| iy |
{

In the Name of Allah, the Mest Merciful, the Most Compassicnate.)

3
F-ua vl
.
- .

PHYSICS )

'_- h‘-. " : r 4!.‘-‘ e

-

- ':.—'-l- b k . - i 3

&

PECTAA

Transformatien, (nnvtien ad Bl

e of

PUNJAB EDUCATION, CURRICULUM,
TRAINING AND ASSESSMENT AUTHORITY



This textbook is based on Updated / Revised
National Curriculum of Pakistan-2023 and has been approved by the
Punjab Education, Currculum, Tralning and Assassmant Authority (PECTAA).
.
All rights are reserved with PECTAA.

No part of this texthook can be copied, translated, reproduced or used for
preparation of test papers, guidebooks, keynotes and helping books.

_ Authors
@ Prof, Muhammad Ali Shahid (zar-I-Fareelat) ®  Prof. (Rtd.) Muhammad Nisar
@ Prof. Dr. (Rtd.] ljaz Mujtaba Ghauri @®  Prof. Riaz Muhammad Khan
@ Mr. Shahzad Hussaln ® Mr. Muhammad Saleem

| Editor |

@ Prof. Dr. Muhammad Nouman Sarwar Qureshi

_ Reviewers
® Prof. Dr. Riaz Ahmad @  Mr. Aurangzeb Rehman
® prof. Muhammad Arshad @  Prof. Naslr Igbal Shelkh
@ Dr. Mohsin Rafique #®  Dr.Daniel Yousaf
@ Prof. Muhammad Attiq-us-5alam ®  pr.waris Ali
@ Dr. Azhar Abbas Zaidi
G:! Director {Currioulufh & Compliance) Aamir Riaz
q:' Deputy Director (Compliancesciences]  Syed Saghir-ul-Hassnaln Tirmiz
Subject Coordinator Abdul Rauf Zahid,

e Senior Subject Specialist, PECTARA, Lahwore
G) Incharge Art Cell Alsha Sadiq
@: Cemposing Irfan Shahid Experimental
Edition

a: Designing & Layout Hafiz Inam-ul-Haq

o nustrations Hafiz Inam-ul-Haq , Alyatullah



[Chapter No. J

[ Description }

Measurements

Force and Motion

Circular and Rotational Motion

W

Work, Energy and Power K@w

Solids and Fluid Dynamic&?‘}

o

Heat and Thermodynamics

-
Waves andﬁ‘f&tions

e
Ph@ﬂptics and Gravitational Waves

%Edmstatics and Current Electricity
Electromagnetism
Special Theory of Relativity
Nuclear and Particle Physics

Bibliography

| PageNo. |




After stixdying thia chapter, the students will be able to:
Makoe raaschable astmates of value of phyaleal guantties [of thoas quantilas 1hnt u[a&';lbwaaad In
tha topica of thia grade]. )
ss the conventicns forindicating units, assstoutinthe Slunis. » ‘.=
Express donved unitsas prpducts orquoticnts ofthe 51 base units "\ >
Analyzaiha homopeneity of physical aquahuns[Throughdlmansnnﬂ;mlysm]
Deive formulasin gimple cases ﬂ'rro::ghusungdumansmnalanalysiﬁ
Analyze and critique the accuracy and precislon of data oole_qedb;?measurlng Instruments
Justity why all measuremenis contaln some unr.ertalnly \

Assens the uncertalnty In @ derhved quantiiy [By simple aﬁdjtlc-n of absoluie, fractional or percentags
uneartaintiee]

Quaota anzwars with comact sciantific nmag_ﬁ‘na" numbar af significant figuras and units in all
expermental and numerical rezults.

hysice Is the most fundamental branch of [Nk cvert

physical sciences. It provides the basic
principles and laws which help to understand the
mysteries of other branches of sciences such as
astronomy, chemistry, geology, biology and health
sciences. The tools.. lechnigquez and products of
Physics have «transformed our dreams into
raalitios. Thecomforts and pleasures added in our
lives are friitiul resuits of science, technology
ard engin'eeﬁng in everyday life.

Tha Infarmation technology has entiraly changad
the oulcok of mankind. The fast means of e Tbe s e fm'm G
communicalion have brought people ofthaentice e cptined fram sand. s up tous
world in sz close contactthatthe wholeworldhag  whether we mahe a sand caste or B
become a global village. computer out of it.

&
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Physics is an experimental science and the scientific method emphasizes the need of
acourats measurement of varicus measurable physical guantiies. This chapter
stresses inunderstanding the concapt of measuring technigues and racording skills.
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1.1 PHYSICAL QUANTITIES AND THEIR UNITS

The foundation of physics depends on physical quantitias in
terms cf which tha laws of Physlce zra axpressed. Therafcrs,
these quantities have {o be measured accurately. These are
mass, langth, tima, wvelocity, forca, density, termperature,
electric current, and numergus others,

Physical quantities are often divided into two categories: base
quantities and derived guantities. Darved quantiies are those
which depend on base quantities. Examples of derived
quantities are velocity, acceleration, force, etc. Base quantities
ars not defined in tarms of cther physical quantities. The base
quantities are the independent physical quantities in terms of
which the other physical quantities can be defined. Typical
examples of base quantities are length, mass and time.

Tha measurement of a base quantity involves two staps: first,
the choics of a standard, and sscond, the establishment of a
procedure for comparing the quantily to be measured with the
standard so that a number and a unit are determinad as the
meagura of that quantity.

Measurements must be reliable and accurate sa that they can
be& used, easily and effectivaly.

1.2 INTERNATIONAL SYSTEMOCF UNITS

In 1960, an intemational committes agreed on a ast of definitions and standards to
describe the physical quantities. The system that was establishad is called the System

Intermational (31D
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Sl units are used by the world's scientific community and TR 3t

by almest all hatlons. The systam Intorational (SI)  guonrey 81 LNt | Symbol
consigls of two kinds of units: base units and derived | . -
units. Mass Kiogam| kg
Base Units ;':m hapes |0
There are seven base units for physical quantities _cumen Hpeen) |
namely: length, mass, time, lemperature, electric Themodnamic R =
current, lighl or luminous intansity and amount of _tAmpersturs

substance (with special reference to the number of M™% 1 | candes| e
particles). Prefixes such as milli, micro, kile, otc. may be  “anoot of

used with them to express emaller or larger quentities. substance | MO | M

Tha namas of base units for thase physical quantities togetharwith symbols ara listed in

Table1.1.



units, includirg:

The traditional mathematical units for measuring
angles (degree, areminute, and arcsecond}.

The traditional units for standard time ara {minute,
hour, day, and year).

The lggarithmic units bel {and its multiplas, such as the
deacibal).

Two metric units commonly used inordinary life: the litre
for volume and tha tonna {metric ton}forlarnge massas.

Two non-metric scientificunits are atomic mass unit {p)
and the electron volt (a4}

The nautical mile and 'knct; units traditionally used at
s&a and in mateorology:

The acre and hectare, ecommon metric units ofland area.
Thebarisa unitof pressura and itis commenly used as

the milibar in meteorclogy and the kilobar in
engireering.

The angstrom and the bam, unita used in physics and
astronomy.

Sclentllc Notatlon

Nurnbers are expressed in standard form called scientific
notation, which employs powers of ten. Tha irdemationally
accepied praclice ie that there should be only one nen-zero
digit left of dec:imalé Thusg, the number 134 ¥ should hgr.e
writtenas 1.247 x 10 and 0.0023 baaxprassed az 2.3x10 .

| - «.{r-i. -': Chagpter Bl gt 2y 1 g Y g,
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Derived Unkts
Derived units are those unils Table 1.2
which dapend on the base 2 T

Physical Unit Symbial | In bterms of b

units. Some of the derived ﬂu::w - u"nm 'y
units ar_e given In Tagle. 1.2. Planhe angla radian rac dimenslanless
The units of plana angls and : . : .
salid angle have also been Solid angle steradian & dimension/ess
Includad In the list of derdved  Force newln N kg m &*
units sinca 1985, Wirk Joule J M = kg mi &2
In addition to base and _Power watt Lid Jgt = kg m &
derved unlts, the 1 pemits  Elecicchage | coulomb g Az
the use of certain additional  Pressurs paacal Pa NmZ=kgm'a?
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Prefixes

Mast prefixes indicate order of magnitude in steps of 1000
and provide a convenianl way to axpress large and amaill
numbers, to eliminate non-significant digits. &l also
includes four of the other prefixes to accommodate
usage aready established before the introduction of S
(Table 1.3} They are centi-{10"} deci-(10™), deca<{10"
and hacto-(10°).

Conventions for Using 8l Units

Lze of 81 units requiras spedal care, moera particulady in
writing preflxes. Some points to note are:

1.

Each Sl unit is represenitsd by a symbol not an
abbreviation. These symbolz are the same In all languages.
Hence, comadt use of the symbol is very important.

For example: For ampere, we should use “A”.not
“amp”; for seconds, "s"” not "sec”, 5l not 5.1

Fullname of unit does not begin with capitalletter.
Forexample: newton, metre, elc., except Calsius.
Symbols appearin lower casa.

For example: "m" for metre, "s" for second, elc.,
exception “L" far hitre.

Symbols named after scientists have initial letbers
capital.

For example: "N for newton, "Fa” for pascal, “W" for
wath.

Symbols and prefixes ara printed in upright {roman}
style regardiess ofthe type style in surrounding lext.

Forexample: adistance of SOm.
Symbolz do not take plural form.
Foraxamplae: 1mm, 100 mm, 1 kg, 60 kg.

Mo fullstop or dot is placed efter the symbol except at '-'f‘.: Do yo

the end ofthe sentanca.
Prefix is written before and without space to base unit.
Feorexampls: “mL" notmL or“ms’ notm s.

Base units are written one space apart. Leave aspace
evan batwaan the numbar [value)and the symbol.
Forexample: 1kg, 10 ms”, ate.

= I gty ' Bleasurements

Tabla 1.3
Some Prefixes for Powers of Ten

Factor Prafhc Fymbol

10" Etto a
1" femto f
107 O A
104 nam n
10% mica 1]
107 mill m
1p® cortt [
10! ducd d
10" der= da
10* Hisedea h
10 Ho k
1 rrega M
10 glga &
10" tem T
10" pets P
10" E
For your Information
Intarval [s)
Agae ofthe universe sx10”
Afe of the E=arth 1.4x10"7
O yoar 32107
tie day. 8.6x10*
Thme between =
rmormal haartteals v ki)
Parlod of audbls >
s0und weves RER[)
el e 1107
Fericd of vibraticn
%ﬁlg atam In & 110
Pariod of visibla 5
light waves 210
Approcenate Wlues of Some
Tima Intarvals

Masg can e thoughl of ag a Form
of enargy. In effiect, the masa iR
highly carcenirabad form of snangy,
Einstein's famous equation, E=mc’
maana;
Enargy = mass x{speed of light)’

Acromding Lo this equalion 1 kg
mrass i3 achualy 910" of EMEgyY.



. T Chagter! § Measuremends ™

10. Compaund prafives are notallowsd:
Forexample: 1ppF should be 1 pF.

11. Whan basa unit of multiple is raised to a power, the powar applies to whole multiple
&nd nol to base unitalons.
Forexample: 1 km’ = 1(km)’=1x (10" m) = 1x16" m’.

12. Use negative index notation (m 5'1) instead of solidus (mva).

13. Use sciantific notation, that is, one non-zero digit left of decimal.
Forexample: 143.7 = 1.437x 10°,

14. Do not mix symbols and namasin tha same exprassion.
Forexample: metre persacond orm 5'1, netmetressac ormizecond.

15. Practical work should be recorded in most convenient units depsnding upon the
instruments being used.

For Example; Measurements using screw gauge should be recorded in mm bul the
final results must be racardad to the appropriata basa units.

18. Systam Intamational do not allow tha uze offormer CES System units such aa dyne,
£rg. gauss, poise, torr, efe.

1.3 UNCERTAINTY IN MEASUREMENT

You can count the number of pages of 8 book exactly but measurement of its length
needs same measuring instrument. Everyinstrument is calibrated to a certain smallest
division mark on it and thig fact puta s limit regarding ils accuracy. When you take a
reading with one Instrumant, s limit of meaasurement |5 the smallest divislan or
graduation on its scale. Hence, every measured gquantity has some uncerainty aboutits
value, When a measurement ismade, ilistaken to the nearestgradusticn or marking on
the ecale. You can astimatethe maximum uncartainty as halng ons emallsst divislon of
the instrument. This is'¢allad absolute uncertainty. It is ona millimetre on a meatra rule
that iz graduated in milimetres. For example, if one edge of the book coincides with
10.0 emmark and the otharwith 33.5 cm, then tha length with uncertaintyls glven by

{33.5 + 0.05) cm - (10.0 £ 0.05) cm = {23-5 + 0.1} cm

It means that the true length of the boak is in between 23.4 cm and 23.6 cm. Hencs, the
maximum uncertainty is +0.05 cm, which is equivalent to an uncerainty of 0.1 cm.
Infact, itis squal to least count of the malra nuka. Uncertainty may be racorded aa:

Fradtional uncertainty = ABSING tecr iy
Meaasured valus
; I i
or Parcentage uncertainty = Aok Unecriity ® 100%

Measured value
Uncertainty in Digital Instruments
Soma madern measuring instruments have a digital scale. We usually estimate one
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digit beyond what is certain: with a digital scale, this is reflected in some fluctuations of
the last digit. If the last digit fluctuatas by 1 or 2, wiite down that last digit. If luctuation is
mare than 2 or 30 in the last digit, it may mean that the reading ia being influenced by
some factor such az air curments. Regardless of the reason, a large fluctuation mey
mean that the displayed digit is notreally significant.

Tha indication of uncartainty in a recorded value hag been simplified vsing significant
figures. IFa measurament is recorded using the knowledge of significant figuras, thenits
last digit, which is an estimation, is an indication of the accuracy of the recorded value.

1.4 USE OF SIGNIFICANT FIGURES

The number of digits of & measurement about which we T ror vaur miormeton
do feel reasonably sure are called significant figures.

Infact, they raflect the use of actual instrument usad for

that measurement. While using a calculator, the resultof .

any calculation contains many digits after the decimal I Digmatar of
point. The addilional digits may mislead ancther person o AU
who uses those figures into believing them. Hence, they | anm.f’m

are to be reunded off ta the comrect number of slgnlfleant

3 S ' , Helght of &
figures. This can be done by keeping.in view the 1 pEFSON
uncertainty ar the least count of the instrumant while r ‘5}“:' E.g“émz“f
recording ohservations and also quoting results of any 107 Distance te

¥ o the Sun
calculations to tha comact numbers of significant figures. Distancs to e
Itis better to quote the result in scientific notaiontoavoid 4. IR S E
S i P | Clameter of the
any armbiguily regarding the number of significant figures., | Milly Way
ighi ; ith di Distanee to the
For example, weighing the-same object with different qgm L e r::fuﬂlﬂrr
balances:
Electranicbalance. : mass=3.145+0.001g Drader of magnitude of som=
distances
Laver balance ! mass=3.1+0.19

Usually, the, uncertainty £ 0.001 g or 0.1 q is dropped, and it is understood that the
number quoted has an uncerainty of at least 1 unit in the |ast digit. Al digits which are
quoted are called significant figures.

In any measuramant, the sccurataly known digits and the

first estimeted ordoubtful digit are called significantfigures.
Propar use of signifcant igures eneures that wa comactly ropresant the uncetalnty of
our measuramants. For example, eclentists Immaecd|ately reallze that the reparted mass
3.145 g is more accurate than a reported mass of 3.1 g, reflecting the use of a battar or
mare precise instrument. As we improve the quality of cur measuring instrument and
techniques, we extend the result to more and more significant figures and
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camrespondingly improve the experimental accuracy of the result.

Working with significant figures

{l) Countingsignificant diglts

{al Al digits 1.2,3 4,5,6,7,8,% are signhificant. However, zeros may or may not be
significant. In case of zeros, the following nules may be adopted:

{b} Azerobetween two significantfigures isitaelf significant.

{c} Zeros to the left mest significant figure are not significant. For example, none of
the zeros in 0.00467 or02.59 are significant.

{d} Zeros tothe right of a significant figure may or may not be significant. In decimal
fraction, zeros ta the right of a significant figure are significant. For example,
all the zeros in 3.570 or 7.4000 are significant. However in integers such ss
8, DOO kg, the number of significant 2eros 1s detemined by tha preclsion of the
measuring instrurment. If the measuring scale has a least count of 1 kg, then
thare ara four gignifigant figures written in scientific notation as 8.000 x 10" kg. If
tha least ceunt of tha seale ie 10 kg, then the numberof significant figures will be
3written in scientific notation as 8.00x 10° kgand soon.

{e] When a measurement is recorded in zcientific notation or standard form, the
figures other than the powers of ten are significant figures. For example, a
maasurement recorded as B.70 x 10" kg has thres sighificant figures.

{Iy  Multiplylng ordividing numbers

Keep a number of significant figures in the product or quotient not more than that
contained in the least accurats faclor i.e., the factor containing the laast number of
significant figures. For example, the computation of the following using a calculator, gives
5.348 107" x 3.84 x10°

1.336 ~ 145768362 x 10 Remember Thumb Ruls
As the faclor 3.64 x_10%, the least acourate in the above porealcwation sfend rasult:
calculation has three signlficant figures, the answarshould |, agdition | Subtmction: same
hewritten {o threesignificant figures only. The otherfigures  precision.
ara insignificant and should ba deletad. While delsting the = Multiplication / Division: same
figures, the last significant figure to be retained ig rounded :En‘l‘?c:?m%im“ﬂ I
offforwhich the following nules are followed: ’

{a) If the first digit dropped is less than 5, the last digit retained shoukd remain
unchanged.

{b) Ifthe first digitdropped is more than 5, the digit to be retained is increased by one.

{c} Ifthe digitto he dropped is &, the previous digit which is to be retained is increased
by one if it is odd and retained as such if it is even. For example, the following

numbers are rounded off to three significant figures as follows. The digits are
deleted one by one.
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4375 isrounded off as v43.ﬁ Thumb Rule for Uncertainty
56,8546 isrounded off as 56.9 Foraverage value of many readings:
73650 isroundedoffas 736  * Mean devation from an average
B4 350 is rounded off as 64 4 + Pariodic Uncortainty:

Following this rule, tha comect answer of the Divide least count of timing device

computation given in section (ii}is 1.46 x 10", Evisntmpenotoe IRt

{iii} Inadding or subtracting numbers - Duasich Cloiz -

Tha number of decimal placas ratained in the 4 Give the comect numberci significant
answer should be equal to the smallest number of  fgures for 0.0054 m) 0.03030 m,
decimal places in any of the quantities being added  40.0m,06m, 3.20x 10" m.

or subtracted. In this case, the number of significant 2 Give the enswer o the approprate
figures is nat important. It is the position of dacimal  numberofsignificant figurea,

that matters. For example, suppose wa wish to add  2602kg+36.02kg+54.1 kg="?

the fallowing quantiiss expressedin metres. 3.Give the answer to the apprapriate
{a) 73 4 (b} 2 7Rd3 number &f significant figures.
342 410 L el n G _
4 Give the answer to the appropriste
0003 1.273 numibar of slgnificant figurg.
75.623 81273 245x1Pmx 246 midGmm?
Comectanswear: 75.5m 8.13m

In case (a), the number 72.1 has the =mallest decimal places, thus the answer is
rounded off to the same positionwhich is then 75.5 m. In case (b}, the number 4.10 has
the smallest nurmber of decimal places and hence, the answeris rounded offtothe same
decimal position which is then 8.13 m.

Limlitations of Significant Figures

Significant figures deal with only one source of uncertainties that inherent in reading the
scale. Rsal oxperimental uncertainties have many contributions, including personal
errore and sometimes hidden systematic errors. One cannotdo better than thatwhat the
scale reading allows, but the total uncertainty may well be more than what the significant
figure of the measure ments would suggeat.

1.5 PRECISIONANDACCURALY

The terms precision and accuracy are frequently used in Remember Thumb Rule
physics measurements. They should be distinguished | o000 | ogs ansoliis
clearly. The precision of ameasurement is detemined by the  uncartainty.

instrument or device being used. The smaller the leastcount = Accuracy: Less % age
the more pracisa is the measurement. Accuracy is defined  uncertainty,

as the closeness of a measurement to the exact or accepted value of a physical quantity.
Itis exprassad by tha fraclional or parcantaga uncertainty. Tha smaller the fractional or
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percentage uncertainty, the more accurate is the
measuremsnt.

For example, the length of an cbject is recorded as
255 cm by using a metre rule having smallest division in
millimetre. s precision or absolute uncertainty (least
count)=20.1cm.

; : _ _Glecm i
Fractionaluncertainty = o= - 0.004
in,— _0.c¢m
Percentage uncertainty = 255 om * 100%= Q.4%

Another measurement taken by Vemler Calllpars with
leasicount0.01 cmis recorded as 0.45cm. It has precision
or absolute uncertainty (least count)=+0.01 cm.

0.01 em
0.45 cm

0.01 am e
e *100% = 2%

Fractionaluncartainty = =0.02

Percentage uncertainty =

Thus, tha reading 25.5 cm taken by metrs rule is although
less pracise but is mora accurate having less percantage
uncertainky er emor.

Whereas the reading 0.45 cm taken by Yamier Callipars is
more precise bul Is less acourgle. In fagt, Rt 1s the relatlve
measurement which is important. The smaller a physical
guantity, the maore precise instrument should be used. Here
the measuremant 0.45 ocm demands that a morg precise
instrument, such as micrometer screw gauge, with least
count 8.001 em, ahould-have been used. Hence, we can
concludethat

A pracise measursment iz the onhe which has less
precision or (absolute uncerlainty and an accurale
measurement'is the one which has less fractional or
percentage uncerlainty.

We can never make an exact measurement. The best wa B

can dois to come as close as possible with in the limitation
of the measuring instrument.

1.6 ASSESSMENT OF TOTAL
UNCERTAINTY IN THE FINAL RESULT

Knowing the uncertainties in all the factors involved in a
calculation, the maximum posslble uncertalnty or error In
the final result can be found as follows:

{chopeer( Measurements [
I For T o !mgrmaraicm I

We ysa many devicea to measurs
physlcal quantites, such as langth,
time, and tamperalre. They all
have somelimit of predsion.

I For your information | l

Theae are not decaretion pieces
of glass but ae the eadiest
kncwn exquisite and sensitive

thermameters, hbullt By the
Accademia del Cimarto {1657-
1857, In Flarenze. They contained
alcohd, some imes colourad red
for easler randing.
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1. For additlon and Subtraction F—

For ;-;f.r;. ar information i
Absolute uncertalntles are added. For example, the "mw pAring. Kses sk fou'r
distance babasen two positions x. = 18.4 £ 0.1 om oolours cyan, magenta, yellow

and x,=25.6 cm £ 0.1 cm |e reconded as: and black 1o produce the entire

T range of colours, All the colours in
=% X1. Wz & he cm_ thie book have bean mada from
and addition of two lengths is: just thasafour colours.

{.=B5+01cmandf,=125+0.1 cmrecorded as-
¢=0+6,=211£02am
2. Formultiplication and divislon

Percentage uncertainties are added. For example, the maximum possible uncertainty in
the value of resistance R of a conducter determined by the potential difference Vapplied
across tha conduetor rasulting in curmant flowing through it is estimated as undar:

Let V=34101Y Thumb Rule for Total Uncertalnty
f =0688£D05 A = Foraddition and subtraction:
R = l,.-f Absolute uncertalntes are eddead.
using U 0.4y * Formultiplication and divigion:

34y % 100% =3%" Percentageuncertainbes are addad.
+ Forpowerfactor:

Percentageuncartaintyin f= ggg: ® 10080 = Foh  Powarfactorx Percantageuncertainty

Hence, total percentage uncertaintyinthevalueof R is 3 +7 = 10%

Percentage un::ertamtyln V=

Tha valus of R will bawritten as: BT For your imformation Bl
34V e -
R = peaa. Cyomm Travel time of lignt
Henge, R = 5.0 £ 0.5 ohms-uncertainty being an Moan to Earth 1 min 20 =
estimate only, is recorded by one significant figure, Sun o Earth & min 24 3
Fluler ko Egrlh Eh2s

3. For Power Factor

The percenlage-uncersinty is multiplied by the power factor in the formula. For
example, the calzulation nfcmss sectional area of a cylinder of radius r=1_25 em using
formula forArea A = = i giveh by the %ags uncertainty which is A = 2 x %age
uncertainty in radius r. As uncertginty is multiplied by power factor, it increases the
precision demand of measurement. When the radius of a small sphare is measured as
1.20 cmby Vemier Callipers with least count 0.01 om, then

The radius ris recorded as r=125+0.01cm

%age uncertainty in radius ris r= ?g; »x 100% = 0.8%
Total percentage uncertaintyinarea A = 2x0.8=156%

Thus A=t

=3.14{1.25Y = 4.808 e with 1 8% uncertainty
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Thus, the result should be recaorded as 4= 4.91 +0.08cm?®

Exampie 1.1 [F The longth, breadth and thickness of a metal sheat are 2.03 m, 1.22 m
and 095 cm respectively. Calculate the volume of the shest comect up to the
appropriate significant digits.

Solution Given Langth £=2.03 m
Braarcith B=1.22m
Thickness A=085cm=085x 1i.'li'2 m
Volume V:fxbxh:2.03mx1.22mx0.95x1ﬂ'2m
=235277x10° m’

A the factor 0.95 cm has minimum number of sngmﬁuntﬁgumseql.éal totwo, therefore,
valumeis recarded upto 2 significant figures, hence, V=24 x 107 m

Exampla 1.2 [ The mass of a melal box measured by e lover balangg is 3.25 kg, Two
slivarcolns of masses 10.01 g and 10.02 gmeaszurad by abeam balance are added to It
What iz now the total mass ofthe box comect up to the appropriate precision?

Total masswhen silvercoins are addedtobox =325 kg+ 0.01001 kg +0.01002 kg
= 3.27003 kg
Since least precise mass is 3.25 kg, having two decimal placas, hehcs, total mass
should be reported to 2 decimal placeswhich is the appropriate precision.
Thus Tetalmass=23.27 kg

Example 1.2 [ Thea diamater and'length of a metal cylinder measured with the help of
Yemier Callipers of least count £.01 cm are 1.25 cm and 2.35 om, respectively.
Calculata tha volume Vofthacvlinder and uncartalnty In it.

Given
Diameter d =1.25crnwith leasi count0.01 em
Langth #=23 .35 cm whh least count 0.01 cm
Absoiuts uncartainty in langth =001 &m
Yhage uncerzinty in length ={001ecm/335cm)x100% = D.3%

Absolute uncerainty in diameter =0.01cm

Yeage uncerteinty in diameter ={0.01 cmH 25cm}><100% 0.5%
As Volume =nr¥=mn —f
Tetal uncertainty in V= 2 (Stage uncerzinty in diameter) + (%age ungertainty in length}

=2x08%+03%=19%

Then V=314 % (1.25 cm)’ »x 3.35 cnid = 4.1083842 cm® with 1.8 % uncartainty
Thus V=(4.11 £ 0.08)om’
where 4.11 cm’ is calculaied volumaand 0.08 cm’is the uncartainty init.
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1.7 DIMENSIONS OF PHYSICAL
QUANTITIES

Any physical quantity can be described by certain
familiar properties such as |length, mass, time,
temperature, electric current, ete. These measurable
properies are called dimensians. Dimensions deal with
the qualitative natura of a physigal quantity in torms of
fundamental quantities. The quantities such as length,
depth, height, diameter, light year are all measured in
metre and danoted by the same dimension, basically
known as length given by symbol L written within square
brackets [L]. Similarly, the other fundamental quantities,
mass, tme, electric current and temperature are
denoted by specific symbels [M], [T]. [A] and [8],
respeactively. These five dimansions have baen chosan
as being basic becauze they are easy io measure-in
experiments.

The dimensions of other quantities indicate how. thay
are related to the basic quantities and ere combination
of fundamental dimensions. For sxample, spsad v is
measured in meatres per second sc.it has tha
dimensions oflength [L] divided bytirmie [T ].

[M=IWIT1= KT 1=1LT ]
Asthe acceleraion a= Awv! At
Dimensions of acceleration are

[al= W [T]=[LT ¥ [T =[LT"]
Also, dimensions of forca can be written as

[F1=[m] [a]= [MI LT = MLT™]
By tha Usa of dimenslonallty, wea ¢an chack the
homogeneity (comeciness) of a physical eguation, and
also, we can derve formula for a physical quantity.
Homogeneity of Physical Equations
The correctness of an eguation can be checked by
showing that the dimensions of quantities on both aides of
the sguation ara the samea. This is known as principle of
hamoganeity.
Suppose a car starls from rest (v, = 0) and covers a
distance £ in ime { moving with an acceleration a. The
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equation af moticn is given by, -‘:_13; Do you q-
§ = yt+laf ) .
LA E Ancher
ar s = %atz

MNumarical Faetors like 1/2 hava no dimansions, so thay
can ke ignored. By putting the dimensions of both sides
of the aquation:

Pallet

[$1= [a[t°]
Wiiting the symbols ofdimensions [L]= [LT “][T ]
E]l= LT 'zT 2] Escape wheit
or L= [
This shows that dimensions on both sides of equation

are the same, therefore, the equatlon Is dimenslonally

corect.

Derivation of a Formula Pandulum
. . . . . (regulating Jevice)

Dimensianality can be used to darive a possiblsformula

for a physical quantity by cormact eatimation of varieua The device which made the

factors on which the guantity depands. R GO CiG

Exampie 1.4 ||| Derive a formula for the centripetal force required tc keep an objact
maving along a circle with uniform speed. Assuming that centripetal force depends an
mass of the object, radlus of tha clrelerand uniform speed.

Solution| 1 Ag force dependsonmass m of the object, radius rof the circle and unifiorm
speed v, we canwrite:

H bhe
Famyvr
F = (constanm Ve e {i)

where the exponents (powers} a, b and ¢ are to be deteminad. By the principle of
homageneity, he dimensions on both sides of the equation should be the same. Since,
constanthas no dimension s0 by ignaring it, we write the above equation in terms of
dimenskons as,

{F] = [w"][V][F]
[MLT?] = [M]ILTTIUS Bewrare!
[MLT*] = [MFIILT'°[LF Caleulatore are deslgned 1
viaid a= many dighs as the
MLTY = [ML™T] o {ii} mermary of the cakulator chip
permits. Hence, be sure t3
Cnmparing the pOWErS of dimensians on both sides rouind nﬁ twa final answars of
of the above equatlon, we have @milations down o comect
numker of signifcant figures.

a=1
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b+oc =1
b =2
Solving the above equations, we have =1, b=2 £=-1
Futting the valuas of 2,b and ¢ inaquation (i}, we have
F=(constantymv’r’
or F={canstant) o ir
Tha numarical value of the constant cannot be detemmined b}' dimansichal EHEI}'H'S

However, it can be found by experiments. In the above eguation, numencﬂj value of the
constant happensto be "17, sothe equation reduces ta: {

F=mit
Limitations in Dimensional Analysis

Tha dimensional meilhod cannot identify where an equalion . is wrong. Even if an
equation is praved comect, we can anly say the equation mightbe correct, for the reason
that the method doas not provide a check on any numerical factor or constant. That can
only be daterminad by expariments or plotting some sultable graph between the
varables.

T cu=niens DN

'@ Multipie Chivice Questions B

Tick {+'} the carrect answer.
1.1 The purpose of study ard discovaries in Physics is:
{a} theprobingofinterstellar spaces
(b} thebettermentof mankind
{¢] thedewslopment of destructive technology Inwarfare
(d} developmentinasesthetics forthe word

1.2 Thelength of a steel pipe is in between 0.7 m to 0.8 m. Identify from 1he following, the
appropriate instrument to be used foran accuracy of 0.001 m.

(a}  Amicrometer screw gaugs (b} Ametrerule
(¢! Atenmetres measuringlape (d} AWVernierCallipers

1.3 Thediameterof a steel ballis measured using a L
‘e’BmlﬁrGa”marsahdﬂarﬂadlng |5$hm In tha |II I|IIII|IIII IIII|I |IIII|IIII|II I|IIII|IIII
figura. What is the diameter of the steel ball? 1 2 3 4 =m

{a} 1.30cm {b) 1.39cm
{c} 1.40cm {d) 1.31cm
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14- The figure shows the reading on a2 micromeler screw
gauge used o measure diameter of a thin rod. One
complste turn of the thimble is 0.50 mm and there are
50 lines on the circular scale. The diameter of the rod is:

(a} 3.67¥mm {b} 3.17 mm (¢} 4.17mm (dy 420mm
1.5 Thanumberof significant figures of a measurement are definad as:

(a} iheyreflect the accuracy of the cbeervation in a measurement

(b} 1hayare thafigures which are reascnably raliabla

() they are the accuratsly known digits and the first doubtful digit nf a

megsurement

(d} alloftheabove

1.6 The number of significant figures in the measured mass 2500, Gkg is:

() two (b} three (&) four ' (@) five
1.7 Thesum 12 kg +2.02 kg + 5.1 kg according to appropristé predision is:
{a} 19kg (e) 19.0kg (c) 1_5!.1_#-; (dy 19.12kg
1.8 Theanswerto appropriate precision for the sUibtraction {1.126-0.87268)is:
{a} Q.15 {b} 0.153 {cy 0.1533 (d) 0.15332
1.9 Thea anawar of the product (2. 3?23):1 '8) o the appropriate number of significant
figures is:
{a} 4.59568 (b} 4.585 {c} 4.59 dy 4.8

1.10 The answer to the mathemtmal division {452 = 6.0} in appropriale numbar of
significant figures is:
fa} 7.5 _{b}_.' 7.53 {c} 7.533 (dy 7.5333

1.11 The answer to therfallowing mathematical oparation 24 4 mx 100 m/5.0 mto the
epprepriste number of significant figures is:

(a) 4880m (t) 4900m (c) 488x10°m () 4.9x16"°m
1.12 The ratig.aftha dimensicns of forco and enargy is:
(@ T by T = L @ L

1.13 ldentify which pair from the following does not have identical dimensions.
{a} Workand torque
(b} Angular momentum and Planck's constant
(¢} Momentofinertaand momeant of forca
{d} Impulseand momentum

1.14 The following figures ara of the same
Vernier Callipers. Figure (1) shows the w %ﬁu

reading when the jaws are closed while
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Fig. {2) shows the reading when a sclid cylinder is placed batween the jaws. The
length ofthe cylinderis:
fa) 3.26cm ib) 3.30em {cy 3A3dem {d] 4.20cm
1.15 Thelgastcount of aninstrument detorminegs:
(a) precisicncf a measurement
(k) accuracyof 2 measuremant
{c] fractional uncertainty of 2 measurement
{d) percentage uncertainty of a measurement

1.16 A measuring tapa has bean graduated with a minimum scale divisionof 0.2 em,
Tha allowed reading using thls taps may be:

() 805cm (b) BO06em fe) BD.85em (d). 807 cm

Short Answer Questions o,

1.1 Whatare base units and derived units? Give same examples of both these units.
1.2 How many significantfigures should be retained inthe following?
(' Multiplying or dividing several numbers (i) Adding or subtracting numbers
1.2 Howisthe Vemier scale related to the main scale of a Vemnier Callipers?
Whatis meantby L.C. of the Vernier Callipers?
1.4 VWrile the following numbers in scientific notaticon:
a) 1437 {b) 206.4x10°
1.5 Wrile the following numbers using correct prefixes:
(a) s8Ox10’g (b)) O46x10°s
1.6 Kinetic enargy of a bady of mass m maving with speed vis given by 1/2 mv’. What
are the dimensions of kineticenergy?
1.7 How many significantfigurea are there in the following measurements?
(i} 3Tkm -~ (i) 0.002853m (i} 7.50034em  {iv) 2000m
1.8 Wrila the dimensicns of: (i) Planck's constant (i} angularvelocity

|§ Constructed Response Questions
1.1 Why do we find it useful to have two unitz for the amount of a substance, the
kilogram and the molg?

1.2 Three students meaaured the length of a rod with a scale on which minimum
divislonls 1 mmand recordad as: {1) 0.4235 m {113 0.42 m (1133424 m. Which record
is cormact and whiy?

1.3 Whyisthe kilograrn (notthe gram), the base unit of mass.
1.4 Considerthe equation; P=Q+R
If Gand R both hava tha dimenslons of [WMLT), what are the dimenslons of £ ? What
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1.8

1.8

1.7

1.8

1.8

are the units of Pin 517 If the dimensions of & wers differant from those of R, sould
wedatammina dimenslons of P?

What is the least count of a clock if it has:
(a) Hour's hand, minute's hand and second’s hand
{b) Hour'shandand minute’s hand

How can the diameter of a round pencil be measured using metre rule with the
sams accuracy as that of Vemier Callipars? Describe.

How would be the readings differ if the screw gauge is used lnstead of a Vemier
Callipars to maasura tha thickness of aglass plata? o 1 77 Wt a

Main ZEoak | o
Wrile the correct reading of the length of a sclid '
cylinder as shown in the figure if thers is an emror
of +0.02 cm in the Vemier Callipers. S
There ara 50 divisions on the circular scale of a screw gauge. H the head (thimble)
of the screw is given 10 revolufions, then the spindle advances by § mm. There is
also zers error as tha 2nd division of tha gircular scala
coincides with the datumn line and zero of circularscale is
below the datum line. What is the thickness of.a glass slab
as measured by the described screw gauge shown in tha
figure?

1.10 What is meant by a dimansionless quantity? Giveone example.
1.11 Astudent uses a screw gauge todeterming

tha thicknass of a shest of paper. Tha
student folds the paper-three timea and O
measures the tolal thickness of the folded e
sheet, Assume that there is no zero emor in

the screw goauge. The reeding of screw

gauga is shown in the figura. Find tha < ;
thickness ofthe sheat.

1.12 Round.off -each of the followlng numbars to 3 significant figures and wrile your

1.1

1.2

1.3

answet.in scientific notation.
{a) 0.02055 {b} 4850.5

Comyg Br rehensive Questions
What is meant h_‘,l' Unc&nﬂlnw in a maasuramsnt? How the Uncaftﬁinw ina dlgltﬂ|

instrument is indicaled?

Differantate betwaen the tarms preclslon and accuracy with reference to
measurement of physical quantitiza.

{a) What iz meant by significart figuras? Write bwo reasons for using them in
measursrments. How to find the uncertainty in a timing experiment such ss the



= P

1.4

15

1.1

1.2

1.2

1.4

1.5

1.6

1.7
1.8

oy
ysles 11 | = ap = Chapterl § Measurements ™

time pericd of a simple pendulum?

{h) The mass of a solid cylinder is 12.85 g. Its length is 3.35 em and diameter is
1.25 em. Find the density of its material expressing the uncertainty in the
density.

Explain with examples the writing of physical quantities into their dimensions. Write

its two benefits.

Check the homogeneity of the relation:

i JT_H‘-’
m
whera vis the spasd of fransverse wave on a stretched string oftension T, length £

and mass m.

NMumerical Prablems Al

Astronomers usually meas ure astronomical distances inlight years. Ona light year
is the distance that light fravels in one year If speed oflightis 3x 10° m s, what is
ona light year In metres? (Ane: 9.5x10" mj}
Wrile the estimated answer of the following.in standard form.

(a) Howmanyseconds aretherein 1 year?

{b) Howmanyyearsarein 1 second?

{Ans: (8)3.2x 10" s () 3.1x 10" years)

The langth and width of 2 rectangular p/ata are measured ko be 18.3 cm and
14 .60 om, respectively. Find the area of the plate and state the answer to correct

number of significant figures. {An=: 267 cm®)
Findthe sumofthe masses given in kg up to approprats precision:
(il 3197 (i) 0,088 (il 139 (iv)3.28 {Ans: 204 kg)

The diametar ang length of 8 metal gvlinder maasured with the help of a Vomior
Callipers of least count 0.01 crmare 1.22 em and 5,35 em respectively. Calculate its
volume and uncertainty in it. fAns: 6.2+ 0.1em®)

Show-that the expression; v’ — v* = 2a% is dimensienally corect, where v, is the
initial valocity, #is the accaleration and v.is the velecity after covering a distanca 8.
Show that the famous “Einstein equation” E = md® is dimensionally consistent.
Derive a formula Tor the time period of a simple pendulum using dimensignal
anhalysis. Tha vanous passibla fastors oh which e time period Tmay dapand ars:
(i) lengthofthe pendulum ¢

{ij massofthebobm

(iii} angledwhich the thread makes with the vertical

{iv) acceleration due to grevity g. {Ans: T =constant »JE )
L)




