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Under_stand that all physical quantities consist of a numerical magnitude and-a.unit.
Describe and use base units, supplementary units, and derived units.
Understand and use the scientific notation.

Use _the standard prefixes and their symbols to indicaté deésimalysub-multiplies or
multiples to both base and derived units.

Understand and use the conventions for indicating units,

Understand the distinction between systematic errdrs and tandom errors.
Understand and use the significant figures.

Understand the distinction between precision andiaccuracy.

Use dimensionality to check the homogeneity of physical equations.
Derive formulae in simple cases using dimensions.

INTRODUCTION TO PHYSICS

Man has always been curious to know about things. He started to observe, think and wondering
about the world around him. He tried 10 find ways to organize the disorder in observed facts about
natural phenomena and material objects things 1n orde‘rly manner. His attempts resulted in the birth of a
single discipline (Branch) of science, called natural philosophy.
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There was a huge < inerease 1in, the volume of scientific

knowledge up till the beginning of nineteenth century and it was found v Areas of Physics
I | StLI ¢ 31 | branch. echanics
necessary to classify the study of nature into two bran A
' iological Seiences. oo tadnlem
2 % 'g 1 | Optics
(i) Physical Science. oilo
Biological Sciences - Hydrodynamics

] * T - h b Special relativity
The science which deals with living things such as botany, [generalrelativity

_ . T 1 hiological sciences. Quantum mechanics

ZOOlogyem’ 3‘3 c a;-HEd DI0\08 Atomic physics

| " | Molecular physics

Jhich deals with non living things such as ggg:a{al:hysgcsbs
* : - id-state physi

logy etc are called physical sciences. Parlicle phisloe

d basic part of physical science besides |Superconductivity

my geology etc. Physics [Superfluidity
astronomy g gy y Sl 08

Physics is important an
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e <ciplines such as chemistry _
its ’Othe,fpilrsizgntal scic ice and scientific method emphasizes the need
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¢ accurate measurement of different phenomena or of man made
of accul | '. _

objects * - ﬂ
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Frontiers of Fundamental Science
f fundamental science.
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(3) The world of complex matier, 1t 15 also the world ol middle sized things, 1wO1Y 10le
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Q.1 Define physics. Give its main branches. .
yro PHYSICS

“The branch of science which deals with the study of matter and energy and the relationship

$ S an 77
between them is called physics.’
< involves investigating of such things as the laws of motion, the structure of
¢ forces that hold different materials together, the interaction

he study of physi
space and time, the nature and type O
between different
Interdisciplinary Areas

Branches of Physics of Physics

By the end of 19" century many physiCists started believing that
everything about ppyuch has been diamvcrw* However, about the
beginning of the 20™ century many new experimental facts ﬁhf’wcd. that
the laws formulated by the previous scientists need modifications.
Further researches gave birth to many new disciplines (branches).

Asirophysics
Biophysics
Chemical physics

Engineering physics
Geophysics
Modical physics J
Physical oceanograpny

Physics of music -

(1) Nuclear Physics
[he branch of physics which deals with atomic nuclel, is calied
nuclear physics.

(2)  Particle Physics

The branch of physics which is concemed with the ultimale
particles of which matier is composed of 1 called particle
physics

(3)  Relativistic Mechanics

The branch of physics which deals with velocities approaching '
that of light is called relativistic mechanics.

(4)  Solid State Physics

The branch of physics which is concerned with the structure and
properties of solid materials is called 8alid state physics.

Other Branches of Sclence

Physics 18 the most fundamental of all mmm and prnviclcs
othe. branches of scienee, basic principles and fundamental laws, This

averlapping of physics and other flelds gave bigth to new branches such as physical Chemistry.
biophysics, astrophysics, health physies elc,

Do You Know?

ara made from

Computar chips
walers of the metalloid silicon, @
samiconductor,

particles, the interaction of electromagnetic radiation with matter and 50 on, /

[CHAPIER Y MEASUREMENTS
—_——

Q.2  What is the role of physics in technology?

_---_—_______-_-—_——'—-—_.—__.____—__——_

Y ROLE OF PHYSICS IN TECHNOLOGY

Physics also plays an important role in development'f lechnology and engineering.

. Sﬁcience and technology are potent forCo“fgfuthe ‘ehange in the outlook of mankind. The
information media and fast means of communications Ha¥e brought all parts of the world in close

contact with one another. Events in ope part of théworld are immediately reverberate round the globe.

We are living in the age of yifermation technology. The Somputer networks are products of chips
developed from basic ideas of physics. The ehips are made of silicon. Silicon can be obtained from sand.
It is upto us whether we make a.sand castle Of Gamputer out of it.

Q.3 What do you mean by physieal quantities? Also describe its types.
T8 PHYSICAL QUANTITIES

The foundation of physiés rests upon physical quantities in
terms of ahich the laws of physics one expressed. Therefore the
qualities have to be measured accurately.,

Do You Know?

All those quantities which can be measured are called physical
guantities.

e, mass length, time, velocity, force, density temperature,
elgetnc cument, volume, acceleration ete.

Physical quantities have been divided into two categories.
(1) Base quantities.
(11) Derived quantities.

(i) Base Quantities

Base quantities are those quantitics which cannot be defined In
terms of other physical quantities. These are the minimum number of
physical quantities in term of which other physical quantities can be
defined. The typical examples of base quantities are length, mass and
time.

(i)  Derived Quantities

Those physical quantities whose definitions are expressed in terms of other physical quantities
are called derived quantities. .

The examples of derived quantities are velocity, acceleration, force, momentum ete.

Measurement of Base Quantities
The measurement of base quantity is based on two steps.
(i) The choice of standard.

(i) The establishment of a procedure for comparing the quantity to be measured with the
standard so that number and a unit are determined as the measure of that quantity.

-----------------
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oo V5 ha maade batween the | lhe radian is the plane angle between two radhi of a circle
| wihich cut off on the circumferenc > | |
: erence an arc, equal in length adius
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' 4 Whet is international system of units? eradi:
Q4 Whair L , - — steradian
[he steradian is the solid "angle Wthree dimensional angle)

subtended at the centre of the sphare by an &rea of its surface equal to
tie square of radius of the sphere,"88 shown in figiire.

™S INTERNATIONAL SYSTEM OF UNITS

. e & L I ] ¢ |
nons and standard (0 descnbe e

198 an ernatronal commutioe .i@l'r..‘;‘d on A S8 O GaIini
Busssal suantisies The svetom that was established 18 called system intemational (SI). Since then S1 units
e Dosng ased Boe wonkd's sosentific community in all scientific works. The intemmational system of unts (SI) |
: Bl w o e onds O 1S |
1) Base umis (2} Supplemeontary units (3) Denved units - : _ .
~ Q. What are derived units? Give some examples.
-~ : D : 3 [ = .
Q.5 What are base units? Define the base units of S | I DERIVED UNITS
] Sl Units for measuging all other physical quantities are derived from the base and supplementary

FTT BASE UNITS

e ——r

units. Some'@fithe deriyed units are given below:

Phivsical Quantity

There aee seven base umits for vanous physical quantities namely; length, mass, time,
sity and amount of substance (with special reference to the

Fow e

WM NOUS RIS

lemperaiure, elecing current,
number of partcics)
The name of base units for these physical quantities together with symbols are listed 1n table:

.
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Q.8 What do you understand by term?
\

L SCIENTIFIC NOTATION

| _Nurnbcrg arc expressed in standard form called
scientific notation, which employs power of ten. The

Some Prefixes for Powers of Ten

Factor - m i_—Symbol

Thermodynamic tlemperature internationally accepted practice is that there should be only 107" atto .
Intensity of light one non-zero digit left of decimal. 10 femto dfl
‘ Example lgﬂﬁ o -
- _ | mMICro
Q.6 _What are supplementary units? Define them. | The number 134.7 should be written as 107 mili tln
! -2 ' -
3 SUPPLEMENTARY UNITS R Rl 0 (! por a
b/ q * | Similarly, the number 0.0023 can be written as t .
Thc general cpnfcrcncc on wclghla and measures has nol yet classified certain units of the SI 0.0023 = -3 110"-‘ d\:{z d‘i
nder either bm.- units or derived units. These SI units are called supplementary units. This class : o e ey 1(:):, ol M
contains two units, which are: | Conventions for Indicating Units {0 gi&*x G
(1) Radian (Plane angle) Use of SI units requires special care. mo 10" tera o
particularly in writing prefixes. ' an 10" pela v
T exXa | &

(2) Steradian

(Solid angle)

s T
Time _
Bemeowmm | Amer | A
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micrometer screw guage measurc

h \.l LT - l.r ‘ r t ‘ i % |l |I ¥ a - I]- II L {:Dn\l

UnIts.

inties.
W

ERRORS AND UNCERTAINTIES

| * intie
eliminate all possible errors or uncertaint

| ifficult to
ecise to some extent. It 1s very difficult

al Impr ur
R il ent. The errors in a measurement may 0CC

- -
All physical measur -

due 10,

(1) Negligence or inexperience of a person.

(2) The faulty apparatus.
(3) Inappropriate method or technique.

| or
ue to inadequacy ' 4
ural imperfection of a person's sen

| 1t Ons
limitations of an instrument, natural vanats

| he uncertainty 1s
The uncertainty may occur d However 1t

' ' asured or nat
of the object being mea - vy
also usually described as an error in a measureme
Types of Errors

There are two types of errors.
(1) Random error.
(2) Systematic error.

Random Error
ts of 4
Random error is said to occur when repeated measuremen

under the same conditions. It is due to some unknown canses. R
Repeating the measurements several times and taking an average

() guantity, give different values

CITOrS,

(2)  Systematic Errors

equally. It produces consistent difféfence in reading.

— ———
L e

random

& dn ]
b .- . = &
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(1)  Zero error of instrument

(11)  Poor calibration of Instruments, or Incorrect markingetc.

“}_‘;f';tr:irl.-:ll:'r; CITor can be reduced h}/ f;nmpanng the inqlrurm:m with an other which i known to be
more accurate. Thus for systematic error, a corse@lidnfactor caf o€ applied to reduce error.

Q.10 Describe the significant Jigures, Also discussits rules.

e — ey 00

T3 SIGNIFICANT FIGURKES

We know that physics is based bn measuréments
whenever a physical quantigg'is measured; there is some

For Your Information

I T

uncertainty abgut its detgfmined ¥alue. This uncertainty Age of the universe 5% 10"

may be due t0'@ Blumber of reasdns . One reason is the tyrx

e _ _ TP Age of the Earth 1.4 x 10"

of instrument, belfgused. We know that every meascuring 7

Instrument is calibrated to 2 Certain smallest division and | One year 3.2% 10’ H

this I’ac::l put 4 limit @ the degree of accuracy while | One day 8.6 x 10° |

measuring witht it. Time between normal heartbeats | 8 5 10~ |
| Sypp(;sg that we want to measure the Ie'nglh of_a Period of audible sound waves I x 107

straight line with theali€lp of a meter rod calibrated in iod of v . %

Tilimeters, ket the end point of the line lies between 10,3 | Period of typical radio waves | 1 x 10

and 104 cm marks. By convention if the end of line does | Period of vibration of an atom | x 107"

NOt 1QUEh or €ross the midpoint of the smallest division, | in a solid

the re&ding 45 confined to the previous division. In case Period of visible light waves 2 1g™

the end "of Tine seems to be touching or have crossed the

midpgint, the reading is extended to the next division. Approximate Values of Some Time Intervals

By applying the above rule the position of the edge of line recorded as 12.7cm with the help of a
meler rod calibrated in millimeters may lie between 12.65cm and 12.75cm. Thus in this example the

maximum uncertainty is +0.05 cm. It 18, infact, equivalent to an uncertainty of 0.1cm equal to the least

| The rccqrqw value of the length of the straight line i.e. 12.7 ¢m contains three digits (1, 2, 7) out
' ird digit 1S a doubtful one. Thus

“In any measurement, the accurately known digits and the first doubtful digit are called
significant figures.” (OR) “A significant figure is the one which is known to be reasonably reliable”

If the above mentioned measurement is taken by a better measuring instrument which IS exact up

10 hundredth of a centimeter, it would have been recorded as 12, 70¢m. In this case number of significant
figures is four (1, 2, 7 and 0).

Thus, we can say that as we improve the quality of our measunng instrument and techniques, we
extend the measured result to more and more significant figures and correspondingly improve the
experimental accuracy of the result.
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e notation as 8.00 x 10kg and so on.

)

— 1.4576898 x 10°

o SIS s the factor 3.64 x 107, the
_re 1 the answer. As the factor .

how MANY DU should be retained in the

how many numbdETs i

the above caliculations has three sign

insignifl < : del
" ther ficant and should be
ificant figures only. The other higures arc msignl

the last sienificant figure to be retained 1s rounded off.

in

ificant figures, the answer should be u'rmenr o
: ) eted. While deleting

Interesting Information

Eollowing are the rules for rounding off numbers. ~ |Mass (kg:: |
D If the first digit 10 be dropped is less than 5, the lastj chg}t 10 ; Srﬂn
i L ned shouid remain unchanged. €.g. 124 1s =z -
io be reial 1: 0™ ko
rounded off as 1.2 -
(b) [f"f:;e first digit to be dropped 15 more than 5, the la;::ddxg;:} 0> !Dmmﬁum
D) | _ , 5
to be retained is increased by one. e.g. 12.6 1s roun e ip, cJ
as 13, |
(¢c) If the digit 1o be droped is 5, and the number following 5 10"

is not zero then the last digit to be retained is increased by
one e.g. 12.51 is rounded off as 13. 25
(d) If the digit to be droped is 5, and thc number following
' is zero then the last digit to be retained fpl!mtvs odd even
rule. i.c., if the digit to be retained is odd it is increased by
one but left as it 18 if 1t is even.
c.L,
13.50 is rounded off as 14
1450 isroundedoffas 14
155 isroundedoffas 15
16.5 is rounded off as 16
Examples of Numbers to be Rounded Off

The following numbers are rounded off to three significant
f1gures as follows,

[CHAPTER 1] MEASUREMENTS

43.75  1s rounded off as 43.8
56.8546 is rounded off as 6.9
/3.650 isrounded offas  73.6
04.350 isrounded offas 644
Following this rule, the correct answer of the com
(3) Addition or Subtraction of Numbers
In adding or subtracting numbers, the filimbes

equal to the smallest number of decimal plades in any
case, the number of significant fi

putation given in section (2) is 1.46 x 10°

of decimal places retained in the answer should be

of.the quantitiés being added or subtracted. In this
gures 1§ notimportant. It §s.the position of decimal that matters
For example, we wish to add the following quantities expressed

In meters. Do You Know?

(1) 72.1 (1) 2.7543 Mass can be thought of as a form

3492 4.10 of energy. In fact the mass is

o : highly concentrated form o

0.003 | .273r energy. Einstein’s famous equation,

75.58%m 8.1273 Ernit e |

7/5.5m 8.13m Energy = MassJ}Speedofllght! H

In Case (i) the number 72.1 has the smallest number of decimal [According to this equation 1 “QH

P 18
piaces, thus afiswer is roinded off to the same decimal position which |Massisactually9x10 Jenergy.
1S then 75.5m.

In case (ii) the number 4.10 has the smallest number of decimal places, and hence answer is
rounded off to the samedecimal position which is then 8.13m.

Q.11 Explain the term precision and accuracy.
PRECISION AND ACCURACY

In measurements made in physics, the term precision and ?oé
accuracy are frequently used. The precision of a measurement is 8000 o 7
determined by the instrument or device being used and accuracy of 5000 i "?
mcasurement depends on the fractional or percentage uncertainty in 4000
that measurement. Let us make it clear by examples. 2000 I8 /g\
Example-I = ciieip (V)
Let the length of an object is recorded as 25.5cm by using meter |
rod having smallest division in millimeter. This measurement 18 difference ‘?ﬁ :
of two readings that is initial and final positions. In case of single reading 700
uncertainty is taken as * 0.05cm. But in present reading uncertainty is 600
taken double due to the reading of initial and final position i.e. 500
Uncertainty = +0.0540.05 = +0.lcm L marcinyions
This uncertainty is called absolute uncertainty and absolute a
uncertainty in effect is equal to least count of the measuring instrument. 200
Thus, 100°C
Precision or absolute uncertainty (least count) = +0.1e¢m o°c
. 0.lcm .
Fractional uncertainty = 55 5o = 0.004 100
200
. 01 100 04
Percentage uncertainty = 255 %100 = 100 = 04% 273

Some Specific Temperatures
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f.’é Huw will vou assess the total uncertainly in the final resuit? Explain in different cases.
73 ASSESSMENT OF TOTAL UNCERTAINTY IN THE FINAL RESULY

: - error. it < pecessarv o ey aluate the uncertainies 1 alt the
2 g e T = - __‘_ﬂ -:t:-r l!'r-‘_[:-'l‘ I.: ::..l..,.llu. . - - aa . - - - - = -ag ]
) j e Ot UnCEriasit csible uncertainty or error imthe final result g@n be

- 1408 The T30 i"‘:_-mﬂl:i
fctors involved i that calcuiation. 1RC TRERREEEEES £

T = S0 1lcm
e ' = BFE0km
The dfersncs Derween Dem 5 mOOroeS &
1 = K3 — A
. = 2%8+£01-105z20]
. = 63 +02m

MEASUREMENTS 11
) 7 Sy Y, -_

vy NErc Y ~ [jij{{;[]i;;ﬂ ditierence

and | = Current

I'he given values of V and | are

V = 52401V
and l = (.84 £ QO6A
U.TV 100 2
5.2V 100 g = <%
D.OSA 10 6
0.84A 7100 = Jo0 = O
Hence total uncertaintyin the value oFR is.

I

I'he %age uncertainty for V is

|

i

The %age uncertaintyforlis =

= % age uncertainty for V + % age uncertainty for 1.
= 2% +0%
= B
Thus,

5.2V - L
Sgax = 619VAT = 6.

Ohms with %% dge uncertainty of 8%.
NOW,
8

8% of 6.2 = b_lxm = 03

Thus,
R 6.2 0.5 ohms

The result 1s rounded off to two significant digits because both V and | have two sigmificant higures.
Uncertainty being an esimate only, 1s recorded by one significant figure.
(3)  For Power Factor

For power factor muluply the percentage uncertainty by that factor 1.e.

Total % age uncertainty = Power factor X % age uncertainy.
Example

Let us calculate the volume of a sphere given by fomula

? 4 -
\ :Smf

i

Now,
% age uncertainty in V= power factor X % age uncertanty i r.
% ageuncertainty in V. = 3 X % age uncertainty in 1.
Let the radius of sphere is measured as 2.25 cm by a vernier calliper with least count 0.01 em, then.
Radius r is recorded as
r = 225 £00lcm ~r=
Now, :
Absolute uncertainty least count = 00lcm

, 00lcm 100 04
% age uncertaity In 1= S5 0 X o0 < 100

For Your Information

printing uses just X
e syan, magenta, yeic
vd Diack © produce the aalir
ge of colours. All the COIOUrs;
s8¢ these 1our Soidurs.

Total % age uncertaimtyin V. = 3IX0.4%
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Q.13 What do you understand from the dimensions of physical quantities?

T
I

VX DIMENSIONS OF PHYSICAL QUANTITIES

&g qualitative nature of the physical quantity is considered a dimensions. It is denoted by a
speciiic symbol written within square brackets. "
(OR)
. Dimensions of physical quantity is a relationship between derived physical quantity and the base
quanity.

Different quund;ies such as length, breadth, diameter, light year which are measured in meter
dcnote the same dimensions and has the dimensions of length [L]. Similarly, the dimensions of mass and
tume are denoted by [M] and [T] respectively.

Other quantities that we measure have dimensions which are combinations of these dimensions.

(1) Dimensions of Speed Do You K .
o You Know

The deviation of each value ie the difference between each
recording and average value, without regard of sign, are.
001.001.002.002,001,and 0.

| 001 +001 +002+002 +0.01 +0
Mean of devisions= = ¢

= 0.01 mm
Thus uncertainty in mean diametefie., 1.20mmas 0.01 mm

recorded as
Diameter = 121 £0.01 mm

A(5)  For the Uncertainty in Timing Experiment

~ The uncertainty in the filne penod of a vibrating body is found
by dividing the least count of Mming device by the number of
vibrations 1.

These are not decoration pieces
of glass but are the earliest known
exquisite and sensitive thermo-
meters, bulilt by the Academia del
Cimento (1657-1667), in Florence.

contained alcohol, some times
coloured red for sasier reading.

Uncertainty'in ime period = No of‘viml an

- length - L
Speed. - = time ~ T
. | _ dimension of length
Dimensions of speed = dimension of time
L
Or V = 'l—l
= [Vl = [L)[T") = LT
(2) Dimensions of Acceleration
Acceleration = ﬂuc_u):
ame
: * : dimension of V
Dimensions of acceleration = Scbnsionar)
_ W
[ﬂ] s [T]
& .y
@ == LT T

(T




an check the comectness of
- o & | -

& Il :-‘_ 5 -.‘-..'." Fl &
: sional analvsis makes use of the tact that
quation and can also denve it. Dimensional analysis Maxcs u ;
,.i :... r.';ﬁ.-rﬁ' PI__-I-H__ ._:_-,L.q-d i_:r ‘iI-:_ :_,Lul-..-k_,‘_l‘_"li. e n.‘-- - L - . = T ! = e
- o - A - A . - ! . e — : ey 5

e o - MONS Can € Mmampuiaied as aigeoraiC quananes.
expression of the dimensions can be manipulated & e

Checking the Homogeneity of Physical Equation | i
i h \ 3 S O i
heck the correctness of an equation, we are to show that the dimension

1}:;

| I’: .‘ .. : C J‘ U - ¢ .h }mei bmsmcu 1‘ € I"". + 1 Le i 1; - L-'.
H == - L a ™

called the pnnciple of homogeneity of dimensions.

(&) Derivation of a Possible Formula ‘ e
The success of this method for deriving a relation for a physical quantity depends on ITeC

guessing of varrous factors on which the physical guantity depends.

EXAMPLE 1.1}

I'he length, breadih and thickness of a
the sheet correct upto

Calculate the volume of
Data
Length of sheet
Breagth of sheet
Thickness 6f sheet
I'o Find

Valume of sheet

SOLUTION

—

il

Valume is given by

Vv

= IXbxh

Putting values, we get

H'ﬂ

i

\%

Il
s
-
N
(§
=

=9

sheet are 3.233m. 2.105 m and 105 cm respectively.
the appropriate significant digits,

3.233 x 2.105 x 1.05 x 102
7.14573825 % 1072

Hence, r‘T

Result

Volume of sheet

The mass of a metal box measured b
10.01 g and 10.02 g measured b
box correct upto the appropriate precision?
Data
Mass of box =m = 22kg
Massof 1"coin = m; = 1001g
Mass of 2" coin = m; = 10.02g

To Find
Total mass of box

—
——

]
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10 KEY TO PHYSICS PAH I -

SOLUITION
DUL (CHAPTER 1] MEASUREMENTS

- e e
LU'msinal m q. By . 1 . 1 o I.1J r]lh“- ] L Lk o~ D — - —'_—————___l?_
LOLAL THESS WG 51VET COINS alt auucd. L1, \ = 06.2509079 cm™Withineertathty 1.8%.
M m 4+ m + m» As, 1.8% of 6.2509079 = 01
<o o _1
222003 ke Where 6.2 cm” is calculated g#olumeéand 0.1 cny & the uncertainty in it.
Since least precise is 2.2 kg having one decimal Place, hence total mass should be to one decimal Result
Eihlﬂ..’ﬂ which is the 'Lll"ip[’llill'i-':l'li;' pl_ﬂt.lli?%;l'ﬂn. rl_.h’l-l‘i, Volume of Cy“ndcr = 6.2509079 L-_’ﬂ'll
Total mass = 2.2Kkg Uncertainty in volimeén.= 6.2 %0.1 cm’
Result EXAMPLE 1.4
Total mass = 2.2Kkg
- Check th e ¥ x1 .

: : on a stref ing '
The diameter and length of a metal cylinder measured with the help of vernier calipers of ¢hed string of tension F, length / and mass m.

least count 0.01 cm are 1.22 ¢cm and 5.35 cm. Calculate the volume V of the cylinder and SOLUTION
uncertainty in it

T'he given formula is

Data
| | . \ F Xl
Least count of vernier callipers = 0.0lcm b Vo o
Diameterofcylinder =D = 122cm Dimensions of LH.S = [V] = [LT]
Length of cylinder =. | = 35.35¢cm E 1] 172
Yo W Dimensions of R.H.S = —J
To Find | m
Volume of cylinder = V. - =7 : [F] [[]:IV?- 0 F[MLT:""] [L]—uz
Uncertainty in volume = ? _ [m] : M]  _
1 = [L2T "
SOLUTION e
Absolute uncertainty in length = 0.01 cm As Dimensions of LHS = Dimensions of RHS.
% age uncertainty in length = (5)_2:1;_ % i_% A ?_2 — 0.2% Hence formula is dimensionally correct.
Absolute uncertainty in diameter = 0.01 cm LEXAMPLE Lo
B - 0.01 100 0.8 : ““Derive a relation for the time period of a simple pendulum
% uncertainty in diameter = 122 X700 = 1— = 0.8% (KFig. 1.2) using dimensionsal analysis. The various possible factors

on which the time period T may depend are

As volume is given by |
(i) Length of the pendulum (J).

x‘r - . . .
m*‘: P (ii) Mass of the bob (m).
+ S _ng_’. (iii) Angle 6 which the thread makes with the vertical.
sartaiog, : (iv) Acceleration due to gravity (g).
Total uncertamtym V.- = 2 (% uneetainty in d) + (% uncertainty in [) Data
= 2(8)+.2
| = 1.0 : . |.8% Length of the pendulum = |
p : - - .00
| | Mass of bob = m
N - (3.14) (1.22)* (5.33 | |
‘ i s 4 223 = 6.2509079 cm’ Angle which the thread makes with vertical = 0
Acceleration due to gravily ="




18 KEY TO PHYSICS PART-! il e e
To Find
Relation for time period = 1 =
[SOLUTION
The relation for time period T will be of the form
1 oc m" % [° % 0° % g‘i
or 1 ~ Constant m" [I” ©f g'i ...... (1)

Now we find the values of powers a, b. ¢ and d.

Now. Dimensionsof ® = [LL l] = J 8 =01l
T
And Dimensionsofg = (L1 7] 0= == T
= LL™ = |
v Writing dimensions on both sides, we get.

[T] = Constant [M]" (L1° [1]° LT *®
= Constant [M]* [L)" (1) [L)* [T
[T] = Constant [M]* (L]" [T ([1)° = 1)

Comparing the exponents of M, L and T on both sides

IM]" = [M] = a = 0
L = LI’ = b+d=0 orb = ~d= (-12) = ‘A
T = TT™* = -2d =1 ord = ~1/2
1Thus, T : ()
b = 1/2
d = =112

Putting values of &, b, d and 0 in eq. (1), we get,

" " b : , 1/
! o Constant m" x I“ X1 X Y
,]sj
o | w Constant

=

(1 1 w Constant \/I
K

! = L onatant
¥

Kelation for e peiiodd = T w Clonatand \/’
¥

Kesull

EXAMPLE 1.6

Find the dimensions and hence, the SI units

y of coefficient of viscosi :
Stokes law for the drag force F for a spherical SCOSItY 1 in the relation of

object of radius r moving with velocity v given as

F = 6 mnrv.
Data
F' = 6mnrv
To Find
Dimensions of 5] = %
Units.of n !
SOLUTION
We are given :
F =6mrvy . A1)
Now, 67t 18 @ number having no dimensions. It is not accounted in dimensional analysis,
then:
Fl = [nrv]
= Ml = [—”E[J;J
Substituting (putting) the dimensions of F, rand v in R H.S, we gel
m =
(L] (LT
] = [MLTT)
Units of n
S1 unit of 1 are Kg m g™,
Kesult

Dimensionofn = [ML'T™)

Unit of 1) kgm''s"
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(y<cillation of a simple pendulum. , /7/ V4
depends upon the length and value O

6. |
| = ' : alum as a time stan
j"'l. Give draw backs to use the period of a pend

ow that the time period of 2 simple pendulum

!
21 "\ '_;

it is clear that time period
different at different places.
fifference places. So period of pendulum

#
s | #
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[ g at

"i. ns. AS WE Ki

I" ' I o
aniv place. SINCE

1.8

T

¢  awwhich 18
of a simple pendulum depends upon the v'aluc of ¢ anhlch_od
So a pendulum of same length may have different UME petl
‘ cannot be taken as standagd for MEASuUring

(1)

£

-
L1110

m changes due to air résistance.

Eriction: Time period of a simple pendulu
length of simple pendulum

in summer due to increase in LeMPETAUre,

(i)
1-(1ii) Temperature:
v “hanges $o0 time penod changes.
. Why do we find it useful to have two units for the amount of substance, the kilogram and
fhe mole?

" i3 very 1,':-‘_{'_!:*1.] )

want 10 CONSIUET a pec _
weraenl in it it 15 useful o use kilogram. Begalise one Kilggram. o
CeTererd nurtiber of molecules. Whnie I we want 16 sonsider a lixed number 0O

2 useiil 1o use mole Because ohe mole of ury substance contains the same nur

kave two anits for the amount df substance he., kilogram and mole. I w# '
fic amounts of mass without condidering nignber of miCroscopic atoms
{ different substances contains
f atomns present 1N
nber of

£)

A NS,

1.9

i TRER

- g t e »
-ﬁ"l:.‘ i 'f"r T'i“!l";.-f -.l"-'._"'l.

Thiee student’s measured (he lengih of a needle with a scale on which minimum division 18

1A
| sere el revorded a5 00 0.2145m (1) 0.20m (i) 9.214m. Which record is correct and why?

i these rocords (00 0,214 moie e corteet than the other records because the least count of @
cm 06 ) e ekl can e whillen st 088 ) m. So m_.{,mdmg GRIIT ﬂgum_ the student measure

et Lype of recamd 14 Gorrect

Ads,

£

F O

Ans.

Ans.

MEASUREMENTS

TP,

‘A chain is only as stron s weakect Bnk? fone
m’u. you nm};v regarding uxperimmtql,;]y)u ug;,‘{l:'?kﬁ:;::.{ whey Analogne & :
EC Py S ot CX/7CIVTPEC LR .;J,p Py .-?,g',.n;a rex a’ .-,.E{(A AAJL{- w’
litaiaata used in computation is “A result obtained
L::om[*mmlmn 1S Only &% gecurate as its least accurate reading”’.

\n old saying is that

I'he analogous statement regarding expernmental dat

irom an ¢xperimental data used in
_ e ¥ ¥ Vs ; p

il £ 1 *i‘ i n

) - Y EL7 Y S ) _ . ™ s
e : = . “< s 1 s U Y W _!:.'(
I'he period of simple pendulum is measure‘{hy a stopwalch. What type of errors are possible

in the time period?

When [hg period of a simple pendulum is measured by a stopwatch, the following types of errors
are possible: |

. Systematic Exfors The eftor due to the fault in the measunng instrument is called

SySi€matc £Iror 1.e., 2ero ermr;.r Foe/K CA L, ;;";;-;fg ('} 777

ko

Personal Error: The emor due to the faulty procedure of an observer is called personal
CITOI.

Does 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 the constant of proportionality or
dimensionless€onstant. For example

E

V = (Constant x

1Lhe numerical value of this constant cannot determined by dimensional analysis.

Write the dimension of:

(i) Pressure (ii) Density
(i) Dimensions of Pressure:
_F _ma
AS o = AT
ke ms A
Unitof P = —E—z—m = kgm g~
— (P] = ML'T?
(ii) Dimensions of Density:
: Mass
As Density = Voliime
k K
Unit of density = ;1% = kgm :
(Density] = [ML™]

The wavelength A of a wave depends on the speed v of the wave and its frequency [

Knowing that:
(A]=[LLv]=[LT"] and [f] = [T7]
v

ide which of the following is correct, fz=vAorf= X

Dec

e R,

- e

T




VA 18 not imension

Hence the equation | =

squal 1o nent hand 514c AImMEeENsIon.

In second cCase

_—
- .
— | —
i -
0 TN
e

o0 ”M 1\ = (

V.,
| 1 28
Hence the equation { %

right hand side dimension.

S ————

e left hand side dimension 18 Nol
ally correct because left hand side d

ide di jons s equal to
dimensionally correct because left hand side dimensions 1§ €4

{CHAPTER 1] MEASUREMENTS

— .. SRS
PROBLEMS WITH SOLUTIONS ,

[PROBLEMS 1.1

A light year is the distance light travels in one year. How many metres are there in one

light year? (Speed of light = 3.0 % 10* ms™")

Data
Time = A= | year
= 365 days
= 368 % 24 x 3600
= 31536000 sec.
Speed of light = C = 3 X 10" m/s
To Find
Distance covered by light = d = ?
ISOLUTION!
Ag we know that
d
iESaE
d = VXI
= \C X1
- 3% 10" x 31536000
~ 1 94608000 X 10°
= 946 x 10" m
Result 3
Distance covered by light = d = 946x107m

PROBLEM 1.2

(@)  How many seconds are there in 1
(b) How many nanoseconds ll:‘;?
(¢)  How many years in 15ec0

Data

I

ol
=
N
&
I

One year



SOLUTION !

(a) At we know tha
| year 0D days
= 305 % 24 x 3600
= 3,15 x 10’ sec.
seconds inone year = 3.15 x 10" sec.
(b) As | year = 3.15 % 10" x 10’ n sec. Since l ns =
= 3.15 % 10'® nanosecond ., 1 e —
(C) AS | year = 3.15 x 10’ sec.
3.]51;-: 1) year = | second
| second = 0317 %107 years
= 3.17x 107" years
Result
(a) Number of seconds in one year = 3.15 % 10’ seconds
(b) Number of nanoseconds in one year = 3.15 x 10" nanosecond
{ Number ol years in one second = 3.17x107° years

<)
\PROBLEM 1.3|

The length and width of a rectangular plate are measured to be 15.3 ¢ii and 12.80 cm,

respectively. Find the area of the plate.

Data
Length of rectangular plate = L = 153 ¢m
Width of rectangular plate = W= 12.80 ¢m
o Find
Arcaoftheplate = A = ?
\SOLUTION]
As we know that
i Area = Length x Width
= 153 x12.80
= 195.84 cm*
Kesult

Arca of rectangular plate = A& 196 cm?

1077 s

107 ns

1he given masses

To Find

are 2.189, 0.089, 1 ¥8is. 17

- 2 P3O 8 £ .
Sum of masses upto dppropriale precisignh= ?

e — e

[SOLUTION|

Sum of masses =

—
—

Result

2.189 4 0.089 11 R+ 5.32
19,3908
194 kg

Sum Of masses upto appropriate precision = 19.4 kg

PROBEEM 1.5

Find the value of ‘g’ and its uncertainty using T = Zn'\[é from the following measurements

made during an experiment.
Length of simple pendulum !/ = 100 cm

Time for 20 vibrations = 40.2's

Length was measured by a metre scale of accuracy upto 1 mm and time by stop watch of

accuracy upto 0.1 s.
Data

Length of simple pendulum = /

Time for 20 vibration

Time period = T

Least count of metre scale =

To Find

Acceleration due to gravity

As we know that

I

T

Squaring

Ti'

= ]100cm
= |lm
= = 40.2s
t 40.2
— -23 — 20 = 2.01 sec.

= | mm= 0.1 ¢cm

=g =7
1

21 v
!

4n2><g

precision. 2.189, 0.089, 11.8 and




Putting the values
4(3.14)° x 1
E ~  (2.01)
- 394384
- 404
e = 9.76 m/s’
Since Uncertaintyinlength = 0.lcm
% uncertainty in length = 0.1%
A 0.005 | 0.1 !
% uncertainty intime = 57 X 100 Since 50 = 0.005 sec.
= 0.25%
Thus Total uncertainty in “g” = % uncertainty in time + 2(% uncertainty in time)
= 0.1 + 2(0.25)
= 0.1+0.5
= 0.6%

0.6

Thus Uncertainty in calculated valueof g = 100 % 0.97

Hence

Result

= (.06 m/s”
g = (9.76 = 0.06) m/s’

Acceleration due to gravity . = g = (9.76 1 0.06) m/s’

PROBLEM 1.6

What are the dimensions and units of gravitational constant G in the formula?

F =G 12

Data

The given formula 1s

F =
To Find
Dimensionsof G =
Unitof G =
SOLUTION

Now for dimensions

GE&“—‘

m; X my
Unitof G = KE.MV/S™Xnf
kg . kg
3
" kgs'
Dimensionsof G = [M’L}FE]
For unit of G
F I N_mz
- mlxm:z kg . kg
= Nm'/kg’
Result
Dimensions of G = [MIL’T
Unitot' G = N-m’/kg’
\PROBLEM 1.7

Show that the expression V; = V; + at dimensionally correct, where v, is the velocity at t =0,
4 is acceleration and Vi is the velocity at time L

Data
The given equation 18
Vi = V;+al
Io Find
Is the equation dimensionally comrect = ?
SOLUTION]
Now vi = Vit+al
In unit form
= — = - 'n'; X8
8 s 8
m _ m +_m_
8 § 8
L _L.L
T T T
Where 2 is constant 50 1t is dimensionless
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\PROBLEM 1.8

density p of the medium and (b) its modulus of elasticity £ which iIs the ratio of stress to strain.

— — = = i
e = —

. ' . ; & - I —— haoa aconimost s A oD y
'he speed V of sound waves through a medium may be assumed to depend on (a) the

Deduce by the method of dimensions, the formula for the speed of sound,

[SOLUTION|

and

As we know that the S PCCC ol sound LlL'!u‘Ilt]*; upon the tollow iﬂ;.’t IWO factors

. . A . ; s 1)
(1) Density p° and (11) Elastucity b

Since V o< O
. o o , Ay b
V = Constant X p'EX

Writing dimensions of quantities on both the sides.

- §
" " . b2 '_._‘_1
Dimensions of velocity V = T = LT}
[he d f d N8
e dimensions of density p = *
b y Volume
Ke
Unitolp = —’i
m
=, 3
[p] = [ML ]
. Stress I
“y Sastiicit 4 I . : — S
Dimensions of elasucity Strain A
Where strain has no dimensions
. ma
) A
2
15 kg m/s
Linitoft £ = =
m
K —
1] = "'ﬁ‘l = [ML "I 7]
LE] m.s |

Putting in equation (1)
(LT '] = Constant [ML ML T A
(LT I] = Constant x [M"L 'h]thl_, by ;!h]

: ~ g
= Constant x IM""h [~ hT 2'11

Comparing the exponents

For L. -3a=b = |
ForT -2bh = -]
For M a+b = (
As -2 = «]
l

=3

and a+b = ()
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d = —

]
9

Putting the values in eq. (i)

V = Constantxp'“ g~
I_“ ¥ p
V = Censtant x =7
0
B E
V =Lonstant X —
)

Result

The formula for the speed of sound is

<
|

PROBLEM 1:9)

SCLUTION

T'he given equation is

| = mc¢’

, &
= (Constant X =
)

Show that the famous “Einstein equation” E = mc® is dimensionally consistent.

3

Writing the dimension of both sides

Dimension of energy (E) = Work = F d
= ma.d
m
Unit of work = kg'2.m
ot
— kg_ST
(W] = [MLT] e (1)
2
m
Unit of me® = 'kg(';)
-
— kg';!"
2 R P, (i1)
[mc'] — [ML?,I.—]

From eq. (i) and (i1)

ML = MUT)

R esult

Hence the Einstein's €quati®

nE= me’ is dimensionally consistent.
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\PROBLEM 1.10|

Suppose, we ar
uniform spesed V In proportional 10

d .
determine the powers of rand v

SOLUTION|

some power of |

PHYSICE PAR T~

S0V

¢ told that the neceleration of a DAt ¢ MOVINg In 4 Cird ¢ of radius r with

. . |
and some power of vV, say v,

According 1o siatement the acceleration of Darti 1€ MOVINE 1N 4 ¢ ircle can be writien as

n.,m
i - Iy

N )

i Clonstant X ry

Writing the dimension of both sides

Dimensions of acceleration = | a |
Dimensions of radius [ r |
Dimensions of velocity | v |

Putting in eq. (1)
IL'T' }] =
(LT =
LT =
Comparing the exponents

n+m = |
-m = ~2
m = 2

Putting in eq, (i)
: L

=
]

Result

Constant X [ L. 1" [LT l]
Constant % [ L* 1 [L"T™]

Constant % | L

(LT ]
= m W
= (LT I|

AL

n+m fr' lﬂ]

Constant X r~'v*

V?.

Constant x T

L (1)

The acceleration of a particle moves with velocity in a eircle of radius r is

v2

a = Conslantx*?

LEARNING OBJECTIVES
At the end of this chapter the Students will be able to:

Understand the definitioniof scaldis and vectors,
Understand and lse rectangular coordinate system.
Understand the ideswof upll vector, null vector and position vector.

Hepresent a vedtor as two perpendicular components (rectangular components).

Letine the moment of force or torque.

*
"
|
* Understand mulliphication of vectors and solve problems.
x
" Appréeiate the use of the torque due to a force.

x

Appreciate the applications of the principle of moments.

Q.1 ».Define scalars and vectors. Give examples.

—— =

' SCALAR QUANTITIES

Those physical quantities which are completely deseribed by magnitude with proper units are
called scalar quantities. e.g. time, current, speed etc. Scalars are added, subtracted, divided and

multiplied by ordinary arithmetic rules.

VECTOR QUANTITIES

Those physical quantities which are complete
as direction are called vector quantities. €.g. forc?, 0
and multiplied by ordinary arithmetic rules but it ca

and vector subtraction. |
S s - e T T TR
v Q2 Describe how a vector quantity IS represented?

REPRESENTATION OF A VECTOR
U By Letter

A veclor 18 us

ly described by magnitude with proper units as well
rque etc. Vectors are not added, subtracted, divided

n be used as vector addition, vector multiplication

Il prescnted by a bold face letter that is A or by a letter with an arrow drawn
ually re

—
above or below it thatis A Of A.
—
ctor is denoted by | A | (modulus) or A.

' ol a veé
The magnitude 31
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