
Disclaimer

This Blog/Web Site is made available by the lawyer or law firm publisher for educational purpose
only as well as to give you general information and a general understanding. We have the [Rights
to use this document for education purpose. You are not allowed to use this for commercial
purpose. It is only for personal use. If you thoughts that this document include something related
to you, you can email us at yAsadBhatti@gmail.com. We will look up into the matter and if we
found anything related to you, we will remove the content from our website.

For Notes, Past Papers, Video Lectures, Education News

Visit Us at:

https://www.bhattiAcademy.com

https://www.youtube.com/bhattiAcademy

https://www.facebook.com/bhattiAcademy

If above links are NOT WORKING contact us at

yAsadBhatti@gmail.com



MEASUREMENTS

LEARNING OBJECTIVES

^ Understand what is Physics.
Understand 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 indicate decimal sub-multiplies or
multiples to both base and derived units.
Understand and use the conventions for indicating units.
Understand the distinction between systematic errors and random errors.
Understand and use the significant figures.
Understand the distinction between precision and accuracy.
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 to find ways to organize the disorder in observed facts about
natural phenomena and material objects things in orderly manner. His attempts resulted in the birth of a

single discipline (Branch) of science, called natural philosophy.
There was a huge increase in the volume of scientific

knowledge up till the beginning of nineteenth century and it was found

necessary to classify the study of nature into two branch.
Areas of Physics

Mechanics
Heat & thermodynamics
Electromagnetism
Optics
Sound
Hydrodynamics
Special relativity
General relativity
Quantummechanics
Atomic physics
Molecular physics
Nuclearphysics
Solid-statephysics
Particlephysics
Superconductivity
Superfluidity
Plasmaphysics
Magnetohydrodynamics
Space physics

Biological Sciences .0)

(ii) Physical Science.

Biological Sciences
which deals with living things such as botany,

lied biological sciences.The science

zoology etc are ca

Physical Sciences
The science

r

which deals with non living things such as

, geology etc are called physical sciences.

Phvsics is important and basic part of physical science besides

u Onlines such as chemistry, astronomy geology etc. Physics
its other disc P

^^ scjenlifjc method emphasizes the need
is an expenn

]Measurement of different phenomena or of man made
of accurate
objects 1



[CHAPTER 1] MEASUREMENTS
Q.2 What is the role of physics in technology?

ROLE OF PHYSICS IN TECHNOLOGY

KEY TO PHYSICS PART-I 3
2
Frontiers of Fundamental Science

At the present time there are three main frontiers of fundamental science.

(1) The world of the extremely large, the universe itself. Radio telescopes no** gather information

from the far side of the universe and have recently detected, as radio waves, uis * fire light of the

big bang which probably started off the expanding universe nearly 20 billion wrsago.

(2) The world of extremely small, that of the particles such as, electron, protons, neutrons, mesons

and others.

(3) The world of complex matter, it is

one extreme to the earth at (he other. This is all fundamental physics, which ij> heart of science.

Q.1 Define physics. Give its main branches.

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

between them is called physics."

The study of physics involves investigating of such things as the laws of motion , the structure of

space und time, the nature and type o f forces that hold different materials together, the interaction

between different panicles, the interaction o f electromagnetic radiation with matter and so on.

Branches of Physics
By ihe end of 19* century many physicists started believing that

everything about physic* has been discovered. However, about the

beginning of the 2u century many new expcnmcntal facts showed that
the IJW* formulated by the previous scientists need modifications,

further researches gave birth to many new disciplines (branches).

1/lnsJ
Physics also plays an important role in development of technology and engmeenng.

Science and technology are potent force for the change in the outlook of mankind. The
information media and fast means of communications have brought all parts of the world m close
contact with one another. Events in ope part of the world are immediately reverberate round the globe.

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

also (he world of “ middle sized” things, from molecules at 1

Q.3 What do you mean by physical quantities? Also describe its types.

\Ans.\ PHYSICAL QUANTITIES

The foundation|sf physic* rests upon physical quantities in
terms of which the laws of physics one expressed. Therefore the
qualities have to be measured accurately.

All those quantities which can be measured are called physical

Do You Know?
Distance

10*

f Daintier da
nucleus
CHarneier
of an atom

quantities.
Interdisciplinary Areas

of Physics
ic* *c.g., mass length , time, velocity, force, density temperature,

electric current, volume, acceleration etc.
Physical quantities have been divided into two categories.

(i ) Base quantities.
( ii ) Derived quantities.

(i) Base Quantities

Base quantities arc those quantities which cannot be defined in
terms of other physical quantities. These arc 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.
( ii ) Derived Quantities

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

The examples of derived quantities arc velocity, acceleration, force, momentum etc.

Measurement of Base Quantities

The measurement of base quantity is based on two steps.

(i) The choice of standard.
(ii ) The establishment of a procedure for comparing the quantity to be measured with the

Standard so that number and a unit arc determined as the measure of that quantity.

Astrophysics
Biophysics R
Chemical physics
Engineering physics
Geophysics
Medical physics
physical oceanography
Physios erf music . . “ J .

Hegntof a
iff

Deanes to tie
Art *un

10*

if Ottancetotfv
-1* nea/esi star

Dam***d fw»
Mi*y Way

Dwtance to tw
neeittA galaxy

Order of magnitude ot some
distances

J

V
(1 ) Nuclear Physics

The branch of physics which deal* with atomic nuclei , is called
nuclear physic*.

(2) Particle Physics

Hut branch of physics which is concerned with the ultimate p”"

particles of which mailer it comprised of is called particle
physics

(3) Retellviatic Mechanic*
lhr branch of physiu which deals with velocities approaching
that of light is called retell viatic mechanics.

(41 Solid Slate Physic*
I hr branch of physics Which Is concerned with the structure and
properlie , of solid materials is called olid stair physics, kte

Other Brunches of Solerice

10*

- 10*

Do You Know?

#

Computer chips am made from
wiifora of the matallold silicon, a
semiconductor.Physics IS die most fundamental of all acicn rs and provides

brim hi t "i U icnc#. basic principles and fundamental laws. This
overlapping of physics and other field** gave Writ) to new branches such as physical Chcmisny.
biophysics, astrophysics, health physiS* b
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CJuimctwtelks of an Ideal Sfandanl

An ideal Mandaid has two principal characteristic*
rcrvnix ;.ir often m, -omivitihk a« ul a compromise has to Iv made between them.

[CHAPTER 1)

Radian
MEASUREMENTS 5

X: it is accessible and it i*s Invariable, These two
The radian is the plane angle between two radii (which cut off on the circumference an arc . equal in length 14as shown in figure.

of a circle
the radius.

ream
l nit

A si .mdafli si .re of that quantity is requacd tins standard size isTo masut* a physical quantity, a
know « as umt trir that p*ntcul*r physical quantity.

units?\14 Uhat 1$ international

©S INTERN V nON U SYSTEM OF UNIT'S
> *a*0 ... :C -.VA:IOO;I1 committee agreed on a set of definitions and standard to desentv the

v . x . ^ s,~ - . .0 -v >v> ;eiw that w *> established is called system intenvational (Sri. Since then SI units

. . v >0. - v. „• * sew . c oor.unuruty in all scientific works. The international system of units (SO
»hull up trcwi tfcrce buds of units.

(t) Base urntt

j.5 V* hot art base units? Define (he base units of SI .

rri BASE UNITS
There Kt >even base uruts for various physical quantities namely; length, mass, time,

umpcrat-jir ccvtnc current, luminous intensity and amount of substance (with special reference to the
atuober of particles )

The run* of base unit* for these physical quantities together with symbols are listed in table:

Steradian
c dimensional angle)
of its surface equal to

The steradian is the solid angle
subtended at the centre of the sphere by an
the square of radius of the sphere, us own in

\

(3) Derived units(2 ) Supplementary units Q. 7 What are derived units?Give some examples.
DERIVED UMTS
SI units for measuring all other physical quanuues are derived from the base and supplementaryunits. Some of the derived units are given below:

Physical Quantity

A/1S.1

’
Unit Symbol In terms of base unitsForce Newton N -2kg msWork Joule N m = kg m: s~ 2J

Power Watt Js 1 = kg m:s~3W
Pressure Pascal Nm~2 = kg m" 1 s' 2PaSymbolSI UnitPhysical Quantity

Jectric charge Coulomb C A sMetre mLength
18 What do you understand by term?kgKilogramMass
Ans. SCIENTIFIC NOTATIONSecond sTime

Numbers are expressed in standard form calledscientific notation, which employs power of ten. The
internationally accepted practice is that there should be onlyone non-zero digit left of decimal .
Scientific Notation Explain the Uses of Prefix
Example

Some Prefixes lor Powers of TenAAmpereElectric current
Factor Prefix SymbolKelvinThermodynamic temperature

1 0 ,g
atto a

1(T13 femto fCandelaIntensity of light
10"'2 pico

nano
micro

mili
centi
dec\
deca
kilo
mega

lera
peia
exa

P10IMole KT*Amount of substance
n

1(T*
The number 134.7 should be written as

134.7 = 1.374 xlO2

Similarly, the number 0.0023 can be written as
0.0023 = 2.3 x 10'3

Conventions for Indicating Units
Use of SI units i

paiticularly in writing prefixes.

IQ*3Q.6 What are supplementary units? Define them.

SUPPLEMENTARY UNITS f A |
The general conference on weights and measure * has not vet classified certain units of the SI|under cithei base units or derived units. These SI units are culled upplementary units. This classcontains two units, which are:
( 1 ) Radian (Plane angle)

( 2 ) Steradian (Solid angle )

m
10"2 c
10~‘ d
10’ da
103 k

M106
G109
T10’2requires special care, more P10”
E10”

•

^ V - 3*23

i f f

" <*321-9449567, 0315-6362271
£ &Ii re

HUH
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ints should he kept in mind while using units:

ital even if named after a scientist c.g
such as N for newton.

/CHAPTER 1]6 MEASUREMENTS 7It occurs due to:, newton.Following poin

Full name of the unit docs not begin with a capi

icntist has initial capital letters
( i ) Zero error of instrument .0) '

The symbol of unit named after a scicn

(iii) The prefix should be written before the unit without any space

. Standard prefixes arc given in table 1.4.
A combination of base units is written each with one space

written as N m.

, such as 1 X 10'5, m is written as 1 (ii) Poor calibration of instruments, or incorrect markifjgictc.
Systematic error can be reduced by comparing theinstrumemore accurate. Thus for systematic error, a correction (actor can be

0 » )

with an other which is known to be
iplicd to reduce error.apart. For example, newton metre ismm

(iv) Q.10 Describe the significant figures. Also discuss its rules.

SIGNIFICANT FIGURES
l

(v) Compound prefixes are not allowed. For example, IppF may be written as lpF.

umber such as 5.4 x 104 cm may be expressed in scientific notation as 5.0 x 10~m.

When a multiple of a base unit is raised to a power, the power applies to the whole multiple and

not the base unit alone. Thus, lkm:= 1 (km)2 = 1 x 106m2.
Measurement in practical work should be rccor
micrometer screw guage measurement in

before calculation for the result, all measurements must

units.

Explain the phenomenon of errors and uncertainties.

ERRORS AND UNCERTAINTIES
All physical measurements are

eliminate all possible errors or uncertainties in

due to.

lA/is.l .

ased on measurements
easured. there is some
ralue. This

(vi) A n

(vii )
We know that physics is b

whenever a physical quantity
uncertainty about its determin
may be due to a number of reas
of instrument, being used. Wcl
instrument is calibrated to a cc
this fact put a limit to the <
measuring with it.

For Your Information
Interval (s)uncertainty|Age of the universeeason is the type

every meacuring
allest division and I One year

:gree of accuracy while

ded immediately in the most convenient unit, e.g.,
mm, and the mass of calorimeter in grams (g). But

be converted to the appropriate SI base
5 x 1017. On(viii) Age of the Earth 1.4 x 10'7

3.2 x 107
8.6 x 104
8 x 10“ ’
1 x 1(T3

1 x 1CT6

1 x 10"'3

IOW

One day
Time between normal heartbeats
Period of audible sound
Period of typical radio
Period of vibration of an atom
in a solid
Period of visible light

Suppose that we want to measure the length of astraight line with thc>fhclp of a meter rod calibrated inmillimeters, [ jet the end point of the line lies between 10.3and 10.4 cm marks. By convention if the end of line doesnot touch or dross the midpoint of the smallest division,the ret.J.ng is confined to the previous division. In casethe end of line seems to be touching or have crossed themidpoint, the reading is extended to the next division.

>Q.9
waves

ifAns! extent. It is very difficult to waves
uncertain or imprecise to some

a measurement. The errors in a measurement may occur

2 x 10"13waves
(1) Negligence or inexperience of a person.

(2) The faulty apparatus.

(3) Inappropriate method or technique.

The uncertainty may occur due to inadequacy or limitations of an instrument, natural variation

of the object being measured or natural imperfection of a person’s senses. However the uncertaint

also usually described as an error in a measurement.

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

(1) Random Error
Random error is said to occur when repeated measurements of a quantity, give different values

under the same conditions. It is due to some unknown causes.
Repeating the measurements several times and taking an average can reduce the effect of random

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 ameter rod calibrated in millimeters may lie between 12.65cm and 12.75cm. Thus in this example themaximum uncertainty is ±0.05 cm. It is, infact, equivalent to an uncertainty of 0.1cm equal to the leastcount of the instrument divided into two parts, half above and half below the recorded reading.Thus the correct way of recording the above reading is

y is

12.7 ± 0.05 cm
The recorded value of the length of the straight line i.c. 12.7 cm contains three digits (1, 2, 7) outof wmch two digits 1 and 2 are accurately known while the third digit i.e. 7 is a doubtful one. Thussignificant figures may be stated as:
“ In any measurement, the accurately knownsignificant figures." (OR ) “ A significant figure is the
If the above mentioned measurement is taken by a betterto hundredth of a centimeter, it would have beenfigures is four ( 1 , 2, 7 and 0).
Thus, we can say that as we

extend the measured result
experimental accuracy of the result .

digits and the first doubtful digit are calledone which is known to be reasonably reliable ”.
measuring instrument which is exact uprecorded as 12.70cm. In this case number of significanterrors.

(2) Systematic Errors
Systematic error refers to an e f f e c t that influences all measurements of a particular quantity

equally. It produces consistent difference in reading.

improve the quality of our measuring instrument and techniques, weto more and more significant figures and correspondingly improve the*tlx

ar.
mm T7-T- W*



[CHAPTER 1]
KEY TO PHYSICS PART-I MEASUREMENTS

43.75 is rounded off as 43.8
56.8546 is rounded off as 56.9 ^73.650 is rounded off as 73.6
64.350 is rounded off as 64.4

Following this rule, the correct answer of the computation given in section (2)(3) Addition or Subtraction of Numbers
In adding or subtracting numbers, the number of decimal places retained in the answer should beequal to the smallest number of decimal places in any of the quantities being added or subtracted. In thiscase, the number of significant figures is not important. It i|,the position of decimal that matters.For example, we wish to add the following quantities expressedin meters.

98
General Rules

There are some general rules in order
All digits V . 2. 3» 4. 5, 6.7. 8, 9 are significant,

case of zeros, the following rules may be adopted.

A zero between two significant figures is itself significant,

tb) Zeros to the left of significant figures are not significant
0.00467 or 02.59 is significant.

(c) Zeros to the nght of significant figure may or may not be significant.

(i) In decimal fraction, zeros to the right of a significant figure are significant. For

example, all the zeros in 3.570 or 7.4000 are significant.

(i: fc integers, such as 8.000 kg. the number of significant zeros is determined by the

accuracy of the measuring instrument. If the measuring scale has a least count of 1kg

then there are four significant figures written in scientific notation as 8.000 x 103 kg.

If the least count of the scale is 10 kg, then the number of significant figures w ill be 3

wiuten m scientific notation as 8.00 x 10'kg and so on.

Significant Figures in Multiplication and Division of Numbers

IT. multiplying or dividing numbers i.e,.
5J48 x 10~2 x 3.64 x I04

r-r^ = 1.4576898 x 10̂

to find the number of significant figures in final result.

However zeros may or may not be significant. In
U>

is 1.46 x 103.

. For example, none ot the zero in»

Do You Know?
(i ) 72.1 (ii)(T2.7543 Mass can be thought of asa form

of energy. In fact the mass is
highly concentrated form ofenergy.Einstein'sfamousequation ,

E = me'means

3.42

f
4.10

0.003 1.273
75.523m 8.1273
75.5m 8.13m Energy r Mass x Speed of light2

In Case (i ) the number 72 1 has the smallest number of decimal According to this equation i kg
places, thus answer is rounded off to the same decimal position which passactually9xio JENERGY.is then 75.5m.

12)

In case (ii ) the number 4.10 has the smallest number of decimal places, and hencerounded off to the same decimal position which is then 8.13m.
Q.11 Explain the term precision and accuracy.

answer isf
Let us see. how man> numbers should be retained in the answer. As the factor 3.64 x 104, the

least accurate in the above calculations has three significant figures, the answer should be written to

truce significant figures only The other figures are insignificant and should be deleted. While deleting

the figures, ihe last significant figure to be retained is rounded off.

Roles for Rounding OfT Numbers
Following are the rules for rounding off numbers.

fa) If the first digit to be dropped is less than 5. the last digit

to be retained should remain unchanged, e.g. 12.4 is

rounded off as 12.

(b ) If the first digit to be dropped is more than 5, the last digit
to be retained is increased by one. e.g. 12.6 is rounded off

[Egfi PRECISION AND ACCURACY AIn measurements made in physics, the term precision andaccuracy are frequently used. The precision of a measurement isdetermined by the instrument or device being used and accuracy of
measurement depends on the fractional or percentage uncertainty inthat measurement. Let us make it clear by examples.

Example-I

Interesting Information 7000

$6000Mass (Kg) Ih outer part or Son
5000

10* r - Electron
o Proton- •Uranium atom

I1 4000
io-“ A3000 - teamen!tamo

r j DNA10 * 2000Let the length of an object is recorded as 25.5cm by using meterrod having smallest division in millimeter. This measurement is differenceof two readings that is initial and final positions. In case of single reading
uncertainty is taken as ± 0.05cm. But in present reading uncertainty istaken double due to the reading of initial and final position i .e.

Uncertainty = ±0.05 ±0.05 = ±0.1cm
This uncertainty is called absolute uncertainty and absolute

uncertainty in effect is equal to least count of the measuring instrument .

Thus,

L10** h © Cell - roaring Bunsen1000as 13.
(c ) If the digit to be droped is 5. and the number following 5

is not zero then the last digit to be retained is increased by
one e.g. 12.51 is rounded off as 13.

fd) If the digit to be droped is 5, and the number following 5
then the last digit to be retained follows odd even

roJe. i .e., if the digit to be retained is odd it is increased by
one but left as it is if it is even.

10 * 700 - ahjrmmummeto^ ’̂

600- Mosquito10 5 500

40010° Book h mercury bote
is zero 300Car

10
200

water bote- alconoi bote- human t>-<ty
(f'C k Ice mete Jfc*r j- mercury ree/e>
JQQ H- coldest weatherm- alcohol freezes

200*- «r become hqu,) ^
-273 absolute zero

Some Specific Temperatures

10" Oil tanker 10tf*Ceg.. -10*13.50 is rounded off as 14
14.50 is rounded off as 14
15.5 is rounded off as 15
16.5 is rounded off as 16

Examples of Numbers to be Rounded Off
The following numbers are rounded off to three significant

f igures ;is follows .

Precision or absolute uncertainty (least count) = ±0.1cm
Mount Everest

10" 0.1cmFractional uncertainty = 0.004” 25.5cm©10* Earth
0.1 100 0.4Percentage uncertainty = ^5 = TOO = °‘4%10" L 0 Sun

Order of magnitude of some masses



Rxftropte-ll
Another measurement is recorded at 0.45cm. ll is taken by Wherem and
callipers with least count a* 0.01cm C75

vernier The given values of V and I arc.= ±0.01cm
Now. Precision or absolute uncertainty (least count ) V = 5.2 ± 0.1V

0 01cm
* 0.02Fractional uncertainty 0.45cm

and I = 0.84 ± 0.05A

2.00.01cm 100
Percentage uncertainty « * 100

2.0% The %agc uncertainty for V is t== 100 "

Conclusion The %agc uncertainty for* I is si

Hence total uncertainty in the value of R is.The reading 25.5cm taken by meter rule is although less precise
where

hut is mure accurate having less percentage uncertainty or error

the reading 0 45cm taken by vernier callipers is more precise but less
as
accurate.

relative measurement which is important. Hie
In fact, it is

smaller a physical quantity, a more precise instrument should be used

Here the measurement 0 45cm demands that a more precise instrument.
with least count 0 001cm should have

|We uso many devices to measure
(physical quantities,such as length,

time and temperature They all
[ have some limit of precision.

such as micrometer screw guuge
been used thus we can define precision and accuracy.

-i= 6.19 VA'* = 6.190.84A
uncertainty of 8%.

Precision
A precise measurement is the one which has less absolute uncertainty.

8
8% of 6.2 = 6.2 x — = 0.5

Accuracy
\n accurate measurement is the one which has less fractional or percentage

uncertainrv or errorw

How willyvu asstss the total uncertainty in the final rrsult? Explain in different cases,

rrij ASSESSMENT OF TOTAL UNCERTAINTY LN THE FINAL RESULT^
To iiiaess the total uncertainty or error, it is necessary to evaluate the uncertainties in ill! the

•actors involved JJ that calculation. The maumum possible uncertainty or error in the final result can be^^p

R = 6.2 ± 0.5 ohms
The result is rounded off to two significant digits because both V and 1 have two significant figures

Uncertainty temg an estimate only, is recorded by one significant figure.
(3) For Power Factor

For power factor multiply the percentage uncertainty by that factor i.e
Total % age uncertainty = Power factor x % age uncextainy.

Let us calculate the volume of a sphere gnen by formula.

V

Q.12

tern*moodews. EsampU
il > Far

For uikik'ZAjn me subtraction absolute uncertainties are added.
For example, the &scxcce \ determined by the difference two

>cs. Now,
= 105 ± G i

= 2&J n 0- laa

The arteace"etHta is recorded as

*i % age uncertainty in V = power factor \ % age uncertainty in r.
% age uncertainty in V = 3 x % age uncertainty in r
Let the radius of sphere is measured as 2.25 cm b> a venuer calliper wuh least count 0 01 cm. thrr.

V;

w /= I:- It

= 2£ i r 0.1 - 10.5 r 0 I Radius r is recorded as For Your Information
a = 2-25 ± 0.0lemr printing OSM lour

Now , rrmagenta, y
btoca to produo* ttto

are added. For example, we determine Absolute uncertainty = least count = 00Ion c f CC*Oert. 4.1 tro CdtovrSf

R ot xccoductor determined by formula.
Sx*Hiiw DN< I -"ao* "T&vi

0.01cm 100
*age uncertainty in r = 3-3^; \ — 0.4 = 04% tfw«#tot*co*cur».= 100

Total % age uncertainty in V = 3 x 0 . 4% = 1 2%
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BxOmpUt For Your Information

V w t i f f# o f W vibiMujti* til a tiling

accurate up u> cm mth ot a
VfvMhf. Now, Time ported * T ®

«
4- (114M22W LeasiUnccrteimy * No of VII. nmm

Thus time pen Atomic Clock
rb* c**kwr» #tomfcc frequency
standard et 0« h*7K>r»al irysutut*
of *Jutnd(b/d» »r.d Technology .«
Colorado (USA), U is the pnm*ry
standard lor the un4ot time,

TW.
Vutuux V* 47AW «n!w«ih 1.2*Of wewwwy- T

A* |2» gf 47 AW = 0.6 AW*,* /) / 3 odi number of minus to reduce timm$
v = 47 7 £ 0 6 cm3

U f U i
•r

tm l «*rl*snt> M 0« A«n*e Value of Nlao) Meaumimnu,

Bwt the **«««* »*lue of measured values

of each measured value

Q.13 do you krstand from the dimensions of physical quantities?
OF PHYSICAL QUANTITIES

yrht qualitative nature of the physical quantity is considered a dimension . It is denoted In a
specific symbol written within square brackets."

For Your Information
6> in Di
(li) Find die deviation

average value.
The mean deviation is(ill)

M (OR)
Dimensions of physicaJ quantity is a relationship between derived physical quantity and the base

fiampU
readings of the micrometer screwThen: are a*

mcssJC the dutneaer of a wire in mm quanuty.
A &>

Different quantities such as length, breadth, diameter, light year which are measured in meter
denote the same dimensions and has the dimensions of length (L). Similarly, the dimension* of mass and
time are denoted by [M] and [TJ respectively.

The readings are
1 20. 1.22.1 23.1.19.1-22. rod 1.21.

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

(1) Dimensions of Speed1.20 + 1.22 + 1.23 + 1.
Do You Know?Average = 6 length _ L

time = T_ dimension of length
dimension of time

Speed = Anchor= 1.21 mm
The deviation of each value te the difference

recor&rg and average value , without regard ot sign, are.

0.01. 001,0.02,0.02,0 01.and 0.
Dimensions of speed =

PA.10I

[V] =or IT]
Mean of deviations^ 6 [V] = [L][r‘] = [L-r1]= 0.01 mm (2) Dimensions of Acceleration
Thus uncertainty in mean diameter i.e., 1.21 mm i

velocity
time

recorded as Acceleration
These are not decoration pieces
of glass but are the earliest known
exquisite and sensitive thermo-
meters. built by the Academia del
Cimento (1657-1667), in Florence.
They contained alcoiioi, some times
coloured red for easier reading.

|Diameter = 1.21 ± 0.01 mm dimension of V
Pendukim
(regutaiing dewc*) ""̂

The device which made the
pendulum dock practical.

Dimensions of acceleration = dimension of I(5) For the Uncertainty in Timing t \|-criment
The uncertainty in the time period of a vibrating body is foundby dividing the least count of mning device by the number of

vibrations re.
lal - ^,aJ ~ m
(a) m = fl-Tlrr1] [LTa)I last count

No. of vibrations
=Uncertainty in time period =



DunensHios if Fore*<31
FSince. = ma

[F] = [m] [a]

= [M][LT~Z] A [a] = [LT2] EXAMPLE / / )
= [MLT2] The length, breadth and thickness of a sheet are:Calculate the volume of the sheet 3.233m, 2.105 m and 1.05 cmupto the appropriate significant digits.onal analysis, we can check the correctness ofUsing the method of dimensions called the di correct

a given formula or an equation and can also derive it Dimensional analysis makes use of the fact that Data
expression of the dimensions can be manipulated as algebraic quantities.

Length of sheet #3-233«= /( i , Checking the Homogeneity of Physical Equation
In order to check the correctness of an equation, we arc to show that the dimensions of the

quantities on both sides of the equation are the same, irrespective of the form of the formula. This is
called the principle of homogeneity of dimensions.

lit ) Derivation of a Possible Formula
The success of this method for deriving a relation for a physical quantity depends on the correct

guessing of various factors on which the physical quantity depends.

Breadih of sheet

^IThickness of sheet = h = 1.05cm

b = 2.105m

= 1.05 x 10
To Find

Volume of sheet 1= V = ?
[SOLUTION ] my

lVolume is given by
* IN. '7*v = / x b x h

Putting values, we get

V = 3.233 x 2.105 x 1.05 x 10-2

= 7.14573825 xl0
_
2 m3

As the factor 1.05 cm has minimum number of significant figures equalvolume is recorded up to 3 significant figures.
Hence,

1to three, therefore,

» V = 7.15 m3!/

Result
Volume of sheet = V = 7.15 m3

EXAMPLE 1.2

The mass of a metal box measured by a lever balance is 2.2 kg. Two silver10.01 g and 10.02 g measured by a beam balance are added to it What Isbox correct upto the appropriate precision?

coins of masses
now the total mass of the

Data
!Mass of box

Mass of 1“ coin
Mass of 2nd

coin = m2

= 2.2 kg

= lO.Olg = 0.01001 kg

= 10.02g = 0.01002kg

= m

= mi

I
To Find

Total mass of box « M = ?



SOLUTION ; [CHAPTER 1] MEASUREMENTS
Total muss when silver coins are added. Thus, V - 6.2509079 cm3 with uncertainly 1.8%.

As, 1.8% of 6.2509079 = 0.1i M = m + mi + m2

V = 6.2 ± 0.1 cm3Thus,= 2.2 + 0.01001 + 0.01002
Where 6.2 cm3 is calculated volume and 0.1 cm 3 irthe uncertainty in it.= 2.22003 kg

Since least precise is 2.2 kg having one decimal Place, hence total mass should be to one decimal Result
. i

place which is the appropriate precision. Thus Volume of cylinder = 6.2509079
-

Total mass = 2.2 kg Uncertainty in volume = 6.2 ± 0.1 cm3

Result EXAMPLE 1.4
= 2.2 kgTotal mass

v
Fx / where V is the speed of transverseCheck the correctness of the relation vEXAMPLE 1.3 wave

on a stretched string of tension F, length / and mass m.The diameter and length of a metal cylinder measured with the help of vernier calipers of
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

ula is
Data

Least count of vernier callipers = 0.01cm
1.22 cm

= / = 5.35 cm

V =
Diameter of cylinder
Length of cylinder

= D nsions of L.H.S = [V] = [UT1]

Dimensions of R.H.S =To Find
[MLT2] [LIT72Volume of cylinder = V = ?

Uncertainty in volume = ? [Ml
= [L2T

_
2]1/2

= [LT1]
As Dimensions of LHS = Dimensions of RHS.
Hence formula is dimensionally correct.

SOLUTION
Absolute uncertainty in length = 0.01 cm

0.01 100
~ 5.33 x 100

Absolute uncertainty in diameter = 0.01 cm
0.01 100

" 1.22 x 100

0.2% age uncertainty in length 100
EXAMPLE 1.5

'Derive a relation for the time period of a simple pendulum
(Fig. 1.2) using dimensionsal analysis. The various possible factors
on which the time period T may depend are

(i) Length of the pendulum (/).
(ii) Mass of the bob (m).
(iii) Angle 0 which the thread makes with the vertical.
(iv) Acceleration due to gravity (g).

% uncertainty in diameter

As volume is given by
V = 7rr2/

Ttd2/v = *Total uncertainty in V = 2 (% uncertainty in d) + • % uncertainty in /)
= 2 (.8) + .2
= 1.6 + 2 = 1.8%

(3.14) (122)2 (5.33)V TS *

Data
= /Length of the pendulum

Mass of bob
Angle which the thread makes with vertical = 0
Acceleration due to gravity

= m
= 6.2509079 cm34

= g

"*tab Sons Stationers
a— - - '
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EXAMPLE 1.6

To Find
Find the dimensions and hence, the SI

Stokes law for the drag force F for
F = 67171rv.
Data

Relation for time penod = T = ? units of coefficient of viscosity ri in the relation ofspherical object of radius r moving with velocity v given asa
SOLUTION

The relation for time penod T will be of the form

‘x /b x 0C x gd

T = Constant m‘Z6 0C gd
Now we find the values of powers a, b, c and d.

Now, Dimensions of 0 = [LL '] = 1

F = <*fT « m
To Find(1)or

Dimensions of
Units of Ti/. s = r0

*
s L

0 = 7 = L

= LL"1 = 1

Dimensions of g = (LT 2]And,
We are given

F = 6TTTI rv (I )
Wnting dimensions on both sides, we get.

[Tj = Constant|M]“ [L]bmc (Lr2]d

= Constant ( MJ* [L]b [ I lc [L]d [Tl
[TJ = Constant [M )* [L)lml [T]"2d ([

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

[MJ° » |MJ* =>
|L)“ * [L]b*<l => b + d = 0 orb = -d = (-1/2)

|T)' = [T]'M =* -2d = 1 or d * -1/2

Now, is a number having no dimensions. It is not accounted in dimensional analysis

[F] = |T) rv]

Inl - -£L[Tl1 - [r] fv]
Substituting (putting) the dimensions of F, r and v in R.l I S, we get

a = 0 [MLT 2 )lT)1 = [L] [LT 'l
In) = |ML 'r 'l

= oThus, Unlta of TIa
SI unit of n are kg in V1.b * 1/2

d » «1/2 Result
Pulling value % of u , h. d and 0 in et|. 11 ). we get .

•Constant m° x lui x I x g 1,2
Dimension of TJ - |Ml 11' 11

* kg m 's 1I Unit o f t )

FT * Constanl'TJ'Jor

I ( ‘onsianim

i Conniani
X*'

Result

Hflntion foi linir period i COIUIMMI

•abSonTSUIlDn r f
a i

_
i
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20 1.5 An old saying is that “ A chain is only as strong as its weakest link” . What analogue statementc$yo“.^ •* MThe analogous statement regarding experimental data used in computation is “ A result obtainedfrom an experimental ejata used in computation is only as accurate as its least accurate reading".tea**/* Ve&P'jty a*& p* m/ar/'#rir*ck}r4&y The period of simple pendulum is measured by a stopwatch. What type of errors are possibleJs in the time period?

SHORT QUESTIONS
4>

Ans.

which could serve as reasonable
Name several repetitive phenomenon occurring in nature

time standard.

Any natural phenomenon that repeats itself after exactly same time interval can be used as a

measure of time. The repetitive phenomenon could serve as reasonable time standard, occurring

in nature are as follows:

1. Sun: Sun served as reasonable rime

information of time.

2. Moon: Moon is also reasona

3. Weather:Changing of weather can also give information about time.

Rotation of Earth on its axis.

Rotation of Earth around the sun.

6. Oscillation of a simple pendulum. > figb
Give draw backs to use the period of a pendulum as a time standard.

Ans. As we know that the time period of a simple pendulum depends upon the length and value of g at

any place. Since
B^|

When the period of a simple pendulum is measured by a stopwatch, the following types of errorsare possible:

Systematic Error: The error due to the fault in the r
systematic error i .e . , zero error* ??*/£ O* C faxw

2. Personal Error: The error due to the faulty procedure of an observer
error.

Does dimensional analysis give any information
appear in an algebraic expression? Explain.

Ans. Dimensional analysis does not give any information about the
dimensionless constant . For example

Ans.

1.and sunrises gives the
standard because sunset measuring instrument is called

blc time standard because it gives the information of time. is called personal

1.7 constant of proportionality that mayon

4. constant of proportionality or

i > * A 4f v = Constant x

The numerical value of this constant cannot determined by dimensional analysis.

Write the dimension of:
(i) Pressure (ii) Density

Ans. (i) Dimensions of Pressure:

F ma
P " A " A

kg ms~ 2

1.8

4T = 2n

clear that time period of a simple pendulum depends upon the value of g which is

different at different places. So a pendulum of same length may have different time period

at difference places. So period of pendulum cannot be taken as standard for measuring

time .

(i ) It is
As

= kg mV2Unit of P
Friction: Time period of a simple pendulum changes due to air resisu

fi »i ) Temperature: In summer due to increase in temperature, length

changes so time period changes.

find it useful to have two units for the amount of substance, the kilogram and

m7

<ii) simple pendulum [ p 1 = [Mi/ 'r2]

(ii) Dimensions of Density:£
=>

Why do we
the mote?

It \% very useful to have two units for the amount
want to consider a specific amounts of mas* without comidcring number of microscopic atoms

present » n »t . it it is-eful to use kilogram Because one kilogram of different substances contains

diffe rcr • * - timber of i .olcculcs While if we want TO consider a fixed number of atoms present in

H then it is uvM to use mol* Became one mole of any substance contains the same number of

Mass
As Density =

of substanc
Volume

ce i.e., kilogram and mole. If we
An*. = 5 = kg m 1

Unit of density

|Density! = [ML' 3]

The wavelength A of a wave depends on the speed V of the wave and its frequency f.
Knowing that:

1.9

Ihre# «dud*nlf* rmn !bf of a needle with a stale on which minimum division is
[ A J » [ L ],[ V J « ILT' 11 and [ fj = [T1]

^ r , * n t\ rMorded ?,|45m ( H > 0. m (iii ) 0.2 l 4rn. Which record is correct and why?
v

Decide which of the following is correct, f a vA or f a j.w/ ntU h,i f '1214 m. H mom correct than the other records because the least count of a

* * 1 r u• wfi‘.t 1 .ic r* tn r * r:ri .i ri V /| rri Ho according to this figure, the student measure
filter i
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L In dimension is [T- 1], v is speed, its dimensions are
2322 PROBLEMS WITH SOLUTIONSIn 1* case if f = v). where f is frequency

WT'l
>. ui the wavelength, its dimension is [ L].

rr'] = ILT'HL )

rr'i = tL*r'i
Hence the equation f = vX is not dimensionally

equal to right hand side dimension.

In second case

[PROBLEMS U \
A di^nCri8bt-.traV*,< ln 0ne ye#r- How «*».« tte,ta one

light year? (Speed of light = 3.0 x 10* ms )

So.
correct because left hand side dimension is not

Data
t = 1 year

= 365 day*
= 365 x 24 x 3600

= 31536000 sec.

C = 3 x 10* m/s

Time

v
f * X

= l LI
rr'i - rr'i
rrMSo of llS

To Find

^,•iU — — » — — “ “ * ^ ” t
nght hand aide dimension.

= d = ?Distance covered by light

SOLUTION
As we know that

d
* TV

d = vxt

= Cxt

= 3 x 108 x 31536000

= 94608000 x 10

= 9.46 x 1015 m

K

Result
9.46 x 1015 m= d =Distance covered by light

PROBLEM 1.2
ds are there In I year?

oseconds in 1 year?

1 second?

(fl) How many secon
(b) How many nan -

(c) How many years in

Data
= 365 days

= 365 x

= 3.1536000
= 3.15 x 107 sCC-

One year
24 x 3600

ab Sons Stationers
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\jw7mLEM l.4\
Add the following masses given in kg u.

V f *-V£i

""2

MEASUREMEMTQ
25KEY TO PHYSICS PART-124

To Find
appropriate precision. 2.189, 0.089. 1J.8 and

5.32.(a) Seconds in one year = ?
(b) Nanosecond in one year = ?
(c) Years in one second 7i

Data
The given masses are 2.189, 0.089, 1

Sum of masses upto appropriate precis

SOLUTION ]

To FindSOLUTION
(a) As we know that

1 year = 365 days

= 365 x 24 x 3600
= 3.15 x 107 sec.

Sum of masses = 2.189 + 0.089
= 19.39!

Seconds in one year = 3.15 x 107 sec.
= 3.15 x 107 x 109 nsec.
= 3.15 x 1016 nanosecond

= 3.15 x 107 sec.

ResultSince 1 ns = 10 9 s
Is = 109 ns

(b) As 1 year
Sum riate precision = 19.4 kg

PROBLEM L(c) As 1 year
1

4= 1 second3.15 xl0
, yCar

1 second = 0.317 x 10~ 7 years

= 3.17 x 10-8 years

Find the value of ‘g’ and its uncertainty using T = 2n
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 ofaccuracy upto 0.1 s.

Data

from the following measurements

Result
(a) Number of seconds in one year = 3.15 x 107 seconds
(b) Number of nanoseconds in one year = 3.15 x 1016 nanosecond
(c) Number of years in one second = 3.17 x 10“ 8 years

100 cmLength of simple pendulum = /PROBLEM 13
1 m

The length and width of a rectangular plate are measured to be 15.3 cm and 1
respectively. Find the area of the plate.
Data

= 40.2 sTime for 20 vibration = t
40.2t = 2.01 sec.Time period = T = 9Q

LEAST count of metre scale
20

1 mm = 0.1 cmLength of rectangular plate = L = 15.3 cm
Width of rectangular plate = W = 12.80 cm To Find - 7To Find

Acceleration due to gravity - g
Area of the plate = A = ? SOLUTIONSOLUTION

As we know that
As we know that

271TArea = Length x Width

= 15.3 x 12.80
= 195.84 cm2

Squaring
/

= 47T2 xrT2 gResult
Area of rectangular plate = A = 196 cm2

ab Sons Stationers
* %/Ar Uhore. Tel: 37311884
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MEASUREMENTS
47?/ F x r2

= pT Gg = Since F -mim2

m a x ?Putting the values
4qi4)2 x 1

- (2.01)2

m j x m2
kg . m/s2 xm2g

Unit of G = kg - kg39.4384
m3

4.04 W?
Dimensions of G = [Nr'L^'r2]
For unit of G

= 9.76 m/s2

Since Uncertainty in length = 0.1 cm
% uncertainty in length = 0.1%

0.005
" 2.01

= 0.25%

Thus Total uncertainty in “ g” = % uncertainty in time + 2(% uncertainty in time)

= 0.1 + 2(0.25)

= 0.1 + 0.5

g

_ JfcaLG = -̂ -XVx mi kg . kg
V

0.1x 100 Since xr = 0.005 sec.% uncertainty in time 20 7GResult
[M-'LVJ]

= N-m2/kg2
Dimensions of G =
U n i t o f G

PROBLEM 1.7
= 0.6%

Show that the expression vf = Vj + at dimensionally correct, where vt is the velocity at t = 0,0.6
Thus Uncertainty in calculated value of g = ^JQ X 0.97 a is acceleration and vr is the velocity at time L

= 0.06 m/s2 Data

= (9.76 ± 0.06) m/s2 The given equation isHence g
vf = Vj + at

Result
To Find= (9.76 ± 0.06) m/s2

Acceleration due to gravity = g
Is the equation dimensionally correct = ?

PROBLEM 1.6 SOLUTION
What are the dimensions and units of gravitational constant G in the formula?

= Vj + atNow Vf
Q m1^2F In unit form

m m= — + “ 7 X SData
The given formula is

F = G^ = T + TTo Find
Where 2 is constant so it is dimensionlessDimensions of G = ?

Unit of G

SOLUTION
Now for dimensions

= v, + at is dimensionally correct.

Hence the equation vf
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[CHAPTER 1] MEASUREMENTS\ PROBLEM L8\ 1 29a + 2 = 0 'The speed V of sound waves through a medium may be assumed to depend on (a) the

density p 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.

f*i» • y-,

SOLUTION Putting the values in eq. (i )
As we know that the speed of sound depends upon the following two factors
(i) Density p* and (ii ) Elasticity Eb
Since

v = Constant x p~,/2 El /2

v oc paEb
v = Constant x paEb

Writing dimensions of quantities on both the sides.

r .

(i)

v '[l] = Result[Lr *]Dimensions of velocity
The foi sound is

Mass
The dimensions of density p = 'EVolume = Constant x

P
mUnit of p 7

( P 1 = [ ML“’l hat the famous “ Einstein equation” E = me2 is dimensionally consistent.FStress —E =Dimensions of elasticityand = AStrain W
Where strain has no dimensions The given equation is

E = me2

Writing the dimension of both sides
Dimension of energy (E) = Work

ma
E = A

kg m/s2

= F . dUnit of E = m
= ma . d

= |Ml. 'T2]m.sI El = m
Unit of work = kg ^T . m

Putting in equation ( i )
m2

ILT ' l => Constant [ML Y|ML-,
T‘2] = kg ^r

[WJ = [ ML^2]U-T'l - Constant x [MV5*][MbL
_
br2b] :. . (0

= Constant x [M',b L'J*‘b T 2b] 2

" M?.
m2

= “ S?-
= IML'T2]

Comparing the exponents Unit of me2

For L “ 3a - b = 1
For T -2b * -1

( i « )For M a + b = 0

-2b = -IAs
From eq. (i ) and (ii )

1 = [ML2!-2]b = 2 [ML2!"2]

= me2 is dimensionally consistent.
in’s equation E =Hence the Einstein

m
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•luppw, w» arc told that the acceleration of a particle moving In a circle of radiim r wllh

uniform «p«*d v la proportional to Home power of r, aay r", and Home power of V, nay v"‘,
determine the power* of r and v?

isou/rawl
According10 Matement, the acceleration of paiticic movingin a circle can l>c written as

« tV*
Comtant x iVM

VECTORS AND
EQUILIBRIUM2

LEARNING OBJECTIVES
U At the end of this chapter the stu

* Understand the definition of sc

* Understand and use rectangular coordinate system.
dea of unit vector, null vector and position vector,
r as two perpendicular components (rectangular components),
iplication of vectors and solve problems.

ents will be able to:
Ians and vectors.

«)a

Writing the dimension of both aides

DimentMcinx of acceleration » ( a ) * [LT2 )

* ( r ] « m e [ L|
s I v ) = |Lr'|

Understand t
Represent a v

Understand mu

e iDimensions of radius
Dimensions of velocity
Putting in eq . (i)

ILT J] Constant x| L )n[LT 11"1
lent of force or torque.ne the

ILT2] * Constant x|L° 1 [L"T m] ite the use of the torque due to a force.
T’m]n m

[LT 2 ] * Constant x|IJ ppreciate the applications of the principle of moments.
Conipunng the exponents

Q. I Define scalars and vectors. Give examples.n + m = 1
= — 2-m SCALAR QUANTITIES

'm = 2|
Those physical quantities which are completely described by magnitude with proper units arc

called scalar quantities, e.g. time, current, speed etc. Scalars are added, subtracted, divided andPutting in above
multiplied by ordinary arithmetic rules.n + 2 = l

n = 1 - 2 VECTOR QUANTITIES
Those physical quantities which are completely described by magnitude with proper units as well

as direction arc called vector quantities, e.g. force, torque etc. Vectors arc not added, subtracted, divided
and multiplied by ordinary arithmetic rules but it can be used as vector addition, vector multiplicationPulling in eq. (i)

= Constant xr 'v2a and vector subtraction
V* Q.2 Describe how a vector Quantity is represented?= Constant x —a
!

REPRESENTATION OF A VECTORResult
The acceleration of a particle moves with velocity in a circle of radius r is 0) By Letter

a bold face letter that is A or by a letter with an arrow drawn
usually represented byA vector is

above or below it that is A or A.
A
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