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Quaniity o o Unit (5]) ::.‘:f:‘vuw‘“m! of S1Base Base Units
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» £/ AT = "__J‘r " ' W TR Length = Width # Hewght m
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What are the Additional Units Permitted in SI1?

w unit, electron volt)

Traditional sngie urats [degpee, arcrrunule, arcsecond)
7 Traditional time uruts (rrunute, hour, day, yeat),

Leszanther srals (o], dicibe])

Cornmen metne units fh'rv, Lesme )

“eririerretrse sownitific uruls (stomc ma

Peautscal rrule and ket

Yetrsc uruts of land area tacre, heetare

Lruts of presaure (bar, o af, kilobar)

Urats in physies and astromvamy langstrom, bamn).

What is Scienlific Selation?

e It s 8 method of expressing nunibers in stendard form using powers of
e
2 In practice there should be one non-zero digit (o the ot of the decimal

poant (e 2,
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MULTIPLE CHOICE QUESTIONS
P— — - ———— - ———————
| Vikich ':fthrffal"mrr'zuaduivtd quantity?

[ () Treree
| Answer: ¢} Furce
! Explanation: Force 1s derived frum base quantities (mass, lengeh, end tire), while the
l quar:?;.':".
. Here many base units arrlhqrt in the S| system?
(a) Frve (b} Sex
Ansvier: ¢) Seven
Explanation: The Sl systern defines seven base umt
. The measurement of a bawe qwn!ary mwiw-u
fa) Urnly charming a standard
fc) Chorming a standard and comparing with it
[ ¥ Answer: ¢) Choosing a standard and comparing with it
s Explanation: Measuring a base guantity reguires both selecting 2 star

k) Mass fc) Femen (4

fc) Swmsem -

———— -

[ procedure I
‘. The 51 system was established in ’
| fa) 1250 k) 190 (e} 2000 ) 19565 |
! Answer: b) 1960 .
: Explanation: The International System of Units was estzblished in 1960 |
1 Which of the fullorwing is a derived unit? i
' a) Filogrem Uiy b) Secund (s) ) Peewion (05) d) Mol (mad) '
| Answer ¢) Newton (N) i
+ Explanation: The Newton is the unit of for e others are base umts .
[ . The prefiz "kilo® in “kilumeter” represents: 1

a) 107 b) 10U ) 1o+ d) 1or .
|Amwert_9‘l ST LT S I
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lt\P'J“Jhoﬂ Kilo "1"“\'“{\-1-"‘:\:(‘[;.-—‘----'--_----.-- P ————————
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|
; - The correct scientific notation for (L0000 is M
fa)l Sexl0e (B Sax i 3
~ () SexIb (d) Sex 10 |
; Answer (b) 36100 ’
. Bxplamation: In scontific notation, there should be ane nonszem it 1o the left of the decimal point |
1 Which unit is used to measure pressure? i
. (2) Angstrom by Wan () Nar (d) Nautical Mile )
| Answer ¢} Bar |
¢ Explanation: Bar s a unit of prossen '
le The pretie mulli’ represents: 1
L}
' (3) 10 by 10 G (dy10+ ;
Answer by 100 |
" .
y Explanation: The pretin oulli {m) stands for one-thousandth, which s mathematically represented as 'I
10 I
L
e e e — ——— —— —— = — )

SLO BASED SHORT QUESTIONS & ANSWERS

el Why arc physical q::n-hm-:l;p;r:n; I:l"'-hx:s;— i
P Anx Physial quantities are fundamental because the laws of Physics are expressed in terms of them
| Theretore accurate measurement of these quantities s important for undetstanding and quantifying
. physical pheromena
! Q Ditferentiate between base and derived quantities. Give two examples of each.
Ans
! . Base quantitics are tundamental and not defined in terms of other quantities (¢ g, length, time)
| . Dverved quantites are defined in terms of base quantities (e.g . veloaty, force)
Q& What are the wo steps involved in measuring a base quantity?
| Ans The b steps are
'S | Chowsiap a standard
12 Establishing a procedure o compare the quantity with the standard

' Q What is the importance of having reliable and accurate measurements?
Answer Rohable and scourate measurements are cssential for the data to be used effectively in scientific
investigations enginecring applications. and other fields
! Q What s the Imernational System of Units (S1)?
' Answer The SEis a svstem of defimtions and standards lor physical quantities, agreed upon internationally in
! 1900 It conusts of base units and dernived units and 1s used by the global scientific communily
Q: What are derived units? Give three examples,
Answer Denved units are wiuts that are deiined ain terms of base units. Examples include

i Newlton (N for force (hy mos )

' Pascal (Pa) for pressure (N m7)

| Watt (W) for power () s')

' Why s scientific notation used in physics? Explain with an example.
| Answer Saentiic notation is used to express very large or very small numbers in a concise and standardized
]

|

]

|

L]

I

]

.Qtll

way Torexample, the speed of light s approximately 200,000,000 m s, which in scientific notation 1530
L mst This makes it easier to write, read and perform calculations with such numbers

Q Besides base and derived unils, what other types of units are permitled within the SI system? Give
two examples,

Ans The SEsvsrem allows for the use of some additional units, includwng,

. Fradinonst umits for time, such as minute, hour, day, and year

. Lonts commonty used an specthic helds, such as the nautical mile (used at sea) and the electron volt (used
uratomic physics)

I
[
| Q Why are prefixes important in the S1 system? Give two examples of prefixes and their corresponding
" posers of ten

|

1
i
i
i
i
i
|
i
i
!
i
i
i
i
i
i
i
i
|
|

ns ‘-I'l:-fu'\-‘il_lll;ll.’-\_ljll' fepresentalion of very |.|r-u:_-0r very \II\d‘LtjuJﬂllbl."o. m.ﬂ.ms them casier o work

—

M Physics 11{Subjective, Objective &5S10 Based Questions) G

e ————— T e ———

with Lxamples

Kitir (h) represents 10 (e g kilometer = 1000 meters)
Mills {m) represents 107 (e g mollimeter = 0001 meter)
State four conventions for writing SI units and symbaols correctly.
nawer:
User symbels, not abbresiations (e g . A for ampere)
Uinit names are lowercase (new bon, metie)
Gymbols are lowercase (m for metre s for second )
Symbols for sewntists are capritaliss d (N for pewiton)
Explain why it is important (o follow conventions when using Sl units

>,_chum-‘;.co .

3
¥

Consistent use of ST unit conventions emsures ¢lear communcatim and avoids confusion in scentilc and

tec hmscal contests II_En.m..ln undormaty and Taciliates the eschange of information ¢
— - — - -

uniformity and lacildates the exchange of mfcrmaban globally -

For Your Information™
Standard definithions of seven base units are given below
(i) Meter: In 1960, meter was redehined as 1L630.763.73 wavelengthes of the orange red light eomittod by the
atoms of krypton-86 lamp In 1953, the mater was redetined as
The distance traveled by hight in vacuwum during @ time of 17299, 792458 s ovd
The latest defimtion establishes that the speed of Light in vacuum s 299,792,458 m s !
(ii) Kilogram: In 1901, mass standard was setup as kilogram and defuned as
The mass of platinum (90% ) and 1rdisir (10°% ) wlioy eylmder, 1.9 cm i diame ter amd 19 o o beyolet
International Bureau of Weights and Measyres in Framce
(iii) Second: It 1s defined as, 1/86400 part of an average day of the year 1900 A D
Howcever, since 1967, one second s redelined as,
The tone durmg ulach Cesiem-133 aler completes 9,192,631,770 eibreation
(iv) Kelvin: One Kelvin is defined as, Tle fraction 1/273.16 of the thermod pname temperatire of the triple posnt of
twaler

arpf af e

It should be noted that the triple point of a substance means the emperature at whch solid, lguid and
vapor phases are in equilibnum. The temperature of triple point of water is taken as 27V 16 K This
standard was adopted in 1967

vl Ampere: One ampere s that current which of mamtained in two straight parallel conduretors of infinite
length, of negligible circular cross section and placed a meter apart in vacuum, would preduce Ietween
these conductors a force equal 10 2 x 107 newton per meter of Length
This unit was setup in 1971

(vi) Candela: The luminous intensity in the perpendicular direction of a surface of 1600000 square meter of a
black body radiator at the solidiication temperature of platinum under standard atmospheric pressure
The definition was established in1967

Ivii) Mole: It 1s deflined as, The mole s the amount of substance of a system, which contams as many
clementary entitics as there are atoms i 0 012 ky of Carbon-12 [his unit was adopted in 1971

1.3° UNCERTAINTY INMEASUREMENT

Q: What is error and uncertainty? Also state types of error. Why do all measurements
contain some uncertainty? What is absolute uncertainty? How is fractional uncertainty
calculated? How is percentage uncertainty calculated?
Error and Uncertainty

Error and uncertainty are related but distinct concepts in the hight of measurement and data analy sis

Error

Error 1s the difference between a measured value and the true or accepted value It represents the
inaccuracy of a measurement

Uncertainty
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Uncertainty. on the other hand, 15 2 doubt associated with 2 measurement. It provides a range of value —:_-—!:F“Tdo all messurements contain some uncestalnty?
\,;;:::t:héi:tt;::?r;f:t;;:‘::tii" to he ——— ] E;ht You can count the number of pages in a book exactly, but measuring its leagth requires an instrument
Errors can be broadly classified into two types 4 Every instrument is calibrated to a \nullcsl‘dwnum mark, which limits its accuracy. When a reading is taken,
1 Systematic E:rom ypes. Mass can ba thought of as a form it's to the nearest praduation, meaming there's always some uncertainty.
of energy In affect, the mass |y

o Causes: nighly concentrated form of energy, 1f least count of stop walch is 0.01s and time for 25 vibrations is 37.5s, then calculate uncertainty in

. Calibration errors n instruments El'll-‘l.'rl famous equation, Exmc? the me period. What vou conclude from the result?

. Zero errors (instrument not reading zero when it should) & = mase x (speed of ight)! Ans: :

. Faulty equipment or experimental design According 1o this squation 1 kg > The period T is calculated as: T = 37.55/25 = 1.50 s, with an uncertainty of 0.01 /25 = 0.00(4 «.

. c““'“""""“}"_‘-“mfr«l methodology mass ls actually 8x10™ J of energy. = Therefore, the period T is wrilten as T = 1.50 £ 0.004 s.

o Characteristics: . Conclusion: This illustrates the importance of counting a large number of observations to reduce
. Affect accuracy timing uncertainty.

. Lead to measurements that consistently deviate from the true value "_'_H_b__-_'—'_———'——"‘_
- Cannot be reduced by taking multiple measurements How do you calculate fractional uncertainty and percentage uncertainty?

. Can be eliminated by applying zero correction Ans:

E 2:::::' Mawos . Fractional uncertainty = Absolutle uncertainty / Measured value

. Fluctuations in environmental conditions (B Vet preseisne) . Percenlage uncertainty = (Absolute uncertainty / Measured V-Il‘ll'! x 100

. Limuitations of the measurnng instrument Why all measurements contain some degree of uncertainty?

. Varlations in the observer's judgment i

. Staustical fluctuations in the measured quantity ARist - Mpasugmments huve unc.crlamly. E.“xduw G AL HARES A NSO My, (-nwru.nmr.-nl.:l ghae;
. Due to unknown reasons when large number of readings are taken ] hur.n..m wﬂ."' l]\f:- n.z.llun. of w_h.u s being r:masuu-d, and sampling issues. This unn-rl.um_t]_r in

5 Characteristics: classified as either systematic (consistent deviations) or random (varying deviations). Uncertainty
2 Affect precision 1s quantified to show the reliabulity of a.measurement

. Cause measurements to vary randomly around the true value n Why measurements in physics have errors and define uncertainty?

. Can be reduced by taking multiple measurements and calculating the average

" Cannot be elimmated completely Ans:  Measurements are never perfect due to imitations in the instruments used or human error. These

What is Absolute uncertainty? ’ errors can be categorized as either random or systematic. 'I.'\.’Ihilt- error can be removed from a

. It Indicates measurement consistency. wstill. it Ee.ld:i I-o r.mcrr.'amty, which is essentially a doubt In the final measurement

. Depends on the least count of the measuring instrument Uncertainty in Digital Instruments

"llquHHHIlHllIIIIIIII'IIHIH'IHHIHI

In simpler terms, it tells us how preaise a measurement is, and
this precision 1s limited by the smallest division on the

How is uncertainty indicated in digital instruments?

measunng tool ) o 3 @] 4 ! Ans:  With a digital scale, fluctuations in the last digit reflect uncertainty. If the last digit fluctuates by 1 or 2,
What is Resolution or Least count? It refers to the smallest s ] P s that digit 1s wntten down Larger fluctuations (more than 2) may indicate external influences (like air
increment that can be measured accurately by an instrument. It i‘““l”l'l i II”I.“‘”“I“HI currents) or that the displayved digit is nol truly sigruficant.

signifies the precsion of the instrument and indicates the Q: How do significant figures simplify the indication of uncertainty?

munumum value of a physical quantity that can be reliably Ans:  If a measurement 1s recorded using significant figures, its last digit (which is an estimation) indicates
determined For instance, consider the commonly used meter the accuracy of the recorded value

rod and tape measure with a resolution of 1 mm. This means e —
that any length measurement made using these tools cannot be accurate to a value smaller than 1 mm. ~ MULTIPLE CHOICE QUESTIONS
For example, 1f one edge of the book comncides with 10.0 em mark

- —— —— ——— " ——— — T — —— T ——— {— - —— - —1
. = Do You Know ? re Which of the following is NOT allowed in the SI system?

am'i‘m;::llher with 33.5 an, then the length with uncertainty is AT | ' (a) km? {b) s (c) ppuP (d) 14x10'm

B - = " of energy. In effect, the mass is 1 Answer: ¢) ppF y .

(3352 0.05) cm - (10.0 £0.05) em = (335£0.1) em highly concentrated form of energy. | Explanation: Compound prefives are not allowed, ppF should be expressed as pF.

It means that the true length of the book is in between 23.4 cm Einstein’s famous equation, E=mcg? V. If the length of an object is measured as 25.5 cm using a ruler with a least count of 0.1 em, the absolute

and 23.6 cm. Hence, the maximum uncertamnty s = 005 cm, means: | uncertainty is:
which is equivalent lo an uncertainty of 0.1 cm. In fact, it is equal Energy = mass x speed of Light® ! ' {a) 0.05ecm {b) Dlem (¢} 02cm (d) 255cm
* to least count of the metre rule According to this equalion 1 kg | Answer: b) 0.7 cm .
mass is actually 9x10" J energy. ' Explanation: The absolute uncertainty 15 ~qual to the Ic-.ut.count of the measuring instrument.
L+ _ _ Thecorect way to represent "metre per second” is:

o = o = =
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| (a) m/second () metre/sec ) ms (d) ms S

v Answer ¢) ma !
| Explanation: Negative index notation is preferred, and there should be a space between units
‘e If a measurement is given as 10.0 £ 0.2 ¢m, the percentage uncertainty is:
[ () 02% b 2% () 0% 4y 002%
' Answerz¢) 204
E Explanation. Percentage uncertamty = (0 2cm / 100 em) x 100% = 2%
i The smallest division mark ona measunng mstrument limits its )
) (7} Accuracy (b) Precision (¢) Both accuracy and precision () Neither accuracy nor precision
| o Answer: (b) Precision
1 o Explanation: The smallest division, or least count, directly deternunes the precision of the
E nstrument, as it detines the smallest measurable increment
| * What 1s “absolute uncertanty ™ in a measurement?
\ (a) The true value of the quantity (b) The average of multiple readings. (€) The maximum uncertainty,
| estimated as one smallest division of the instrument. (d) The percentage error in the measurement.
P Answer: () The masvimum uncertanty, estimated as one smallest division of the instrument
Explanation: Absolute uncertunty is defined as the smallest division on the instrument’s scale, indicating
the maximom possible error in a single readmyg .
oo Hametre rule s graduated i milimetres. what s ats absolute uncertamnty ?
| @rlemB) 20l em(c) 2001 em (d) = I m )
' Answer: (b)) 201 cm
s Explanation: 1 millimetre (mm) is equal to 0 1 centmetre (cm). The absolute uncertainty is typically taken as
one smallest division
o How is percentage uncertunty caleulated?
| (o} (Measured value / Absolute uncertainty) » 100% (b) (Absolute uncertainty / Measured value) =
’ 100% (¢) Absolute uncertanty * Measured value () Measured value - Absolute uncertainty
! Answer: (b) (Absalute uncertainty / Measured value) x 100%
| Explanation: This s the standard formula tor percentage uncertainty, showing the relative error
s Indigital instruments, what does a fluctuation of 1 or 2 in the last digit usually indicate?
(a) The instrument is broken (b} The reading 1s completely unreliable. () The reading is being
influenced by external factors sigrubiwcanty . (d) The last dli_;il is within the expected uncertainty and can
be writtea down
Answer: (d) The last digit 1s within the expected uncertainty and can be written down
» Explanation: Small fluctuations (1 or 2 digits) in a digital display are considered normal and indicate that the
| Jast chigat is stull sipmuticant and part ot the measurement’s uncertainty range.

SLO BASED SHORT QUESTIONS & ANSWERS

oo e s e — — — - — — . — S — e
‘. Why do all measurements contain some uncertainty? 4

Panse  Anl measurements contain uncertainty because every measuring instrument has a finite imit to s |
]

L]
| accuracy, determined by its smallest division, meaning a reading 1s always an estimation to the nearest

y graduation I
1
I How 15 absolute uncertainty determined for an analog instrument? |
t Ans:  Foran analog mstrument, the absolute uncertanty is typrcally estimated as one smallest division or
i graduation mark on its scale |

L}
- " " . '
T What is fractional uncertainty, and how is it calculated? I
v Ans.  Fractional uncertamty is the ratio of the absolute uncertainty lo the measured value It s calculated as |
l' Absolute uncertainty / Measured value !

m Physics TH{Subjective, Objective &5LO Based Questions) 13

e —— e = ey~
77 7 TWhat might a large fMuctuation (more than 2 digits) In the last digit of a digital instrument reading |
' supgest?

| Ans: A large fluct
currents) or that the displayed digitis not truly significant

How does the concepl of significant ligures simplify the indication of uncertainty?

on night supgest that the reading w being anfluenced by external Tactors (Like air

measurement is an estimated or doubtiul digit thereby commumicating the accuracy of e recorded

e - .-

'
|

M -

| Ans: Slgnihcant higures sumplity uncertanty tndication by anplying that the Last digat recorded inoa
'

What are sig ant figures? How we can estimate the number of significant figure in the
hysical measurement and explain the way o rounding of f data.

SIGNIFICANT FIGURES:

The number of digits of o measurement about which we are sure are called sipnilicant figgures. In any
measurement, the accurately known digits and the first estimated or doubtful digit are called sigrificant
hgures -?.ﬂ-
o Significant figures are digits in a measurement about which we are

Calculators are desgned 1o

okl as many dqgis as the
memcry of the caloulaicr ohip

reasonably sure
It reflects the precision of the measunng Instrument

o
o Calculators often show many digits, but these should be rounded off parmits Hence ba sure o
o Rounding is done based on the instrument’s uncertainty or least count :‘:;::i ::'::"J““ pcis of
ey own o cormect
o Scientific notation helps avoid ambiguity in significant figures nurmbar 6f sgrficant foures
Example: For example, werghing the same object wath different balances
o Electromic bolance: mass = 3.145 + 0.001 g (more precise)
o Lever balance: mass =31+ 01 g
o The uncertainty 1s often implied (e, 3.145 g means uncertainty of at
least £ 0.001 g),
= Significant figures mclude all accurately known digits plus the first
estimated digil.
o Prupt‘r use of significant fi;;un:-. represents measurement uncertaimity
o More sigmificant ligures indicate a more prease measurement

Counting Significant Digits:
All non-zero digits (1-9) are signalicant

(a) Zero between two significant figures: It s signiticant (e g, 205 has 3
sigpnificant fipures).

(b) Zeros to the left of the most significant figure: Not significant (e,
0.00467 and 02,59 have 3 significant figures cach)

(€) Zeros to the right of a significant figure:

s In decimal fracuons, zeros lo the npht of a sigmbicant figure ane
signiticant (e g.. 3.570 has 4 sigraficant figures, 74000 has 5 sigmblicant

hgures) .
® In integers (e, 8,000 kg), the number of sipnificant zeros depends 0N snown esquiare anz

) , 1ot pr
the mweasuring instrument’s preasion If the least count is 1 kg, it's N"r_::.w""";:l c_“_‘:_'h“q":‘m':,'

B.000=10" kg (4 signaficant hgures) I the least count is 10 kg, at's VLT in Fiorence. They conmne:
’ > Blesrwd worre (e T Eare) rad b
B0 10" kg (3 sigmbicant ligures) -
(d) Scientific notation: Figures other than the powers of ten are signibicant

(e p.. B.70x10% kyr has 3 significant higtres)
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In Multiplying/Dividing Numbers:
o Result should have no more signuficant figures than the least accurate factor (the one with ..

fewest sigrubicant higures)
Example: In computation of tollowing,

]
S48 1D I pan 10} 3 3
————— — = L4STOSO8Y =07 = 136x10

1350
o Calculation result 145708982 x 100 should be rounded to three sigmificant figures because 364 x (0
has thrve sighigs
In Addition and Subtraction: When adding and subtracting numbers, the result should be rounded to th,
same number of decimal places as the number with the fewest deaimal places.

o Rule: The answer should have the same number of deamal places as the quantity with the legy
number of decimal places.

o Focus: Doaimal places are important, not the total number of sigruficant figures

Examples:

TRIm+ 345 m=7355m

721 m has the fewest deaimal places (one)

Rounded answer 5om

22U m-410m=81Mm

4.10 m has the fewest decimal places (two)

Rounded answer: 513 m

It 1s important to distinguish this rule from the rule for multplication and division, where significany

figures are consadered

Q: What are the rounding-otf rules for deleting insignificant figures?

Ans:

1a) If the first digit dropped is less than 5: The last digit retained remains unchanged

(b If the first digit dropped is more than 5: The digit to be retained is increased by one.

() If the digit to be dropped is exactly 5: The previous digit to be retamed is increased by one if it s
odd, and retained as suchaf itis even

Examples of rounding to three significant figures:

2 4375 1srounded oft as 438

©  56.8536 15 rounded oft as 569

o 73630 15 rounded off as T30

° o330 s rounded oft as e 4

Limitations of Significant Figures:

° Sigruficant figures only deals with one source of uncertainty that arise in reading the scale

° Total expenmental uncertainty mcludes personal and systematic errors, which can be larger than

suggested by signuficant figures alone.
SLO BASED SHORT QUESTIONS & ANSWERS

ot e ooce

—— e ——————— . ————— i — i — — i — i —y

P ———— —————— —
1 ;‘& State the rules for determining whether zeros are significant in a given measurement. |
' 1
| . Zeros between significant figures are significant |
’ . Zeros to the left of ssgmnicant figures are not significant ¥
! . Zeros to the nght of signidicant figures in a decimal fracuon are sigruficant. |
I' Ly The sigruticance of zeros to the nght of sigmiicant figures in an integer depends on the precsion !
. of the measurning instrument I

1* Explain why the result of a multiplication or division should not have more significant figures than ;

i the least accurate factor. '

1 2oz _The s=ult of 2 caleulation cannot be more precise than the least precise measurement used inthe __ _ _ |

Physics 11{5ubjective, Oljective &51L) Based Questiomsg FL
= - e . . .
R T e e g e
» Justulied by the data [
| Describe the rules for rounding oAl numbers to a specitic pumbes of vigpif et igeres i
-

'l

' Ans
1 . 1 phee first digit dropped is bess than 3, the Lest petaired dugn remains wnchasged }
’ . If the first dagst droppeed is more than 5, the Lest tetaswd Qi i o seacas bry o i
! - 1 the digat dropped 1 5, the preceding tetared dupt s we rresmd o il and ressien the sese
ewen ’
! - What are significant figures, and why are thay important in pressarements? .
' Ans Sagrulscant hgures are the d,j'.'\ 1 & IRERYU e ITe e glusu® wherh we st jeat el y Swsn Ly aew I
' |r|'|“p;(!_4f-|L'-_._:‘ﬂ“Il',,'j't!',l‘?',’-l‘l'!l‘ sin) o the easuting irstrummesd geal irete sl the wivwriagwny il ¢
l ther mcasurement '
‘e Explain why it is necessary tu round off caleslator tescite wnen dualing with esjer| et el Sata ’
l Ans Calculator ofwen display many digsts, but thae can mmsbesd wormerw e o, 7 the pemit s tresew ,'
" prﬁn-rIJuntl:pnﬂ/,uaitm ssurernents Pourdang oAl b U torreet prussioer oA o ool ot gt on ewmpren '
: that Ilwr-‘suhnn;nr--.’f reflects the precisson of the messurements gued w the v ole wlats I
’ How does the number of signilicant figures in a8 messuremnert poflort tha grorisin ol Ve P i
! instrument? .
iAn,_- A measurement with more sagnifcant hgures 120 2les thel it was made o B IR pt e irih At {
§ o — - Jormample, 3145 gndicates o ente procse mesgremantthan 3ty

e o @

Give the correct number of significant figures for D54 m, DITAIY) s, 8000w, G5 w0, .20 # 119 e

0.0054 m: 2 significant figures (leading seros don't count)

0.03020 m: 4 sigruficant figures (leading zeros don

zeros after Lhe decumal count)

30.0 m: 3 ssignificant figures (trailling zeros sfter the decimal count) T T W T Snaeamn o g e

g Y LISSA . GEALT

LG O e B VY e

FRAN R R e R
st o iy O ey

0.5 m: 1 signuficant figure
8.20 x 10° m : 3 significant figures .
Give the answer to the appropriste number of significant
figures: 2602 kg + 36.02 kg + 54.1 kg = PG iy o L wgg e T ng
When adding, the result should have the same number of decirral 2 Gos ve Vo Tm s
places as the measurement with the fewest decimal places a1 kg A g N
2602 kg +36.02 kg ~54.1 kg = 269212 kg IReg-aAeg T
The measurement with the fewest deaimal places is 54.1 kg (urw  $Som Pm roeer & Wn sporaras
decimal place). So, the answer should be rounded 1o one decimal it oS oy e art rgrn

DA eV m i § M | G S w T
place:
Answer: 26921 kg
Give the answer to the appropriate number of significant figures: 358 kg - 24 kg =7
Similar to addition, when subtracting, the result should have the same numibes of deimal places as
the measurement with the fewest decimal places.
354kg-24kg=114kg
The measurement with the fewest decimal places is 24 kg (one decimnal place). S0, the answer
should be rounded to one decimal place:
Answer: 1.1 kg
Give the answer to the appropriate number of significant figures: 2452 10 m 2246 m [ 3.6
m=7?
When multiplying and dividing, the result should have the same number of signaficant liguires as
the measurement with the fewest signuficant [izures.
245 x 1P mx 246 m / 3.6 m = 1673 16565547 m
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L 1 v . T I
. 2452 100 mhas 3 signadicant figures
. 246 m has 3 sigrubicant figures PRECISI ANDACCURACY
. 36 m has 2 sygalicant figures
Ihe measurement with the tewest signiticant Ligures 1s 3o m (2 signiticant hgures). 5o, the ELILITE e g gy e sy .
r Ditterentiate between the terms precisiomn anved g ¥ wellhy svdonw e Vi gioe asiiro e il ol

should be rounded to two sigmificant Ligures
Answer 1 7x 100 m?

s

Precision and Accuracy

MULTIPLE CHOICE QUESTIONS
r-_-—-_-—-—-_-_-_-_-_-_--—‘._-_-—-“-_-“‘___.-_--_- l'lul""”'"'“l .|uu|.|.\-.|||-Iu.umlllml.cnl-.-n..|,n|-».|r||||-..\.|u-|n|n!.ul-iald.“nui; i Thiey ddosapile )
e In a digital instrument reading, a large fluctuation in the last digit suggests that: = 1| close meastrements gre o cachother and o the true salu
| (a) The reading is very precise (b) The reading has low uncertanty | - Precision of o measurcronent s detormimed Tyt amstrainent isedd A siviadlor beast oommt gowaie i
5 (€) The displayed digit may not be signiticant () The nstrument 1s faulty previse mwasticoment IEpefers to tu reprodualihity of a mvasurment
| s - ' | I
I_Amwcr-kl fhedisphyedd:g:lm.i)- l‘lﬂlhfsigﬂiﬁflﬂl- Y l - Accuracy s e o loseness of o imeasieene it bt csact o wcceprted value of o pdiysical gpoaritiny 14 s
Explanation: Large fluctuations indicate that the reading might be aftected by external factors, making the Last i capressed by tractional o percontage wneortamty A siialler frasctivnal o (R ‘ ' bk
! digll unr.‘.ll..bl" I PRI oh e Mo ke perasiii e fie I y e brolai
1* Significant figures in a measurement: . ! Examples
' (a) Are only the accurately known digits (b) Include all digits shown on o calculator II A commaon anadogy to tlustrate the diierence Botweom sy and peciston s usiing o bagot
» v o - . ., '] ' ;
! (€) Are the digits about wiich we are reasonably sure | - fli;{h accuracy, low prechsion: e daris aee seattered aromnad thie conter ol i 1 ol
() Are only relevant in theoretical calculations e
| UL el e ol s VO i e Low accuracy, high precision: The diarts are o basterod o lose tagothior bt are far froam thie coiitos oof
! Explanation® Signiticant figures include all accurately known digits plus the first estimated digt 1 B ey
| P High accuracy, higl isl e ot |
™ I IS Y. B precisinn we adinls are clustered o lose topother ansd Bt thee s oriter o 1
i () Calculators alwavs show mcorrect digts ! tanyet l
: ::';!l'\!I::]:':: :.)In m!;{".ld about the precision of the l'f."!i:ll: | . Low accuracy, low precision: The darts are soattercd far fioms the conter of the Carged il il
5 calculations () 1 s a convention in mathematics b Jomer topether i o
! Answer _l!} Extra digits can mislead about the precision of the result. | i —_————— -
l Explanation: Rounding ensures that the resuit reflects the precision of the original measurements ' I PR T |
L. A measurement of 4.567 g is more precise than a measurement of 4.6 g because il has: ! i
| (a) Fewer decimal places (b) More sigmahicant hgures |
L]
(€) A smaller magmtude  (d) A larger uncertanty [
| Answer b) More signific i ) |
; ! gnificant figures, |
i Explanation: More sigmibicant figures indicate 4 more precise measurement ' l'
.. How many significant figures are in the number 0.005020? | Tar fren iy |
g b Par freen the veanw A
I w3 (b) 4 ©e @7 | , '
+ Answer: b) |
]
| Explanation: The zeros to the left of the 5 are not sigmiticant, but the zero between the 5and 2, and the zero to the | l
' nght of the 2are signihicant. ' |
} . How many significant figures are in 1200 kg if the least count of the scale is 10 kg? | \ I
I @2 ()3 ©4 a1 " ) l
Answer: b) 3 I ' ===y
! .
| hplmlio:.‘l. If the least count 15 10 kg, then the number should be witten as 1.20 x 10" kg, which has three i . L o n o ) ) . |
« significant figures ! . Relationship between Uncertainty and Accuracy:  The smaller the frac Gonal or percsnbag
'l ¥ Wikew secdtip 15t 2 e A T s N st b D ot e | uncertamty, the more accurate the measurement
| (3) 8125 cny® (b) 8 13 cm2 ()8 1em? () Bem? v Examplel; oo Thuamt, R
! Answer: & 1 em | When the length of an abyect is recorded as 25 5 m by using, o meter rod having, - _'._..l,__f
Explanation: 25 ¢m has the lewest significant figures (two) Therefore, the answer (8.125 cmi?) should be rounded ! hll'l‘lll"l“-l division in millimeter. Phen t0s the difference of imtial and Ginal positions s P e
, to two significant figures, which is 8 1 em? ! The uncertanty m the single reading is trken ast O Smime = 10 0% m, which s now L
|- Round off 12.65 to three significant figures. | double (due tomitial and hinal readings) ondd it s called absolute bncertainty egual ' A, |
; () 126 (b) 127 (© 1265 ) 130 - | to the least count of the measuriog mstrument | hus, I
: Answer:nj 126 ] | Aetee rule measurement: 23 5 om Leastcount = 0 1 om
& ?ﬂ"ﬂ“f‘i“fﬁl"_0.b.".‘.‘.f@ﬁd.“_s':.".“_"!“_',B'_"‘E,I’,',‘E_d'ﬁ'_',‘f'l':"_"ﬁ."}.‘.'L“'_"E“_’."_r“_l,"_’.ﬂ-‘:f‘l_ T _J' | ‘ Fractional uncertamty = (0125 5 g ’
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] Percentage uncertainty = 0004 x x100% =0 4%
Example 2:
Now consider another length 1s recorded as 0 45¢m by using Vermer Cahper having
least count as 0.01 ecm. Thus;
3 Verer Callipers measurement: 045 cm, Least count = 0.01 cm
c Fractional uncertaanty = 0.01/045 =002
Percentage uncertamty = 002 x 100% = 2%

. Comparison: The 25 5 cm measurement (metre rule) 1s less precise but more
accurate than the 045 cm measurement (Vernier Callipers).

. Relative Measurement: For smaller physical quanlities, more precise
instruments are needed

. Conclusions:
Precise measurement: less absolute uncertainty.

- Accurate measurement: less fracuenal or percentage uncertainty.

. Note: Smaller the physical quantity more preaise instrument should be used.

. Limilations: Exact measurements are impossible; we aim to get as close as
possible within instrument imitations,

. Assessment of Total Uncertainty: Knowing uncertainties in factors allows
calculation of maximum possible error in the final result.

B Relationship with Uncerlainty: Uncertainty 1s a quantification of the doubt
associated with a measurement. Both precision and accuracy are related to
uncertainty.

. Precision and Uncertainty: High precision
implies low random uncertainty. Random Travel Time of light ‘
uncertainty  affects  the spread  of Moon to Earth  1min  80s
measurements and 1s reflected in the Sun to Earth Bmin 30s
standard deviation. Pluto to Earth  Shrs  20s

- Accuracy and Uncertainty: High accuracy implics low systematic uncertainty. Systematic
uncertainty causes measurements to deviate consistently from the true value.

MULTIPLE CHOICE QUESTIONS

——— - -— - —- -— - -__...___-_..—-.-——-—--—----—-—-——]

. Which statement correctly defines the precision of a measurement?
(a) How close the measurement is to the true value (b) How reproducible the measurement is, !
deter 1 by the instr 's least count. () The percentage error in the measurement. (d) The total |
number of significant figures
Answer: (b) How reproducible the measurement 1s, determuned by the instrument's least count
Explanation: Precision refers to the consistency of repeated measurements and is directly Linked to the smallest
dwision an instrument can measure
Accuracy in a measurement is best expressed by:
(a) The number of significant ligures.
(c) I'he least count of the instrument
Answer (d) The fractional or percentage uncertamnty
Explanation: Accuracy indicates closeness to the true value, and a smaller fractional or percentage uncerlamnty
m ’.‘I‘l"l hll‘_"(‘f -lfl"\.l!-lf'\'
. A measurement of 25.5 cm (least count 0.1 cm) has a percentage uncertainty of 0.4%. A measurement of
0.45 cm (least count 0.01 cm) has a percentage uncertainty of 2%. Which measurement is more accurate? !
(W) 255cm (b) 045 cm
- o) Voth are equally accurate _

i
|
L]
I
L}
|
(b) The absolute uncertainty g
(d) The fractional or percentage uncertainty. |
1
|
L]
I

[
L)
|
I
|
|
|
1
|
'
!
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ey
) Cannot be determined from the given information |
1 Answer () 255cm ]
| Explamlion! The measurement with the smaller percentage uncertainty (0.4%) s more accurate |
1o A highly precise measurement always implies: '
(a) High accuracy |
(b) A small least count of the measuring instrument i
(c) The absence of all errors L
(d) That the measurement 15 exactly the true value |
Answer: (b) A small least count of the measuning 'nstrument 4
[;,Plamiinn: Precision 1s directly related to the instrument’s least count. a smaller least count allows for more A
srecise readings High precision does not guarantee high accuracy (e g, of there's a systomatic error) '
What is the “Thumb Rule® for accuracy in terms of uncertainty? |
(b) Less fractional uncertainty '

(d) More fracnonal uncertainty ]

'

|

-
() Less absolute uncertainty

(c) More absolule uncertainty
Answer: (b) Less fractional uncertanty
P » . - CUTACY 15 4 ol w s fractional o conlapEe uncerty
Explanation: The thumb rule stites that accuracy is associated with Jess fractiopal 07 percentage uncestainty.

SLO BASED SHORT QUESTIONS & ANSWERS

iis i _Ih;w-d;e;_lhe smallest measurement an instrument can resolve (e.g. 0.1 cm on a ruler) affect the !
| precision of your measurements? |
t Ans:  An instrument's resolubion (smallest mmeasurable value) imils our precsion A ruler with 0.1 cm .
| markings can't measure further than that |

L2 How is the precision of a measurement primarily determined? i
! Ans:  The preasion of a measurement is primarily determined by the instrument or device being used, '
4 specifically its least count (the smallest division il can measure)
. Whal does a smaller fractional or percentage uncerfainty imply about a measurement?
Ans: A smaller fractional or percentage uncertainty imphes that the measurement 1s more accurate,
meaning It1s closer to the true or accepted value of the physical quantity
. Can a measurement be precise but not accurate? Explain with an example.
Ans: Yes, a measurement can be prease but not accurate For example, if a faulty scale consistently gives
readings that are 2 kg lugher than the actual mass, the readings would be precise (reproducible and
close to each other) but not accurate (not close to the true value)
Whal is the "Thumb Rule” for precision in terms of uncertainty?

-

Ans The "Thumb Rule” for precision is “Less absolute uncerlainty * This means an instrument with a  smaller
least count will provide more precise measurements

Q: Why do smaller physical quantities often demand more precise instruments for accurate

Ll
'
L]
[
L]
L]
measurement? !
Ans Smaller physical quantities demand more precise instruments because the absolute uncertamnty (least |
count) remains constant, but for a smaller measured value, it results in a larger fractional or percentage '
uncertainty, thus reducing accuracy. A more precise instrument can minimize this relative error |
2 '
L
'
'
L]
L}
1
]

. Difference between Accuracy and Precision
A table summarizing the kev differences is given below

Fealure " Accuracy Precision

Meaning Closeness to the true value

I Closeness of repeated measurements with each
other

Analogy Hitting, the bullseye “E'-hlly clustered throws (even if not on bullseye)

Requires Muluple measurements of the same thing

Single measurement compared lo
true value

wrong)

Can be accurate even if not precise I Can be precise but not accurate (consistently

Independence (lucky guess)
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watue In e above figure since the plotted graph is away from troe value so data s not accurate by .
way be precee because spreading of data is oot oo much as shown by waidth of graph on horizontal axiy

20 |
e —~ g
B e g e Tty R Y Pt g

|- What we conclude about the precision and accuracy if a quantity 5 Il—ﬂ““.“ul . y| . ‘I‘ du!lul" |

' an cxperiment say “N” times and then each value is plotted apainst °N but true value ls 'y The o
| plutted graph is as shown below |
; '
| N |
) [
| |
‘ '
| |
| L '
WC What is the best analysis about this graph? I
| Ans Procision mweans ¢loseness of data with cach other whercas accuracy means closeness of data wiih LT $

|

L}

i

All values are away hn:n-iluJ(':_nl-_llu'tlu:};\: E"_'lu”_";l‘:":_‘ |ltL||{'_l’ lll‘\.' ﬂ'l‘h_‘ll:l‘.k‘lll_ll_f:l 2(:2[2;:— '

IN THE FINAL RESULT

1.6 'ASSESSMENT OF TOTAL UNCERTAIN

—

: - —_—
Describe Assessment of Tolal Uncertainty in the Final Result.

ASSESSMINT OF TOTAL UNCERTAINTY INTHE FINAL RISULT:
Lo assess the total uncertainty or crror, it is necessary o evaluate the likely uncertainties in all the factor,
avolved i that calcalation: The maximunm possible uncertainty or error in the final result can be found a4
tollows
1 lor Addition and Subtraction:
Absolute uncertamties are added 1 or conmple, the distance 'x" s tound by difference belween two Separate
Prositon measurementy
e 0520 Iom
Al i 2oMH i lom
Thirn  x = x5 =¥,
Oy VO ER 0 =105 £ 01) = 163 + 0 200
i For Muluiplication and Division:
Percentage uncertantios are added,
Hhe masaimum uncertanty in e value of rosistance R of a conductor is determined by using R = V/lay
follina s
age of uncertamnty in'V o« 27,
age uncerbanty i = 6%

A uncerlanty in K= % ape uncertainty in V + % age uncertanty in 1

2% ¢ 4= R
Explanation e maximum possible uncertainty in the value of resistance R of a conductor determined from

A%
the measurement of pestential ditfervoce Vo and resulting current flow | ll}' using R= T is found as follows

VeS52Z201V
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==
[ =08 10 0HA
ol (v T
[ e percentage unc rhainty for v -‘-:‘ LU
0os
[ he percontage eriainly for | — o VA% = (%
KA
v ;
[ lence total uncertainty in the value  of Riw —)= 2% + 0% » 8% Thus
I
52 - :
resull js glvenas, It il__ GI9VA T «62  olims with a percentage uncertainty
1]
w62 t 8% 0l 6.2)+ 621 — « 62
of BY% (0 100

1= 622 05hms
e result is rounded off 1o two digits because Both Voand B have two significant
j‘”;ur:'\
il For I"ower Faclor ;
Multiply the percentuge uncertanty by e poiwer
For Example:
In the calculation of the volume of sphere using formula

1
Vea —ur
3

% ape uncertainty in Vo= power factor » (% age uncertainty inr)
Let % age uncertaloty inr =04 %
Total % age uncertainty in V=3 x 0.4 %

-2 Trabe are £od dunes st pates of ey
il Last gow tha [
" " " — N L P 2 Seriian Dirmomeien bt by e
l,lp]-‘lrl-l“ﬂﬂ- volune of the sphere 1s calendated by u sang the formula, prier el ihrrinisstlbyrfivs Bgoe
dn Visearen Trey iontalred a'iobel Lome

v -‘—*[3 U iohoara 3 snd fos paver resdg

Where ris radius of the sphere. I radivs of a small sphere 19 measured by Vernier Caliper with Least count 0101
cm, then,

r=225+00lem
Absolute uncerlainty =least count = 4 0.0lcm

", e . —_— -
Vercentage uncertainty s -
" 001 For Your Information
r= = 100% = 0.4%
2.25 Colour printing  uses just four
Total percentage uncertainly in vol 3 colours cyan, magents. yellow and
otal percentag, ainty olume is black to produce the entire range
Ve=04%=3=12% of colours All the calours i this
dr 3 d=3.14 1 book have been made fram just
Thus volume, V T‘ = Ve —— (225 ey’ these four colours
3

V=47.689 cm ' with 1.2% uncertainty E"'ﬂ membar T humb RuleN!

Thus result should be recorded as;
For calculation of end resull

= Addition / Sublraction samo

1.2
V = 47689 4 (—= « 47.689) = V= 47.689 + 0.6 (cm)’
100 precison

iv. For uncertainty in the Average Value of Many Measurements: o Multiplication / Division same
a) Find the average value of measured values accutacy (Same number of
b) Find deviation of cach measured value from the average value significant iguros)

c) The mean deviation is the absolute uncertainty in the average value

d) For example, six readings of measured diameter of a wire, as measured by micromelter scrow pauge in

mm are
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} Tapr va
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f
I b s o e readir - b e e of . e
o ¥, vl wrrn at ) ared O
£ f ] r‘,
v i i1 '
bugs i PrLEIASy 10 T r —ral I men peeorded
£ Ntarmie € hoe b
Avetagpr=1.21 2 0T mm ' Seieagilia
. wiard &
v F oot thee L rceriaanty in 2 Lirming Frperimen sl M SR S el 4
e w lay the time p-"f-'afl f 4 vibrating beuly is Joand by ‘ bt . ,.‘“ ::
- R Pt
dividing the least cour of 1 ¢ deviee with the numbey of
vibratiomm  » ATOMIC CLOC K
——y ' The: cosiurn attmnic Freoquene Y,
&+ TLainey Pirmer prrien] © ~— —— sharedard at the naticirn’
f vibration [reatat et of “Harelard anel
For erampie , Technodogzy w Colarada (1 5 Al it is
, . sienole ceritlom tecord yor s
The - 4 ¥ tatwrn of & sunple perddiom revorded by the primary standard for the uay of
evwy atchi accurate yp w0 ore tenit] A & wermed 1s 4 4a Thus the tisne tinne
445 a EXPLANATION
P — ’
T I o T mewt the need for s betrg,
starclard of time, alomie elock gy
B P PRI R ne been developed In this devier the
4 froquercies associaled with ceriyin
periad i written 2 atormar Iransac ticre can be measured
| 7 o s precoewly In 1967, the S urat of tipne
i . ’ leggr tiaenbar of vr 74 tey pefuce thee serrmiel, was re Jefairwee] |,), 1%k
» Careral Comlereree on Weights and
TALENT INFORMATION FOR Y( Mratures :r"‘" A characterine
- i .17
Sumerary of Hales for € ombining Uncenainties requency  of  eeiam-15% atem
Addiuem ard Subtractiom Rule S cardirg, 1o this standard
. Add abmartorr crarrtantien —
. HQ=x~ w )= 2y, then )= Sz = Ay
Multiplication and Lhvivien (Product and quetient rule):
. Al relar)  peTeeTtayy uertlantes
i ‘ pag . Thismts Ruse for Total Uncertainty
. WQ=awr yor Q= fy, hen A ] =Lz [ x)* (57 )¥)
FProwers of a quantys o Feoracdion and subtraction:
. Valuphy the relative ureestsinty boy Ve porses Rerchite uteanianiins are sdded,
. U=, thon () [ Q) =11 # {52 [ ¥) = Formultiglication and dinsion
Pascantags uroanpnles ate added
Lnesrtainty in Average Value PEriATiags £ a o,
P ; . * Ferpowmerlactorn
- - ster Trw geerage value Surn all e mesaured values and o~ "
it o Proret aer 2 Peroerians uncanisimy
PP A O S W JO———
- Calculate tw devintion [or cach rrwanorement Subtzact the average from cach measured value
(Vo demriatiom can b taken as the almedute value 1o igpeme the sgn
[rterenime the mrean deviatem Thes s the average of ali the absalote denations and represnis the
are erlairt i tre aveTayy me Jrerrert
Lm—ru.rr!y in Timirg hpﬂnmm!
- In deterenming the urermanty m a Umar 7, crprriment for the period of a ';;Far.alm;/' body, the least

cerant of the 1 oA by thue sitsibaer ef wibeations

ALty o0 Uimres prries] = 10 of etngrwateti e of vibratiore
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MULTIPLE CHOICE QUESTIONS
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ab-
In an experiment, we measure quantitios a, b and ¢ then ¢ s caleulated from the formuls x = 7 the |

percentage errors ina, band ¢ are £ 1%, £ Y/ and £ 2% respectively. The percenlage error in x can be
faj t1% fhyt 4% (e): 7% (dys 13"

! Answer d

: Fxplanation: We kv that in case of multiplication and divisien pereentage uncertainties are added o find

ab’
| peroentage erroe in the final result So percentage error in « - Is caleulatod as

¥ Percentage error in x = (/s uncertainty in a)  2(”. uncertainty in by (% uncertainty inc) =2 1% «2(+ Vi)
s Mz 20)=2 137
. If the percentage error of A, 5 and C as I, m and n respectively, then the total percentage error in the
product of AEC Is
1} 1 1}
] T (d)

m n

fay Imn (b I+men I mn«al

I

'

|

'

| setution: (Answer: b) Sinee in case of Multiphcation and Division Percentage uncertainties are added. So lm n

¥ will be added as

] Percentage eveor in ABEC = (s uncertainty in A) + (Vo uncertainty in B) + ( Y uncertainty inC) =1+ m+n

Vo The percentage errors in the measurement of mass and speed are 2% and 3% respectively. How much

! will be masimum error in the estimate of kinetic energy obtained by measuring mass and speed?
fay 11% (b) 8% () 57 id) 1=

! Salution: [Answer: b JSanee For Multiphcation and Division Eri_rqi_.mr_unn-ﬂamhaw are added and for Power

| Factor Multiply the percentage uncertainly by e potoer. So percentage uncertaintylmarimum erearj in £.F (€ F =

[

I

'

I

'

I

I

m\f'; wnll ke caleulated as

ercentage error in K.E = (% uncertainty in m) + 2{% uncertainty in v) = 2% + 2(3%) = 8%
A cyclist moving with initial velocity having a percentage error of 2 /s moves with an acceleration of
error -3/ for a time “t” which has an error of 2. What must be the error in distance “s” covered by it?
fa) 145% (bya 3% {c)11% {d) 105%
! salution:

Since percentage errors an velocity, ime and accelerabion are Av, = 2 %, Aa = -3%, At = 2% Now the

fr latian for the measurement of distance by 2nd equation of motion s s = vt + %5 al?

¢ Now for Addition and Subtraction Absclute uncertainties are added For Multiplication and Division:

* VW=
—— = W

| Percentage uncerlaintics are added. For Power Factor: Multiply the percentage uncertainty by the poweer so |
A m2%42% +3% 42 :’:-l[ ;13 the masimum ertor in the measurement of distance '

- — —

_ SLO BASED SHORT QUESTIONS & ANSWERS

| — ~ “The time of 30 vi vubulmm of 5imple prndulurn recorded b by lo wal:h:cc—ualr_u;l:o;;e;lh_oir - {
' second is 54.6 seconds. Find its uncertainty, (LHR 2021) (BWP 2021 GI) (GRW 2021 GII) (LHR 2022 GI)
| (SWI. 2023 GII) |
' Ans:  The uncertainty in the time period of a vibrating body is found by dividing the least count of ming, !
| device with the number of vibrations i ¢ !
[ L]
I
! Uncertainty in time peniod ~ — easd oo SR ?-—I =0.003 I
No of vibration 30 :
I Q Find the percentage uncertainty in the volume of a cylinder, if the percentage uncertainties in length |
i and diameter of cylinder are 0.3% and 0.6 respectively. (GRW 2021 GII) (FSD 2023 GII) 2
; Ans The volume (V) of a cylinder is defined as V = aril, where £ 15 the radius (diameter/2) and | 1s the length !
| of cylinder So uncertainty in the measurement of volume of eylinder is i
i = 2{% uncertainty ind) + (% uncertainty in l) '
S\, Rd L L LA ) L 3 S |
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17 DIMENSION OF PHYSICAL QUANTITIES e AR U b R o o

wamnnland
Power =[N

' S s 1 .
What is meant by Dimension of Phivsical Quantities* Eaplain with esampless Alsoowaite s

o Prosauee stiess, olastie maoddilus

: Yos
s e sthope ¢ b kb the Homopenelty of Flivsical guation o Devaycomstant A frguemy |

=} |

IMENSIONS ORPHYSICAU QUANTITIES ) ) To ahesk the correctness of an equation we shose that the e —— -

M TR RN dnensiens o the guantibies on Both sides of e cguation are the same regardless of e fonmuala 1his

1 obinitedd e g i lntionshil g

o L wiits o Jenwith mass anad tioe, denetesd by (L] N and (1]

i alie wrstsarad e 1l o by P e lesd thee preincpde of lemopgene ity of dimensions
s ifis syl oty brackotsos vl | | Alass IN1) I i, Drehving a Possible Formula
A other P sieal iuantities o v I ot as comlsnations of Hhw > Lannsth 1 ! Phee sucvess ol this amethod tor deviving o relation for g physical auantily depseds om the correst
Faste sl psions D phivsecs dimension desonlys U plasical v | Dhinsk ] 1] | ",III""'“‘P'."I"""""""""'I""" sl b e pliy s puantity depeonds
At et aaanhiiy | I ¢ wren 1 m | T ko el give any Iloremmationy abwonnl constant of preprortionalily
Woa }-l.\m.nl quantiny s evpriessed i ems of s mibsods ot s | T I [0] or K] | 1 hindtation ot Dimensional Analysis
. - L

units, e dimensien or that I sl Uttty s ailtaiisd The | Wy ' frovads | e Dhosesn't phve dimensiondess constant

| & Nivind ol I IN] |

1 -
peapeatively e s e idiate the dimensions of o phvsical . sibsbany | e Can'talistingadsh betsween sealars aind seatons
uantity Ty el diatc their padune amd ot theie | 1 Lawineus tnlensity | i . Pyt ndt st comples velationship
gl . DR s in ] Ay C e e ss
Lot example o TABLE CONTAINING THE DIMENSIONAL FORMULAS FOR SOME DERIVED
i DYimension ul Speed QUANTITIES:
spevad s measied o s .
rmension ot spewd Iiveusion of Jength Quantity Formula Dimensional Tormula
Dhinension of tin
i II } N 0} g g Arva Lenygsth s Width (1)
]
i Dimension of Aveeleration: Volume Lenggth s Width « Hedght 12
Sovleration s expressed mom s Phos ot bos dhomensbons of feng i daivislodd By e sqpoare s =
Velocity Mntanee . Ry el
0 Dumnension of leneth vlocily Distance / T [
e nson o avovloration -
(Dmension of tme) Avceleration Change in Velouity / Thime [
L]
|-'] K i “ || | l ll | ! loree AMass x Acceleration IMLT ¥
i Dimension of Loe Momentum Mass x Veloity [MLT Y]
The dimaeistons of toree an
l‘ l lmla] ]k”i o ] l ML I Forsgue Foree x Distance [ML71 7]
" Dhmension of Momentum and impulse Work Porce x Distance (ML 4
Pl dhiiensions of momentum ane
’ [ ! !
i] ! [Illll\* 1“1” | ] h?\'.'. ! | i) Fnerpy Poroe x Distance IMLAT 4]
. Drimension of Work and Fnergy Early thermomoters
Uhe dimensions of work an bullt by Accademia del Angular Momentum Mass x Veloclty s Radius ML )
Waork © Fowew = distange Cimento (1657-1667) in
[W] = [oa)fed] = INT ) <8 France , laly Vaolt Work / Charge (ML A1)
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” 1
Electric Intensity Force / Charge PALTOAY SLO BASED SHORT QUESTIONS & ANSWERS
Magnetic Induction Force / (Current x Length) MT A7) i T " Find the dimeasions and 5.1 anits of coefficient of visconity in F = Greqry. (ST 2015 Gil) AJK, FSD ¢
= | 2021) (MTN, BWP 2021 G)) (DGK 2021 GIN (FSD, SWIL, LHR 2923 ) (DCK 2023 CIl) I
Magnetic Permeabality Magnetic Induction x [MLT A7) ' o i .
Length / Current | P omnty.conm———s I
! since ém i a constant w0 it had re dimension, heree i
Charge Current x Time [AT] | (¢) [MLr
' ks r e
nl= = — ML'T
Permittivity of Frev Space Charge / (Electne Intensity [ATT*M 'L 7] ! [} [r¢] L f
x Area) | Calculate the dimension of physical quantities, if possible, 2w and rupess hundred. (CRW 2021 CI) ]
= ) f ans:  2mis dimensionless 1t s a mathematical constant that represents the ratio of a circle's ciscumderence to 25 i
- | diameter. So s has no dimension -
- MULTIPLE CH9_|CE QUESTIONS = —— ; The dimension of “rupees hundred” s M (money). It represents an amount of money and dorsot have & ;
A —— physical dimension .
s o — —— —— - S_— T ——— - . — ——— — ——————— — - — Ll
|« Dimensional analysis can be used tor e b= ] - ]
“ {8) Find the numerical value of constants i an —— ! E Show that formula T ZHl.E-as dimensionally correct (FSD, MTN 2021 Gl .
| {b) Determine the accuracy of measuring mstruments | | ik s . L I
i () Chech the correctness (homogeneity) of a physical equation ' ' LHS Dimensionof T = r.[ ] and K.HS Dimension of ._’- - L —_ i T = [ I’j it sheows that 2
' (d) Caleulate the percentage error in a measurement | | V2 B = ol = |
| Answer: (¢} Check the correctness (homogencity) of a physical equation. 1 ' above formula 1s dimensionally correct ;
, Explanation: Dimensional analysis 1s primanly used to verify if the dimensions on both sides of a physical | I Q: Show that § = vt ‘; at? is dimensionally correct. ((Lhr 2016 Croup I, Lbr 2013 Croup IIRWP, LHR '
| equation are consistent ' i 2023 G1l) |
i The rel i :w.ﬂ;-m ; ement of change in speed of d when P inc by t'C 15 written as ! i Ans: LHS =[S]=[L] i
{1 .. 4 - ¥ l I
fe The dimensions of “0.61” in above relation must be: ' " RHS= [vit] = | = a¥] = [LT | [T]+ [LT7] [T7] i
| . 2 I
(a) [MILT 'K ") (b) [MLTKY) (c) [M-LT 'K] (d) [MLT'K] | | - .
! Solution: ' ' =[L]=|L}=[L]
| Vie Vs 061 « 1 I So,LHS =R HS |
L} -
I -l ' i Q: How does the principle of homogeneity help in checking a physical equation? |
. ms "ms "ms 'must have units of ms! | oA The pninciple of homogeneity helps by stating that for an equation 10 be correct, the dimwnsons of
| 5o i | all terms on both sides of the equation must be identical. If they are not, the eguaton is I
¥ 061 «t=ms! i dimensionally incorrect. .
I - ; lQ: Why cannot dimensional analysis determine numerical factors or constants in a derived formula? I
' K (Kelvin) ' A Dimensional analysis cannot determine numerical factors or constants because these lactors are i
I 061="5 _ INeLT 'K ' | I dimensionless and do not contribute to the overall dimensions of the physical quantty Ther valses |
i i ] ' i can only be found through expenments or by plotting graphs 1
s St i i i i P i i . | . Q Can dimensional analysis prove that an equation is fundamentally correct? Explain. .
| or:a diffraction grating the relation for diffraction element °d i’ﬁ‘ what must be the dimensions of $ | A: No, dimensional analysis cannot prove that an equation is fundamentally correct It can enly 1
' *N”". ! 1 confirm dimensional consistency . Even if an equation is dimensionally correct, it maight still be i
| "M viiied i . | incorrect if it contains wrong numerical factors or other physical maccuraces that dimensional
i {a) [ AL 'I"'] (b) [M LT | (<) [M L T‘] (d) [bf'[.'l""] ! : analysis cannot detect. T _:
Solution: |
; Daffraction element 1s a distance so “N” must be unit less i
i
g mam.imof"ff “are same as that of: i
='r
,‘ fa) distance (b) frequency (¢) Angular displacement (d) Time period l‘
2 ? 1
" Solution: Let x = f:' Now putting units in above equation: = % - No units mean [M'L"T"] '
+ Which may be considered as dimensional formula for either plane or solid angle which makes angular .I
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Colow l;”"h“n wses qust o codors cvan, ey,
veltow and black o produce the enbine range of
codonrs Al the colours in this book have been g,
froson Just these four eolones

Iaplanation

Any coloun can b produced by o suttalile combanat g,
of 1l given amd Blur vodours Two colours which
prontuce white light, when mised e fermed
complementary colours The appearance of colous 4
a process of subtractive nature Thus colours obtaineg
with patits and inks result from subLEachive process

e
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DO YOU KNOW? FOR

Student | ng Ok
. Make reascnable estimates of phy sical quantities [O1 those quantities that are discussed in the topicy, of
this geadde) Dhe SO o ancbuded am corviculum but detal is missing in text book so given here for your
informalion
Istimation in Physiss
| What is I stimation?
Latimvation s the pres ess of Tiding, an approvimate value
for a quantity. TEivolves making reasonablee assumptions
and wsing avarlable wadormation o arrive al a result that is

Polpulatlon Pie Chart
Oider 19 334,
Japan
LFo ]
Masien 1704
Kunda 1 91%,

Fstimation dovs not mean guessing the value of a quantity Dinghdesh 119
Nigeoa 2 1§
Pakistan 202
throuphoreasoning and scientibic understanding, Nranl 257%

It not ust puessing Rather applying  scientific """‘“'“ 13%
winderstanding and reasoning and predicting, approximate [LEERE
values

Why is I stimation mportam?

I important e real e applications (¢ g, buying curtains
LTI dhistanies)

“lose cnonp Lo the actual value, witlout nevding, proecise
measieiments of comples caloulations

But it involves determinimg a rough estimate of the quantity

Cliia
Wdla 1T66%  yyiqer
Plg Ly Catimrstion of Popehaiwn wf Dilfercnt Countrie,

Quich. smart decisions whon exact numbers are unavailable

Develops asense of scale (big vs small)

Chechs i phivsics problem answers are reasonable

How to Make Good Estimates: Following steps are taken into account
Define the Measurement:

Clearly whentity what nevds 1o be measured (length, volume, ime, ete ),
Use Reference Points

Relate cstimates to familiar objects (e g, doorway heighit)

Hreak Down Complex Problems:

Dhivide into smaller, manageable parts.

Apply Physies Principles:

Incorporate relevant physics concepts (e, gravity)

Provide a Range

Cavew range of values 1o account for uncertainty,

m Physics 11{5ubjective, Objective &51L0 Based Questions) 29

piving 100 culic meters) and the How rate of the hose (for example,
l‘ll liters per minute, which yvou can pgauge by timing how long
takes to (il a 10-liter bucket). Then, use these estimates to calculate
the filling tme 100,000 Ditees divided by 10 Iiters /minute cquals
10,000 minutes, or about 6-9 days

Note: Measurement Scales:

small)

Fxample-1.1: Area under a Curve

Cross-Validate:

st l1|u|l||l|r methods to venfy estimates (e g, measuring
dimuensions nned water l.li‘.l‘ ;I', ol a prim n]]

I xample: Filling a Pool

Problem: Lstimate time to fill a pool with a hose.

Sleps:

I stimate pool valume (fength < wadth x depth)

1 stinmate hose flow rate (e g, time to Bl a bucket)

Caleulate filling, time (total volume / flow rate)

(Let pool s 10 meters long, 5 meters wide, and 2 meters deep,

Fig b2 in lw{n 1 e b fow peaereg 8
st aprirem of L Lade L 0% 00 o e
surrramdes g3 vary fvm guremely s i s ady ey

Example 1.1

T bt dsasrres br melwd of vy O wrs
wabtt @ mors wnifere (o700 wme farve W detereias
-l

Physics deals with a wide range of sizes (very larpe to veny

L]

It requires diverse measurement methods

Method: Divide the arca into squares

Technique: Combine partial squares for approximation
Purpose: To determine impulse.

Highlighted are approximately 26 full yellow squares and additional partial squares under the curve,

which collectively approximate 4 full squares. With cach square representing an impulse of 4 Ns, the csumated

otal impulse is about 120 Ns, with an expected examination tolerance, for instance, of +4 Ns

How we can Estimale the Height of a Building without Direct Measurement?

Answer: Building Height Estimation via Human Comparison

To roughly estimate height of a building, compare it 1o a person standing nearby  Visually stack the person's
height against the building, counting how many “people heights” it appears to be Muloply this number by an
assumed average human height (1.7-1.8 meters) Lo pet an approximation This method s simple but provides
only a rough estimate

P

Estimate the amount of water in liters that would fill a standard bathtub. Explain your reasoning,
We can estimate the height of a bullding using a man's height as

Assume you know the average height of a man. Let's say the average haight of a man s 18 meters
Count how many “man-heights” tall the building is. You mipht visually estimate that the building s
about 10 imes the height of a man

Multiply the man's height by the number of *man-heights.”

Estimated building height = 1.8 meters/ man-height * 10 man-heights = 18 meters

Therefore, we would estimate the building to be approximately 18 meters tall

IExpress the heaviest and lightest of an object, in terms of the S1 base units.

We can express "heaviest” and "lightest” in terms of SI base units as:

The terms "heaviest” and “lightest” refer 1o the weight of an object, which is the force exerted on the
object due to gravity . Therefore, we need to express the unit of force in Sl base units

Weight:

Weight is a force, and the ST unit of force is the newton (N)

Newton s derved from the base units of kilogram (kg), meter (m), and second (s).

IN=1kgms? ’

So, both the “heaviest” and "hphtest” abjects are measured in the same S base units: kg m s2



