473K. put

T1=473 K, T,=290 K in efficiency formula

to get result

XXiil.

The change in entropy of a
system is given by

as - 2€

AT
AS =22
o

AT
AO =2
Q S

None of these

XXIV.

The efficiency of petrol
engine is

25-30%

30-35%

40-45%

35-40%

KXXV.

At constant temperature and
pressure, if volume of given
mass of a gas is doubled
then density

Half

Double

One fourth

Remains same

XXVI.

Absolute zero corresponds
to

-400°F

0K

0°C

273.16°C

KXVil.

Which of the following is the
expression of root mean
square speed of a gas having
n number
of molecules contained in the
container

NV, 4V, £V,

\/vf RVERVEYE

[

Vi+V, +V, +..V,

None of these

XViii.

The expression for
isothermal process is

Q=U

u=w

U=-w

XXIX.

A gas sample contains three
molecules each having speed
1 ms-1, 2 ms-1, 3 ms-1. What
is the
mean square speed?

14/3 m/s

12+22+32/3

1+4+9/3=14/3

2 m/s

6 m/s

J14/3m/s

xl.

A heat engine operating
according to second law of
thermodynamics rejects one
fourth of the
heat taken from high temperature
reservoir. What is the percentage

efficiency of heat engine?

100%

50%

25%

75%

Tl=

T,T2=T/4,thenn=(1-T2/T1)*100 = (1—

T/4
—=7y*100 = (1—
= ) (

1y%100 = (3)*100 = 75%
4 4

xli.

If ‘Q’ is the amount of heat
supplied to a system and ‘W’ is
the work done, then change in
internal
energy can be defined as

QW

w/Q

Q—-W

Apply first law of

thermodynamics

1+ QW

xlii.

If the temperature of sink is
decreased the efficiency

Decrease

Increase

Remains same

None of these

xliii.

For an ideal gas, potential
energy associated with its
molecules is

Maximum

Zero

%5 kx

None
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of molecules of a gas having
mass of each molecule ‘m’ is
in a cubic
container having length of

Density is mass per
unit volume
So density- Nm/a?

xliv. What is the factor upon Change in Change in Change in Path followed to
which change in internal volume temperature temperature and | change internal
energy of an ideal gas volume energy
depends?
xlv. Change in entropy of a Positive Negative Zero Maximum
reversible process is
xlvi. | For aheat engine ‘A’ ratio of 1:3 2:3 1:2 2:1
Q1to Qzis 3/2 while that of
heat engine ‘B’, ratio of Q210
Quis 1/3.
What is the value na: ng?
Q1toQ2=3/250Q2/Q1=2/3,7, =(1-Q2/Q1)=(1-2/3)=1/3
Q2/Q1=1/3,n, = (1- Q2/Q1) =@1-1/3)=2/3s0 nA:nB=(1/3):(2/3) =1:2
xlvii. Celsius scale starts from 32°F 273°K 0°C 373°K
Iviii. | The turbine in a steam power 50% 60% 40% 70%
plant takes steam from a
boiler at 427 °C and exhausts
into a low
temperature reservoir at 77
°C. What is the maximum
possible efficiency?
Apply efficiency formula by putting T1=700 K, T2=350 K,, efficiency=(1-T./T1)*100
(1-350/700)*100= 50%
xlix. | Inan adiabatic process first AQ =AU AW=-AU AW =AU AQ=W +AU
law of thermodynamics
becomes
I. | Which one of the followingis | Molecules do The size of A finite volume of The gas
a postulate of kinetic theory | not exert force molecules is gas consists of a molecules are
of gases? on each other much larger very small number not in random
than separation of molecules motion
between the
molecules
li. | The increase in the entropy Disorder Unavailability of Randomness All of these
means increase in energy
lii. | Foragas of volume V in its Collisions Collisions Collisions between | Collisions must
equilibrium state, if the between gas must be gas molecules be inelastic
pressure does change with molecules occur elastic occur linearly
time then total
kinetic energy of gas is
constant because
liii. Which one is not an Slow compression Explosion Changes due to Dissipation of
irreversible process? ofagasintoa friction energy
cylinder
liv. Which is the average 6.21*10%* J 6.21*10% ) 6.23*10%) 6.21*10%)
translational kinetic energy
of molecule in a gas at See exp 11.1 for solution
temperature 27°C
Iv. | the value of triple point of 373.16 K 273.16 K 173.16 K 0K
water is
Ivi. Which is isothermal Rapid escape of | Slow expansion | Rapid expansion of | Cloud formation
process? air from burst tyre of gas in gas in cylinder
cylinder at
const temp
Ivii. | A gas containing ‘N’ number N/az2 Nm/a m/a3 Nasz/m
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each side ‘a’. What is the
density of gas contained in
cube?

Iviii. | Entropy remains constant in Isothermal Adiabatic Isobaric process Isochoric process
process process
lix. In ‘General Gas Equation n = NNa n = Na/N n = N/Na n=N+ Na
PV=nRT’, ‘n’ represents the
number of moles of gas.
Which of the
following represents the
relation of ‘n’?
IX. A device based upon Calorimeter Heat engine Thermometer Voltmeter
thermodynamic property of
matter is called
Ixi. | Attriple point of water, the 496.38 K Zero 438.96 K 496.38 oF

pressure of gas is 2680 Pa, by
changing ‘T’ the pressure
increases
to 4870 Pa. Then ‘T’ is:

As pressure is directly proportional

to average kinetic energy of molecules/temperature so in this

increased 1.8 times, so for finding the value of new temperature 1.8*¥273.16=496.38 k

case pressure is

IXii. | The most important factor It practically Its efficiency is It set an upper It sets a lower
regarding the significance possible 100% limit on the limit on the
of Carnot engine is that efficiency efficiency
Ixiii. Which is called internal Potential energy Translational Both A&B Vibrational
energy of an ideal gas ? Kinetic energy Kinetic energy
IXiv. The process which is Isothermal Adiabatic Isochoric Isobaric
carried out at constant
temperature is called
Ixv. At what temperature both -100° -180° -40° -273¢
Celsius and Fahrenheit scales
give the same reading?
Ixvi. A heat engine working 27°C 300°C 127°C 600°C

according to second law of

thermodynamics has 50%
efficiency. What

will be the temperature of

its low temperature
reservoir if high
temperature reservoir is
327°C?

1=50%=0.5,T2=600K,1 = (L-T2/T1),,05=(1-

T2/600), T2/600 = 0.5, T2=300K =300-273=27°C

Ixvii. | Working cycle of a typical Two strokes Four strokes Six strokes Eight strokes
petrol engine consists of
XViil. Carnot cycle is Reversible Irreversible Both A&B None of these
IXix. | Two sample of gases ‘1’ and ‘2’ 3:2 49 2:3 V2:/3
are taken at same temperature
and pressure but the ratio of
number of their_volume _is Vi:V2 Apply ideal gas eq
= 2:3. What is the ration of
number of moles of the gas
sample?
IXX. The curve represents an Isotherm Adiabate Adiabatic Isothermal
adiabatic process is called
IXxi. Which of these is not an Work done Heat produced Melting of ice Explosion
example of a irreversible against friction by current

process ?
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scale of temperature?

Ixxii. | Kinetic energy of an ideal Infinite Zero Very high Below zero
gas at absolute zero will be
?
xxiii. | One of the following is true 71 7= 7« w=U
for Carnot engine -
XXIV. Internal energy of a Pressure Volume Temperature None of these
substance is directly
proportional to
Ixxv. | A carnot engine discharge 33% 40% 60% 66%
3J of heat into the LTR for
every 2J of work. The
efficiency of carnot engine
will be
Q2=3J, W= 2J, W=0Q1-Q2, Q1=W+Q2=2+3=5], applying efficiency formula n=W/Q1*100=2/5*100=40%
xXvi. | An adiabatic process is that Entropy Volume Pressure Temperature
which has constant
kxvii. | What is the 273 k on the Celsius 0.15°C -0.15°C 273.15°C -273.15°C

As 1C=273.15K so convert Celsius into

kelvin subtract it 273-273.15=-0.15°C

Construction of

XViii. The efficiency of carnot Nature of working | Size of engine Temperature of
engine depends on substance engine hot and cold
reservoir
XXiX. When the rate of gas changes Isothermal Isochoric Process Adiabatic Process Isobaric Process
without change in temperature, Process
the gas is said to undergo
IXXX. Which of the following Explosion Human Evaporation Cloud formation
processes is practically metabolism
reversible
xxXi. | An ideal gas is one whose K.E only P.E only K.Erot Vibration &K.E
molecule have energy only
kxxii. | Boyle law is applicable to Isochoric process | lIsobaric process | Isothermal process Adiabatic
process
XXiii. For a diatomic Cv=5R/2 57 4/35 7/5 35/4
then gamma is
Cp-Cv=R, Cp-5R/2=R, Cp=R+5R/2=7R/2, put Cp=7R/2, Cv=5R/2 in y=Cp/Cv= 7/5
XXIV. According to first law of Energy Force Momentum Power
thermodynamics the
guantity which is conserved
XxXV. | A system does 600J of work 280J 920J 600J 200J
and at the same time its
internal energy increased by
320J. how much heat has
been supplied
Apply first law of thermodynamics Q=AU+W=600+320=920J
xxvi. | Latent heat of fusion of ice 3.36*10° 336*10° J/kg 3.6%10° J/Kg 3.36%10° J/kg
is Lf J/IKg
kxvii. | If Cvis the molar specific Area Energy Volume Density
heat at constant volume and
AT is temperature then
CvAT gives
XViil. Heat is form of Power Momentum Energy Torque
XXiX. An isothermal process is PV=constant P/V=constant P/T=constant None
represented by equation
XC. The ratio of Cp/Cv for 1.67 1.50 1.40 1.29
diatomic gas is equal to
Xcl. Environmental crises are Population crises | Entropy crises War crises Mass crises
known as
XcCil. Ideal gas equation is PT=NUK P=NKT PV=nRT P=nRT




100 J and 100 of work
done on the system the
heat lost will be?

is
n

73
xciii. | Difference between Cp and Planks constant Universal gas Molar gas constant Boltzmann
Cv is equal to constant constant
XCIV. In thermodynamic system Zero 100 200J -200J
internal energy decrease by

Apply first law of thermodynamics AU=-100 J, W=-100 J, so Q=-100+(-100)=-200 J, as work done on system is -iv
XCV. According to Charles law Veal PalV Val/! P None of these
XCVi. Which is an example of Explosion Evaporation Slow compression Liquefaction
irreversible process?
XCVil. The value of molar gas 8314 831.4 8.314 83.14
constant R in J/mol K
cviii. | 1 mole of a gas occupies 227K 370K 300K 390K
volume 1.00 x 102m3in a By using
gas cylinder whose PV=nRT
pressure is equal to
2.50 x 10°Pa. The
temperature of cylinder is
By using ideal eq PV=nRT,, 2.5%¥10°*1*102=1*R*T, RT=2.5%103, T=2.5*103/8.31= 2500/8.31=300 K
XCiX. Estimate pressure of air 1x103Pa 1x10? Pa 2.5x10%Pa 2.7x10% Pa
molecules at 273K, if
mean square speed is 500
m2/s2 and density
of air is 6 kg/ms:
By using P=1/3 ¢<v?>=1/3*6*500=3000/3=1000 pa=1*10° pa
C. For obeying Boyle law, if One half Double One fourth Same
pressure is doubled then
volume
Pressure of gas is inversely proportional to volume so doubling the pressure half the volume
Ci. Pressure of gas is directly Potential energy | Average Kinetic Wind energy Sound energy
proportional to energy
cii. | The dimension of entropy [MT_Z] [MLZT_z] [MLzT_zK_I] [MLZT_zK]
are - -
Apply entropy formula put dimensions heat=[ML?T "], Temperature=[K]
ciii. Entropy of universe with Increase Decrease Remains same Increase and
passage of time is decrease
Civ. An ideal heat engine can 0K 0°C 273K 100 K
only be 100% efficient if its
cold temperature reservoir
is
By using efficiency formula, there is only one condition under which efficiency will be 100% when T,=0K
Cv. Diatomic molecule has Translational Rotational Both A&B None
energy energy energy
cvi. | For diatomic gas gnlglecule g R g R 7 R 11 R
v=14and Cv==71 the 5 2 2 2
value of Cp
Solution As Cp-Cv=R, so Cp-5R/2=R, Cp=R+5R/2, taking LCM then we get Cp=7R/2
cvii. | If the temperature of gas is Constant Zero Increased Decreased

1
constant then <E mv2> of

molecules of gas is

As temperature is directly proportional to average kinetic energy of gas molecules




cviii. | A heat engine operating b/w 60% 50% 40% 70%
temperatures 400K and
1000 K, its efficiency will
be

Apply efficiency formula by putting T1=1000 K, T2=400 K,, efficiency=(1-T»/T1)*100
(1-400/1000)*100= 60%
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Chapter # MCQs Short
Number 17/17 Questions Extensive Questions
Q.1 22/33 03/05
01 2 2 InQ.9
02 2 3 Q.5 (a)+(b) a or b part may be selected from chapter 02 or 03
03 1 4
04 1 2 Q.6 (a)+(b) a or b part may be selected from chapter 04 or 08
05 2 4
06 2 2 None
07 1 3 Q.7 (@)+(b) a or b part may be selected from chapter 05 or 07
08 2 4
09 1 3 Q.8 (a)+(b) a or b part may be selected from chapter 09 or 10
10 1 2
11 2 4 Q.9 (a)+(b) a or b part may be selected from chapter 01 or 11

Short Questions portion is divided into 03 Questions which are as follows
Q.2 Chapter (01+02+04+06+07) Attempt any 08 from 12 questions
Q.3 Chapter (03+05+08) Attempt any 08 from 12 questions
Q.4 Chapter (09+10+11) Attempt any 06 from 09 questions
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Objective
Q.1 MCQs 17

Q# | Statement Option A Option B Option C Option D

01 | The term 134.7 can be written in scientific | 1.347*10? 1.347*103 1.347*10? 1.347*10*
notation as

02 | The quantity 0.00467 has significant figures 3 4 5 6

03 | If the two components of a vector are equal in | 30° 450 60° 90°
magnitude, the vector making angle with x-axis

04 | Two forces of magnitude 10N and 20N act on a | 25.98N 30.98 N 20.98N 17.98N
body in direction making angle 30°X-
components of resultant force will be

05 | If the maximum height of projectile is equal to | 30° 450 76° 90°
range of projectile the angle of projection

06 | If 50kg crate is pushed through 2m across the | 245 ] 150 2001 100J
floor with a force of 50N, the work done will

07 | A body rotates with constant angular velocity of | Zero Nm 100 Nm 200 Nm 300 Nm
100rad/s about vertical axis, the required torque

08 | Moment of inertia of 100kg sphere having radius | 10 kgm? 5 kgm? 500kgm? 2.5kgm?
50cm will be

09 | Laminar flow occurs at High speed Low speed | Zerospeed | Very high

speed

10 | High concentration of red blood cells increases | 2-3 times of | 3-5 times of | 5-7 times of | 7-9 times of
the viscosity of blood from water water water water

11 | Distance covered by a body in one vibration is | 5cm 10cm 15cm 20cm
20cm , the amplitude of the vibration will be

12 | Speed of sound in hydrogen is higher than in | 4 6 8 16
oxygen by times

13 | Sound waves cannot pass through Liquids Solids Gases Vacuum

14 | Which of the following cannot produce colors | Diffraction Interference | Polarization | Dispersion
with white light?

15 | The image formed by eye piece of compound | Real and | Real and | Virtual and | Virtual and
microscope magnified diminsed enlarge diminished

16 | The direction of flow of heat b/w two bodies in | Internal Kinetic Potential Atmospheric
thermal contact is determined by energies energies energies pressure

17 | A carnot engine has efficiency of 50%, when its | 300°C 327°C 373°C 273°C
sink temperature is 27°C, the temperature of
source is
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Section-------- I
Q.2 Answer briefly any Eight parts from the followings:- 16
i.  Write any two point which should keep in mind while using units?

ii. How many microsecond in one year?

iii. Findtheangleb/w A=2i—2j and B=2i+2j.

iv.  Can the magnitude of a vector ever be zero? Explain.

v.  What are the steps taken to add vectors by rectangular components?

Vi. In which case more work is done? When a 50kh crate is pushed through 10m across the floor with a force of 30 N
or same crate is lifted through 5m height?
Vii. Derive work energy principle.
viii.  Explain how swing is produced in fast moving cricket ball?

iXx.  What do you know about viscosity and drag force?
X.  What are the factors upon which frequency of mass spring system depends?
xi.  What is difference b/w free and driven harmonic oscillator?
xii.  Explain phase and initial phase?
Q.3 Answer briefly any Eight parts from the followings:- 16
i.  Can the velocity of an object reverse direction when acceleration is constant? If so give example.
ii. Define impulse and show how it is related to linear momentum?
iii.  What does the slope of velocity time graph represent?
iv.  Anobject is thrown vertically upward. Discuss the sign of acceleration due to gravity?
V. Define angular velocity? How its direction is determined?
Vi. Prove that 1 radian=57.3¢.
vii.  When mud flies off the type of moving bicycle. In what direction does it fly? Explain.
viii.  Show that orbital angular momentum Lo=muvr.
iXx.  What is difference b/w interference and beats?
X.  What is difference b/w constructive and destructive interference?

xi.  Explain why sound travel faster in warm air than in cold air?
Xii. How should a sound source move with respect to an observer so that frequency of its sound not change?
Q.3 Answer briefly any Six parts from the followings:- 12

i.  Can visible light produce interference fringes? Explain.
ii.  Why the polaroid sunglasses are better than ordinary sunglasses?
iii.  How coherent light beam can be produced? Explain.
iv. How the light signal is transmitted through optical fiber? Explain.
V. How can the resolving power of compound microscope be increased?
vi.  Specific heat at constant pressure is greater than specific heat at constant volume. Why?

vii.  What would be the average speed of oxygen molecule in the air at S.T.P
viii. Difference b/w isothermal and adiabatic process.
iX. Is it possible to convert internal energy into mechanical energy? Explain with example.
Section---------- I
Note: Attempt Any three questions. 24

Q.5 (@) What is Carnot engine? Discuss Carnot cycle and derive the formula for its efficiency.

(b) Suppose, We are told that the acceleration of a particle moving in a circle of radius r with uniform speed v is
proportional of r, say r", and some power of v, say v™, determine the powers of r and v?

Q.6(a) what is isolated system? State and explain law of conservation of linear momentum.

(b) Two particles are located at I} = 3f + 7j and I, = 21 + 3j respectively. Find both the magnitude of the vector

(r,_1,) and its orientation with respect to the x-axis.

Q.7 (a) Define Doppler effect. Discuss the case when source moves towards the stationary observer and when observer
moves towards the stationary sources.

(b) A brick of mass 2.0 kg is dropped from a rest position 5.0 m above the ground. What is its velocity at a height of 3.0 m
above the ground?

Q.8(a) what is meant by gravity free system? How gravity like earth is produced in space ship? Explain.

(b) A simple pendulum is 80 cm long. What will be its frequency of vibration at a place where g = 9.8 ms2?

Q.9 (a) what is magnifying glass? How is it used as microscope? Derive the relation for its magnifying power?

(b) In a double slit experiment the second order maximum occurs atd =0.25° . The wavelength is 700 nm. Determine
the slit separation.




