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GENERAL SCIENCE - PHYSICS FOUNDATIONS

UNITS &
MEASUREMENT

DITND DD DI

SI base and derived units - Dimensional analysis - Measurement errors -
Vernier calipers - Micrometer screw gauge.
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FULL-COLOUR PAGES CONCEPT PAGES BILINGUAL MCQs

English explanation followed immediately by Kannada. Original vector concept diagrams, solved measurement examples, and an evenly balanced MCQ answer
key.
Reference basis: BIPM SI Brochure, 9th edition (updated 2026); introductory physics measurement conventions.
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RAMAN TUTORIAL - GENERAL SCIENCE

MEASUREMENT BASICS - CONCEPT 01

Why Do We Measure?
DoY) N evBodnIesI?

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

REFERENCE COMPARE

1 metre ruler object =1.20 m

l KEY RELATION Measured value = number x unit

3

REPORT
120cm =1.20 m

@ Measurement means comparing a physical quantity with an agreed reference unit.

BB 0BT 2,03 23033 BOTIETIRY, 2HI039R BES50e338 DBFLBRODN BRLDRDHI.

@ A complete measurement states a number and an appropriate unit.

Bpear BPBIAY), Foa03 23R BT HITHIY, Bewedesd.

@ The same quantity can have different numerical values when different units are used.

23e3 2368 DFBNTY, 0LPITT 2,083¢ BOTI0EE FoTY3,B &35°€) 20THITI.

@ Standards allow scientists and technicians to compare results across places and times.

Bz300e38 2E3NL0T 23e8 P& eh), Fehodbrie) HOT0BNURY, BedTmcd.

@ Every practical measurement has limited resolution and some uncertainty.

B, 59,030eN3 BTIER, Ve FRZ 3 ), F©), B33 ath3y.

EXAMPLE / evzo=8353 EXAM ALERT / @0eg <n2d3

A desk may be 1.20 m long, which is also 120 cm.
¢33 g3 1.20 m e9033 120 cm 303 eshd.

Raman Tutorial 8217670405-6361153623
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Writing only “5” for a length is incomplete without the unit.
VRS, HB3IVM Ze3e “5” DomD 20BN LITPEIE.
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RAMAN TUTORIAL - GENERAL SCIENCE

MEASUREMENT BASICS - CONCEPT 02

Physical Quantities and Units
239328 HOReoried Hd) nIBrieh

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

BASE DERIVED

length - time speed = L/T

l KEY RELATION Physical quantity = numerical value x reference unit

CHAPTER 02 - 03/60

3

VECTOR

velocity + direction

@ Length, mass, time and temperature are physical quantities that can be measured.

&g, cj,aﬁzsoaé, B0 D) FPTRIS V) L9BODWTTIT 23°33 BOIEINLD.

@ Aunit provides a reproducible reference for expressing a quantity.

D003y, 3PTen HITR) RSHTYDTWBIWIE ,:339683 €553 2 TBNDIT3.

@ Base quantities are conventionally independent quantities chosen to construct a unit system.

20 TOZENW DEB BHFBADRY, ALV Bom,rahE08 e303) FZoS, BOIcarizd.

o Derived quantities are related to base quantities by mathematical equations.

3), 33, BOoeanwh Ned3d Jeeztean Do e BOeandr FoesoPbIs3.

@ Some quantities are scalars, while others such as displacement and force are vectors.

B0z3) BOTseranwd B3R, m@moéd D) 20BoRR) SDBrwdNES.

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds
Speed has magnitude only; velocity also specifies direction. Do not confuse a physical quantity with the symbol of its
2538, B0 IR 3enS, DAL, AHZH. unit.

33233 BOBEIIY, BT DFBA B3N RwodemE3es.
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RAMAN TUTORIAL - GENERAL SCIENCE CHAPTER 02 - 04/60

SI BASE UNITS -

The Seven SI Base Units
5 SI Shne D3Brh

CONCEPT 03

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

length

cd
light \

—

kg
/ mass

———
S

mol

amount time

K A

temp current

l KEY RELATION m-kg-s-A-K-mol-cd

@ The International System of Units is abbreviated SI from its French name.
9080008203 D33 THFBAD), T3 3,025° BIOJ0T SI Do 3BT

@ The seven base units are metre, kilogram, second, ampere, kelvin, mole and candela.
DR B DIBNRXD ee3vs, dedery,o, JSote®, e300, FORF, Beer D) Fy08en0.

@ Their symbols are m, kg, s, A, K, mol and cd respectively.
QAN BoFednd 3zdesoN m, kg, s, A, K, mol &3y cd esAss.

@ SI has been defined through fixed numerical values of seven constants since 20 May 2019.
20 23e 2019803 SI BB DL {U203MY INBI Foara3,3 SPe)NPy, SFOIT.

@ Derived SI units are formed from products of powers of these base units.
oo HTENY 573NnY reawDod )33, ST HBFNUIY, CeLTTT.

EXAMPLE / evmo=3s3

Area is measured in m? and is derived from length x length.
QRPEETRY, M &) 9Ba3NTYB; AW &VT X VBDT 2TIT.

Raman Tutorial 8217670405-6361153623

EXAM ALERT / =30egp 3023

There are seven, not six or eight, SI base units.

SIS0 HBBNXD 9T a0 D0ERY; DR,
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RAMAN TUTORIAL - GENERAL SCIENCE CHAPTER 02 - 05/60

SI BASE UNITS - CONCEPT 04

Metre: The Unit of Length
ee3os: eurdn DIT

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

LIGHT IN VACUUM

ettt e—t———————————f

€ =299792458 m/s

l KEY RELATION 1 m = distance travelled by light in vacuum in 1/299 792 458 s

@ The metre, symbol m, is the SI base unit of length.
Qoee3v® (M) eugdd SI e DBB3NT.

@ The speed of light in vacuum has the exact value 299 792 458 m/s in SI.
Qee3re) 23983 s3ena AadT SI &35Pe); 299 792 458 m[s esRa.

@ The modern metre is defined using that fixed speed of light and the second.
DB Dee30® 9, 23¥BT YT 28en eHR), FE0RS BLITRE), 239,859, AT

@ Arruler is useful for ordinary lengths, but laser interferometers offer high precision.
o™, LVENRIR 3H0es P[NHZE; BeS VDTS SeBT* Roe3TETREDEIT® WVTYT.

@ Akilometre equals 1000 m and a millimetre equals 0.001 m.
2,00 3e30ecee30® 1000 M TN 2,07 AT 0.001 M 1} BHATI.

EXAMPLE / evmo=3:3 EXAM ALERT / =8egp <023
The width 2.5 cm is equal to 0.025 m. Use lowercase m for metre; uppercase M denotes the mega
2.5 cm esntexs3) 0.025 M R FPNS. prefix.

ee3drt BeRFS M; BeE@E3 M e &@eeseag,03.
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RAMAN TUTORIAL - GENERAL SCIENCE CHAPTER 02 - 06/60

SI BASE UNITS - CONCEPT 05

Kilogram: The Unit of Mass
38pem,0: 3I00dad HI

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

COMPARE MASS NOT WEIGHT

l KEY RELATION Weight W =mg ¢ unit of W: N

@ The kilogram, symbol kg, is the SI base unit of mass.
33,0 (kg) Be3,00803 ST &0 HTBNTS.

® Since 2019, its definition is linked to the exact Planck constant h.
2019903 dednermo 9,809,3z3) TYOT® &‘%Uoos h S Qa3 dﬁ’aoéé’é DV0200DT3.

@ The exact SI value of h is 6.626 070 15 x 10734 s,
h S Qa3 SI ﬁfae)?s 6.626 070 15 x 107 ** ] s esNG3.

@ Abalance compares mass; a spring balance responds to force or weight.
33,8030 B3 00B0b), BeDDIT; §,0n° 3B, 200 eifese BB[Y, BRIIT.

@ Mass is a scalar quantity, whereas weight is the gravitational force mg.
33,009 9038 O3300; 30083 Mg NHHZ20ez5NS.

EXAMPLE / evzo=98 EXAM ALERT / =Begp 233
A 2 kg body has weight about 19.6 N where g = 9.8 m/s?. Kilogram is a base unit even though its name includes the
g = 9.8 M/s> ADS BIBE) 2 kg BRI 08 3D 19.6 N. prefix kilo.

3e3era,0 BTOE) 3k e AFTH 9D e HIB.
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RAMAN TUTORIAL - GENERAL SCIENCE

SI BASE UNITS - CONCEPT 06

Second: The Unit of Time
B300s: 30 HIS

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

CAESIUM-133
9192631770

periods per second

l KEY RELATION 1s=9 192631 770 specified Cs-133 periods

@ The second, symbol s, is the SI base unit of time.
JB0t® (5) 3003 SI e HBB3NT.

@ Its definition uses the unperturbed ground-state hyperfine transition of caesium-133.
Flale] mzsam?sﬁéd 2303)3335-133 BTRIEDDS DIEDI mfaaf%gpsoi) %ﬁoeée}as BOBIES 0PDIT.

@ The defining frequency is exactly 9 192 631 770 Hz.
9 8ARDE 353303 AT &33Pe); 9 192 631 770 Hz eshcl.

® Atomic clocks realize extremely accurate and stable time intervals.
&Te350ea0 NE03TNLL €93,08 AT FaNR YT Foe0ZTNYRY, VT3,

@ One minute equals 60 s and one hour equals 3600 s.
2,083 Qe 60 s I, 2,00 11083 3600 s 1} FedTNES3.

CHAPTER 02 - 07/60

EXAMPLE / evmo=30:3 EXAM ALERT / &0egp dn2d3

A 2 Hz periodic signal completes two cycles each second. Second is denoted by s; S is the symbol for siemens.
2 Hz 333633 J05e33) 3,3 3B0B1R DR 53Ny, JB0BI TB0BeS S; S QT HITE TFoBeS.
BPEERRIDITI.

Raman Tutorial 8217670405-6361153623
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SI BASE UNITS - CONCEPT 07

Ampere: Electric Current
e30&0b08: Drh,3® T

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

\ 4

(a)
W,
)

I=Q/t

l KEY RELATION I=Q/t*1A=1C/s

@ The ampere, symbol A, is the SI base unit of electric current.
€302030° (A) RB° BB SI e HBB3NT.

@ Electric current is the rate of flow of electric charge through a cross-section.
Ay BEB3) 2,00 e9TZEIIINTG Seed BOOINE3 Dds?sméeéd B33=N33.

@ The elementary charge e is exactly 1.602 176 634 x 10™*° coulomb.
S0 D) c3ed e 3 DT 33ey; 1.602 176 634 x 107 Bpe0023°.

® An ammeter is connected in series to measure current in a circuit.
BODBFRE), B s e9Baden €3c00,0830:3Y, J3ed03rn 2eeB3.

@ One ampere means one coulomb of charge passes per second.
2,003 e30&03D0° HoT3 &,3 SRR 2,00 BEIV023° 32368 BOASVTHT.

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023
If 6 C passes in 3 s, the current is 2 A. Ammeter: series; voltmeter: parallel in a basic circuit.
3539 6 C e333¢3 BOWS DB B0 2 A. 0P BOTBRE, €3:20,0630° FBEFODE), 23peer5NeE30E Te3003TTHE).
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RAMAN TUTORIAL - GENERAL SCIENCE

SI BASE UNITS - CONCEPT 08

Kelvin: Thermodynamic Temperature

BOS: evRriae soms

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

CELSIUS
)

+273.15

‘ 25 °C

l KEY RELATION T(K) = t(°C) + 273.15

KELVIN
N\

.298.15 K

@ Kelvin, symbol K, is the SI base unit of thermodynamic temperature.

8O~ (K) evsrids svssnIa ST suee H33mNss.

@ The kelvin is defined by fixing the Boltzmann constant k exactly.

2350e% SDRF QT008 k B AT 3Pe)00E BAT® e39;a39,3z50NT3.
N) )

e Its fixed value is 1.380 649 x 1072 J/K.
2E0 T =Pe); 1.380 649 x 107 2 ] [K esAa3.

@ Atemperature interval of 1 K has the same size as an interval of 1 °C.

1 K 30839 339,00 Mgad) 1 °C B3390 Mg 3, Sahesond.

@ Thermodynamic temperature cannot be lower than 0 K for ordinary equilibrium states.

DR, GV, TeDBReOR RBNYY eVEEN3s Foe30: 0 K Nod 38:0350rdeddde).

EXAMPLE / evmox3083 EXAM ALERT / &0egp dn2dd

25 °C =298.15 K by exact scale conversion.

Raman Tutorial 8217670405-6361153623
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Write 300 K, not 300 °K; kelvin has no degree sign.
AT Bz BOB3ER0D B33 25 °C = 298.15 K. 300 K 0% 208d0; 300 °K e9e).
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SI BASE UNITS - CONCEPT 09

Mole: Amount of Substance
Rpewrs: JWRFFR =30

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 mol
6.022 x 102

specified entities

l KEY RELATION N =nN,°*n=m/M

@ The mole, symbol mol, is the SI base unit of amount of substance.
e (Mol) BeEed &z3read SI e H3T3NT.

@ One mole contains exactly 6.022 140 76 x 10* specified elementary entities.
2,00 23ee*SE) DTN 6.022 140 76 x 107 QBET, e e33NYI:S.

@ Those entities may be atoms, molecules, ions, electrons or named groups.
€3 TE3BNR WTRIIVED, €9£9), €903, aée%ps e AVEF, NHoR)NPINT0BD.

® The Avogadro constant has unit mol™.
e953PMOEd R, §008E D58 Mol ™ eshicd.

@ Molar mass relates the mass of a sample to its amount in moles.
2300€€390° T323,003 3503003 T353,008 &3y, 230eer® &e30eac3n, SomBERDZT.

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023
Approximately 18 g of water contains 1 mol of H,0 A mole counts entities; it is not a unit of mass.
molecules. 306 E3BNRYRY, DESROEI 2BB; 9 B30eB0DH RIBI,

BD 18 g DedIQ 1 Mol H20 e9eaoRt P33,
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RAMAN TUTORIAL - GENERAL SCIENCE

SI BASE UNITS - CONCEPT 10

Candela: Luminous Intensity
S)080: 508 3ex3 3

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

cd

Im=cd:-sr

Ix =Im/ m?

l KEY RELATION 1Im=1cd-sr;1Ix=1Im/m?

@ The candela, symbol cd, is the SI base unit of luminous intensity.
F9;008e50 (cd) B,508 Zez3 30D ST e HBBINTI.

@ Luminous intensity refers to light emitted in a specified direction.
2503 ez 303w IDF, DB,IE) BROTRTE 3831 BoWoRIT.

@ The candela definition uses a luminous efficacy of exactly 683 Im/W at 540 x 10" Hz.

540 x 10" Hz 38 683 Im /W 02 80T B398 BF30W0T 59,0063 e85 eI 3.

@ The lumen is a derived unit of luminous flux, equal to cd sr.
VEDR® B398 BOII @5@{ 283; 9t cd sr 1} .

e Illuminance on a surface is measured in lux, equal to Im/m?
Jed, od BFoBRSRY, 0FTIY @PadwTSB; 1 1x = 1 Im/m?

CHAPTER 02 - 11/60

EXAMPLE / evzo=98 EXAM ALERT / =Begp 233

A flashlight can have strong intensity along its beam Candela, lumen and lux describe different photometric
direction. quantities.

£3923° 239333 30013 D3IE) B B TS 3ea33 RTVITD. 59,0T8639, EVEDR® &), ©FF, 23e3 23e8 3,508:03e0d BO0eANRL.

Raman Tutorial 8217670405-6361153623
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RAMAN TUTORIAL - GENERAL SCIENCE

SI CONVERSIONS - CONCEPT 11

SI Prefixes and Powers of Ten
SI Bpara3obrich sHdy B3R FFosnwb

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

CHAPTER 02 - 12/60

l KEY RELATION k=10%-¢c=102-m=102-pu=10"°

@ Prefixes express decimal multiples and submultiples of a

1073 10°¢ 10°°

unit.

RPSER,Z;,00M% HIFE BB NHEdZRD 2HF) eVTREIBRLY, BPBZES.

@ Kilo (k) means 103, mega (M) means 10° and giga (G) mea
sedoe (K) = 10°, oro (M) = 10° ssdy Arm (G) = 10°,

ns 10°.

@ Milli (m) means 1073, micro (4) means 10 and nano (n) means 10°°.

Q) (M) = 107, ByEne (1) = 107 D) TRwee (n) =107

@ Since 2022, SI also includes ronna (R, 10*) and quetta (Q,
2022803 SI 03€) By, (R, 107) &0, 333, (Q, 10°°) Beds3.

10%).

@ Prefixes attach to unit symbols without a space, for example km and mg.

RPTE R30I, HIFE FoFeSF, 90333 FedTYT; evcse. km,

EXAMPLE / evmo=3s3

3.5mg =3.5 x 10°¢ kg.
3.5mg =3.5x 10°kg.

Raman Tutorial 8217670405-6361153623

mg.

EXAM ALERT / =30egp 3023

Capital M (mega) and small m (milli) differ by a factor of 10°.
BB M (D) ) Jeg m (D) Scdred 107 Be), BB
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SI CONVERSIONS - CONCEPT 12

Scientific Notation and Conversions
328 o3 Hd BOSIFI

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

LENGTH AREA VOLUME

1cm=102m 1cm?=10"* m? 1cm®=10"°m?

l KEY RELATION 1cm?=(102m)?= 10" m?

® Scientific notation writes a value as a x 10 where 1 =
al <10.|2}gpd8 Fo8e3SBY), Foad 0 Y, a x 10" BB, 258030=T; @) 1 < |a| < 10.

@ Moving a decimal point left by one place increases the power of ten by one.
B8e3500833), 2,080 TS DS, TOIWS BYS 5703 2,00 BeH)3T3.

@ Unit conversion must preserve the physical quantity, even when the number changes.
0BT BOBIER01E), 30&3?5 22BRBTR 23033 BTV 2TEIINRITED.

® One square centimetre equals 10™ m? not 102 m?.
0@ cm? =107 m? 1072 m? evey,

@ One cubic centimetre equals 10 m® and is also one millilitre.
2,08 M = 107 M? &3, 9T 200TH DAOEEITT TaIT.

EXAMPLE / evmo®0s3 EXAM ALERT / =8egp <023
72 km/h x (1000/3600) = 20 m/s. Square or cube the entire length conversion factor for area
72 km/h x (1000/3600) = 20 m/s. or volume.
Qe 930 IR0 BOBZEF0HE) ToREE VT HBOSIE D
MOEaBERY, INE 9T S 3B.
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RAMAN TUTORIAL - GENERAL SCIENCE

DERIVED UNITS - CONCEPT 13

What Are Derived SI Units?
33, SI n32neh okBerd?

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

3

BASE COMBINE DERIVED

kg-m-s kg x m/s? newton, N

l KEY RELATION 1N =1Kkgm s

@ Aderived unit is obtained by combining base units according to a quantity equation.
HO=e0 BeDeBTEIT0S o0 DFBNFTY, Foadeeed )33, HBE HB03TYT.

@ The SI unit of area is m?, while the unit of volume is m3.
DT SI DIF M?; PIBOIET HBZ M.

@ The unit of speed is m/s and acceleration is m/s?.
2BB DI M/s; BFerkpe3ReR 03T M [s°.

@ Some derived units have special names: newton, joule, pascal and watt.
FOR) aé)zsé:i OBIRONR [QE3R®, BRLF, TOT,L® R 539635 D02 e BINDES3.

)

® A coherent SI derived unit has no extra numerical conversion factor.
IJon3 SI @g@ OBBE, B23):30 TFoax3,3 SO[Zem0 rHeas adHDe,

CHAPTER 02 - 14/60

EXAMPLE / evto®de3 EXAM ALERT / =38egp <o2ds
A newton is kg m s by F = ma. Litre is accepted for use with SI, but m?® is the coherent SI
F = ma 23590 2,00 RR;esn® = kg m s volume unit.

Dee30° SI 22031 P3N eoNed3; es33 M’ D30N3 HSHOT0ea

DTB.

Raman Tutorial 8217670405-6361153623
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DERIVED UNITS - CONCEPT 14

Area, Volume and Density
QReedf, IO ) Foow,3

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

p=m/V
kg/m?

m/V

l KEY RELATION p=m/V+[p]=ML>3

® Area describes the extent of a surface and has unit m2.
DReeaesd) sDeds, | 0D, BRBIIT; W3 HB8 M”.

@ Volume describes occupied three-dimensional space and has unit m3.
PIDOTI0e53) €33NI 3 D30 NI, BRWBIT; H3T M>.

e Density is mass divided by volume and has unit kg/m®.
22033 20rB Be300d | BIB0Is0e0; 038 kg /m>.

® One g/cm?® equals 1000 kg/m>.
2,08 g/cm? = 1000 kg/m?.

@ Objects float or sink depending on average density and buoyant conditions.
R020 To0T;8 SR, eews3 T BORBAOT &3, BeenH> 9Tez0 BNWRRT AGETerHIT.

EXAMPLE / evzo=98 EXAM ALERT / =Begp 233
Mass 0.4 kg and volume 0.0002 m?® give density 2000 kg/m?®. Density is not mass; their SI units are kg/m? and kg
0.4 kg Q3,008 =y 0.0002 M? IBORPE8, 08 2000 kg /m>. respectively.

058 C,oeB0be; esdried dEareh SN kg/m? e kg.
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RAMAN TUTORIAL - GENERAL SCIENCE

DERIVED UNITS - CONCEPT 15

Speed, Velocity and Acceleration
a3, Bent D) Wenrned e

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

Av / At

acceleration in m/s?

» L

t=0s t=1s t=2s t=3s t=4s

Y
Y

l KEY RELATION v = displacement/time ; a = Av/At

@ Average speed equals total distance divided by total time.
D000 2 = 2wed), BT BT [ 2083), BB,

@ Average velocity equals displacement divided by elapsed time.
R0a30 &3en = TYR003T | B FHodd.

@ Speed and velocity have SI unit m/s but differ in whether direction is included.
w3 D) 3en3, SI D33 M [s; 533 3en3e) BB, BAT 9RBTNT.

® Acceleration is change in velocity per unit time, with unit m/s%.
ReRRe3,R/ED) 3,3 DTB BV, N WBIES; DBZ M.

@ Abody can accelerate when its velocity direction changes at constant speed.
233 QTN TR et B, BT SR Sertnedzme aZes.

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023
A car changing velocity by 12 m/s in 3 s has average Distance is scalar; displacement is vector.
acceleration 4 m/s2. B0 ©903; Tm0033 IO,

@

353 23en 12 M /s 2BeNRSE B0 Berlped e 4 ms?.

Raman Tutorial 8217670405-6361153623
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RAMAN TUTORIAL - GENERAL SCIENCE

DERIVED UNITS - CONCEPT 16

Force and Pressure
200 DD 233

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

||

[ ] Pa = N/m?

l KEY RELATION F=ma;P=FL/A

@ Newton's second law gives net force F = ma for constant mass.
Be3,008 §Te3oNdheson [t HOBERe A0DBo8 A3 2o F = ma.

@ The newton, symbol N, is the SI derived unit of force.
R,837° (N) 2008 SI )3, 238

@ One newton equals one kg m/s?.
2,00 Fe3x° = 2,00 kg m/s?,

@ Pressure is normal force divided by area, measured in pascal.
%33 = sded, 1§ 002 WO [ DIREE; DFB TOB,L.

® One pascal equals one N/m?, or one kg m™' s™2
2,00 HRL* = 2,08 N/m? esgeso kg m™" 572,

CHAPTER 02 - 17/60

EXAMPLE / evzo=98 EXAM ALERT / =Begp 233
A 200 N perpendicular force over 0.5 m? gives 400 Pa. Force is not pressure: doubling contact area halves pressure
0.5 M2 s3ee3 200 N @020 230> AGS 400 Pa 2.33. for fixed force.

200 23 2,33 23e3; JT 2B, RREE DT TeFRWB 2.3 3.

Raman Tutorial 8217670405-6361153623
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DERIVED UNITS - CONCEPT 17

Work, Energy and Power
30, B3 ) ToDG,F

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

W =F s cosO

FORCE F

A 4

Y

DISPLACEMENT s

l KEY RELATION W = Fs cosO ; Power = W/t

@ Mechanical work by a constant force is the force-displacement dot product.
{8 20 RE 0352083 3T O By, TYT0ITH BB rHER).

@ The joule, symbol J, is the SI unit of work and energy.
200" (]) 3o ) 3303 SI 033

@ One joule equals one newton metre or kg m?/s2.
2,00 24RO = 2,00 FAEIT® ee30® iz kg m?[s%.

@ Power is the rate of energy transfer or work done and is measured in watt.
mabcﬁ?ss D0T3 B3, BRESTBOD 9B FORVRE BT; NBT w30E3E.

@ One watt equals one joule per second, or kg m?/s?.
2,00 230E3° = 3,3 FF0BN 2,00 e 90 kg M? /s,

EXAMPLE / evmo=30:3 EXAM ALERT / &0egp dn2d3
120 ) of work in 4 s corresponds to average power 30 W. Work is zero for force perpendicular to displacement.
45 39 120 ] 30-0BS S0IRO TITE 30 W. 200 23 TY03T BOJT ©025e3NTB BT B
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DERIVED UNITS - CONCEPT 18

Electrical Derived Units
Az )3, vFSd

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

RESISTOR R=V/I

AN
\A4

l KEY RELATION V=W/Q;R=V/I;P=VI

@ Electric charge Q has SI unit coulomb, with1C=1As.
Q) weeded Q R Bpewoes® 033; 1 C=1As.

@ Potential difference is energy transferred per unit charge and is measured in volt.
2339030 23,8 0BT e9:3e83, BWMoeEs0350T B3; HTT e,

@ Onevoltis one joule per coulomb.
2,00 23PeeTs, = 2,01 2aRE® | BPeT0LF.

@ Resistance is potential difference divided by current; its unit is ohm.
B3GR = D23e0033 | Bz0®m; DI LuaddE.

@ Electrical power is VI and is measured in watt.
Q@ ToDEE VI esNT) e3083°3) e98030393.

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023
At 6V and 2 A, a resistor has resistance 3 Q and power 12 W. Volt measures potential difference, not current.
6 Vahdy 2 A gogn ®,880e303 3 Q &3 Soedg e 12 W. 230eex, V23300303 DBB; BB VIR,
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DERIVED UNITS - CONCEPT 19

Frequency and Other Named Units
533 Hd 233 DBexd v

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 cycle =1 period T

l KEY RELATION f=1/T;1Hz=1s"

@ Frequency is the number of cycles per second, measured in hertz.
5333 2033 JoBR SB3Wa3 e8I Fosl;; 0BT BEe.

@ One hertz is one reciprocal second, written s™.
2,003 BESSE = 2,00 BB JBow; 57 0w 28030Z3.

@ Electric capacitance has unit farad, and magnetic flux has unit weber.
BaCy 52030 D33 D0E®; 2300208003 PFT DIB 32008,

@ Magnetic flux density has unit tesla and inductance has unit henry.
23)0238e03) HFF T0P 3N £33Y; BeTBI B, B,

® These names are shortcuts for combinations of SI base units.
83 BN ST e HBENY FSoo3ReININ Togwm, BRJN.

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023
A 50 Hz supply has 50 electrical cycles per second. Hertz is a unit of frequency; rad/s expresses angular
50 Hz D3° FPFBoDE, B3 F80BA 50 ess33eried a3, frequency.

Hz esz3803) 033; rad /s 0edecd esz3 303y, B231IT3.
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DERIVED UNITS - CONCEPT 20

Angles: Radian and Steradian
&ReIn: BeBobha® =) JBeBodhx®

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

0=arc/r 4t sr (sphere)

l KEY RELATION @ = arc/radius ; Q = spherical area/radius®

@ Theradian is the SI unit for plane angle.
BeB0HI® FeH3e) BreIT SI DBTNT.

® Oneradian is the angle subtended by an arc equal to the circle’s radius.
FBT 328, B30 2393 Feor3BE) V0ENINDS Be 2,00 TeBODHR®.

@ The steradian is the SI unit for solid angle.
3,8eB0H® IBeIR SI BTN,

@ Both rad and sr are special names for the dimensionless SI derived unit one.
rad b3, sr HOEH 30393083 SI B3I, D83 20w’ 1} IBes BIriLL.

@ A complete circle spans 21t rad, and a complete sphere spans 4t sr.
Rpear 33 21 rad; Sosgpeas 110ew 4Tt sr 8eSSBY, BeoldTs.

EXAMPLE / evzo=98 EXAM ALERT / =Begp 233
Aright angle is /2 rad = 90°. Radian and steradian are not additional SI base units.
JEees /2 rad = 90°. BeB0O® 3y FBeBoDHE B30 ST e DBINYVE.
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SI CONVERSIONS - CONCEPT 21

Writing SI Symbols Correctly
SI Jodedriei=y, BOAIOA 208030

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

CORRECT CASE MATTERS
5kg-20N m =M

l KEY RELATION 25m-60s-30°C-300K

@ SIunit symbols are not abbreviations and normally do not take a final period.
ST £33 Soe3nwd Sogex TeBwe); D939} e30N €9e)NW [0V WPear DT TN,

@ Aspace separates the numerical value from the unit symbol: 25 m or 30 °C.

Doal; 2d) £B3 FoBe3r Jal 9033 |Te3edd: 25 m esgdzso 30 °C.

e Symbols named after people begin with capitals, such as N, J, W and Pa.
33N B0 03T Jodedniwd N, J, W, Pa 303003 B8 gonPod esdoedzserddss.

@ Unit names are generally lowercase: newton, joule, watt and pascal.
HTBNY FpLor BITNE T30 EIN [eggonwe): newton, joule, watt, pascal.

® Prefixes cannot be compounded; write nm, not mpm.
QTR FPBER,Z,0DNTY, 2.63)1PBR2398C; NM 80O, Mum e9e),

3

SPACING

25 m, not 25m

CHAPTER 02 - 22/60

EXAMPLE / evto®ds3 EXAM ALERT / =38egp <o2ds
5 kg is correct; “5 kgs” is not an SI symbol expression. Symbols are case-sensitive: m = metre; M = mega prefix.
5 kg 30033 de; “5 kgs” SI B0e3x BOINT WE e9e). Sodedntsdd) Btg-[eg s Swa): M = Qee3os; M = emo.
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DIMENSIONAL ANALYSIS - CONCEPT 22

Fundamental Dimensions
e esodrd

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

BASE EXTRA DERIVE
M-L-T I-0-N-J vI=LT!

l KEY RELATION [Q] = M2LbPT<[4@¢eNfj9

@ A physical dimension identifies the kind of quantity independent of its chosen unit.
23033 e30350e3) €303y HIZDTW FB030N HORPEIT JBPBRY, 3DIT3.

@ The conventional symbols for length, mass and time are L, M and T.
eng, B3,008 B 5903 e3033e Jodesnwb L, M a3y T.

@ Electric current uses I; temperature uses ©; amount of substance uses N.
QRYT® Be3953, I, SoBe03, 0, BHBER &Be30ead, N 22838,

@ Luminous intensity has dimensional symbol J in a common SI convention.
D939y SI Foe,tRoHTE) B Fod Bez3 803 es03oed [odes J.

@ Adimensional formula lists powers of the fundamental dimensions of a quantity.
303553 BRI BO3EIR B e80359:1NY FFISNLY, 3,0e0DIW.

EXAMPLE / evmo®0s3 EXAM ALERT / =8egp <023
Area has [A] = L2, and volume has [V] = L3. J as a dimension symbol for luminous intensity differs from )
D&yeeorsd [A] = L2 adrdy Radeisoeads [V] = L. as joule unit.
B,503 3ex3 303 30330 | TRY, RO DT | 2368 VoINS
Sode3nd.
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DIMENSIONAL ANALYSIS - CONCEPT 23

Common Dimensional Formulas
Zwed esadnzd BRI

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

FORCE PRESSURE POWER
MLT? ML"T? ML2T3

l KEY RELATION [p]=M L™3;[G]=M"L3T?2

@ Speed and velocity have dimension L T™".
e 2B, 3ena esodvesd LT

@ Acceleration has dimension L T2
RertedRew esadosdd L T2

@ Force has dimension M L T2
200 30359 M L T2,

® Work and energy have dimension M L? T2,
8™ Sy B3od o> M L2 T2,

® Pressure has dimension M L' T2, and power has M L T3,
2,333 e303539sd M L T2 ) Toad@ e esadsed M L2 T2,

EXAMPLE / evmo®3r3 EXAM ALERT / =8egp <023
FromF=ma, [F]=MxLT2=MLT?2 The dimensions of work and torque coincide, but the
F=ma®oB [F]=MxLT2=MLT2 quantities differ.

BOT Q) WOT ITUEIET €3033953) 2,083¢; eSTBT BOZeANTD 23e3.
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DIMENSIONAL ANALYSIS - CONCEPT 24

Principle of Dimensional Homogeneity
esadshriesl Ishdezdodh 33,

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

LEFT FIRST SECOND

s->1L ut-1L at’-> 1L

l KEY RELATION [s] = [ut] = [at?]=L

@ Every term that is added or subtracted in a valid physical equation has the same dimensions.
V003593 23738 FeDeaTearde) [Bedbe3 e9ess FI3N B3 BB, 2,003 e3035e) FT23e.

@ An equation may equate quantities only when their dimensions are compatible.
TDe30eT DTBEH ANY BO0eanY e30350eiLd Bromeeddassoniedes.

@ Pure numerical constants do not carry physical dimensions.
BT B03393,8 RT203NOR 2P38 e3033=NRIHRFDR),

e Dimensionally correct equations may still be physically or numerically wrong.
€30339303 cé)c?&o?bod TOA3T BAeBTLIIP 23°3Fe30N 930 a’ofm@@mﬁ 359,N32030RD.

e Trigonometric and exponential function arguments must be dimensionless.
38e330D D), 5703603 HOBNY BN e303579:T&Zes0NT23edd.

CHAPTER 02 - 25/60

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds
In s = ut + %2at?, every term has dimension L. Dimensional consistency is a necessary test, not a proof of
s = Ut + %at? I3Qe30n B3 BT esaiosd L. correctness.

3035953 JRTRBS N HOeg; et BO03H02) FoRPEIE TG 63@; .
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DIMENSIONAL ANALYSIS - CONCEPT 25

Check Equations by Dimensions
esodrRdord Besved H0der3

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

LEFT FIRST SECOND

s->1L ut-1L at’-> 1L

l KEY RELATION Correct: v =u + at | Incorrect: v = u + at?

® The dimensions of vZ are L2 T2,
V2 S esodsesd L2 T2

® The dimensions of 2as are also L2 T2,
2as & e30d0da3e L2 T2 esAcs.

® Thus v? = u? + 2as passes a dimensional consistency check.
&er V2 = U? + 2as e3035083 BT RBS HOeF03E) Jener3odordI .

@ An expression v = u + at? fails because at? has dimension L, not LT,
vV =u + at? 3®); 98033 at? e30339e L, e3:38 3enes esassoad L T

e Itis useful to label every variable’s dimensions before simplifying.
VODeBTEIER, BN, 3,303,000 2303 303D BN evBaINE,

EXAMPLE / evmo®0s3 EXAM ALERT / =Begp 233
Forv=u+at, [at]=(LT3)T=LT" An equation passing this test may still miss a numerical
v=u+atodd [at] = (LTH)T=LT" factor such as .

230353 DG Hoer3Be 1V 0B Foase, Meas 3 FBeeNTDRID.
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DIMENSIONAL ANALYSIS - CONCEPT 26

Use Dimensions to Predict a Relation
esaioshni@or Bo20BR=y, eoder1HTH

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

T « V(l/g) ‘ l

KEY RELATION a=%,b=-%;T « V(l/g)

@ Suppose pendulum period T depends on length | and gravitational acceleration g.
Bre3q e33ezo0 T oug | Sd) Hh3, Bertped e g 3063 93302003 Dot e 0ees.

@ Assume T x l2g® for unknown powers a and b.
3901A 573Nnwa a &3y, b MeA T « [2gP Do o33 Sracdness.

@ Dimensions give T = La(L T )b = La*b T2,
e30350anPoc3 T = La(L T’Z)b = L't T2 2)3333.

® Matching powersyieldsa+b=0and-2b=1.
Fo3NHY, BedITB a + b = 0D —2b = 1 I3

o Therefore T « V(I/g); the numerical factor needs physics or experiment.
53003 T « V(1/9g); Boaz3,3 nieass, 232838 Aoded eordes =3,03men 23esd.

CHAPTER 02 - 27/60

EXAMPLE / evmo®3r3 EXAM ALERT / =38egp <o2ds
For small oscillations the actual formula is T = 2rtv(1/g). Dimensional analysis cannot determine the constant 2m.
Teg, WeoINOR dzesed Be3, T = 2mv(1/q). 303393 DFeRBAOT 2T R%oaos 39030 DR.
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DIMENSIONAL ANALYSIS - CONCEPT 27

Convert Units Using Dimensions
esatosbine Shnes H22 JOSIFS

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

SI CGS RULE

1N 10° dyne convert each power

l KEY RELATION 1) =10 erg ;1N =10° dyne

@ A quantity retains its physical magnitude when expressed in another unit system.
23e8 HID aqacmefg 23330 BOBPER 23P3F M3, 22BN,

@ For a quantity with dimensions M2L*T¢, conversion factors carry these powers.
MaLbT< e30350ea @30e350608, BWOBBe w0 MHEIBRLD VL3 FF3NBY, BRI

@ One newton is 10° dynes because 1 kg = 10° g and 1 m = 10% cm.
1kg=10°ga»d) 1 m =10 cm esg3dod 1 N = 10° B

@ One joule equals 107 ergs in the CGS system.
CGS BFB00E) 2,00 2upe® = 107 STFE.

@ The numerical value changes inversely with the size of the chosen unit.
e303) HIBS M, 325,303 V0833, B 390); BBDHAIHITA.

EXAMPLE / evcoa®ds8 EXAM ALERT / @0egp =n23s3
1 N =1 kg-m/s? = 10°x10? g-cm/s? = 10° dyne. CGS refers to centimetre-gram-second; SI uses seven base
1 N = 103x10? g_cm/SZ =10° %as quantities.
CGS 2038 B083:0e830°-T10,0-330es°; SI 0He) HTD B
EleIptaola L

Raman Tutorial 8217670405-6361153623 Concept Notes - 28 / 60



RAMAN TUTORIAL - GENERAL SCIENCE

DIMENSIONAL ANALYSIS - CONCEPT 28

Limits of Dimensional Analysis
es03naDd DBer30dh D3ried

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

CAN CHECK CANNOT FIND

same dimensions 2m factor

l KEY RELATION Same dimensions 5/same physical meaning

CHAPTER 02 - 29/60

3

CANNOT PROVE

physical law

e Dimensional analysis cannot determine dimensionless constants such as 2 or Tt.

3030953 DBeREBAN0T 2 93z T [oG 30339eTEE QU20BNPRY, B0tEBDeRNHD).

@ It cannot by itself establish whether a proposed physical relationship is true.

e0c3ed38 232383 J02003 A2ede Dot B0 3593, A3 DTN,

e It cannot generally identify the exact form of a sum of several terms.

BO) TENY 3083 VDT BRTJEBIY, T3 E0N A O[T

e It cannot distinguish different quantities having identical dimensions.

2,083¢ e3035953) BROVT DD, BOBTPEINTRY, AR B,33[9TD.

e Itrequires knowing all relevant variables and how quantities depend on them.

T0200EBEY, D) 23VNFY, 2I) NP 9230020303, 3PNT23e.

EXAMPLE / evmoa3:3 EXAM ALERT / =38egp <ne33
Work and torque both have dimension M L2 T2, Dimensional correctness never guarantees experimental
BoR 3 eSTPEE D0BEBR, M L2 T2 e50330a. ez

3035923 ST RBE VGV 3,030eM03,E TOZS D238 HFLH)NL.
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MEASUREMENT QUALITY - CONCEPT 29

The Process of Measurement
RT3 Bz

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

PREPARE MEASURE

zero - calibrate read - repeat

l KEY RELATION Select - Zero - Read — Repeat - Report

@ Choose an instrument suitable for the object and expected range.

S, By, €90T3020 YN 33, BB eVTITed €303),53508.

CHAPTER 02 - 30/60

3

REPORT

value * uncertainty

@ Check calibration, zero setting and environmental conditions before measuring.

RTIBR, BTN 50BRV0BT, BNFRB THR), BORIT BORYS H0BR.

@ Read the scale with the eye appropriately aligned to reduce parallax error.

9003987, L0eT B 2300E@eN 2350eEe3RY, FOO3E T & Bes3dor .8.

@ Repeat readings when possible and record them with units.
mqﬁ?smdé DT RIVBS 0B DBBNRR0IN TDDD.

@ State the result with sensible significant figures and an uncertainty estimate.

POT03BY, BRT, TIONDES 903R%D ) 9,33 90Te8IoR Bed.

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds
A length result could be reported as (12.35 *+ 0.05) cm. More decimal places do not automatically mean more
VBB FDT083, (12.35 + 0.05) cm 0w SOFBIT. QLeUracyy

B3 BBEP08 TWRriEh HorE BedI QN0 Sotsee),
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MEASUREMENT QUALITY - CONCEPT 30

Accuracy Versus Precision
abmore3 D) PIJoo=3e3 daT3

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

®

PRECISE, BIASED PRECISE, ACCURATE

l KEY RELATION Accurate - close to reference; precise - tightly grouped

@ Accuracy describes closeness of a measurement to a reference or true value.
ODPIFES DoRT SDH3 SIPD) euedesd a0 2 5@%3& D), BT 020

@ Precision describes closeness of repeated measurements to one another.
RT00e338 VDTS 0BT STHehh BB BPex R BOJT DRy, BT D020

@ Results can be precise but inaccurate when a systematic error is present.
B3B3 BeRITFB FOB008Meb BOPT FeeaznNE3tie e S3PeB0n Bed FTBOT.

@ Random errors often reduce repeatability and therefore precision.
03053238 Bremned Poedior N BV0o3EE BeDesmdodY, B3 ES.

e Calibration helps improve accuracy; repeated careful measurements assess precision.
BRBTT03 0DFIFEBADY, FORZT; TV BB RNTBIEIZ0DHRY, 9FB0I3.

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds

Readings 9.80, 9.81 and 9.80 cm may be precise but biased if Accuracy and precision are not synonyms.

true length is 10 cm. DTS 3 DRTIRIES DTS TRPTGEE BERT),
ez e 10 cm esAT3B 9.80, 9.81, 9.80 cm &3Peynied

VeTNFTP BF033.

Raman Tutorial 8217670405-6361153623 Concept Notes - 31 /60



RAMAN TUTORIAL - GENERAL SCIENCE

MEASUREMENT QUALITY - CONCEPT 31

Absolute, Relative and Percent Error
AdHeg, Todeg D) Seawso Boew

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

REFERENCE
OBSERVE
ERROR=0.2cm
1 1 1 1 1 1 1 1
L} L} L} L} L} L} L} L} L}
8.0 8.5 9.0 9.5 10.0 10.5 11.0 115 12.0

KEY RELATION % error = |x—xref| / |xref| x 100%

CHAPTER 02 - 32/60

@ The absolute error relative to a reference is the magnitude of measured minus reference value.

D0dkg Boea = wn&3 SR, ) Lueksd SR 3,E[E Jow SR

@ Relative error equals absolute error divided by the magnitude of reference value.
Dozieq tdrem = ATeg e [ evedesd 35900 BT 3500

@ Percentage error is relative error multiplied by 100%.
Beao Bewsd) Tosdeg tnemas, 100% ot rHedRE 33

@ Absolute error carries the quantity’s unit, while relative error is dimensionless.
AB3eg Bewd, [0t 053 YRIT; To3eg L30es 30359303,

@ When a reference value is unavailable, experimental uncertainty is estimated from measurements.

eneead 339y 39D TN 3,03,0enE 3BIRP0E 993,330, €90T30e3DZT.

EXAMPLE / evzo=983 EXAM ALERT / =38egp <0233

Measured 9.8 cm versus reference 10.0 cm gives 0.2 cm and Percent error is undefined by this formula when reference
2% error. value is zero.

S5&3 9.8 cm, evedesd 10.0 cm @B 0.2 cm B 2% Beess. evedesd 350y BRI TNGT B3 BRI Beseo Bea S,
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MEASUREMENT QUALITY - CONCEPT 32

Types of Measurement Error
SIS deemns g

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

SYSTEMATIC BIAS

RANDOM SCATTER ABOUT MEAN

l KEY RELATION Systematic - Random - Gross

@ Systematic errors repeatedly shift readings in a consistent direction or pattern.
B3B3 BreRnwd SpBSNIRY, .03 D3,FE), e9ren 303000, BODIES.

@ Random errors cause unpredictable variation between repeated readings.
035338 Bremned sHthehdh SPEINTE) st &39S eV0e3EZ:3.

@ Gross errors arise from mistakes such as misreading, wrong recording or incorrect calculation.
RBRe Bre@Ened g L), TR iz S8,0eHEO0T evoesrH3es.

@ Zero error and poorly calibrated scales are common instrumental systematic errors.
B, e ) 3@), S30ET083 remsnieh evEsten B8 dreRne evmesdEs.

@ Repeated measurements may reduce random uncertainty but do not remove systematic bias.
e S5eeER 035c3e3 8 93,330y, BEED S30BRTED; 3R BFPSHIY, IO,

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds

A stopwatch consistently 0.4 s fast produces a systematic Do not treat every observed discrepancy as a human
offset. mistake.

nB03TE) Fwo 0.4 s 0B AGB BB 03T evoesMHIE. 5003 B,803000) &350 B3RR, s50E 3, 20w ABEDTIeR.
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MEASUREMENT QUALITY - CONCEPT 33

Propagation: Addition and Subtraction
Beex 3,5069: Fodos H) IS0

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

MEASURE X MEASURE Y DIFFERENCE
10.0 + 0.1 3.0+0.2 7.0+x0.3

l KEY RELATION Worst case: A(x £y) = Ax + Ay

@ For independent small uncertainties, statistical combination often uses root-sum-square.
3308, Tey, e9B,BINY Foar@aRe0d Foadeeasi Doedior N SnEne 3,083 SnFeuoe P03

o For a conservative worst-case bound, absolute uncertainties add in sums or differences.
NOs3 TGy BREREF BN FoBOR 9B RESBORBE) AT3eg 9B ZINTY, FeOZYT.

e Ifz=x+y, the worst-case bound is Az = Ax + Ay.
z=x+y 3338 N0z deea D3 Az < Ax + Ay.

@ The same worst-case rule appliesifz=x-y.
z=x -y 30330 e9tde N0 e Jodhad 9.

@ An uncertainty should carry the same physical unit as its reported result.
293,331 HOI03T0303e 23033 HBZ VTe.

CHAPTER 02 - 34/60

EXAMPLE / evmo®3r3 EXAM ALERT / =8egp <o2d

For (10.0 £ 0.1) cm - (3.0 £ 0.2) cm, worst-case bound is 7.0 + Do not simply subtract uncertainties when subtracting
0.3cm. quantities.

(10.0 £ 0.1) cm - (3.0 + 0.2) cm A RO Bwem 7.0 £ 0.3 cm. B0eeaniH), FPatvIN 9B IINFR, Sedzon sPade3ed.
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MEASUREMENT QUALITY - CONCEPT 34

Propagation: Products and Powers
Boex BROe: rHroosa0 SHd) Fodried

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

RADIUS ERROR SQUARE POWER AREA ERROR
1% x 2 about 2%

l KEY RELATION For A = ttr?: AA/A = 2Ar/r

@ For products and quotients, small worst-case fractional uncertainties approximately add.
mHE59%a3 e953e39 239M9TI0RHE) Jeg 0T Teg 9B IR, h3edh JedBrIY3.

® Forz=xy, Az/
z| = Ax[|x| + Ay/|y| is a conservative approximation.|z = xy R Az[ |z| = Ax/[|x| + Ay[|y| RO esotzee.

@ For z=x", its small relative uncertainty is approximately
n|Ax/|x].|z = x" R SBeg, Ta3eg 9,33 a3 |n|Ax/|x].

e For independent statistical uncertainties, quadrature is often more realistic.
R;808, Foan@ade0d e9IBIINON Brierie 3,037 Bresuoe 3ed), FPFEMIBTD.

@ These approximate rules assume uncertainties are small compared with measured values.
2903 ,33n%d Se&3 diaoéﬁ@ﬁ 32,0eDITT TR ) 02) eNPBAVOR B3 AHITRR WHIEI.

CHAPTER 02 - 35/60

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023

If radius error is 1%, the area mtr? has about 2% relative Differentiate worst-case bounds from independent random-

error. uncertainty rules.

324,38 1% BReRITTS Tir DQRerBE) Ka3ToD 2% Toeg, B0es. 1oz e H3eh w3, FB03, dt3RdE 9B,ZS QoI
23eDERR.
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MEASUREMENT QUALITY - CONCEPT 35

Significant Figures
TIGEB 908D

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

0.00450

NOT COUNTED 3 SIGNIFICANT

l KEY RELATION 0.00450 - 3 significant figures

e Significant figures express meaningful digits consistent with measurement resolution.
TIBES e90BNRD SBT3 R—iraggééﬁ BP0 IBPEIPEE e908NPR), BR23DIEI.

@ All nonzero digits are significant, as are zeros between nonzero digits.
BRIHBOT &) 9087%D H3F) RHNY SBR BRJNL TFES.

@ Leading zeros are placeholders and are not significant.
BRBOR TR B33 BRNeb TGEES eodnP).

@ Trailing zeros to the right of a decimal point are significant.
B3350033 20023913 0D BpI;nwd TS

e Scientific notation makes the number of significant figures clear.
320003 FoBe3R TEEB 9031 F0a30DHR, FH BRI

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds
0.00450 has three significant figures: 4, 5 and final 0. 1000 without context has ambiguous significant figures; use
0.00450 3&) 4, 5 R, 0303 0 Fed BT TIFFS 903N, notation like 1.00x10°,

T0BBEDRB 1000 3 TIPS e908M1%D 9T, 1.00x10° B 0B,
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MEASUREMENT QUALITY - CONCEPT 36

Rounding and Reporting Results
BeLedTeo sHd) FOZ03T IV

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2

SUM UNROUNDED
12.1 +0.34 12.44

3

REPORT
12.4

CHAPTER 02 - 37/60

l KEY RELATION 12.1+ 0.34 - 12.4 (decimal-place rule)

@ Rounding should preserve the precision justified by the data and instrument.
Teeed3easd) BY03 SI) LVBBTEB, BP0 ADTI0DHRY, LLVTL3e.

e For multiplication or division, answers generally match the least number of significant figures.
MHEE0 9530 23MBIVEHE), ToediR e BRED TIFET e90dNTRY, BDT08 T030STB.

e For addition or subtraction, round to the least precise decimal place.

RVoBOR T SEEO[FE), 58D AT BBe3008 TYTE, FedeesdDT.

@ Avoid rounding intermediate calculations too early.
a’nqﬁzsoéd 359,230071%3¢) Sr0239 wo23ade BeesTed 3ootse3ed.

@ Report value and uncertainty to compatible decimal places.
SPey; ) 993,330, BRoBBRWH BB3008 TIPS, =0 S0d.

EXAMPLE / evzo=8353

12.1 cm + 0.34 cm = 12.44 cm, reported as 12.4 cm.
12.1 cm + 0.34 cm = 12.44 cm; 38OODE) 12.4 cm.

Raman Tutorial 8217670405-6361153623

EXAM ALERT / @0eg <n2d3

Exact counted numbers and defined conversion factors do
not limit significant figures.

QDT DEFENRRD &) 5393598 BOBIE 0 MIEIBRLL TIFES 9031
Q303e).
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MEASURING INSTRUMENTS - CONCEPT 37

Least Count, Resolution and Zero Error
335 688, Ang 3 ) 2o, Bees

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

SMALL INTERVAL=LC

KEY RELATION Correct reading = observed reading - zero error

@ Least count is the smallest indicated increment readable directly on a scale.
BT D88 0T3S BBITE), FeTezoN LBTWIE €93 JeR B3P

@ Instrument resolution is its ability to distinguish nearby measured values.
VBB Riﬁ)§é§ 2033 B3T3 aiae)?srieédgl 23ezmeBR HDHIDR md)qizs?.

@ Aninstrument can have fine resolution yet poor accuracy when wrongly calibrated.
Rg 3 Bed), WEER 3), 35083008300 ahEFES 5@ ATWED.

® Zero error occurs when an instrument reads a nonzero value for a true zero input.
Q23 B QRER)EIETT VBBTED oIS EALTARAEN 300333 IO BrReR.

® Zero correction is the negative of the observed zero error.
B3 3RTB = 30@e0TW RRT; BeRT 9ed B30

EXAMPLE / evzo=983 EXAM ALERT / =38egp <0233

If a closed caliper reads +0.02 mm, subtract 0.02 mm from A smaller least count does not automatically ensure a
the observation. correct reading.

B33 5@T0° +0.02 mm 30eDITS £.BJ0x 0.02 mm BSAD. BT DI B3 oWV 0B SeE3e FO030TY,
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VERNIER CALIPERS - CONCEPT 38

Vernier Calipers: Construction
SAFodho® 59,HToE: Ted3

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

4

OUTER JAWS SLIDING VERNIER

DEPTH ROD

l KEY RELATION MSR = main scale reading; VSR = vernier coincidence

@ Avernier caliper has a fixed main scale and a movable vernier scale.
BIFaDH0* FOBORE), YT 2308); 3503 20, BARE BBIEADT® 0B S

@ Outer jaws measure external dimensions such as the thickness of a block.
BPTIBBERR 16303598 BRI BRHB0R BT e80359eDNHBRY, 9BA3VIEI.

e Inner jaws measure the internal diameter of a tube or opening.
29BTBERLD B8P3 9 SoR T 2% wRBY, e9Badndss.

@ Adepth rod or depth probe measures the depth of holes and recesses.
393 38, Sogned HR) BON 3=y, e9Badn3a.

@ Thessliding vernier improves readability beyond the main scale division.
BORE BIFODHO® o) BBBR 2,00 231,08 BRF, LB, VeIE.

EXAMPLE / evzo=8353 EXAM ALERT / @0eg <n2d3

A caliper may measure a tube’s outside diameter, inside Keep the measuring jaws clean, aligned and gently
diameter and depth. contacting the object.

2,083¢ FYOB0° BP0 BAT e, 208 Y TDJY 9% BRBRFIY, Fegesonesy, FO03N BB BB eyrheseN BB,
€930320BOT.
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VERNIER CALIPERS - CONCEPT 39

Vernier Principle and Least Count
S3Jradros 33, sHd 2JF 2633

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

MAIN SCALE (mm)

0 5 10 15 20

VERNIER * 10 VSD =9 MSD

0 5 10

KEY RELATION LC =1 MSD - 1 VSD (direct vernier)

e Adirect vernier compares two scales having slightly different division sizes.
368 BIF0DHTRE), TR, 23e8 MZ T D2PRNRPTE DTE) BRBINBRY, BReDTIZVT.

@ For a common metric vernier, 10 vernier divisions equal 9 main scale divisions.
DTN 230635° B80T, 10 BA0T® D3Nz 9 @&y N2NRRYR 3.

@ If 1 main scale division is 1 mm, then 1 vernier division is 0.9 mm.
1 3way z3ont = 1 mm 3533 1 &8Ae0D0® dz5on = 0.9 mm.

® Leastcountis1MSD-1VSD =0.1 mm in this example.
83 &LTIBTE0HE), 35 ©edd = 1 MSD - 1 VSD = 0.1 mm.

@ Other designs have different least counts, so always inspect the instrument.
23e8 BPTORIR 23¢8 BIR 2638 AIT; LVBBTLBY, BODedTe3ed.

EXAMPLE / evzo=0:3 EXAM ALERT / =8egp <o2ds
Here LC=1.0 mm - 0.9 mm =0.1 mm =0.01 cm. Do not assume every vernier caliper has least count 0.1 mm.
@@ LC=1.0 mm - 0.9 mm =0.1 mm = 0.01 cm. B8 BArOHT® FYOTOR BT 638 0.1 MM 0T e&Teded.
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VERNIER CALIPERS - CONCEPT 40

Reading a Vernier Caliper
S0 T® 59, HT0E LuidS 5o

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

MAIN SCALE (mm)

0 5 10 15 20

VERNIER * 12 + 0.6 mm

0 D) 10

l KEY RELATION Reading = MSR + (coincidence x LC)

@ First read the main-scale mark immediately left of the vernier zero.
Bxen BIF0T® FeT HBROD Igear Bwa) BB £.0.

e Identify which vernier division aligns exactly with a main-scale line.
B8y B5ewa Gead0dpodrt D3N BoBT BT dzgon HTLR.

@ Multiply the coinciding division number by the least count.
BR0DT A2NT F0s3,03:, BT ed8AboR RHEd.

@ Add this vernier contribution to the main scale reading.
83 3r 030 &330e)a3=, Ba) 5o 2.0 [ed.

e Finally apply zero correction if the instrument has a zero error.
eVBBCETE) B BRERITT ERI0DE) B THTE 93N,

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds
MSR = 12 mm, coincidence = 6, LC = 0.1 mm gives 12.6 mm. The correct main scale reading is the mark just before
MSR = 12 mm, Bpowoedd = 6, LC = 0.1 mm =58 12.6 mm. vernier zero.

B0a); BBBE FOOIE 2.iD e 0HTE B}3,08 B023S NHTHD.
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VERNIER CALIPERS - CONCEPT 41

Vernier Zero Error and Correction
SBArodhos 2R, Brew sHd BB

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

MAIN SCALE (mm)

10 15 20

0

VERNIER subtract error

o — ¢—

KEY RELATION True value = observed - signed zero error

@ With jaws closed and clean, the instrument should ideally read zero.
BIBRLR, 239N B2 men evEsseasd) B by 3rededes.

® A positive zero error means the closed-jaw reading is above zero.
B3 Box; Brea ©0x3 @B02E BFBENS 2.0 BeR3,03 B2y,

@ A negative zero error means the closed-jaw reading is below zero.
30e0 B tdeeas 0T38 B3R BB 2.0 Bo3,08 SBD.

@ The corrected value always equals observed value minus the signed zero error.
30T BPe) = 303 [Py — 28R ZPBID B Bes.

® Check for wear, dirt or misalignment before deciding that zero correction is enough.
Be3e) ABDB BB BTN Je33, FRW 90 9TTeDIS HOBeDD.

EXAMPLE / evmo=3:3 EXAM ALERT / =38egp <0233

Observed 8.46 mm and zero error —-0.04 mm give corrected Positive zero error: subtract; negative zero error: add its
8.50 mm. magnitude.

8,03 8.46 mm ) d'@ﬁ?s Brea -0.04 mm 'Qdaé gaacg dga@é 8.50 [ArN] dﬁ)ﬁa d@ea’dﬁi 3BAY; 39 QJDRS?S BRERT BT 53306 [eDd.
mm.
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SCREW GAUGE - CONCEPT 42

Screw Gauge: Construction and Use
R, Reess: B33 =bd) evmodeern

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

VIL

SLEEVE
THIMBLE

U-FRAME

l KEY RELATION Axial travel per turn = pitch

@ A micrometer screw gauge measures small thicknesses and diameters.
3y BReeedne [, Rees® Teg, B3, 3y RN, evdaingd.

@ Ituses afinely threaded screw that converts rotation into axial motion.
A a3 BORADHRY, e9gead BoRADA B Beg, SHrHITHTE IDIE.

@ The sleeve carries a linear or pitch scale, and the thimble carries a circular scale.
Rea36) BesDeodr e9G3ezo 23° 3503, ) 53 BTV 3503 B3

@ The anvil is fixed; the spindle moves towards or away from it.
eQ® QTINHZT; {0Be° BT BN e9rese BRTS, BAIT.

e Theratchet helps apply repeatable contact force and avoids over-tightening.
odrer23es® Ba3ies BFFne Jeden Sy Hed), DNRRVBF03 B0 BRI

CHAPTER 02 - 43/60

EXAMPLE / evto®ds3 EXAM ALERT / =8egp <n2ds
Use a screw gauge to measure the diameter of a fine wire. Do not tighten the spindle strongly; it can deform soft
8%0e303 B030d 39, eFabhen [, 1iees® 2¥TT. samples.

ROBEF 9, ey, DARRDTL3eB; HTD =), 8B
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SCREW GAUGE - CONCEPT 43

Screw Gauge Pitch and Least Count
R, Reess &ess vy 3T 2633

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

SLEEVE / PITCH SCALE

THIMBLE

LC=0.5/50=0.01 mm

l KEY RELATION LC = pitch / circular-scale divisions

@ Pitch is the axial distance moved by the spindle in one complete revolution.
&123° D03 RPBE® 2,03 FPEIE WJE) 233 e9geadr BT,

@ Least count equals pitch divided by the number of thimble-scale divisions.
B 2638 = 225° | 3R O° SBBA D2ynnY Josd;.

@ For a pitch of 0.5 mm and 50 circular divisions, least count is 0.01 mm.
&23° 0.5 mm @) 50 $3B9F03 2nRORB 3z =edd 0.01 mm.

@ A1 mm pitch with 100 divisions also yields 0.01 mm least count.
1 mm &23° &) 100 D23nRPFTe 858 ©edd 0.01 mm I,

@ The pitch must be checked because different screw gauges have different designs.
23ed :-’naé) Reez* RN 23e3 AR AHBOT 23 203edTe3ed.

EXAMPLE / evto®3s3 EXAM ALERT / =8egp <023
Pitch 0.5 mm with 100 divisions gives LC = 0.005 mm. Never calculate least count without knowing pitch and
0.5 mm 25° 33y 100 Deorn@n LC = 0.005 mm. division count.

225 T Dz BosS,Mers 3G D638 S8,3e3eR.
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SCREW GAUGE - CONCEPT 44

Reading a Screw Gauge
R, Reess Lda3 s

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

SLEEVE / PITCH SCALE

THIMBLE

4.5 + (28 x 0.01) =4.78 mm

l KEY RELATION Reading = sleeve + (thimble division x LC)

@ Read the last visible pitch-scale mark on the sleeve before the thimble edge.
3T F €90233 BTN {ea*IE), Foeares BI0DH $23° BT HHD &.B.

e Identify the circular-scale division aligned with the sleeve reference line.
Qg3 euedesd Bes303,0B8: BRoOT 3 FTOTH SHBB 2Ny, HBR.

@ Multiply its division number by the least count.
€3 25N B0a30RY, BT HEFEA0T THESR.

@ Add the circular contribution to the sleeve reading to obtain the observed size.
325000 33Pe)z3=, Qeer® 2.0 FedS B0T@ Mg, TWBAWO.

@ Apply signed zero correction and report the result with the unit.
23R,03BI0D B BB =58, H3BBR0N FOS08 TAWO.

EXAMPLE / evmo®3s3 EXAM ALERT / =8egp <n2ds
Sleeve 4.5 mm + 28 x 0.01 mm = 4.78 mm. Check whether the half-millimetre line is visible before
¢ 4.5 mm + 28 x 0.01 mm = 4.78 mm. reading the thimble.
AR LoDR)BER, WRFEN IFE OeEIT DI Focaddrdade
203eD.
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SCREW GAUGE - CONCEPT 45

Screw Gauge Zero Error
kR, Rleess 2o, doe=

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

SLEEVE / PITCH SCALE

THIMBLE

478 — 0.02=4.76 mm

KEY RELATION Correct size = observed size - zero error

@ Close the micrometer gently using the ratchet to check its zero.
Bod; S0BedTen 0370r23es® 22PQ 23)BRLeE30" R, S ThHeseN e,

o If the closed instrument indicates +0.02 mm, zero error is positive.
Swedmen +0.02 mm 368333 21O BReR B.

@ Subtract a positive zero error from the observed measurement.
B&3 BPe)B0T B B Bremey, 3BAD.

o If the signed zero error is —0.01 mm, add 0.01 mm to the observed value.
23R030B30d e deem —0.01 mm 3533 3od &33Pe)E, 0.01 mm [edR.

® Repeat measurements at different positions to identify a nonuniform wire.
30303 TBPR B, 3P0den HDT, TINFES), DBPBS S8

EXAMPLE / evto®0s3 EXAM ALERT / =8egp <o2ds
Observed 4.78 mm, zero error +0.02 mm - corrected 4.76 Zero correction has sign opposite to zero error.
mm. Bos; 3TTROD 23, B Brewt BB T,

303 33305 478 mm, mﬁé Bdeex +0.02 mm - 3R 4.76 mm.
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MEASURING INSTRUMENTS - CONCEPT 46

Compare Calipers and Screw Gauge
59, dT0¢ DR T, Rees’ Bped

Y

VISUAL EXPLANATION - ORIGINAL CONCEPT DIAGRAM

1 2 3

VERNIER SCREW GAUGE BOTH

inner - outer - depth fine thickness check zero

l KEY RELATION Vernier: multiple dimensions « Micrometer: fine external sizes

@ Avernier caliper commonly measures external, internal and depth dimensions.
BAEOHT® FYOTO® T3] E30N BT, 20% ) BV e3030:DNRPRY, e9F3nIT.

@ Ascrew gauge is usually more suitable for small external thicknesses and diameters.
R, Rees® Toe3REsoN Jey, BATE, =), 239, edaben Bed), BT,

@ Both instruments require the least count and zero error to be checked.
QTBR VBT3NP I 3T I B, BeeR BOBeDT3e.

@ A typical school vernier may resolve 0.1 mm; a screw gauge often resolves 0.01 mm.
T30 Zoer SAE00® 0.1 mm &h3dy B, fezs® 0.01 MM BpE 3 BoDTLTD.

e Handling, alignment, calibration and sample condition affect the final measurement.
BHROINE DHR, BROWESS, BPTT08 ), FPWOAD {3 203D BPTIB, BIoss DetdIa3.

EXAMPLE / evmoa3:3 EXAM ALERT / =38egp <ne33

Choose calipers for a pipe’s inner diameter and a screw Least counts given in examples are not universal instrument
gauge for thin wire. specifications.

EnY3ab 2.9 29,8, B DTof; Seb 081 [, Rees® esOR. VIIBCEBNRBAR BT DEFENLL &) LVTFTLININ €93 AV,
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50 QUESTIONS - Q01-Q05

Bilingual Practice Questions

BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

QO01. Which is the complete set of SI base-unit symbols?
ST D00 BB ToFe3NY TBOJPEIE VR 033953 ?

A. m, kg, s, A, K, mol, cd
m, kg, s, A, K, mol, cd

C. m,g,s, A K mol, cd
m, g, s, A, K, mol, cd

Q02. Which SI base unit includes a prefix in its official name?
22033 BTOI) FP[eR,3,0D BRoODE SI @1 3T 035)T?

A. candela
amzsoém

C. kilogram
3e3perm,o

B. m, kg, s, C, K, mol, cd
m, kg, s, C, K, mol, cd

D. m, kg, s, A, °C, mol, cd
m, kg, s, A, °C, mol, cd

B. metre
QVee30°

D. second
NI elecd

Q03. Choose the correct SI symbol for thermodynamic temperature.

eVFNT SBRPIT TS SI Foded e303,:3508.

A. °K
°K

D. °C
°C

Q04. Which constant fixes the present SI definition of the kilogram?

B8 SI dedern,o 239,839y, ANDBBE 208 035:HD?

A. Planck constant h
Gaplelod r%.;pmoé h

C. Gravitational constant G
R, Qo008 G

B. Avogadro constant N,
e9e3protdn, o8 Na

D. Gas constant R
(DN} r%;;paoé R

Q05. Which exact constant is central to the modern definition of the metre?

QeE305R LB 239,859;:38, 035E3 AT Q0208 &308)?

A. Speed of sound in air
MPoDHAS Boya3 edert

C. Speed of light in vacuum
A3 B3 edert

Raman Tutorial 8217670405-6361153623

B. Earth’s mean radius
23003 VTITO 32

D. Acceleration due to gravity
D3, Berkwed e
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50 QUESTIONS - Q06-Q10

Bilingual Practice Questions
BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

QO06. A current transports 15 Cin 5 s; calculate its magnitude.

5538 15 C e333e3 BOTS 3000 D000 day,?

A.3A
3A

C. 033A
0.33A

B.75A
75 A

D.10A
10A

Q07. How many specified elementary entities are present in one mole?

2,00 2303 D), VDE, WO He3BNYE3?

A. Exactly 6.022 140 76 x 10%
QedTemN 6.022 140 76 x 103

C. Exactly 1.6 x 107"
Qad3z3eN 1.6 x 10712

Q08. Which is the SI base unit of luminous intensity?
3,508 3ee3,303 SI Swee HIB a3)T?

A. watt
20e3°

C. lux
S5

N

Q09. What does the prefix p (micro) represent?
b (BRe) BPSBFBZ,00T BPe); =y?

A. 107
107

c. 102

1073

Q10. Convert 2.75 km into metres.
2.75 km e9:y, Qee3v*R SOB3ER.

A. 2750 m
2750 m

C. 27500 m
27 500 m

Raman Tutorial 8217670405-6361153623

B. Exactly 3 x 10®
a3z 3 x 108

D. Exactly 9.81 x 10%
Qad3zoN 9.81 x 10 %

B. candela
59,0083

D. lumen
0HD°

B. 10°
10°

D. 10°¢
107

B. 275 m
275 m

D. 0.00275 m
0.00275 m
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50 QUESTIONS - Q11-Q15

Bilingual Practice Questions

BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q11. Express 1 cm?in m2
1 cm? 9, m? I8 FIDB.

A. 10° m?
10*m?

C. 102 m?
102 m?

Q12. Convert 72 km/h into SI speed units.
72 km/h e, SI a3 0T3S, BOBIER.

A.7.2m/s
7.2m/s

C.2m/s
2m/s

Q13. Convert a density of 1.2 g/cm?® into kg/m?3.
1.2 g/cm? 00053,303Y, kg/m? R BORB3e .

A. 12 kg/m?®
12 kg/m?

C. 120 kg/m?
120 kg/m?

Q14. What is 1 newton in SI base units?
2,00 JRE3R° SI e HIBRBE DY?

A. kg m?s?
kg m?s?

C.kgms™
kgm s’

Q15. A normal force of 150 N acts on 0.5 m? what is pressure?

0.5 m? 233 150 N @023 200 A3 2,33 aa),?

A. 150.5 Pa
150.5 Pa

C. 300 Pa
300 Pa

Raman Tutorial 8217670405-6361153623

B. 10° m?
10°m?

D. 10* m?
10 m?

B. 259.2 m/s
259.2m/s

D. 20 m/s
20 m/s

B. 0.0012 kg/m?®
0.0012 kg/m?

D. 1200 kg/m?
1200 kg/m?

B. kg ms™
kg m s

D. kgm™'s?
kg m™ s

B. 75 Pa
75 Pa

D. 0.0033 Pa
0.0033 Pa
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50 QUESTIONS - Q16-Q20

Bilingual Practice Questions
BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q16. Which SI base-unit expression equals one joule?
2,003 2PN BEDNIR SI RO DBT BB 0330:)T?

A. kgms?
kgm s

C. kg m?s2
kg m?s?

Q17. Work done by a force perpendicular to displacement is:
RYR0BTB, 02T 2O 3BT BT ay,?

A. equal to force divided by distance
20 [ 3ed

C. zero
210N

Q18. A machine does 480 ] in 8 s; find average power.
aho3D) 8 s I 480 | oI BRI So0 DORGE da,?

A. 3840 W
3840 W

C. 488 W
488 W

Q19. One volt is equivalent to which expression?
2,00 e3peers, 030 BB, B3 ?

A.1C/)
1¢/)

C.1C/s

1C/s

Q20. A 12V supply drives 3 A through a resistor; find resistance.
12 V 38, B,380e3383 Sees 3 A BOT3 I,380e3 amy,?

A.9Q
90Q

C.36Q
36Q
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B. kgm™ s
kgm™s?

-3

D. kg m?s
kg m?s=

B. always negative
a3soeeniens 33>ed

D. equal to force times displacement
2O X TYT08T

B. 60 W
60 W

D. 0.0167 W
0.0167 W

B. 1J/C
1))C

D. 1)/s
1)/s

B. 0.25 Q
0.25Q

D. 40
40
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50 QUESTIONS - Q21-Q25

Bilingual Practice Questions
BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q21. The radian is classified in SI as:
SI R, BeBodh® odrees SRES, [Feded?

A. a special name for the dimensionless derived unit one
€3035083)8&3 d)gﬂ; DBT 2,083 DBew DI

C. a unit of temperature
FOTT 083

Q22. One hertz equals:
2,00 BEFE 03NRTB, F30r0NT3?

A. 1rad
1 rad

C. 1m/s
1m/s

Q23. Choose the correctly written SI measurement.
T003N 20383 ST S50y, e303),:3508.

A. 5kg.
5kg.

C. 5kg
5kg

Q24. What is the dimensional formula of velocity?
23ena e303505d TR, 0330eHT?

A LT?
LT

c. LT’
271
Q25. What is the dimensional formula of force?
203 €303 BRI, 030)T?

A MT!
MT

C.MLT?
MLT?
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B. an eighth base unit
D0E3Te TR DIB

D. a unit of force
00T DB

B.1s™
157"

D.1s
1s

B. 5 kgs
5 kgs

D. 5Kg
5 Kg

B.LT"'
LT

D. MLT!
MLT?

B. ML'T?
ML T2

D. ML2T?
ML2T?
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50 QUESTIONS - Q26-Q30

Bilingual Practice Questions
BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q26. The dimensional formula of pressure is:

2,33BR €30359e3 B3, 033eH?
A.ML'T? B. ML3T?
ML T2 M LT
C.MLT? D. ML2T?
MLT? M L2 T2

Q27. Which is the dimensional formula of gravitational constant G?
rHh3, 0008 G 03 90350 BeS, 03PF)TH?

A MLET?
ML3T?

C.M'L3T?
M L3 T2

Q28. Which kinematic equation is dimensionally consistent?

23035923 RBeDTNTI BRODT 23R FeBTed 0330e)?

A.v=u+at?
v=u+at?

C. s = ut + %eat?
s = ut + Y%at?

Q29. What cannot be determined by dimensional analysis alone?
Bez30) 30353 DZeRBA0T AR, 3VadeerhHayRe)?

A. Dimension of velocity
3ena esodod

C. Whether both sides have the same dimensions
DTER ARIR 2,0T3e e303395T3030e DOV

B. ML®T?
ML3T?

D. M LT
M L2T

B. s=u+at?
s=u+at?

D. s=ut+at
s=ut+at

B. Dimension of force
2007 303393

D. Numerical coefficient 2t in pendulum formula
Sreed JRZBYS Boany 3,8 rees 21

Q30. Dimensional reasoning predicts the pendulum period proportional to:

e30359a) DFeme3003 Bpewdd es33rTR 0339e)TB, ITIS?

A.lg
lg

C. Y(g/)
v(a/")
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B. V(I/g)
V(l/9)

D. I/g
I/g
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50 QUESTIONS - Q31-Q35

Bilingual Practice Questions

BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q31. Repeated readings agree closely but lie far from the true value; they are:

0BT BOFT BeeBIGTe e &33°e)B0a BrBITT e9sd):

A. precise but inaccurate
DS02RB3e3 T3 7; OHPGFES Q)

C. neither measured nor recorded
BPBIFP TS0 €9

B. accurate and precise
ADFPFE D), W)NTRIES AT

D. accurate but imprecise
OOFIRE; RDSTIRIES DTS 9,

Q32. Unpredictable fluctuations among repeat measurements are mainly:

DDSBIATE) 9)DegZ HODIRD wa)eson o3 Lwem?

A. unit conversion factors
QBB BORZED MHLBNRD

C. random errors
0300333 Woemnwd

B. defining constants
9,809, R T20BNED

D. systematic errors
B3 Besned

Q33. Reference length is 20.0 cm and measured length is 19.6 cm; percent error?

eueesd eudd 20.0 cm &3y B33 v 19.6 cm; Be3ws BeR OY,?

A. 20%
20%

C. 2%
2%

B. 0.4%
0.4%

D. 4%
4%

Q34. For observed 10.2 cm and reference 10.0 cm, absolute error is:

503 10.2 cm 3y ervedead 10.0 cm BB ATe3eg Loes Da),?

A. 0.2cm
0.2cm

C. 20cm
20 cm

Q35. The worst-case uncertainty in (8.0 £ 0.1) - (3.0 £ 0.2) cm is:
(8.0£0.1) - (3.0 £ 0.2) cm 03 O 90333 ORY,?

A. £0.02 cm
+0.02 cm

C. #0.0cm
+0.0 cm
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B. 2.0cm
2.0cm

D. 0.2%
0.2%

B. 0.1 cm
+0.1 cm

D. 0.3 cm
+0.3 cm
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50 QUESTIONS - Q36-Q40

Bilingual Practice Questions

BT 923, BF R

Choose one correct option. All answers appear only after Question 50.

2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q36. Radius uncertainty is 1%; area A = 1tr® has approximately what relative uncertainty?
32,3 903,38 1% IGT A = Tir? QLT TG 903,38 DD day,?

A. 4%
4%

C. 1%

1%

Q37. How many significant figures are in 0.00450?
0.00450 38 o), SoGeT 9081Pe3?

Q38. Report 12.1 cm + 0.34 cm using the addition rule.
Tozox AoDHRB 12.1 cm + 0.34 cm D008 208AO.

A. 12.4cm
12.4 cm

C. 12.440 cm
12.440 cm

B. 0.5%
0.5%

D. 2%
2%

B. 12cm
12cm

D. 1244 cm
12.44 cm

Q39. Ten vernier divisions equal nine 1-mm main divisions; find least count.
10 BIeaDo® Dzoninied 2,023 1-mm Bws); D2NRIR B; IR DESE dRY,?

A. 0.1 mm
0.1 mm

C. 0.9 mm
0.9 mm

Q40. Vernier MSR = 12 mm, coincidence 6, LC = 0.1 mm; reading?
&Aoo MSR = 12 mm, Bpoweedd 6, LC = 0.1 mm; 2.0 o=)?

A. 13.6 mm
13.6 mm

C. 12.06 mm
12.06 mm
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B. 1.0 mm
1.0 mm

D. 0.01 mm
0.01 mm

B. 18.0 mm
18.0 mm

D. 12.6 mm
12.6 mm
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50 QUESTIONS - Q41-Q45

Bilingual Practice Questions

BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q41. Observed vernier reading is 8.46 mm and zero error is —0.04 mm; corrected reading?

Se0DHoe &utd 8.46 mMm &R B Bwead —0.04 mm; QT 2.0 aay,?

A. 8.40 mm
8.40 mm

C. 8.42 mm
8.42 mm

B. 8.50 mm
8.50 mm

D. 8.46 mm
8.46 mm

Q42. Which part of a vernier caliper measures the depth of a narrow hole?

S3IFODO® 3, OB0 0is3 grt Teg BoGT 98 ewSaIIS?

A. inner jaws
2,.9TRBRd

C. locking screw alone
98¢ B, 59,
9

B. depth rod
93 3G

D. outer jaws
BRVBHBRD

Q43. Which feature of calipers is best suited to measure a pipe’s internal diameter?

BRY30D 2% 23R e9F0den BFYDBJOR A30e3 n [g?

A. inner jaws
P A< Ta =N

C. outer jaws
BRVBHBRKD

B. ratchet
odyoce3ess

D. depth rod alone
3903 36 393,

Q44. A screw advances 1.5 mm in three complete turns; its pitch is:

:-irag et FpeeE DD 1.5 MM SoAB3 225° d=RY,?

A. 3.0 mm
3.0 mm

C. 4.5mm
4.5 mm

B. 0.5 mm
0.5 mm

D. 1.5 mm
1.5 mm

Q45. Screw gauge pitch 0.5 mm and 50 circular divisions give least count:

R, Rees® 225° 0.5 mMm &3y, 50 53895003 Innd 853 2edd:

A. 0.01 mm
0.01 mm

C. 0.1 mm
0.1 mm
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B. 25 mm
25 mm

D. 0.5 mm
0.5 mm
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50 QUESTIONS - Q46-Q50

Bilingual Practice Questions

BT 923, BF R

Choose one correct option. All answers appear only after Question 50.
2,00 BOA3T es03),0HRY, e30%. B3 50 J033z3e VITRED JedeNT.

Q46. Screw gauge sleeve 4.5 mm, thimble 28 divisions, LC 0.01 mm; reading?
3w, 1eez® Qees® 4.5 mm, 3xH° 28 Dz5ont, LC 0.01 mm; 2.3 ay?

A. 4.22 mm B. 4.78 mm
4.22 mm 4,78 mm
C. 4.528 mm D. 7.30 mm
4.528 mm 7.30 mm

Q47. If observed size is 4.78 mm and signed zero error is +0.02 mm, corrected size?
Bor Mo, 4.78 mMm &), B e +0.02 mm |58 883 Mos,?

A. 4.80 mm B. 478 mm
4.80 mm 4,78 mm
C. 476 mm D. 4.58 mm
4,76 mm 4.58 mm

Q48. Why is a ratchet provided on a micrometer screw gauge?
3)BReddees0t B, Rees*Se) o3rredes® HT wIHTT?

A. To double the screw pitch B. To change the SI length unit

R, 225° DT> Te3), TN ST engdd 083 3OVen

C. To calculate density directly D. To apply approximately repeatable measuring force
JeCesoN o033 33,8en DD 2,003 Be30d WD 200 Jerden

Q49. What is the solid angle around a point covering an entire sphere?
2,02 Do BIY, VOBPEE RPEBHY, BHOE HRBRR dTY,?

A. 360 sr B. 1tsr
360 sr Ter

C. 21t sr D. 4rtsr
21 sr ATUSI

Q50. Convert 2.5 N into dynes in the CGS system.
2.5 N eo:y CGS t%a‘ri@ﬁ TOBIED.

A. 2.5 x 10° dyne B. 2.5 x 107 dyne
2.5%10° 3F° 2.5x 107 3=°
C. 2.5 x 107 dyne D. 2.5 x 10° dyne
25107 B® 2.5x 105 B®
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ANSWER KEY - EXPLANATIONS 1/3

Answers and Explanations
en3Trith sHd) ISTBrid

01-

02-

03 -

04-

05 -

06 -

07 -

08 -

09 -

10-

11-

12

13-

14-

15-

16 -

17 -

The seven base-unit symbols are m, kg, s, A, K, mol and cd.
D D HBF Sodednied m, kg, s, A, K, mol &3 cd.

The kilogram is the SI base unit of mass despite including kilo.
BSOS, 3ed0e Q3TN 3Seerm,o B300303 SI e HIB.

The kelvin symbol is K, without a degree sign.
B0° Boded K; BN, 2353 ad)De),

The kilogram definition uses the fixed value of Planck constant h.

3Rerm,0 e39,839,RE) 3903° }T08 h F }T TP, FDIT.

The speed of light has the exact SI value 299 792 458 m/s.
2393 Sen ad3 SI diae)ZX 299 792 458 m/s.

I=Q/t=15/5=3A.
1=Q/t=15/5=3A.

This exact count defines one mole in the modern SI.
e35008 SI BFB0oDHE), B3 AT Foad03re 2,00 3ee® IR, 239,80AIT.

Candela is base; lumen and lux are derived photometric units.
F9,008e7 PO DBT; LVEHR® ), T B) T3, BFB DBBNW.

Micro is 107°, while milli is 10~ and nano is 10™°.
)Be 107 DA 107 Hd) Ty;3ee 107

2.75 x 1000 = 2750 m.
2.75 x 1000 = 2750 m.

Because 1 cm = 1072 m, squaring gives 10 m?%
1 cm =107 m esg3Bod Srie SBcen 1074 m?.

72 +3.6 =20 m/s.
72+3.6=20m/s.

One g/cm® equals 1000 kg/m?, so 1.2 becomes 1200.
2,08 g/cm?® = 1000 kg/m?; &erA 1.2 = 1200.

F = ma gives kg x m/s*=kg m s
F=maa&@z3 kg x m/s?=kgm s~

Pressure = 150/0.5 = 300 Pa.
2,836 = 150/0.5 = 300 Pa.

J=Nm=kgm?s2
J=Nm=kgm?s2

W =Fs cos90° = 0.
W = Fs cos90° = 0.
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ANSWER KEY - EXPLANATIONS 2/3

Answers and Explanations
en3Trith sHd) ISTBrid

18-

19-

20-

21-

22

23-

24-

25-

26

27 -

28 -

29-

30-

31

32-

33-

34-

Power = work/time = 480/8 = 60 W.
TODGE = oI [Jabhad = 480/8 = 60 W.

Potential difference = energy per unit charge.
Q230033 = B3 H3IT e3:3e3, 33,

Ohm's law gives R=V/I=12/3=4Q.
£,335° Qobeb@od R =V/[I=12/3 =4 Q.

Plane angle is dimensionless and the SI unit is radian.
T3 BeS €3035a03E&3NRY ST 033 SeBH®.

Frequency counts cycles per unit time.
5333 B3 DT 50T SVIENH F083,0R, B3I A.

The unit symbol kg has fixed case, no plural s and a separating space.
kg Boded8, ANDI 9gBeNT; BB s WY T, 05 9033 wTe3e.

Velocity is displacement divided by time.
3ent = 99033 | Bo©.

Force = mass x acceleration, giving M L T2
200 = B3008 x et edade; e3030ed M L T2,

Pressure = force/area = (M L T2)/L2.
233 = 200 [DReear = (M LT?)/L2

From F = Gm,m,/r?, [G] = [FILY/M? = ML°T2,
F = Gmam,/r? Qo [G] = [F]L2/M? = M7'L3T2,

Each term in s = ut + %2at? has dimension L.
s = ut + %at? 0 F,303000) IBR e3035 L.

Dimensionless factors are beyond pure dimensional analysis.
23039383 Foary; MHEBNRYRY, 6303503 DBeaesdor dYodhenrhadde),

Time dimension requires V(length/acceleration).
03 3035039, /(&3 [t ned e ) e

Close grouping means precision; distance from truth means inaccuracy.

2,6 RBE SPe)neb BV0BBEE ATS; A2 =3Pe)Bor B3 0HEIBPES0 8038

Random error creates unpredictable scatter.
03353238 Bea e 2BTHOE0RY, V0EDTPBIZE.

Absolute difference 0.4 cm; 0.4/20 x 100 = 2%.
ddBeg F@9s 0.4 cm; 0.4 /20 x 100 = 2%.

Absolute error is
10.2 - 10.0| = 0.2 cm.|Q3Beg Wwes |10.2 - 10.0| = 0.2 cm.
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ANSWER KEY - EXPLANATIONS 3/3

Answers and Explanations
en3Trith sHd) ISTBrid

35-

36-

37-

38-

39-

40-

41 -

42-

43-

44 -

45-

46 -

47 -

48-

49 -

50 -

Worst-case absolute uncertainties add: 0.1+ 0.2=0.3 cm.
nox ATBeg 903, 38nh Jededesd: 0.1 + 0.2 = 0.3 cm.

For a power 2, small fractional uncertainty is multiplied by 2.
5938 2 953 ey T9e3eg 903,330, 2 Bor3 RHedHFB.

The digits 4, 5 and the trailing decimal zero are significant.
4, 5 3y 3e[03 B3R003 B TITES e90Bni%d.

The least precise addend has one decimal place.
BB AT FedD Fos30E) 2,06 BBR?08 SIS

1VSD=0.9mm,soLC=1.0-0.9=0.1 mm.
1VSD =0.9 mm; &ermdA LC = 1.0 - 0.9 =0.1 mm.

12+ 6 x 0.1 = 12.6 mm, before any zero correction.
amsé 31:5.%5@ R[ewen 12 +6 x 0.1 =12.6 mm.

Corrected = 8.46 — (-0.04) = 8.50 mm.
33 &Pe), = 8.46 — (-0.04) = 8.50 mm.

The depth rod extends into a hole to measure depth.
93 38 Sol3 RPN BeeN ese e9ddn3s.

Inner jaws expand against the inside surfaces.
2PTBERD 2.9 23oeeS, NOR BB 239, e9FodnZ:3.

Pitch = axial advance/turns = 1.5/3 = 0.5 mm.
&e3° = evgead 23S [ = 1.5/3 = 0.5 mm.

LC = pitch/divisions = 0.5/50 = 0.01 mm.
LC = &23%/egonined = 0.5/50 = 0.01 mm.

4.5+28 x0.01 =4.78 mm.
4.5+ 28 x 0.01 =4.78 mm.

Corrected = observed - error =4.78 - 0.02 = 4.76 mm.
3@_}5 = 303 6332)23 - deexm = 4.78 - 0.02 = 4.76 mm.

The ratchet helps prevent excessive tightening and contact force.

odoredes® 930353 DN ) FBr20 3BeN BB SRIT.

A full sphere subtends 41t steradians.
ToPeas 1Redsd) 4Tt B,BeBODHT® HREMES BRODT.

1 N = 10° dyne, so 2.5 N = 2.5 x 10° dyne.
1N=10° cé';jas; &eroA 2.5 N = 2.5 x 10° %3‘

ANSWER DISTRIBUTION-A=13:-B=13-C=12-D=12
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Scientific reference: BIPM, The International System of Units (SI), 9th edition, updated 2026; https://www.bipm.org/en/publications/si-brochure/ .

Study note: Measurement instrument examples are illustrative; verify least count and zero setting on the actual instrument.
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