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I Alter studying this chapter, the students will be able 1o:

@ Make rassonable ssfimates of value of phyakel quandties [of those quantilas that lcusssd In
thatoplcs ofthingrade].

@ Usgihe convenlions forindicating uniis, a5 sat outintha Slunils. -:'IO

4 Expressdorived unitsas producis ergquotionts ofthe S5 bascunits "‘25-

& Analyza the homagamety of physical anuations [Through 4 mansions ; &i%]

L Dmﬁrmmhnlmpfn;m[mmhmmdmnmmmmiplﬁ]“

@  Analyzsand cridque MMmyme«nﬁdmmﬁP}mmuﬂmlmﬁm‘ms

@ Justitywhyall measLrements contaln some uncertalnty,

& pssess the uncertalnly In @ derved quantity [By sl on of absalule, fractionel or percentegs
unewalnting]

% Ouols answars with comact scentifc nal é;{fpumhm af significant figures and units in &l
expenmemal and numerical resuks.

.l‘

B, o it of - e B

physical sciences. It provides the basic
princigles and faws which I‘IE.-II:I l; understand the
mysteries of other branches- ‘of stignces such es
astronomy, chemistry, qgn]ugy, biclogy and health
stiences. The tools, fechniques and products of
Physics heve transformed our dreams into
realitiss. Tha.comforts and pleasures added in our
lives are fmrlﬁ:l results of science, lechrology
aﬂdﬂnﬂmamna in everyday life.

Tha Infarmation technology has entiraly changed h
the oulcok of mankind. The fast means of ;
Computer chips ara made from silicon,

communication have brought people oftha entite [ i chmined from sand, it is uptous
world in 5o close contact that the wholeworld has  whether we make 8 sand castle or 8

becoms s global village. compuber out of it.

Physicz is 2n experimental science and the scientific method emphasizea the need of
accurate measurement of various measurable physical quantities. This chapter
siressas in undarstanding the consept ofmeasuring techniques and recording skills.
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1.1 PHYSICAL QUANTITIES AND THEIR UNITS

The feundation of physics depends on physicsl quantiies in | Sreas of Phiysics
terms of which tha laws of Phyelce are axpressed. Therafore, .

these quantities have lo be measured accurately. These are  pgnt 2 hermodynamics
mass, langth, tima, velocity, force, density, temperatura, g;;ﬂ“ﬂ"“
electric current, and numerous others, Sraird

Physical quantitiss are often divided into twa categories: base G wamy
quantilies and derivad quantites. Derived quantities ara thosa E:"mfmm e
which depend on base guantties. Exemples of derived  awm physes.
quantities are velocity, acceleration, force, stc. Base quantities :ﬁ:;“?'mi’;“

are not defined In terms of cther physical quantities. The base  Sold sale prysics
quantities are the independent physical quantities in terms of  Faidaphvsica

which the other physical quantities can be defined. Typical ity

i : P i
examples of base quantities are length, mass and bme. H;’;”*' FIMT .
Tha measurement of a bage quantity involves two steps: first,  Seese hvsics
the choics of a standard, and maq-d, tha esta bliahn’i_arl of a Interdiseiplinary
procedure for comparing the quantily to be meastred with the arsas of Physica
standard so that a number and a unit are determinad as the  pueahae
measura of that guaniity. Bophysics

Charmical alysics
Measurements must be reliable and acourale so thal theycan  Englneering physics
be used, easily and effectively. Vo phsics
L il h

1.2 INTERNATIONAL SYSTEM OF UNITS B

In 1860, an intemational committec agreed on & set of definitiens and standards to
describe the physical quantiigs. The system that was established is called the System
Intermational {S1%

. Table 1.1

Il unita are used by'the world's scientific community and Sl
by almost all natlons. The gystam Intermational {SI1) m";‘ﬁ,' S1 UnIE | Bymiol
consigls of two kinds of units: base units and derived " Langm PR P
units. Meage Hiogam| kg
Base Units thi Jcend, =8

A F v Etwciric ampeal A
There are seven base units for physical quentiiies cumm
namely: length, mass, time, temperature, electric Themodcnamic o K
cument, light or luminous intensity and amount of _fampemtus
substance (with special reference 1o the number of =™ ° | congein| e
particles). Prefixes such as milli, micro, kilo, etc. may b — oo S
uzed with them to express smaller or larger quantities. SUDEHRNCS s

Tha namas of base units for thase physical guaniities wgetherwith symbols are listed in
Table1.1.
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Derlved Unliis

Derived units are those units Table 1.2

which dapend on the base ;

Physical Linit Syrnbal | In terms of b
units. Some of the denved q.::ig ! units =
unlts are given In Table. 1.2. — 3l o
The units of plane angle and Sy radlan. L .rmns!nn 2
solid engle have also been Selid angle steradian & dimensionless
Includad In the list of derved _ Force newton N | kgms?
unite since 1995, e Jeuls J N = kg e ad
In addition to base and _Power wal W | et mkg mi s
dedved units, the S| pemits  Ekcicchage | coulomb | As
the use of certain additional  Pressure pascel Pa. | Nm?=kgm' a3

units, including:

+ The fraditional mathematical unitz for measuring
angles (degree, arcminute, and arcsecond},

s The tradifional units for standard time are {minuta;
hour, day, and year).

= Theiggarithmic units bel {and its multiples, such as the

Maws (hg}
‘o

*  Elodon

it b B Protan
Bl _ W Urznium sion
+  Two metric units commonly used in erdinary life: the fitre r

forvolume and the tonna {metric tor}forlarge masees, W i i R
*  Twonen-melric scientificunits are alomic mass unit{u}  "o% | @ Cel

and the electron volt (&)

. DM |
* The nautical mile and knct; units traditionally used at 3
sea and in meteorology. e * Meaguits
= Theacre and hectara, common metdcunits of land area. b * Botk
« Thebaris & unitof pressure and itis commeniy used as @ | e Car
the millibar in meteorclogy and the kilober in ! _,:s :
engineering. T ol eker
+ Theangstrom and the bam, unita used in physics and . | A,
asironomy. Mound Everesl

Sclentiflc Notatlon =t

Nurmbers are expressed in standard form called scientific "¢ @ Eah
notation, which employs powers of ten. Tha intemationally | . [ =
acceplad praciicaie that thare should be only one non-zero

digit left of decimal. Thus, the number 134 7 should be Ol of megnitude of some

writtenas 1.347 £ 10° and 0.0023 ha expressed as 2 3x 10, masses.
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Prefixes

Maost prefives indicate arder of magnitude in steps of 1000
and provide a convanient way to axpress large and small _Some Prefiass for Powees ol Ten
numbers, o eliminate non-significant digits. SI also
includes four of the other prefizes fo accommodate
usage aliready established before the inroduction of S
(Table 1,3}, They are centi{10"), deci-(10"), deca<{10")
and hecto-(107.

Conventions for Using Sl Units

Use of Sl units requires spacial care, more particulady in
wriling prefixes. Some polnts to noteare:

1.

Each 5l unt is represented by a symbal not an
abbreviation. These symbols are the same Inall languages.
Hence, comedt use of the symbol is very impostant.

For example:; For ampere, we should use “A” not
“amp®; for seconds, “s” not "sec”, 51 not 5.1 '
Full neme of unit does not begin with sapitalletter.
Forexample: newton, metre, etc. exceptCalsius.
Symbols appaarin lowarcasa.

For example: ‘m" for metre, “s” for second, elc.,
excaption “L* for lifre.

Symbols named after scientists have inilial lelters
capitel,

For exarmple: "N” for newlon, "Pa” for pascal, "W" for
wiatt,

Symbole and prefixes ara printad in upright {roman}
style regardiess ofthe type style in sumrounding text.
Forexample: adistance of 50m.

Symbols do not take plural form.

For example: 1mm, 100 mm, 1 kg, 80 kg.

{Chageed ] Measurements (=

Fabln 1.3

Foator Prafhc Symbol

atho a
1 femio i
10" pco ]
10 fiang f
10 mineg p
1 mili m
10 corfi c
10" dack d
10" L da
iF L heck h
108 | % He K
08 1 rnega M
o gga [
an? ew T
10" pets P
1" ] E

10"

L, For your Imfarmation j

Intarval 3}

Aga of fhe univess sx10'7
Apo of tho Eorth 14x10"

One year 3:2x10"

il 0.6¢10"

Time betwesn

moxmial headtbesls firali

Parlod of audibia

Boyrnd winms fuili®

Pariod of typiesl 5

radiowa Ay

Peviod oF il rarticry

Eias s %10

Perind of islbla i

Tight wives 2610
Approoimals Velies of Some

Tima kvarvals

No fullstop or dot is placed after the symbal except el

the and ofthe sentance,
Prefix is written before and without space to base unit.
Feorexample: “mL"notm Lor*ms™notm s.

Base units arewritten one space apart. Leave a space
evan batween the number (valua) and the symbol.

Forexample: 1kg, 10ms”, ate.

Mass can be thoughl of as o form
al anargy. In effecl e mesa (s
highly conceriirabad form of enegy.,
Einslein's famous squation, E=me
IR
Enargy = mass x(speed of lght)’

Acmiding fo this  eguabon 1 kg
s is actusly 6 x10™ J of energy.
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10. Compoaund prefives ara notallowsd:
Forexample: 1ppF should e 1 pF
11. When basa unit of multiple is raized to a powsr, the powar applies to whols multipls
shd notto base unitalons,
Forexample: 1 km' = 1 {km)°=1x(10° m = 1x10" m",
12. Use negative indexnotation (m 3 )instead of sokcus {ma).
13. Use sciantific notation, that is, one non-zero digit left of decimal,
Forexample: 143.7 = 1.437x 10",
14. Do not mix symbals and namesin the same axprassion.
Foraxample: matre persscond orm 5'1, netmetre/sec or m/zecond.

15. Pragtical work should be recorded in most convenient units depending upen the
instruments being used.
For Example: Measurements using screw gauge should be recorded in mm bul the
final reeute must ba racordad to the appropriata hass Unite.

18. System Intemational do not allow the use of former CGE System units auch as dyne,
erg. gaues, poise, torr , efc,

1.3 UNCERTAINTY INMEASUREMENT

You can count the number of pages of & book exaclly but measurement of its length
needs some measuring instrument. Every instrument is calibralad to 2 certain smalles!
division mark on it and this fact puts a limit regarding iis accuracy. When you take a
reading with ore Instrumant, te limit of measuremaent |5 the smallest division or
graduation on ite scale. Hance, svery measumd quaniity has someunceraintyaboutits
value, When a measurement is made, il istaken to the nearsal graduetion or marking on
the scale. You can estimate the maximum uncertainty as balng ona smallast division of
the instrurient. This is ¢alled absolute uncartainty. It is one milimetre on a metre rule
that is graduatad in millimetres. For example, if one edpe of the book coincides with
10.0 cmmark:and the otharwith 33 .5 cm, then tha length with uncertainty s glven by

{335+ 0.06)ocm - {100 £ 0.05) cm = {23-5 + 0.1} om

It means that the true length of the book is in between 23.4 cm and 23.6 cm. Hencs, the
maximum uncertainty is H3.05 cm, which is equivalent to an uncerainty of 0.1 cm.
Infact, itie squaltc least count of the metra rula. Uncartainty may be recarded aa:

Fractional uncertainty = Ab:'“'ﬂ ""“‘E”:hw
aasured valus

Absolute uncertainty
Measured value

Uncertainty in Digital instruments
Soma medern measuring instruments have & digital scale. We ususlly estimate one

or Parcentage uncertainty = ® 100%
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digit beyond what is cerlain! with a digital scale, this is reflected in some fluciuations of
the last digil. If the last digit fluctuates by 1 or 2, write down that last digit. [Tfluctuation is
mare than 2 or 30 in the last digit, it may mean that the reading ia being influenced by
some fector such aa air currents. Regardless of the reascn, 8 large fluctuation mey

mean that the displayed digitis not reslly significant.

The indication of uncartainty in a recorded value has been simpiified wsing significant
figures. Ifa measurement is recorded using the knowledge of significant figures, thenits
last gigit, which is an eslimation, is anindicaion of the accuracy of the recorded value.

1.4 USE OF SIGNIFICANT FIGURES R o

The number of digits of 8 measurement about which we WIS, o iormation | 1)
do feel reasonably sure are called significant figures.

Infact, they raflect the use of actual ingtrument used for  Distance m)

that measurement. Whila ueing a calculator, the resultof on

any calculstion contains many digite afier the decimal Dicrotar of
point, The addilional digits may miskead another person i ;l:ii: i
who uses thosa figures into believing them. Hence, they an alom
ara to be rounded off to the comect number of sigalficant I "

: ’ eight of &
figures. This can be done by keeping .in view the 0 [ ’ petson
uncertainly or the least counl af the instrument whie @ Siwmiy i
recording observations and also quoling resulis of any 1" - g:;-uluan
caleulations bo tha comact numbaers of significant figures. : mm; o e
Itis better to quote the result in sdentific notation to aveid e mm"m 9’:;“
any srmbiguily regarding the number of significant figures, | Milicy VWay
::.L examgle, weighing the same objec! with different i b Eﬁﬂ;ﬁ;m

alances:
Eleciranicbalance @ mass=3145+0001g :Idb:r of magnhude of soms
slancos
Lever balance : mass=3.1+0.1g

Usuglly, the uncertainty £ 0.001 g or £0.1 g is dropped. ard it ie understood that the
number quoted has an uncerainty of at (east 1 unit in the st digit. All digits which are
quoted are called significant figures,

In any measurement, the sccurately known digits and the

first estimeted ordoubtful dight are called significant figures,
Propar uss of slgnificant figures ensures that we comectly reprogent the uncartainty of
oUrmeasuramants. For exampls, sclantists Immed|ately reallze that the repartad mase
3.145 g is mere accurata than a raperted mass of 3.1 g, reflecting the use of a better or
mare precise instrument. As we improve the guality of cur measuring instrument and
technigues, we exlend the resull to more and more significant figures and
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carespondingly improve the experimental accuracy of the resull.

Working with significant figures

{t) Counting significant digits

{a) Al digitz 1.2,3.4,5,6,7 .89 are significant. However, zeros may cr may not be
significant. In case of zergs, the following nules may be adopled:

{b}  Azerobetween twosignificent iguresisitself significant.

fc} Zeros to the left most significant figure are not significant. For example, none of
the zeros in0.00467 or02.59 are significant.

{d)  Zeres to the right of a significant figure may or may not be significant. In decimal
fraction, zeros to the right of & significant figure ers significant. For exampls,
all the zeros in 3.570 or 7.4000 are significant. However, in integers such es
8, DOC kg, tha number of significant zeros Is datermined by the preclision of the
measuring instrument. If the measuring scale has a lsast count of 1 kg, then
thare are four significant figures written In scientific notation 28 8.000 x 107 kg. If
the Isast count of the scale is 10 kg, then tha numberof significant figures will be
3wrilten in scientific nolation as 8.00x 1ﬂakgar_|d‘ S0 OH1.

{e)  When a measurement iz recorded in seentific notation or standard form, the
figures other than the powers of ten are significant figures. For example, a
meaasuramant recordad ag B.70 X 10" kg has three significant figures,

(I} Multlplylng ordividing numbers

Keep a number of significant figures:in the product or quotient nol more than thal
contained in the least accurate factor ie., the factor containing the least number of
significant figures. For example, the computation ofthe following using & calculator, gives
5.348 x 107 x 384 »10°

e - 145768982 x 10° e e Te T
As the faclor 3.64 x 10", the least accurate in the above rurcatcuation afend result:
calculation hasthrea significant figures, theanswershould  agdition / Sublmction: seme
bewritten to thrée Significantfiguras only. The otherfigures  predision,
ars insignificant and should be delated, Whils deleting the = Multipiicaion / Division: same
figures, the last significant figura 1o be retained is rounded ~ 8ccuracy (Sama umbar of
aff forwhich the following nules are followed: SeAT )

{a) If the first dight dropped is less than 5, tha last dight retsined should remain
unchanged.

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

{c} Iftha digitto be dropped is 5, the previous digit which ia to be retained is increasad
by one if it is odd snd retained as such if it is even. For example, the following

numbers are munded off to three significant figures as follows. The digits are
deleted aneby one.,
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4375 isroundedaffas 438 Thumb Rule for Uncertainty
56.8546 isrounded off 3s 56.9 For average value of many readings:
73.650 lsroundedoffes 736  * Mean devlaion from an avarage
84 350 isroundedoffas 64 4 * Pariodic Unzortainty:
Following this rule, the comect anawer of tha Divide |east count of timing device

computation given in section (ii}is 1.46 x 10", BB LDarl T ahons.

{iiiy Inadding or subtracting numbers B ==

The number of decimal places retainad in the 1 Give the comest numbercd significant
answer shouid be egual to the smallest number of  Fgures for &m;‘hﬁ}'h.m m,
decimal places in any of the quantilies being added  40.0m,06m B20%710'm.

or sublracted. In this case, the number of significant 2 Give the ensiwer to the appropriate
figures is not important. It is the position of decimal  number of signficant fgures,

that matters. For example, sUpposs we wish to add  2502kg+96.02ko+ 541 kg=7

the following quantities expressedin metres. 3.Giva tha answer to the appropriste
ta) T4 (b) 2 7643 k ﬁﬁnhmnfuigniﬁmntig.lm.
342 410 e s _
4.Givg the answer to the apprmprigts
0003 1373 number of signiicant Aguns.
76.623 81273 S4SxI’mx 246 m i3 Em=?
Correctanswer: 75.5m £13m

In case (a), the number 721 has the smallest decimal places, thus the answer is
rounded off to the same positionwhich is then 78.5 m. In case (b), Ihe number 4,10 has
the smallest number of decimal places and hence, the answeris rounded offto the same
dacimal position which isthen8.13 m.

Limitations of Significant Figures

Significant figures dzalwith only one source of uncerainties that inherent in reading the
scale. Real experimental uncertainties have many contribulions, including personal
arrore and gometimes hidden eyetematic errore. One cannotdo better than hatwhat the
scale reading allows, butthe total uncerainty may well be more than what the significant
figure of the measuraments would suggest.

1.5 PRECISIONANDACCURACY

The terms precision and accuracy are frequently used in Remember Thumb Rule
physics measurements. They should be distinguished | oo o0 | oes abeokie
clearly. The precision of a measurementis determined by the  uneantainty.

instrumeant or device being used. The smaller the least count = Accuracy: Less % sge
the more pracisa is the maasurement. Accuracy is defined  uncertainly,

as ihe closeness of a measurement 1o the exact or accepted value of a physical quantity.
Itis axprassad by the fraclicnal or parcantage uncarainty. Tha smallar tha fractianal or
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percentage uncerlainty, the more accurate s the l.-'-rm ;.mminjmuuan__'.
measurement.

For example, the langth of an cbject is recorded as E‘
255 cm by using a metre rule having smallest division in
millimetre. Its precision or absolute uncerainty (least
count)=20.1em.

Fracionaluncariainty = 2%"5‘::’“ =0.004
Percentageuncettainty= 31N 5 100%= 0.4%

Another messurament taken by Vemlar Calllpars with
leasicount0.01 emis recorded as 0.45 em. It has precision
or absolute uncertainty {least counti=+0.01 cm.

; 0.01 em
Fraclionaluncarainty = =0.02
045 cm
s e 001 am - Mg una oy dovioes 16 moapung
Percentage uncertainty = 825 an 100%= 2% Pttt simaary

Thus, the reading 25.5 cm taken by metre rule s AHhoUgh o s s ereea. They 2l

less pracise but is more sccurate having less percentage
uncertainty or emor.

Whersas the reading 0.45 cm taken by Vamier Callipars is
more precise bui I less acourals. In fact, |t s the relative
measurement which & impartant. The smaller a physical
guantity, the more precise Instrument should be used, Here
the measurement 0.45 cm demands thet a more precise
instrurment, such as micromeler screw gauge, with least
count 0.004 em, should have been usad. Henoe, we can
conciuda that

A pracise measurement is the one which has less
precision or (@bsolute uncerainty and an accurate
I'I'!-EHSI.FEM‘.E_‘IF!': is the ons which has less fractional or
percentage uncerlainty.
We can never make an exacl maasurament. Tha best wa |
can dois to come as close as possible with in the limitation
of the measuring instrument. S
These rt decorat i
-6 ONCERTAINTY IN THE FINAL RESULT o e o s
SANHHING
utermun-ﬁe;;. Gbu"r:m mf1 ;En?e
Knowing the uncerainties in all the factors involved in g #adsmia il 7
1567), N Fl Th
calculation, the maximum poessible uncertainty or ermor in ﬂ?:i?lgﬂ. wﬂ:ﬂéﬁm mwﬁ
the final resultcan bs found es follows: Tt sesiar panding.

| Fl‘nr_rmr iormation ||
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1. For additlon and Subtraction |

Absclute uncertalintles are added, For example, the :
' Criou i o
distance between two positions x. = 154 0.1 6M  saters vam oty gellay

-

§ For yourinlormaten § l

and x,=25.6cm £ 0.1 cmle reconded as: and black o protduce the snire

- e range of colours. Adl the colours in
il 'F_* Pk ﬂ.zun_ thiis book heve bean made from
and addition of two lengthsis: Just thesa four colours,

£,=85+01omand £,=12.8+0.1 cm recorded as:

=8+, =M1£026m

2. For multiplication and division

Percentage unceriainiies are added. Forexample, the maximum pessible uncertainty in

the value of resistance R of a conductor determinad by the potential difference Vapglied
acrass the conducter resulting in cument flowing through itis estimeted as undar:

Let V=3.4101V Twﬁniw Total Uncartalnty
I =0688+008 A = Foraddition and subtrmction:
using =Y - Absalute uncertaindes sre dded,

f
Percentage unceraintyin V' =

0.1V s Formultiplieation and divigion:
3:4 v = 100% =3% Fercenlageuncansinkes are added.
' = Forpowerfactor:

Parcentageunceraintyin /= 0054 . 1008 = 7%  Fowerfactorx Percantage uncertalnty

.68 4
Henge, total percentage uncerdaintyinthevalue of R is3+7 = 10%
The value of meh““}?‘“" rl For your imfermation [} I
R= ﬁ =5.00hm Teavel fime of light
Henes, R = 5.0 £ 0.5 ohmg, uncartainty baing an Moo o Earth 1 min 20 5
estimate only, is recorded by one significant figure, Sun o Earth 3 min 20 5

3. For Power Factor s T
The percentage uncerainty is multipiied by the powsr factor in the formula. For
example, the calculation nfnrﬂess sectional area of a cylinder of radius r=1.25 cm using
formula fordArea A = af s given by the Y.age uncartainty which is A = 2 x Tage
uncertainty in redius r. As uncerteinty is muliplied by power facior, It increases the
precision demand of measurement. When ihe radius of a small sphere is measured as
125 cmby Vernier Callipers with least count 0.01 cm, then

The radius risrecorded as r=1.25=+0.01cm

%age uncertainty in radius ris r= 2 g; x100% = 0.8%
Totalpercentage uncertaintyinarsa A =2x0.6=1.6%

Thus A=wr

=3.14(1.25]" = 4.908 cm* with 1 8% uncertainty
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Thus, the result should be recorded as 4 = 491 +0.08 cm®

| Ewample 1.1 [ Tha langth, breadth and thickness of a metal sheatara 2.03m, 1.22m
and 0.95 cm respectivaly. Calculste the volume of the shesel cormect up to the
appropriate significant digits.

il Sclutton §§ Given Lﬂl'iﬂ'lh £=2.03m
Breadth h=1.22m
Thickness fr= .85 cm= UESx'IID'
Volume V=éxbrh= zuamm Ezmxﬂsﬁxw m
=235277x10°m’

Ag the factor 0,85 cm has minimum number of significant ﬁgu*asgqualmiwu therafore,
valume is recorded upto 2 significant figures, hence, V=24 210" m’

| Bwampla 1.2 [ The mass of @ metal box measured by e lever balancs is 3.25 kg. Two
glivar colng of masses 10.01 g and 10.02 gmeasurad by a baam palance are added o It.
wm is now the tntal mass ofthe box corectup to Meupprppr'ra'ie pregision?

.iaiutﬁan
Total mass when silver coins are added to box = 3. 251{9+ 0.01001 kg +0.01002 kg
= 3.27003 kg

Sincs least precise mass is 3.25 kg, having two decimal places, henca, total mass
should be reported to 2 decimal plamwﬁ‘]m isthe appropriate precision.

Thus Total mass=3.27 kg |

| Exampie 1.5 1 The diameter and Iarinth of a matal cylindsr measursd with the help of
Vemier Callipers of least sount ¢.01 cm ere 1.25 om and 3.35 o, respeclively.
Calculata thavaluma Voftha cyiinder and uncertainty In 1.

§l sowumran Given

Diameter ¢ =1.25 crnwith least count 0.0 em
Langth £=3 35 cmwith least count 0.01 cm

. Abscluts Uncertainty inlength  =0.01cm
“aage uncerainty inlengih ={0.01 emi335cmix100% = 03 %

Absolute uncertainty indiameter =0.01cm

%sge uncertainty indiameter -iﬂmcmﬁﬁmt}xwu% 0.8%
Az Volume = nré= 11:—1’
Todal unceraindy in V=2 {Shage uncadzinty in dismeter) + {%age ungerainty in length)

=2x08%+0.3%=192%

Then V=314 % (1.25 cm)’ » 3.35 cnvd = 4.1085842 cm’ with 1.9 % uncarizinty
Thus V={4.11 £0.08) om’
where 4.11 cm’ is calculated voluma and 0.08 em’ is the uncertainty in it.
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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,
empemture, eledtric current, slc. These measurable
properies are called dimensions. Dimensions deal with
the qualitative natura of a physical guantity in terms of
fundamental quantities. The guantities guch as length,
depth, height, diameier, light year are all measured in
metre and denoted by the same dimansicn, baslcally
knownas length given by symbol L writter within square
brackets [L]. Similady, the cther fundamental quantifies,
mass, tme, electic current and temperature are
denoted by spedfic symbols W], [T [&] snd [8],
rexpactively. Thess five dimansions have baen chozan
as being basic because they ere eazy io measure in
experimants.

The dimensions of other quantities indicate how. they
are related to the basic guantities and ere combination
of fundamental dimansions. For example, spead v is
measurad in metres per second, .s0-it has the
dimensions of length [L] divided by time [T].

M=I¥T1= 1= (LT]
Asthe accelarstion a= v/ Af
Dimensions of acceleration are

[al= [T = LT Y [T =[LT7]
Also, dimansions of force can be writtan as

[F1= [l = [M] LT ] =[MLT™]
By the usa of dimenslonailty, we can check the
homogeneity {comeciness) of a physical equation, and
also, we can derive formula for a physical quantity,
Homogeneity of Physical Equations
The correctness of an seguation can be checked by
ahowing that the dimensions of quantifies on both sides of
thas eguation ars the same. This is known as principle of
homogansity.
Suppose a car starls from rest (1, = O) and covers a
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equation ol motien is given by,
S = yt+taf

or S = gaf
Numercal factors like 1/2 have no dimenslons. so thay
can be ignorad. By putting the dimensions of both sides
of the squation:

[$1= @It’]
Writing the symbols of dimensions [L]= [LT *][T "]

[L1= LT
or [L]= [L]
This shows that dimensions on both sides of eguation

ara the same, therefors, the aquation |s dimenslonally
camect.
Derivation of a Formula
Dimensionality can be uzed to darive & possible formula
for a physical quantity by sorrect estimation of various  The device which meda the
factors onwhich the quantity dapends. el precticn.
| Emsmple 1.4 | Derive a formuia for the centripatal force required to keep an object
maving along a circle with uniform speed. Assuming that centripetal force depends on
mass of the objact, mdlusnfmadrdéandunﬂnnn spead.,
1 Sehaien [ As force dapnﬂdsw mass mcf the object, radius rof the circle and uniform
Ep&&d ¥, we::.an write:

Famvr :

F = [constanm v’ oeoennees i)
where the expphenh {powers) a, b and ¢ are to be determined. By the principle of
hnmngmm!y’; e dimensgionz cn both sides of the equation should be the same. Since,

congtanthas o dimension so by ignoring it, we writs the abave equation in terms of
dimansions as,

[regulating devica)

Fl = [a]V]I7]
MLTT] = M IILUTTL® i Bewarc! |
MLT™] = [MPIILT'IPILF Calculators are deslgned 1o
yald a& many dighs a& the
MLTY = ML™TY] o i) marmary of the caloulstor chip
permits. Hence, be gure 12
Comparing the powers of dimensions on bath sides mund oft the Inal answers of
caloulati down o comect
ofthe above equatlon, we have - :fr:gwm cant m:.

a=1




mﬁ__ﬂ‘:"ﬂ"ﬁ Hnmramcnh?

b+e =1
b =2
Solving the above equations, we have =1, b=2, ¢=-1
Puiting thevaluas of 5,b and cih equation (i), wa hava
F={consiant} mv'r!
or F=(constant) an’ fr

Tha numarical value of the constant cannot be detarminad by dimansionsl atalysis.
However, it can be lound by experiments. [n the above equation, numerical value of the
conslant happenstobe 1", sothe eguation reduces to: O 3

F=minr -1}
Limitations in Dimensional Analysis A
The dimensional mathod cannct identfy whers an ﬂq“ﬂhdnm wiong. Even if en
equation is proved comect, we can only say the equation might be correct, for the reason
that the method does not provide a check on any numerieal factor or constant. That can

only ba datermined by experiments or plnttlnq gome sultabla graph betwaen the
vanahles.
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[{] Muitipie Chvice Questions [j|

Tick {v) the corractanawer. _
1.1 Thepurpose af study. a.nd:flaa.warns in Physics i
{a) thaprnhlngoﬂmﬂaﬁtalhrapacaa
(b} th&hetmnmmfmnﬁnd
{c) the uaya{uphant of destructive technology Inwarfara

(d) developmentinaesthstics for theworld

1.2 Thelsngth of a stesl pipeis in betwesn 0.7 m to 0.8 m, Identify from the following, lhe
appropriste instrument to be usad foran accuracy of 0.001 m.

{a) Amicrometerscrewgauge (k] Ametrerule
(¢} Atenmetregmeasuringtape (d} AWVernier Callipers

1.3 Thediameterof 3 siesl ball is measured usinga I
Varnier Gallipers and lts reading s shown In the !“ I |” “'| 't"”|" ) F|' '_["|
figura. Whatis thediameter of the steal ball? 1 i & Ak
(a) 1.30cm {t) 1.39¢cm
(€ 1.40cm (@) 1.31em
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14 The fAgure shows fhe reading on 8 micromeler scrow 7k
paups usad o measure diamater of a thin rod. One
complete turm of the thimbleis 0.50 mm and thers arg
50 lines on the clrcular scate. The dismeter ofthe rod is; =
{a} 367 mm {b} 317 mm {€) 4.17mm (d) 4.20mm
1.5 Thenumberof significant figures of a measurament are defined as:
{a} they reflectthe accuracy of the abservation in 2 measurement
(b} ihayare the figures which arareascnably raliable
{c) thay are the accurately known digits and the firet doubtiul dly {“qf a

measurement ~at

(d} allofthe above 0
1.6 The number of significant figu res in the measured mass 25@ ﬁlfg |

{a} two {b} three {e) four 0 (d) fwe
1.7 Thesum 12kg +2.02 kg + 5.1 kgaccording ’.ummig!a‘m‘admnis

(2} 19kg (B) 19.0kg (@) 19.1kg @ 19.12kg
1.8 Theanswerio appropriats precision for l'he wht_rantm {1.126-0 87268)is:

{a} 0.15 (b} 0.153 {g} 0.1533 (d) 0.158332
1.8 The answear of the product {2, 3?23;:1 Ej to the appropriate number of significant

figuresizs: o

{a} 4.59588 (b} ¢59§- -."“ {z) 4.58 {d) 48

1.10 The answer to the matl‘nn\n@jcﬁ' division (452 + 6.0) n agpropriate number of
significant figuresis: | ("
(@ 7.5 (b} 753 {cy 7583 (d) 7.5333

1.11 The answer to tl'_:gﬁhcrfming mathematical opargtion 24 4 mx 100 m/5.0 m to the
eppropriste number of significant figures is:

(a) 4880m, (&) 4800m (¢) 4.88x10°m  (d) 4.9x10°m
1.12 The rgth‘nfiha dimensions of force and enorgy s:
(8} T by T {) L @ L

113 Idenﬂfy which pair from the following does not have identical dimensions.
{a} Workand torque
b} Angularmomentum and Planck's constant
{c) Momentofinartla and moment offorce
{d} Impulse and momentam
1.14 Thes following figures are of the sams

Vernier Callipers. Figure {1) shows the
reading when the jaws are closead whils
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Fig. {2} ahows Ihe reading whan a s0lid cylindar is placsed babwsan tha jaws. Tha
length of the cylinderis:
fa) 3.28com {b) 3.30em {c) A3dcm (d} 4.20cm
1.15 Theleas! count of aninstrument delarmines:
(a) precision of 2 measurement
(B) acturacy of a measurament
{c}] fractional uncertainky of 2 measurement
(d) percentageunceriainty of a maasuremant

1.16 A maasuring apa has bean graduated with a minimum acale divisien.of 0.2 am,
Tha allowed rezading using thie taps may be:

{a) BDSem (b) BO8em {e) BDB5em {d} €0.7cm
@  Short Answer Questions ,' |

1.1 Whatare base units and derived units? Give some sxamples of both these units.
1.2 Howmany sigrificant figures should be retained in the following?
(I} Mutiplying or dividing several numbers (ijMdlng orsubtracting numbers
1.3 How isthe Vemier scale related to the main scale of a Vernier Callipers?
What s meantby L.C.of the Verier Callipers?
1.4 Write the foliowing numbers in scientific notation:
a) 1437 (b) 206.4x10°
1.5 Write the folicwing numbers using correct prefixes:
(a) s8Dx10’g (b)) D46x10°s
1.6 Kinetic energy of a body of mass m maoving with speed vis given by 1/2 ", What
are the dimensions of kineticenergy?
1.7 How many significant figures are thers in the following measurements?
i) 37km - (i) 0.002953m (i) 7.50034cm {iv) 200.0m
1.8 Writethe dimensionsof: (i) Planck'sconstant {ii) angularvelocity

@ Constructed Response Questions |
1.1 Why do we find it useful to have two units for the amount of a substance, the

kilogram and the mole?

1.2 Three students measured the length of a rod with a scale on which minimum
diviglon s 1 mmand recorded as: {1 0.4235 m (13042 m (1130.424 m. Which racord
is cormact andwhiy?

1.2 Whyisthe kikxgrarm (notihe gram), the base unit of mass.
1.4 Considertheoquation, P=Q+R
If Grand R both have the dimenslons of (MLT], what are the dimanslons of 7 What
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m‘ethe units of Pin S17 If the dimensions of @were different from !l'wseofﬁ W.J[t::l
we datermina dimensicns of P7

1.5 Whatis the laast count of a clock ifithaa:

{a) Howur'shand, minute's hand and second'’s hand
(b Hour'shand and minute’s hand

1.8 How can the diameter of a round pendil be measured using metre rule with the
same accuracy as that of Vemiar Callipars? Describe.,

1.7 How would be the readings differ if the screw gauge Is used instead of 2 Vemier
Callipers to measure the thickness of aglass plate? o Tt ;

1.8 Wrile the correct reading of the length of & sclid
cylinder as shown in the figure if there iz an emror NN

]

af +0.02 coin the Vemier Callipers. 0 rr—r—
1.8 Thare ara 50 divisions on the circular scale of a screw gauge. If the head (thimble)
of the screw is given 10 revelulions, then the spindle advances by 5§ mm. There is
also Faro error as the 2nd division of tha clrcular scala
coincides with the datum line and zero of circular scale is [y
below the datum line. What is the thickness of a glass slab
as moasured by the describad scrow gauge shown in tha |
figure?
1.10 What is mesnt by a dimansion ez quantity? Give one examie.
1.11 Astudent uses a screw gauge todetemming
the thicknass of a sheet af paper. Tha
sludent folds the paper-three times and
measures the tolal thickness of the folded
shest. Assume that thére is no zero amor in
the screw gaugs. The reeding of screw ) ]
gauga is shown (n the figure. Find ths
thickness ofthe sheat.
1.12 Round.off each of the following numbers to 3 signtficant figuras and wrile your
answer in scientific notation.
(@) 0.02055 {b} 4B58.5

Cn mprehensive QGuestions
1.1 What s meant by unmﬁalnw in & maasuramant? Hmrthe urmrtamty in a digital
instrument isindicaled?
1.¢ Differsrtlate betwesn the terme preclslon and accuracy with reference fo
measurement of physical guantities.

1.2 (2) What iz meant by significant figures? Write two reasons for using them in
measursments. Howto find the uncertainty in a timing expedment auch as the
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1.4

1.5

1.8
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1.8
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time period of a simple pendulum?

(b} The mess of a solid cylinder is 12.85 g. Its length is 3.35 cm and diameter s
1.25 em. Find the density of its material expressing the uncertainty in the
denslty.

Explain with examples the wiiting of physical guantities into their dimensions. Write

its two benefils.

Check the homogeneity of the relation:

= (1 Txd
e J m
whera vis the spasd of ranaversa wave on a stretched string oftension T, length ¢
and mass m.

@ Numevical Probiems B

Astronomers usually measure astronamical distances inllght years. One light year
is the distance that light travels in one year. If speed oflight s 3x 10° m 57, what is
ona lightyear in matres? (Ang: 9.5x10%m)
Wrile the estimated answer of the following in standard form.
(@) Howmanysecondsaretherein 1 year?
(b) How many yearsarein 1 second?

(Ans: {a)3.2x10"5(b) 3. 1% 10" years)
The langth and width of & rectangular piate are measured to be 18.3 cm and
14,60 em, respectvely. Find the arsa of the plale and stale the answer Lo cormect
number of significant figures. [Aris: 28T om®)
Findthe sum of the masses given inkg up to appropriate precision:
(I3 3187 (i) 0.068 (i 13.9 (v)3.26 (Ans: 20.4Kg)
The diametar and length of a metal cylinder measured with the help of & Vemier
Callipers ofleast count 0.01 cmars 1.22 cm and 5,35 cm raspeactively. Calculate i1s
volume anduncertaintyin ii. {An=6.2+01am”
Show-that the expression; v’ — v/ = 2a8 is dimensienally corect, whene v is the
initial valocity, sis ths accalaration and v, is the velocity after covering a distancs 5.
Show that the famous “Einstein equation” E =mc’ is dimensionally consistent.
Derive a formula for the time period of a simple pendulum using dimengional
analysis. Thevanous possiblafactors onwhich thatime period Tmay dapend ara:
{i) lengthofthe pandulum ¢
(i} massofthebobhm
fiii} angk o which the thread makes with the vertical

{iv) acceleration due togrevity g, {Ans: T=constant J
&
1
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