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PREFACE

We would like to thank all the students for helping me understand their problems and for making
me work to get their solutions and the teachers who made by concepts and basics clear. We owe
this book to them.

This book is meant for all students who are preparing for different entrance examinations, specially,
ISEET/IIT JEE and AIEEE and NEET. The most important thing we found was the gap between the
normal class XI and XII curriculum and the level of preparation required for clearing the entrance
exams conducted after class XIL In this book we have tried to bridge that gap and give the student
everything from the very basic concepts to the best possible application of the concepts.

We would request the students to first go through the complete concepts of your class XI and XII
and then read the summary given in the beginning of each chapter in this book and finally try to
attempt the questions given. Try your best to solve the questions on your own, even if a problem
takes two to three days, keep thinking about the problem till you reach the solutions. You need to
remember the concept and the application in a particular solution and not the question, as the
chances of the same question being asked are rare, but all the questions asked in the exam will be
based on one or the other concept of the problems discussed in this book.

Generally the questions asked in the exam are not just based on one concept but may be based on
more than one concepts and hence reading the question carefully, understanding and thinking of
the method to be applied is the most important part of problem solving.

We would like to again request the students to stick to the concepts and their applicability rather
than concentrating on questions only. Each question should be seen as a method of solving that
type of problems and should be remembered.

We wish you all the best. Do well.

AUTHORS
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UNITS AND MEASUREMENTS

1.1 UNITS

A unit is an internationally accepted standard for
measurements of quantities.

Measurement consists of a numeric quantity along
with a relevant unit.

Fundamental quantities are those physical

guantities that cannot be expressed in terms of other
These
Length, mass,

quantities. are independent quantities. For

example: time, temperature, electric

current, amount of substance.
Derived quantities are those physical quantities that
are derived from the combination of fundamental

do
(0]
de = de radian dQ =d§ steradian
Plane angle (Unit - Radian) Solid angle (Unit - Steradian)
Fig. 1.1 Fig. 1.2

1.2 MEASUREMENT OF LENGTH

Length can be measured using metre scale (107> m to
10° m), vernier callipers (10™* m) and screw gauge and
spherometer (107° m).

Range of Length:

guantities. It is a dependent quantity. For example: force, Size of object or distance Length (m)
density, volume, momentum etc. Size of proton 1075
Fundamfental and derived units together form a Size of atomic nucleus 1074
system of snits.
. . _8
Internationally accepted system of units s Length of typical virus 10
Systémelnternationale d' Unites (French for International Wavelength of light 107
system of Units) or SI. It was developed and Thickness of paper 1074
recommended by General Conference on Weights and i 4
) Height of Mount Everest above sea 10
Measures in 1971.
level
SI system lists 7 base or fundamental units as in the . y
table below. Along with it, there are two units - radian or Radius of earth 10
rad (unit for plane angle) and steradian or sr (unit for Distance of moon from earth 108
solid angle). They both are dimensionless. Distance of sun from earth 101
Base Quantity Name | Symbol Distance of pluto from sun 10"
Length metre m Size of our galaxy 10
Mass kilogram kg Distance to Andromeda Galaxy 10%
Time second s Distance to observable universe 10%°
Electric current ampere A boundaries
Thermodynamic temperature kelvin K (Special length units)
Amount of substance mole mol Unit name Unit Value in
Luminous intensity candela cd symbol meters
fermi f 10" m
angstrom A 10 m

1.1




11" Physics

Units and Measurements

astronomical unit (average AU 1.496 x 10" m
distance of sun from

earth)

1.4 MEASUREMENT OF TIME

light year (distance ly 9.46 x 10" m
travelled by light in 1 year

with velocity 3 x 10% m/s)

parsec (distance at which pc 3.08 10" m
average radius of earth’s

orbits subtends an angle

of 1 arc second)

1.3 MEASUREMENT OF MASS

Mass is usually measured in terms of kg, but for
atoms and molecules, unified atomic mass unit (u) is
used.

1
lu-= E of the mass of an atom of carbon-12

isotope including mass of electrons (1.66 x 10™’ kg).

Apart from using balances for normal weights, mass
of planets is measured using gravitational methods and
mass of atomic particles is measured using mass
spectrograph (radius of trajectory is proportional to mass
of charged particle moving in uniform electric and
magnetic field).

Range of Mass:

Object Mass (kg)

Electron 107
Proton 1077
Red blood cell 107"
Dust particle 107°
Rain drop 10°°
Mosquito 107
Grapes 10°°
Human 10°

Automobile 10°

Boeing 747 aircraft 10°

Moon 10%
Earth 10%
Sun 10%°
Milky way Galaxy 10"
Observable Universe 10>

Time is measured using a clock. As a standard,
atomic standard of time is now used, which is measured
by Cesium or Atomic clock.

Range of Time:

Event Time interval (s)

Life span of most unstable particle 107
Period of x-rays 107"
Period of light wave 107"
Period of radio wave 10°°
Period of sound wave 107
Wink on an eye 107!
Travel time of light from moon to 10°
earth

Travel time of light from sun to 10°
earth

Rotation period of the earth 10°
Revolution period of the earth 10’
Average human life span 10°
Age of Egyptian pyramids 10"
Time since dinosaur extinction 10"
Age of Universe 10"

1.5 ACCURACY AND PRECISION OF
INSTRUMENTS

Any uncertainty resulting from measurement by a
measuring instrument is called error. They can be

systematic or random.

Accuracy of a measurement is how close the

measured value is to the true value.

Precision is the resolution or closeness of a series of

measurements of a same quantity under similar

conditions.

If the true value of a certain length is 3.678 cm and
two instruments with different resolutions, up to 1 (less
precise) and 2 (more precise) decimal places respectively,
are used. If first measures the length as 3.5 and the
second as 3.38, then the first has more accuracy, but less
precision; while the second has less accuracy and more

precision.
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1.6 TYPES OF ERRORS

1. Systematic errors:

A systematic error is one that results from a
persistent issue and leads to a consistent error in the
measurements. It can be completely removed by
changing the instrument or experimental techniques or
experimenting under proper atmospheric conditions and

techniques etc.
They are of following types:

(a) Instrument errors: These arise from imperfect
design or calibration error in the instrument. Worn
off scale, zero error in a weighing scale are some

examples of instrument errors.

(b) Imperfections in experimental techniques: If the
technique is not accurate (for example measuring
temperature of human body by placing thermometer
under armpit resulting in lower temperature than
actual) and due to the external conditions like
temperature, wind, humidity, these kinds of errors
occur.

(c) Personal errors: Errors occurring due to human
carelessness, lack of proper setting, taking down
incorrect reading are called personal errors.

2. Random errors:

Random error describes errors that fluctuate due to
in the
measuring process, or the variation in the quantity we

the unpredictability or uncertainty inherent

trying to measure.

They cannot be completely removed but only be
minimized.

These occur due to unpredictable fluctuations in
experimental conditions like temperature, voltage supply,
mechanical vibrations, personal errors etc.

Calculation of errors in a series of measurements:

Suppose  the values obtained in several

measurements are a, ay, as, ..., an.
(@ +ay+az+...
n

+ a,)

(a) Arithmetic mean, a,ca, =

SR
™M s

a;

i=1
(b) Absolute error: The magnitude of the difference
between the true value of the quantity and the
individual measurement value is called absolute error

of the measurement. It is denoted by |Aa| (or Mod of

Delta a). The mod value is always positive even if
Aa is negative. The individual errors are:
Aa1 = Amean ~ A1, AaZ = Amean ~ A2 +---e- [ Aan = Amean ~ an
(¢) Mean absolute erroris the arithmetic mean of all

absolute errors. It is represented by Aapean-

Aa _ (|Aay] + |Aay| +|Aas| + ... +|Aay))
mean — n

For single measurement, the value of ‘a’ is always in
the range anean £ Admean-
So, a = Amean £ Adpmean
OF @mean — Admean < @ < Amean + Admean
(d) Relative error: It is the ratio of mean absolute
error to the mean value of the quantity measured.

. amean
Relative error = —

mean

(e) Percentage error: It is the relative error expressed in
percentage. It is denoted by Ja.

Aamean
da = (—) x 100

mean

1.7 COMBINATIONS OF ERRORS

If a quantity depends on two or more other
quantities, the combination of errors in the two quantities
helps to determine and predict the errors in the resultant
quantity.

1. For summation:
If z=x+y, then Az = + (Ax + Ay)

Therefore, the maximum relative or fractional error,

Az Ax + Ay
z ~ Xx+y

2. For difference:
If z = x -y, then the maximum absolute error will be
Az = * (Ax + Ay)

Hence the maximum fractional error,

Az Ax + Ay
z T Xx-y

3. For product:

If z = xy, then the maximum fractional error,

gzi(ggx)

z X oy

4. For division:

X
Ifz= ; then the maximum fractional error,
Az Al
Az J_r(_x . éx)
z Xy
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5. For power: e.q. Number | Significant Figures (S.F.)
Az AX
Ifz=x"then—=n.— 0.04 1
z X
AK B 0.003 1
Similarly if z = W , then the maximum fractional
0.0123 3
errorin zis,
0.132 3
Az MM ABAC
7 KA LM 5. All zeros to the right of a decimal point and to the
1.8 SIGNIFICANT FIGURES right of a non-zero digit are significant figures.
Every measurement results in a number that includes €g. Number | Significant Figures (S.F.)
reliable digits and uncertain digits. Reliable digits plus the 0.30 2
first uncertain digit are called significant digits or 0.320 3
significant figures.
0.07800 4

These indicate the precision of measurement which
depends on least count of measuring instrument.

Example, period of oscillation of a pendulum is 1.62 s.

Here 1 and 6 are reliable and 2 is uncertain. Thus, the
measured value has three significant figures.

1.9 RULES FOR DETERMINING NUMBER OF
SIGNIFICANT FIGURES

1. All non-zero digits are significant figures.

eg. Number Significant Figures (S.F.)
8 1
82 2
862 3
8621 4

2. All zeros occurring between non-zero digits are

significant figures.

eg. Number Significant Figures (S.F.)
802 3
108.002 6

3. All zeros to the right of the last non-zero digit are not
significant figures.

6. All zeros to the right of a decimal point are

eg.

significant, if they are not followed by a non-zero

digit.

Number

Significant Figures (S.F.)

70.00
470.00

4
5

7. The powers of ten are not counted as significant
figures.

e.g. 149 x 10" has only S.F. = 3
Note:

(a)

(b)

Change of units should not change number of
significant digits. Example, 4700 m = 470.0 cm =
4700 mm. In this, first two quantities have 4
significant figures, but third quantity has 2 significant
figures.

Use scientific notation to report measurements.
Numbers should be expressed in powers of 10 like
a x 10° where b is called order of magnitude.
Example, 4.700 m = 4.700 x 10 cm = 4.700 x 10> mm
= 4,700 x 1072 km. In all the above, since powers of
10 are irrelevant, number of significant figures are 4.

eg. Number Significant Figures (S.F.)
60 1
640 2
6480 3

4. All zeros to the right of a decimal point and to the

left of a non-zero digit are not significant figures.

1.10 RULES FOR ARITHMETIC OPERATION

WITH SIGNIFICANT FIGURES

Type Multiplication or Addition or
Division Subtraction
Rule The final result The final result

should retain as
many significant

should retain as
many decimal
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figures as there in places as there in

the original number | the original

with the lowest number with the

number of least decimal
significant digits. places.
Example Mass Addition of

Density = Volume

If mass =4.237 g
(4 significant
figures) and volume

436.32 (2 digits
after decimal),
227.2 (1 digit after
decimal) and 0.301

=251 cm’ (3 digits after

(3 significant decimal) is

figures) = 663.821
42379 Since 227.2 is

Density = 551 cm®

| 68804 N precise up to only
=1 gcm™ =

1 decimal place,

1'69 9 Fm_g hence, the final
(j?’ significant result should be
flgures) 663.8.

1.12 RULES FOR DETERMINING
UNCERTAINTY IN RESULTS OF
ARITHMETIC CALCULATIONS

1.11 RULES FOR ROUNDING OFF THE
UNCERTAIN DIGITS

Rounding off is necessary to reduce the number of
insignificant figures to adhere to the rules of arithmetic
operation with significant figures.

Rule Insignificant Preceding Example
Number digit digit (rounding
off to two
decimal
places)
1 Insignificant Preceding Number:
digit to be digit is raised | 3.137
dropped is by 1. Result:
more than 5. 3.14
2 Insignificant Preceding Number:
digit to be digit is left 3132
dropped is unchanged. Result:
less than 5. 313
3 Insignificant If preceding Number:
digit to be digitis even, | 3.125
dropped is itis left Result:
equal to 5. unchanged. 312
4 Insignificant If preceding Number:
digit to be digitis odd, it | 3.135
dropped is is raised by 1. | Result:
equal to 5. 3.14

To calculate the uncertainty, following process should
be used.

« Add a lowest amount of uncertainty in the
original numbers. Example uncertainty for 3.2 will be
+ 0.1 and for 3.22 will be + 0.01. Calculate these in
percentage also.

« After the «calculations, the uncertainties get
multiplied/divided/added/subtracted.

« Round off the decimal place in the uncertainty to
get the final uncertainty result.

Example, s for a rectangle, if length [ = 16.2 ¢cm and
breadth b = 10.1 cm, then, take [ = 16.2 + 0.1 cm
or 162 cm * 0.6% and breadth = 101 + 0.1 cm or
101 cm = 1%.

On multiplication, Area = Length x Breadth =
163.62 cm” + 1.6% or 163.62 + 2.6 cm”.

Therefore after rounding off, area = 164 + 3 cm?

Hence 3 cm’ is the uncertainty or the error in
estimation.

Rules:

1. For a set of experimental data of ‘n’ significant
figures, the result will be valid to ‘n’ significant
figures or less (only in case of subtraction).
Example: 129 - 7.06 = 5.84 or 5.8 (rounding off to
lowest number of decimal places of original number).

2. The relative error of a value of number specified
to significant figures depends not only on n, but
also on the number itself.

Example, accuracy for two numbers 1.02 and 9.89 is

+ 0.01. But relative errors will be:

+0.01

For 1.02, ( 102 ) x 100% = +1%
+0.01

For 9.89, 989 )% 100% = + 0.1%

Hence, the relative error depends upon number itself.

3. Intermediate results in multi-step computation
should be calculated to one more significant
figure in every measurement than the number of
digits in the least precise measurement.

1
Example: 958 = 0.1044
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1
=956 and 75, = 9.58

Now, 0.1044

' 0.104

Hence, taking one extra digit gives more precise
results and reduces rounding off errors.

1.13 DIMENSIONS OF A PHYSICAL QUANTITY

Dimensions of a physical quantity are powers
(exponents) to which base quantities are raised to
represent that quantity. They are represented by square

brackets around the quantity.

Dimensions of the 7 base quantities are Length [L],
Mass [M], time [T], electric current [A], thermodynamic
temperature [K], luminous intensity [cd] and amount of
substance [mol].

Examples: Volume = Length x Breadth x Height = [L]
x (L[] = L) = [L]
[MI[L]

Force = Mass x Acceleration = 5

m7 = ML)

Dimensions do not take into account the magnitude
of a quantity

1.14 DIMENSIONAL FORMULA AND
DIMENSIONAL EQUATION

Dimensional formula is the expression which shows
how and which of the base quantities represent the
dimensions of a physical quantity.

Dimensional equation is an equation obtained by
equating a physical quantity with its dimensional formula.

Dimensional Formulae with S.1.

Units of Physical Quantities

Sr. Physical Quantity Physical Formula Dimensional Formula S. L Unit

No.

1. Mass Mass [ML°T®] = [ML°T?] kg

2. | Length/Distance/ Length [M°L T°] = [M°LT9] m
Displacement/Height

3. | Time Time [M°L° T] = [M°L°T] S

4. | Area Length x Breadth LxL=L? = [M°L’Te] m?

5. | Volume Length x Breadth x LxLxL=L3 = [M°L’Te] m?

Height
6. | Density Mass M s = ML T kg. m™
3 = ML
Volume L
7. | Specific Gravity Denisty of material No dimension - -
Density of water at 4° C
8. | Speed/Velocity Distance  Displacment | L 1 = [MeLTY ms™
- or - =LT
Time Time T

9. | Linear Acceleration (a) | Velocity Lt -T2 = [M°LT ms2
or Acceleration due to Time T
gravity (g)

10. | Linear momentum (p) Mass x Velocity MxLT? = MLT? = [MLTY kg ms™*
or or
Impulse (I) Force x Time MLT?xT = MLT? = [MLT] Ns

11. | Force/Thrust/Tensions | Mass x Acceleration Mx LT? = MLT? = [MLT? newton (N)
(T) Weight

12. | Force constant Force MLT? a2 = [ML°T? Nm™

- =MT
Change in length L
or
Surface Tension
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