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Preface | udra+T

This book, Workshop Calculation and Science, has been
specially designed to help students succeed in both
academic examinations and career-oriented preparation.

It includes detailed Theory of Workshop Calculation and
Science, and a question bank in mock test format based
on the NIMI exam pattern.

This book follows the latest syllabus prescribed by
DGT/NCVT and is aligned with the latest NIMI
examination pattern. It is structured for easy
understanding and practical application.

The MCQs in this book have been designed at multiple
levels—Remembering, Understanding, Application, and
Analysis—in a dual-language format to enhance
conceptual clarity and examination readiness.

Our goal is not only to help students excel in ITI courses
and NCVT examinations, but also to prepare them for
competitive employment opportunities in both the
government and private sectors.
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How to Study This Book | 39 ¥ &l AT hdl

The Theory section is covered in detail. Students are
advised to study this section thoroughly and carefully, and
to develop a clear conceptual understanding with the help
of detailed explanations, diagrams, and a flow-based
presentation.

Practice the MCQs only after completing the theory part of
the module.

Students are advised to study this book in only one
language, either Hindi or English. They should not
compare the Hindi version with the English version during
study.

In case of any discrepancy in technical terminology,
translation, or conceptual interpretation, the English
version shall be considered authoritative.

To practice the question bank in a computer-based mock
test format, scan the QR code provided in the last part of
the book.

R} ST ! faega wu & vRgd foham man &1 faenfefat ot geg &
STet & o5 & 39 ST ol T8 U AraUTIgdeh 37ead o adl
faeqa s, SRl SR ThAdg U)ol Sl T8I & SOt
STERUMS T TWE Td Fge 1|

R 91T quf & & a71e gt Heifdla sgfdenedia gsif (MCQs) &1
T e

fenfefat st Tetrg & STeht & o & 50 Yk 1 37eH dhae Tk &l
WTST— el areraT SiSii—a e | STeaad & Y feat ofiR Sideht
HERROT Y ST H o1 7 |

AR-1IchT STegTaet, STATG AT ARG et | fohelt oft sreifa
&Y A3 & 3isht Tenvor ot urfotes AT SITE|

T Sk T SITH HgeR-NMTRA Hich 3 YT H e & g, gedeh
e 3ifas Wi # fAT 71T QR IS ol Whel e

Acknowledgment | 3THR

The content of this book has been developed with
reference to the official ITI syllabus and the guidelines
issued by the Directorate General of Training (DGT) and
the National Instructional Media Institute (NIMI). It has
been prepared using the prescribed syllabus documents
and standard training resources for educational purposes.
The publishers gratefully acknowledge the contribution of
these institutions to curriculum development and the
promotion of vocational education in India.

39 YEdeh oh! AT T faenme SnTfdiehTiven SMTSIans uTaashA auT
gfteror AgTAeener™ (DGT) 3R IERT Srgaenaies Hifsar dwrm
(NIMI) grRT STRY fRen-fAden & deef & fobar mar g1 52 difde e
& fore Ruffka greaer geards vd g uferor dareHi & snar
R FIR har T gl

Ueh1Teh YR | Ursaehd fAenmd der aaradiiie e & Tieares A e
G & AT & Ufd asiargdes HTHR e hed gl




Syllabus

Modules Workshop Calculation and Science - First Year
Modules -1 Classification of unit system
Fractions Fundamental and Derived units F.P.S, C.G.S, M.K.S and SI units

Measurement units and conversion

Factors, HCF, LCM and problems

Fractions - Addition, subtraction, multiplication & division
Decimal fractions - Addition, subtraction, multiplication & division
Solving problems by using calculator

Modules -2 Square
root, Ratio and
Proportions,
Percentage

Square and square root

Simple problems using calculator

Applications of Pythagoras theorem and related problems
Ratio and proportion

Ratio and proportion - Direct and indirect proportions
Percentage

Percentage - Changing percentage to decimal

Modules -3 Material
Science

Types of metals, types of ferrous and non-ferrous metals
Physical and mechanical properties of metals

Introduction of iron and cast iron

Difference between iron & steel, alloy steel and carbon steel
Properties and uses of rubber, timber and insulating materials

Modules -4 Mass,
Weight, Volume
and Density

Mass, volume, density, weight and specific gravity
Related problems for mass, volume, density, weight and specific gravity

Modules -5 Speed
and Velocity, Work,
Power and Energy

Rest, motion, speed, velocity, difference between speed and velocity, acceleration and
retardation

Related problems on speed & velocity

Work, power, energy, HP, IHP, BHP and efficiency

Potential energy, kinetic energy and related problems

Modules -6 Heat &
Temperature and
Pressure

Concept of heat and temperature, effects of heat, difference between heat and
temperature, boiling point & melting point of different metals and non-metals
Scales of temperature, Celsius, Fahrenheit, kelvin and conversion between scales of
temperature

Temperature measuring instruments, types of thermometer, pyrometer and
transmission of heat - Conduction, convection and radiation

Co-efficient of linear expansion and related problems with assignments
Problem of heat loss and heat gain with assignments

Thermal conductivity and insulators

Boiling point and melting point of different metals and Non-metals

Concept of pressure and its units in different system

Modules -7 Basic
Electricity

Introduction and uses of electricity, molecule, atom, how electricity is produced,
electric current AC, DC their comparison, voltage, resistance and their units
Conductor, insulator, types of connections - series and parallel

Ohm'’s law, relation between V.I.R & related problems

Electrical power, energy and their units, calculation with assignments Basic electricity -
Magnetic induction, self and mutual inductance and EMF generation Basic electricity -
Electrical power, HP, energy and units of electrical energy

Modules -8
Mensuration

Area and perimeter of square, rectangle and parallelogram

Area and perimeter of Triangles

Area and perimeter of circle, semi-circle, circular ring, sector of circle, hexagon and
ellipse

Surface area and volume of solids - cube, cuboid, cylinder, sphere and hollow cylinder
Finding the lateral surface area, total surface area and capacity in litres of hexagonal,
conical and cylindrical shaped vessels




Modules -9 Levers

Simple machines - Effort and load, mechanical advantage, velocity ratio, efficiency of

and Simple machine, relationship between efficiency, velocity ratio and mechanical advantage
machines Lever and its types
Modules -10 Measurement of angles

Trigonometry

Trigonometrical ratios
Trigonometrical tables
Application in calculating height and distance (Simple applications)

Modules

Workshop Calculation and Science - Second Year

Modules-1 Friction

Advantages and disadvantages, Laws of friction, co-efficient of friction, angle of
friction, simple problems related to friction

Friction - Lubrication

Co- efficient of friction, application and effects of friction in workshop practice

Modules-2 Centre
of Gravity

Centre of gravity and its practical application

Modules-3 Area of
cut out regular
surfaces and area
of irregular
surfaces

Area of cut out regular surfaces - circle, segment and sector of circle

Related problems of area of cut out regular surfaces - circle, segment and sector of
circle

Area of irregular surfaces and application related to shop problems

Modules-4 Algebra

Addition, subtraction, multiplication & division
Theory of indices, algebraic formula, related problems

Modules-5 Elasticity

Elastic, plastic materials, stress, strain and their units and young’'s modulus Elasticity -
Ultimate stress and working stress

Modules-6 Heat
Treatment

Heat treatment and advantages
Heat treatment - Different heat treatment process - Hardening, tempering, annealing,
normalising and case hardening

Modules-7 Profit
and Loss

Simple problems on profit & loss
Simple and compound interest

Modules-8
Estimation and
Costing

Simple estimation of the requirement of material etc., as applicable to the trade
Problems on estimation and costing




Instructions for Students
Students can study the modules according to their respective trade. Select the modules applicable to
your trade from the syllabus table below. A few trades have been listed for reference. If your trade is not

listed, write its name and the applicable modules in the blank row provided.

S. |Trade Name First Year Modules Second Year Modules
No.
1 Electrician 1,2,3,4,6,8,10 1,4,5,7,8
2 Fitter 1,2,4,5,6,7,8,9,10 1,2,3,56,8
3 Electronics Mechanic 1,23,6,7,10 4,8
4  |Turner 1,2,3,4,5,6,7,8,9,10 1,2,3,56,8
5 Refrigeration and air conditioning 1,2,3,4,5,6,7,8 1,2,3,5,6,8
6 Draughtsman Civil 1,2,3,4,6,8,10 2,345,738
7 Draughtsman Mechanical 1,2,3,4,6,8,10 1,2,3,8
8 |Wireman 1,2,3,4,6,8,10 14,5728
9 Machinist 1,2,4,6,7,89,10 1,2,3,56,8
10 |Surveying 1,2,3,46,8,10 3,4,7,8
11 |Information Communication Technology System |1,2,7,10 4,7,8
Maintenance
12 |Welder 1,2,3,4,6,7,8,10
13 |Diesel Mechanic 1,2,3,4,5,6,7,89,10
14 |Computer Operator and Programming Assistant
15 |Sewing Technology
16 |Instrument mechanic 1,2,3,4,5,6,7,10
17 |Basic Designer and Virtual Verifier (Mechanical) {1,2,4,8,10 1,2,3,8
18 |Industrial Robotics & Digital Manufacturing 1,2,3,4,5,6,7,8,10
Technician
19 |Manufacturing Process Control and Automation |1,2,3,4,5,6,7,10
Technician
20 |CNC Machining Technician 1,2,3,4,5,6,7,8,10 1,2,3,5,6,8
21 |Mechanic Electric Vehicle 1,2,3,4,5,6,7,9,10 1,2,4,5,8
22 |Artisan Using Advanced Tool 1,2,3,4,5,6,7,8,10
23 |Computer Aided Manufacturing (CAM) 1,2,3,6,7,10
Programmer
24 |Plumber 1,2,3,4,6,7,8,10
25 |Additive Manufacturing (3d Printing) Technician  |1,2,3,4,6,8,10
26 |Mechanic Motor Vehicle 1,2,3,45,6,789 1,2,3,5,6,8
27 |Industrial Internet of Things (IIoT) Technician

28
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2. Square root, Ratio and Proportions, Percentage | @ifge, srgqurd

wd qHIguTd, ufderd

2.1 Square and Square Root | @t iR afge

UNDERSTANDING SQUARE NUMBERS AND SQUARE ROOTS | af 3R aifeer ot g

SQUARE NUMBERS | & Gm
A number multiplied by itself | ga i for& gz & 1om feman ma g

Example | 3TT6<0T: 8 x 8 = 64 (82 = 64)

ole
ole
ole
ole
oo

£=16 =25
{ ™
PROPERTIES | T[0T
Square of even is even, odd is odd
T &1 3+ g, e &1 f farm
(3TTEROT: 62=36, 72=49)
Perfect squaresendin0,1,4,5,6,9 529

<

gt 0,1,4, 5, 6,9 RENE 4 & Ji0) 625

—65
Qo 0dd number of factors 125
O TurEsl Y favw wEm ~520 =90
625
Integer square root 349
- 0 J

SQUARE ROOTS | @fiet
The value that, when multlpllegﬂg by itself, gives the orlgmal
number | ag AT o8 @& & 70N &R TR I & 9T gt

Example | IETET0T: /49 = 7 (a4ifk because 7 x 7 = 49) V 49

FINDING SQUARE ROOTS: METHODS | @fiet aira aemr: faferat
Prime Factorization | 3t4Ied or@sA Division Method | %1 fafd

V144 V144 ~/6255625 —
NN\ 625 -
2x2x3  2x2x3 625
Vi#h=2x2x3=12 =130
525
1254_[1&'67’6‘3"3

ESTIMATION | 31HH

e.g., V50 is close to 7, as 72=49 and 82=64 0
JETERL: /50, 7 & T4 &, T 72=49 3R 82=64

WORKSHOP APPLICATIONS | Srferrelr Si'g’mﬂ"T

A e

Calculating Diagonals  La out & R|ght Angles Engmeerlng Measurements
IO

Fig. 2.1: Square Numbers and Square Roots | aﬂm@aﬂqy

2.1.1 Introduction to Square Numbers (Fig. 2.1)

A square number is obtained when a number is
multiplied by itself. Square numbers are important in
engineering calculations, measurements, and
workshop practice. Examples include 1, 4, 9, 16, 25,
and 36.

2.1.2 Definition of a Square Number
If a number nis multiplied by itself, the result n?is

called a square number. For example, 82 =8 x 8 =
64. Therefore, 64 is a square number.

2.1.3 Definition of Square Root

The square root of a number is the value that
produces the original number when multiplied by
itself. For example, 49 = 7because 7 x 7 = 49.
2.1.4 Properties of Square Numbers

e The square of an even number is always
even.

e The square of an odd number is always odd.

e Perfect squares end with digits 0, 1, 4, 5, 6, or
9.

e Aperfect square has an odd number of
factors.
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2.1.1 ot Te=rsi w1 uR=™ (Fig. 2.1)

a1 fohelt ST ot T & T[om fokaT STrar 8, af ure ik
AT BRI 3711 H Ag=aqul gidT 1 3P ITER0T 1, 4,
9,16, 25 3R 36 &I

2.1.2 ot Sz=ar i afRurer

e fonelt T (n) ot @@ & Tom fha Srar €, &t vt
qRumd (n2) &t avf T el STdT 21 IeTekuT & falyg, 82 =
8 X 8 = 64.37d: 64 Teh I T=AT &

2.1.3 gfega Y R

forelt ST o1 ariet g | i1 8, o1 @ § 7o A
TR Hel YA AT gt 81 3aTe=01 & flg, , V49 = 7, Hilfeh
7 X 7 = 49.

2.1.4 3t de=ATsit & qorerd

« T G=A1 HI 7 H3d §F giaT &

« faww T &1 gaq faww giar 3|

» quf ot St & sifaw 8i® 0, 1, 4, 5, 6 32@T 9 §id 8l
* Goh Ui of et & Ur-RgUst cht T faww gidt g

« gut it o1 Fefier waa e qutieh giar &1
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e The square root of a perfect square is always
an integer.
2.1.5 Identification of Perfect Squares
Perfect squares can be identified by memorizing
common square numbers and examining their prime
factors. Examples are 25, 36, 49, 64, 81, and 100.

2.1.6 Methods of Finding Square Roots

Prime Factorization Method

In this method, the number is expressed as the
product of prime factors. Equal factors are paired,
and one factor from each pair is multiplied to obtain
the square root.

Division Method

The long division method is useful for finding square
roots of large numbers. Digits are grouped in pairs
from right to left, and the root is obtained step by
step.

2.1.7 Rules for Finding Square Roots
e Group digits in pairs from the right side.
e Select the largest square less than or equal to
the first group.
e Continue the process systematically for the
remaining groups.
o Verify the answer by squaring the obtained
root.
2.1.8 Estimation of Square Roots
The square root of a non-perfect square can be
estimated using nearby perfect squares. For
example, since 72 = 49and 8% = 64, the value of V50is
slightly greater than 7.

2.1.9 Verification of Square Root Calculations

A square root calculation is verified by multiplying
the obtained root by itself. If the product equals the
original number, the answer is correct.

2.1.10 Applications of Square Roots in Workshop

Practice

Square roots are widely used in:
e Diagonal measurement of plates and frames.
e Layout work and right-angle construction.
e Engineering drawing calculations.
¢ Machine alignment and fitting operations.
e Determination of dimensions in fabrication

work.

2.1.11 Example 1: Prime Factorization Method

Find the square root of 144.

Prime factorization:

144=2%x2x2x2x3x3

Pair the equal factors:

V144=2x2x3=12

Answer: V144 = 12

Example 2: Prime Factorization Method

Find the square root of 225.
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2.1.5 gof anif &Y gg==

AT o] HAT3T el TRUT cheh AT 3Tch STHT
T[UTGUS] &1 YRI&TUT cheeh qUT a1l hl TG hl ST Hehel!
&1 9 3IaTER0T 25, 36, 49, 64, 81 3R 100 &

2.1.6 A A9 @A i fafaat

YT UrEvs fafe

g9 fafe & G ot S19Tsg UEEUS] & UHGA & T H
o fohan STTaT 81 GHTH UFAUs] & giH 1Y STd 8 de
ek A Y Teh UIARAUE AehR ShT [0 e TR IIHe
gTed Biem g1

W fafg

gicil ¢ | 39 3fehl @l 3¢ F &Y oAt | farwfora fewar STrar g
3R TRUT-G-TROT Ffet U fowar v 81

2.1.7 e 19 &= & Raw

* 3ichl I g SR F gt A AW |

* UH GHg o SRR T ITY DI Tad T8t a7 H&AT bl
EREETd

« Y TET & foIg Ufcha ol thifeig ©U & SIRT 7@ |

* YTt FIHeT ST T ehich TR <hl TATIH |

2.1.8 Tt & IIgHH

31quf e T & el T SgAT Reheadt guf el &t
TETIdT & TRIAT ST HehdT & | S&Tex0T & folg, Fifs 72 =
49and 3R 82 = 64 §, gAY (\sqrt{50}) BT aF 7 &
ofter 3fden ghmi

2.1.9 T oISt Rl HRTAA

YT el el T T U Shich SRiHel U ST HATI
fohaT STt 81 afc UrHthel Jot T=AT & SRTER g, df IR ot
HIHET ST 8

2.1.10 HRIATAT 31T | e & IFFoANT

I o1 STUeh AN =ifeifEd st # fohar ST &:
* Tiet 3fiR thet o faehut AToe |

* ASMTSC Hrd qUT GAHAIUT (AT H|

« HfAFIRhT SIRGUT MU H|

« 7fi TReguT qur fhfd dicharett 71

- fAaToT Rt & sl & PRaRor F|

2.1.11 STIEROT 1: FUY o-Es fafd
144 o1 g FA1d IS

TSy TUHES:
144=2%x2%x2%x2%x3x%x3

A UGS & S8 T8
\V144=2x2%x3=12

IR V144 = 12

IGTERUT 2: TSy ur-Es fafd
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225=3x3x5x5
Therefore,
V225=3x5=15
Answer: V225 =15
Example 3: Division Method
Find V529.
Using the long-division method:
e Divide 529 into pairs from the right: 5 | 29.
e The largest square less than or equal to 5 is
22=4.
e Subtract:5-4=1.
e Bring down 29 to get 129.
e Double the quotient 2 to get 4.
e Select 3 because 43 x 3=129.
e Subtract: 129 -129 =0.
Therefore,
V529 =23
Verification:
23 x23=529
Hence, the answer is correct.
Example 4: Larger Number
Find v2025.
Using the division method, the square root is:
V2025 = 45
Verification:
45 x 45 = 2025
Answer: V2025 = 45
Example 5: Non-Perfect Square
Estimate /50.
We know:
7?2 =49
82 =64
Therefore,
7<+50<8
Since 50 is only slightly greater than 49, V50 is slightly
greater than 7.
Answer: \50 ~ 7.07
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225 1 A AT hifoid |
225=3x3x5x5
\225=3x5=15
I V225 = 15
3argur 3: vt fafa
529 T el FTd IS
e o fafe grm:
o TEIRTS529 RIS A R 5 | 291
o 5 UHA YRR I g1 a1 2% = 4 3|
° EIET&:S—4=1|
e 29! M WR 129 U giaT 81
o YNTthdl 2 ohl GNIAT &3 UR 4 UTT gl 8l
o 3T T & Rilfh 43 x 3= 1291
TeTd: 129 - 129 = 0|

V529 = 23

St

23 x 23 =529

31 IR TaI gl
ISTEUT 4: ISt TE=AT
2025 &1 SFTA AT SIS
T fafer grm:

V2025 = 45

St

45 x 45 = 2025

JR: V2025 = 45
Jargeor 5: guf af 7l
V50 ST FFA TR

89 ST &:

72=49

82 =64

7<+50<38

Hfdh 50, 49 T dhaet AtgT 31l &, gafT V50, 7 F 2ter
3rfdes g

IR: V50 ~ 7.07
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2.2 Simple Problems Using Calculator | Sheighetex &l IUART ehich Tel THIATY

ELECTRONIC CALCULATOR | Salael-d dadeies
[~ —)

DISPLAY | f3uct [

M Deg etc Mtav MC alt- =i-

i 3456, 18

*Reduces Human Errors, Quick & Accurate
| ) 9 S 2, A 3R TS

ALL CLEARIWW@—\E ﬂ . ,— POWER | €Td

8
a8
H

SQUARE]H”f-—~ m =
SQUARE ROOT | Ffiet sin) (cos]

TRIGONOMETRY | fi@orfafy
LOGARITHM | Tor

&

g!

oo

L+—— MULTIPLICATION | 7o
. @ DIVISION | 4FT
SUBTRACTION | e/
EQUALS | TR

4

BASIC OPERATION STEPS | gfardi wifesar avur

ODD

—~ ¥

PROCESSOR
Pirirard

INPUT DEVICE | d e b
gqga@'a]g"q [ :Z

T

0RGED INPUTDEVICE "STREn

-t

. ENTER FIRST NUMBER 2. PRESS OPERATOR KEY (#, -, *, /)
Tgell AR &5f Y HIGET (+, -, %, /)

3. ENTER SECOND NUMBER

4. PRESS EQUALS (=) FOR RESULT
1 R &1 Y GERT AR & Y

of¥orm & fAT &R (=) game

[Example. Power=Vx| -®@-
¥ =Vxl

3GTEXVT: 2

2]

Fig. 2.2: Electronic Calculator and Basic Operations | saagiRe® ddgeier Td a1 dfohary

2.2.1 Introduction: (Fig. 2.2)

An electronic calculator is an important tool in
workshop calculation. It performs arithmetic
operations quickly and accurately, reducing human
errors in engineering work. It is widely used for
measurements, machining calculations, electrical
formulas, and material estimation.

The main calculator functions include number keys,
addition (+), subtraction (-), multiplication (x),
division (+), percentage (%), square (x?), square root
(), memory keys, and clear (C/AC) buttons.
Electronic calculators work on digital circuits that
process input data and display results instantly. For
basic operations, enter the first number, press the
required operator, enter the second number, and
then press (=).

Squares are found using the x? key. Example: 12% =
144, Square roots are calculated using the  key.
Example: V225 = 15. Percentage problems use the
(%) function. Example: 20% of 500 = 100. Ratios can
be simplified by dividing both terms by their HCF.
Calculators help verify manual calculations and
improve accuracy in fitting, turning, electrical wiring,
and fabrication work.

Precautions: Keep the calculator clean, check
battery condition, use correct key sequences, and
verify units before calculation.

Solved Example:

Power = Voltage x Current =230 x 5=1150 W
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2.2.1 uf==: (Fig. 2.2)

SoIagIeh cheTgpeie ShI-IRITET U H Yeh AgqUl SUehUT
&1 TE SRTTOIdI dfcharati ol dterdT 3R TeiehdT o A1
BIct €| ST ATIh IUFNT H19H, HeffT TumTSH, fagga

Il AT ALY SHTeher | feha ST g1

T Shagaier HIAT | T Hiowt, Sitg (+), gerd (<), gom
(x), T (<), gfaerd (%), @ (x?), awfge (V ﬁnﬁ‘@iﬁm
aer faerar (C/AC) de e g1

SoragIeh chargpeiey fefoleet aRuef TR &R ohvd 8, St

&1 gt Sfcharat & folq, ugelt dwam gt o, srrasaes dfehar
g 3aTd, qEt U gt e SfR e (=) Fooit qamd |

Tt 3T e & FAQ x ot BT IUANT AT ST | STTERT:
122 = 144 iHe Y TOMET \ ot gRT hl ST § | SSTERT:
V225 = 15| ufaerd Geeft usii & v (%) wer a1 SuahT
fohaT STaT €1 33180 500 &M 20% = 1001 U hl I9ch
HgaH ATYddeh (HCF) T g1 ugl ot favfoid awdh axet
AT ST TehT 8

helpeicr gEadTicld MUHTST & TATU- | TERIdT Shed 8
der fhfe, eff, farga arafér ok FMafor ot & wdierdr ot
ErAGEL

FraunAaT: g ol Tw® W, st & f[RAfG Hr Sr
Y, Tal it SJshH hl JUANT T IAT T § Yd Shrsal
T FATIT B |

g fohar T IgTERen:

oTfert = dieesT x gRT=230x 5= 1150 W
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2.3 Introduction to Pythagoras Theorem | UrsaTIRT yA7 &1 uR=g

.
4

‘Wz PYTHAGORAS THEOREM | wrsemiteer s [ 7 1

% (c2=a%+b? n

a2+ b?=Sum of the Squares
of the Base & Perpendicular

IR 3R A & T b1 IIT

Square of the
Hypotenuse (c?) |

RIGHT-ANGLED
TRIANGLE | aior fsget

a + b? = Sum of the Squares
of the Base & Perpendicular

SR R T & T BT I

|

b : Perpendicular | e

<

a: Base | MR

I Oy
et

Fig. 2.3: Pythagoras Theorem | UrSamIRT v

2.3.1 Introduction to Pythagoras Theorem (Fig.
2.3)
Pythagoras Theorem is a fundamental mathematical
principle used to determine the relationship between
the three sides of a right-angled triangle. It is widely
applied in workshop calculations, engineering
drawing, fabrication, construction, and machine
installation work. The theorem helps technicians
calculate unknown distances accurately and maintain
squareness in practical jobs.
Example:
Aright-angled triangle has a base of 6 cm and a
perpendicular of 8 cm. Find the hypotenuse.
Solution:
Given,
Base, a = 6cm
Perpendicular, b = 8cm
Using Pythagoras Theorem:

c?=a?+b?

c? =6%+82
c>=36+64=100
=+v100=10cm

Answer: Hypotenuse = 10 cm
2.3.2 Statement of Pythagoras Theorem
The theorem states:
"In a right-angled triangle, the square of the
hypotenuse is equal to the sum of the squares of
the base and the perpendicular.”
Mathematically,
c?=a?+b?
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2.3.1 UTSYUTIRY W94 &1 9= (Fig. 2.3)

TIBANTRY TAY e Hifeies nforcdia Rigia & forgest sy
GHGRIT YT hl =1 osTet & g dde iR wa &
for foham STTaT 1 S9hT AUk TU T ShRIITAT TUTHTS,
gofifafi grem, FAmfor, dw=m Amfor qur #efie wmoEr
HTIT B IUGHT fohar ST &1 I8 T8 deh-H 11 bt S13TTd
giRat &t Gieh TUMT et T ATaglRen Shral § FHBIUTAT
AT W H Gg1IdT et gl

ITERT:

Qe HHhIUT S el YR 6 cm dAT &fd 8 cm &1 ol A1
Eﬁi@m

ﬁmw%

SYR, a =6 cm

@d, b=8cm
UTSAUTTRY UAY & 3TER:
c=a?+b?

c* = 6%+ 82
c2=36+64=100
c=+v100=10cm
FR: Hf =10 cm

2.3.2 UTSATRA YA hl A

TS T hA &

"Qeh HHEIOT Pyt J ot o1 @, sUR iR #a & anif
& ghT & RIER gar 1"

fordta =g g,

2 =32+ b2

<

Siel,
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where,
e = Hypotenuse
e a=Base
e b= Perpendicular
Example:
Find the hypotenuse when a =9m and b = 12m.
Solution:

c? =92 + 122
c? =81 + 144 = 225
=V225=15m

Answer: Hypotenuse = 15 m
2.3.3 Parts of a Right-Angled Triangle
A right-angled triangle consists of:
e Base: Horizontal side.
e Perpendicular: Vertical side.
¢ Hypotenuse: Longest side opposite the right
angle.
Example:
Base = 5 cm, Hypotenuse = 13 cm.
Find the perpendicular.
Solution:
b2 =2 — g2
b? = 132 — 52
b? =169 — 25 = 144
b =144 =12 cm

Answer: Perpendicular =12 cm
2.3.4 Mathematical Formula of Pythagoras
Theorem
The standard formula is:
c*=a*+b?

Modified forms are:

a=+/c2— b2
b =+/c%—a?

These formulas help determine any unknown side.
Example:

Find the base when ¢ = 25cm and b = 24cm.
Solution:

a? = 252 — 242
a? =625 —576 =49
a=v49=7cm

Answer: Base =7 cm
2.3.5 Procedure for Applying Pythagoras Theorem
The following steps are used:
1. Draw the right-angled triangle.
Identify known and unknown sides.
Select the appropriate formula.
Substitute values.
Perform calculations.
6. Write the final answer with units.
Example:

vk wnN
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o C=a0f
e a=J3YKR
o b=ddg
JQIgRul:
Siga=9mdATb =12 m g, at ol F1T KT
G
c>=9%2+122
c?=81+144=225
c=225=15m
IR Hf=15m

2.3.3 g RAYSt & urt
T gHGAIUT BrYS d Refef@a «rT gid &:
o IHTYUR: &S T
o WE: HEATER S
o HUT: GHHIUT & THE [T FaY et YTl
3qIgRul:
3MYR = 5 cm, &hof = 13 cm
GEEIGEIN!
gel:
b?=c*-a?
b%?=13%2-52
b2=169-25=144
b=vV144=12cm
I dd=12cm

2.3.4 UTZUTIRE WA &l Mo g
A 9 &
c?=a?+b?
Tenfaa €9 &:
a=(c%- b?)
b =(c? - a?)
g g et ot 31T ofst ot iR e & wgrrar & g
JQIgRul:
ST ¢ = 25 cm AT b = 24 cm g8, at SR 3 hifSia
G N
a%=252%-242
=625-576=49
a=V49=7cm
IR ATIR =7 cm

2.3.5 UTSUTIRY WA & guanT & ufdhar
fAfefaa =ron o1 g fokar ST &:

. GAGRIT RS o1 R F1ET)

A1 3R AT T Y gga HIfSg
IUerT T T TI g |

A ot wfaenfa HifSg)

TOMET ST

3ifdH IR ot 3 geprsal Afgd fAfaTl
JSTEROT:

SvAwN 2
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Base = 7 m, Perpendicular =24 m.
Find the hypotenuse.

Solution:
c? = 7%+ 242
c®>=49+576 =625
c=+625=25m

Answer: Hypotenuse = 25 m

2.3.6 Determination of the Hypotenuse

The hypotenuse is always the longest side of a right-
angled triangle.

Formula:

c=+a*+bh?

Example:
Find the diagonal of a rectangle of length 15 m and
width 8 m.

Solution:
d? =152+ 82
d? =225+ 64 = 289
d=+289=17m

Answer: Diagonal =17 m

2.3.7 Determination of an Unknown Side

An unknown side can be found when the hypotenuse
and one side are known.

Example:

Hypotenuse = 10 m, Base = 6 m.

Find the perpendicular.

Solution:
b? = 10% — 62
b? =100 — 36 = 64
b=vV64=8m

Answer: Perpendicular =8 m
2.3.8 Application in Layout Work
The 3-4-5 rule is commonly used to check right
angles during workshop layout and marking
operations.
If:
e Base =3 units
e Perpendicular = 4 units
e Diagonal =5 units
then the angle is exactly 90°.
Example:
A fitter marks 600 mm and 800 mm sides. Verify the
diagonal.
Solution:
c? = 6007 + 8002
c% = 360000 + 640000 = 1000000
¢ =1000 mm

Answer: The layout is perfectly square.
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YR =7 m, o = 24 m|
Ul T hIfog|

gel:

2 =7%+24%

=49 +576 =625
c=V625=25m

IR Hf=25m

2.3.6 &t &1 fRafzor
HUT G THHIUT ST ht TS it oot gielt 3

T
c =(a? + b?)

JTE0T:

15 m &S 3R 8 m TSTS a1t 31 &t faeput 3i1d Sl
g

d? =152 + 82

d? =225 +64 =289

d=4289=17m

IR Aot =17 m

2.3.7 31T oS ot FRrefRor
STe 0T 3R Ueh ST AT &Y, e AT YSIT AT bl ST
gahdt gl
ISTEIT:
&Huf =10 m, 3MEIR =6 M1
GEEIGEINI!
gl:
b%=10%-62
b?=100-36=64
b=v64=8m
JW:dd=8m
2.3.8 R3¢ S H Syt
HIRIITAT A3 3R 3ich BT & R THHIUT Y i b
AT 3-4-5 AW o1 I SYANT T STTaT 21
afe:
o J3MYR=33HS
o dd=45HE
° ﬁEFUf=SSEFI§
@t ot Stk 90° BT 21
ISTEIT:
Teh fthex 600 mm 3R 800 mm <Y T3t T 3ieh ST
21 faepof o1 g Hifsa
gl:
c? = 6002 + 8002
¢ = 360000 + 640000 = 1000000
¢ =1000 mm
IR 31T Yuia: FHeAIOIY Bl

24



Teach To India Publication

Workshop Calculation and Science

2.4 Ratio and Proportion | Sfard 3R dHTIATd

RATIO & PROPORTION OVERVIEW / 3T T4 SHIUTA $T i
1. RATIO ERUIG WORKSHOP PRACTICE  PIs (ol el syn(eo]\} FHTIUTd
COMPARISON BY DIVISION ‘W‘:‘;k » EQUALITY ¢ OF RATIC RATIOS
GRT et 20kg SANg &ﬁqliil O Gears
Both simplify to 1:2
8—8 5 @' | ab=cd= a2
Same items of same kind WORKSHOP PRACTICE P A Speed
1
Ratio: 20:10 PROPERTIES OF PROPORTION / HTJUTd & TERMS OF A PROPORTION
3Ta: 20:10 _’2 1 = WHIUIT & UG
2 PARTS CEMENT : 1 PART SAND £ £ i l First Term Second Term
2 S : 1 41 3 xrevesr@ C D = € 0 «oremes | wmw ] [ fed
REPRESENTATIONS / fAsuur & e R acb=c:d
Fratem: 4: 1 O MEANS _____: ) ] L
4 . 1 Fractional: 4/1 Produ of Extremesq_ Product of Means T%cqu%m Fo%g-,l}l;%rm
. fmrers: 41 SR, _ AU S
Colon: 4: 1 Words: 4 to 1 4:6=8:12
Ha:4:1 4 3
i it s TYPES OF RATIOS / 3gurdl & UHR
SIMPLIFICATION / SRelIeR 0T (A) Equivalent Ratios (B) Compound Ratios / faféra sruma Result: 8:15
X (4% — gfYomm:
24 36 HCF 2 3 2:3=4:6=6:9 (2 4) (3 5) 8:15
( ) . . : Ratios 2:3and 4:5 Used in Gear Trains / firoR 341 # mgw

Fig. 2.4: Ratio and Proportion | 3/uTd Td |HTIIaTd

2.4.1 Introduction to Ratio (Fig. 2.4)

Ratio is a mathematical method used to compare
two quantities of the same kind by division. It
indicates how many times one quantity contains
another. In engineering and workshop practice,
ratios are used for material mixing, gear selection,
scale drawing, machine speed calculations, and
production planning. Ratios help maintain
uniformity, accuracy, and standardization in
industrial work.

2.4.2 Definition of Ratio
Aratio is the comparison of two quantities expressed
in the form a : b, where a and b are of the same unit.

Rati _2_ b
IO—E—a.

For example, if a workshop uses 20 kg of cement and
10 kg of sand, the ratio is:
20:10=2:1

This means that for every 2 parts of cement, 1 part of
sand is used.
2.4.3 Representation of Ratios
Ratios can be represented in different forms:
e Usingacolon(3:5)
e Using fractional form (3/5)
e Inwords(3to5)
Both quantities must be expressed in the same units
before comparison.
Example:
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2.4.1 3gura &1 9= (Fig. 2.4)

U Qe oIt fafer & forrent SuivT T\ UehR i &
AT Y JoAT AT S e o feiQ fohaT STTaT 81 I8
gtar & foh ges AfA gt i A vt aR Fwfa 81
goitfAaR SfR shriLTTelt 313aTe # SigurTd &1 SUFNT rauft
fRrgror, AR T, Whet SREH, AfA 71fd oS e
Idre gt | fobar STrar 81 srgura sienfies st A
Teh&UT, Yl 3R HIehIehR 0T S1¢ I&- # TEIadl hed
gl

2.4.2 3gard &t afkurem

JUTd &1 AT Y JaT 8, S a : b & wu d e fehar

ST &, STef a 3R b ek & gots A g &

"$rguTd" = Ratio =+ = a:b

ISTEXUT & forg, afe fopelt ahrfermerr & 20 kg e 3R 10

kg Y 1 3TN {1 ST &, dF SgUTd gI:
20:10 = 2:1

3Gt 31 & b udes 2 v e & fAw 1 wmr3a o

ST fohaT Sirar

gl

2.4.3 3rgurd &1 fAegor
SrguTd ot fafwa wut | Ao fhar S e &:
o ThicIH T IUANT ek (3 : 5)
o f¥FFETH(3/5)
o SEH(3FS5)
T et @ Uge Q1 TR bl A Shredl | e fopar
STHET e q |
ISTETOT:

25



Teach To India Publication

Convert 2 m and 50 cm into the same units.
2m=200cm

Ratio:
200:50 =4:1

2.4.4 Simplification of Ratios
Ratios are simplified by dividing both terms by their
Highest Common Factor (HCF).
Example:
Simplify:
24:36

HCF of 24 and 36 =12
24 +12:36 + 12
2:3

Therefore, the simplified ratio is 2:3.
2.4.5 Types of Ratios
(a) Equivalent Ratios
Equivalent ratios have the same value after
simplification.
Examples:
2:3=4:6=6:9

These ratios represent the same relationship.
(b) Compound Ratios
A compound ratio is obtained by multiplying
corresponding terms of two or more ratios.
Example:

2:3and 4:5

Compound ratio:
(2x4):(3%x5)
8:15

Compound ratios are used in machine transmission
systems and gear trains.

2.4.6 Definition of Proportion

A proportion is an equality between two ratios.
General form:

a:b=c:d
or
a_c
b d
Example:
2:4=3:6

Both ratios are equal to 1:2, therefore they form a
proportion.
2.4.7 Terms of a Proportion
In the proportion:
a:b=c:d

the terms are:
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2 m 3fR 50 cm <t THE gehredl A gRafdd Hifsal
2m=200cm
SIUT:

200:50 = 4:1

2.4.4 STl T TRATROT
(HCF) & fawifSia axes fohar SiTar g1
LR

TR HIfT:

HCF of 24 and 36 = 12
24 +12:36 + 12
2:3

37T, TR U 2:3 Bl

24:36

2.4.5 Ut & UhR
(a) g ergura
T U 3 B & Ot TReAh=0T hert TR GHM A
T g1 2l
3IGTEIT:
2:3=4:6=6:9
T U AT HeY ohl e hed
(b) Hga SrguTd
GYId 31T &1 AT &1 § 3HfSeh SIguTdl o WTd UGI ST O
Tch YT fohar ST B
3IGTEIT:
2:3and 4:5

gard SgUTa:

(2x4):(3%x5)

8:15
G JJUTal 1 JuAnT HLfiH TeRor yonfeat Sk R ¢
o forar SITaT 81

2.4.6 HTUTE < aRHTan
GHTATA Gt ST hl FHAT B
G WU

a:b=c:d

c

a
b
2:4=3:6

ST S1ATd 1:2 & SRISR 8, 37k & FHIUTd §1d g
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e FirstTerm:a
e Second Term: b
e Third Term: ¢
e Fourth Term: d
Example:
4:6 =8:12

Here,
e Firstterm=4
e Secondterm=6
e Thirdterm=38
e Fourthterm=12

2.4.8 Properties of Proportion
The fundamental property of proportion is:
axd=bXc

That is,
Product of extremes = Product of means
Example:

3:5=6:10
Verification:

3x10=30

5x6=30

Hence, the proportion is correct.
This property is widely used to determine unknown
quantities in engineering calculations.
2.4.9 Means and Extremes in a Proportion
In the proportion:
a:b=c:d

e Means: band ¢
e Extremes: aandd

Example:
4:8=06:12
Means =8 and 6
Extremes =4 and 12
Verification:
4x12 =148
8X6=48

Therefore, the proportion is valid.
2.4.10 Applications of Ratio and Proportion in
Engineering Work
Ratio and proportion are widely used in engineering
and workshop practice, including:
e Mixing of concrete, paint, and lubricants.
e Scale drawings and engineering blueprints.
e Gear and pulley speed calculations.
¢ Material estimation and cost analysis.
¢ Machine production planning.
e Electrical transformer winding ratios.
e Fuel and air mixture calculations.
www.teachtoindia.com
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e UYHUYQ: 3
. faf@u=:b
° ?]_?ﬁ'qtﬁ.':c
o wgdus:d
RN
4:6=8:12
g,
e UYHUG=4
o fgdmug=6
. Fl?ﬁ?lq'c{=8
o E@?.ftl'c{:12

2.4.8 ST & U7
GATAT T el T[0T &

axd = bxc

3rfd,

SHfAH UGt T U = He UG T UThA
RIA RIS

3:5=6:10

AT

3x10 =30

5x6 =30

37T, AT Tgl g

S T[0T ST SUINT SO G TUMHTSH F 37T AT ot
fRefzor A & fAT saues T 3 fobar ST &1

2.4.9 SHEIIUE | qeA 3R sifaw ug

HHATIUTA:
a:b=c:d
H,

e WU bRC
o Sifawus: a 3Rd
3qlgRul.
4:8=6:12
A UG =8 3R 6
famug =4 3R 12
RZIEEH
4x12 =48
8x6 =48

37T, AT 3¢ 81

2.4.10 $sfifaafén wraf & srgura siiv gaTguTa &
rguEt _
JUTd 3R FHIUTA b1 ATUeh SUINT SR 3R
HIRIITAT 3131 | fohan ST 8, o4 enfaa &:

o hehie, Ue 3R Tigah! o sy

o Thdt IR 3R SelifAafar sfiie|

° ﬁlﬂ'\’&ﬁ?ﬂ?’ﬁrﬁ'mﬂﬁl

o Tt T 3T 3TR ARTd fasetwor|

o TfH ST AateH|

o fAga giawrR arEfn srural

27



Teach To India Publication

Proper use of ratio and proportion ensures accuracy,
economy, and standardization in industrial
operations.

Continued Proportion

Three quantities a, b and c are said to be in
continued proportion when the ratio of the first
quantity to the second is equal to the ratio of the
second quantity to the third.

a:b=b:c

Therefore,

b? = ac

Here, b is called the mean proportional between a
and c.

Example 1: Checking Continued Proportion
Check whether 4, 8 and 16 are in continued
proportion.

4:8=1:2

8:16=1:2

Therefore,

4:8=8:16

Hence, 4, 8 and 16 are in continued proportion.
Example 2: Finding the Mean Proportional
Find the mean proportional between 4 and 16.
Let the mean proportional be x.

4:x=x:16

Therefore,

x?=4x16

x* =64

x=38

Hence, 8 is the mean proportional between 4 and
16.

2.4.11 Example 1: Simplification of Ratio
Simplify 36 : 48.

Divide both terms by 12:

36:48=3:4

Answer:3:4

Example 2: Equivalent Ratio
If3:5=x:20, find x.

3/5=x/20

5x =60

x=12

Answer: x =12

Example 3: Finding an Unknown Term
Findxif4:7=x:21.

417 = x/21

7x =84

x=12

Answer: x =12

Example 4: Workshop Mixing

Cement and sand are mixed in the ratio 1: 3. If 20
kg of cement is used, find the quantity of sand.
Sand =20 x 3

=60 kg

Answer: 60 kg

Example 5: Gear Speed Ratio
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o Se ofR arg fArsror i MUY
JUTd 3R FHEUT 1 3fd IuAT Sffenfiies sl &
YT, Aaeafiar ok Ardhiaor gRfaa et &1
Had SHIuE
= w2t a, b 3R ¢ Tad GHUId & 9 Shel Siid! 8, 519
Tgetl fRA 3R @Y ALY AT 31U, GERY fRY R fred
LA o ST & SRR gl
a:b=b:c
b?=ac
7t b, a 3R ¢ HI A1eA THIUTC HgaTdT B
IGTEROT 1: Held HHIUTA ) Sitd
Sirg HIfg {6 4, 8 3R 16 Tad TARUTE & € a1 81|
4:8=1:2
8:16=1:2
4:8=8:16
zfaiq 4, 8 3R 16 Tda YA & &1
ISTEUT 2: AT AHIFUTA AT a1
4 3R 16 & i A1er TEIUT 719 HfFTI
HIET AT AT X B
4:x=x:16
x?=4x16
x? = 64
x=38

gafaiq 4 3R 16 o = ATy FHIgUT 8 g1

2.4.11 3TTIEROT 1: IJUTA T FXATHOT
36 : 48 &l T FHIfS|

gl Ui &t 12 § wmr &

36:48=3:4

IR 3:4

IQTEROT 2: ged 3Tard
gfed3:5=x:20¢g, a x 7 hifSul
3/5=x/20

5x =60

Xx=12

I X =12

ISTEROT 3: T UG FTd Al

e 4:7=x:218, a@ x 1 HfST
4/7 = x/21

7x =84

Xx=12

S X =12
ISTETUT 4: hrdmer & fAsror
e iR ¥ &t 1 : 3 & sruTd A A smar g1 afe
20 kg e w1 gl O st g, &t ¥a 6 7 A
CIE

Id=20x3

=60 kg
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The speed ratio of two gears is 2 : 5. If the first
gear rotates at 500 rpm, find the speed
corresponding to the second gear.
Speed =500 x 5/2
=1250 rpm
Answer: 1250 rpm
Practice Questions

1. Simplify 48 : 64.

2. Findxif5:8=x:24.

3. Findxif7:9=21:x.

4. Cement and sand are mixed in the ratio 1: 4.
If 15 kg cement is used, find the quantity of
sand.
Simplify 72 : 90.
6. If 6 m cable costs 720, find the cost of 15 m.

v

2.5 Direct Proportion | Y& SHIUTd

Workshop Calculation and Science

3R 60 kg
Jareur 5: R & nfa &1 srqua
& fr=t & ifa a1 SrguTa 2 : 5 @1 af uget firR i
nfa 500 rpm &, at g AR Fi Wa fa 79 Hifsigl
fd = 500 x 5/2
=1250 rpm
3R: 1250 rpm
31T U
1. 48 : 64 ot TRA FHifST|
gfe5:8=x:24¢, d x Ad HIfATI
gfe7:9=21:x¢, d x Ad HfaTl
e 3R ¥ ahl 1 : 4 & 3rguTd H AT SIrem 81
afg 15 kg e o1 IUANT fohar STdT 8, ot 3
HIET AT HIfg)
72 : 90 ol TR FHifSiw|
6. 6 m had I ANTT €720 &1 15 m &l AR AT
RIS

AW

U

PROPORTION: DIRECT VS. INDIRECT | 3UTd: 3rhHTUTA -TH ogpATUTe

| DIRECT PROPORTION | 3shHTUTd!

XY Ratio Remains Constant (x/y = k) | 3urd f&R g1 & (x/y = k)

:= Characteristics
e x &amp; y Increase Together

 x &amp; y Decrease Together
o x 3R y U H1Y Tea ¢ j

o X 3R y U WY g

Value (y) | AT (y)

>
»

Quantity (x) | ATAT (x)
(©) WORKERS AND PRODUCTION mﬁnﬂ aﬁ?m
4 Workers - 80 Components | 4 AR > 80 UTH
10 Workers = 200 Components | 10 FHaT > 200 HeH
$34:10=80:x~>x=200

|\_ INDIRECT PROPORTION | ScshHTUT!

& Product Remains Constant (xy = k) | UM fRR g1 & (xy = K)

= Characteristics
« x Increases, y Decreases
o XTGAT g, y Tedl &

» x Decreases, y Increases
o XUTAT, y qgaT g

Value (y) | 7 (y)

>
»

Quantity (x) | ATAT (x)

@ WORKERS AND DAYS REQUIRED | IR} 3R 3fTawge faa
4 Workers - 80 Days | 4 BHaRI - 80 fd7
10 Workers - 32 Days | 10 SHaRY - 32 f&70

KR 4x80=10xy>y=32

Fig. 2.5: Direct and Indirect Proportion | SIJshATIUT! Td HhATaTe

2.5.1 Introduction to Direct Proportion (Fig. 2.5)
Direct proportion is a relationship between two
quantities in which both quantities increase or
decrease together in the same ratio. If one quantity
becomes double, the other also becomes double; if
one quantity is halved, the other is also halved.
Direct proportion is widely used in workshop
calculations, material estimation, production
planning, and labour management. It helps
technicians predict output accurately and maintain
standard working procedures.
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2.5.1 ueger 31gutd &1 uR= (Fig. 2.5)

YI&T YU &t iR o offar UaT ey g o g1 it
T 31UTd § Uk T Jget a1 gedt &1 afe vep afr gRpt
gl STt 8, at gt fey oft Qg 8t et € af ek
3mreft gt ATt 8, ot gy Af2y oft ameft g St 81 v
SIJUTA ehT Tk JUTNT HTIRATeT OIS, AT 3fTeher,
3dTe AT dur 9\ gsied # fhar Sirar g1 ag
TRAIT eht IS hT Hteh GaigH T 3R AT
1 Ufeharsil @l ST & | HErIdT hdl 8
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2.5.2 Definition of Direct Proportion
Two quantities are said to be in direct proportion
when their ratio remains constant.
Mathematically,
X
p—
y

or
X<y

where kis a constant.

Example:

If 5 kg of paint covers 50 m?, then 10 kg of paint will
cover:

5:10 = 50:x
5x =500
x = 100 m?

Therefore, 10 kg of paint covers 100 m?.

2.5.3 Characteristics of Direct Proportion

The important characteristics of direct proportion
are:

e Both quantities increase together.

e Both quantities decrease together.

e The ratio between the quantities remains

constant.

e The graph is a straight line passing through

the origin.

e The relationship is represented by x o y.
These properties are frequently used in engineering
and industrial calculations.

2.5.4 Graphical Representation of Direct
Proportion

In direct proportion, the graph between two
quantities is a straight line that starts from the origin
(0,0). The linear relationship indicates that equal
changes in one quantity produce proportional
changes in the other quantity.

This graphical method helps engineers analyze
production trends and machine performance.
2.5.5 Applications of Direct Proportion in
Workshop Calculations

Direct proportion is commonly applied in:

e Material consumption calculations.

e Wage calculations based on working hours.

¢ Production planning.

¢ Paint and concrete mixing.

e Estimation of electrical cable lengths.

e Scaling of engineering drawings.

These applications improve accuracy, economy, and
productivity in industrial operations.

2.5.6 Solved Examples on Direct Proportion
Example 1

If 5 kg of material costs 750, find the cost of 8 kg.
Cost per kg=750+5=%150
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2.5.2 yeaer 3rgurd b aRurar

I AT ot Ucaer ST H el STdT g STd 3-ehT SiguTd
f@R war gl

oy &9 9,

IR

a0

X oy
STl k U @R g1

JIqTEROT:

gfe 5 kg 9e 50 m? & &l har &< &, df 10 kg Te
fohd=T &5 TheR Hm?

5:10=50:x

5x =500

x =100 m?

31, 10 kg e 100 m? &5 ohl e T B

2.5.3 et e Y fRAdwary
maaamaﬁnzaqﬂfﬁq‘rwﬁtr%@a%
ST ITRAAT Teh H1Y et gl
o QI AfAAT Yk TTY Tedl 81
o AT & i T SuTd FRR @A B
o UTH I foig § oA arelt b dleft 3T i 81
Gae i x o y gRT Uil fovar Srar g1
s:rgvﬁaﬂ:{crqhsvrﬂﬁuﬁnamaﬁaﬂﬁzﬁmmeﬁﬁw
fohar Strar 21

2.5.4 Y&l Ut 1 ATy Aegor

TIeT UTd & &f AT & i o1 1ok e wteft Y@ gt &
S 7 foig (0,0) & URw gidll 81 g Qe defer gerfar g fh
Teh A F A aRad= gaet AfY H FATguTet gRed 394
P &l

g ety fafdr st st Sare ugfaat aur Agh=
U2 a1 fA=AvoT shee § FEradT el 8l

2.5.5 HRIMTET OIS J Ueael IguTd & IguanT
A& 3UTd T Gad: Rrfef@a # IuaiT fokar ST &:

o Tl IURT Y MUY |

o Y ETT & YR W ASIGY Y TUHETY|

o ITeH RS

o e 3R Shehic Msor|

o fAgd Fact dt waTS HT TR |

o SofifAaRaT e o1 Whet fAefRom|
T U SHtelfiies sl | g, Adeafar ek Sargehdr
HI TG &

2.5.6 Ue&l IUTd W & foha 71T Iargeor
ITER0T 1
5 kg At Y ANTA €750 g1 8 kg <hl @RTd FA1d hIfSIg|
1 kg &t @rTd = 750 + 5 = 150
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Cost of 8 kg =150 x 8 = 1200
Answer: 1200
Example 2
A machine produces 240 parts in 4 hours. How many
parts will it produce in 7 hours?
Production per hour = 240 + 4 = 60 parts
Production in 7 hours = 60 x 7 = 420 parts
Answer: 420 parts
Example 3
If 8 m of cable costs 960, find the cost of 15 m.
Cost per metre =960 + 8 =120
Costof 15m =120 x 15=%1800
Answer: 1800
Example 4
A worker earns 720 for 8 hours. Find his wages for
12 hours.
Wages per hour =720 + 8 = %90
Wages for 12 hours = 90 x 12 = #1080
Answer: 1080
Practice Questions on Direct Proportion
1. If 5 kg of material costs 750, find the cost of
8 kg.
2. If 6 workers produce 180 components, how
many components will 10 workers produce?
3. A machine produces 240 parts in 4 hours.
How many parts will it produce in 7 hours?
4. If 8 m of cable costs 960, find the cost of 15
m.
5. 12 litres of paint covers 180 m?. How much
area will 20 litres cover?
6. Aworker earns €720 for 8 hours. Find his
wages for 12 hours.
7. If 4 machines produce 800 units, how many
units will 7 machines produce?
8. If 15 kg of cement is required for one job,
how much cement is required for 8 similar
jobs?

2.5.7 Introduction to Indirect Proportion
Indirect or inverse proportion is a relationship in
which one quantity increases while the other

decreases. The product of the two quantities remains

constant. This concept is useful in labour planning,
machine operation, transportation, and engineering
management.
2.5.8 Definition of Indirect Proportion
Two quantities are in indirect proportion if the
increase in one quantity causes a proportional
decrease in the other quantity.
Mathematically,

xy =k

or

<|r
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8 kg & @mTd = 150 x 8 = 1200

IR 1200

JETEIT 2

ueh M 4 €2 § 240 Ut st 1 7 & | fohat uré
AT

ufd € I = 240 + 4 = 60 Uré

7 €¢ ¥ 3dTgd = 60 x 7 = 420 UTé

IR 420 Ué

ISTgYT 3

8 M hael hl ANTd 960 &1 15 m &Y aFTd A1 hifSig|
ufd #iex @ = 960 + 8 = ¥120

15 m I dArTd = 120 x 15 = ¥1800

IR 1800

ISTEIT1 4

Teh 9iffies I 8 € & iy €720 fAed §1 12 €2 &Y worgdt
a HifSl

gfd € Aeigd = 720 + 8 = 90

12 € &t Feigdt = 90 x 12 = ¥1080

IR 1080
UIel GHIATE R ST U
1. 5 kg Gl &Y @RTd €750 g1 8 kg & AT 1
RIS
2. 6 918 180 gesh s &1 10 2ifieh fohd geah
FATG?
3. Top mefiF 4 & § 240 uré It &1 7 62 A fhaa
1 SATT?
4. 8 m had &l ANTd 960 &1 15 m &t AFTd AT
RIS
5. 12 dflex de 180 m? &+ ot &ehal 81 20 e &
foha=TT &5 T SITQIT?
6. TQeh Hffieh bl 8 ©c o faly €720 et g1 12 € hr
HOIG AT hifeig|
7. 47 800 e sHrdt 81 g9 aRkf=Afaat & 7
asfi= fraft gfae sardtt?

8. Udh & & fAT 15 kg e Fi smasgshar g1 34 8
T Bt o g fohawt e &Y smasaesar ghfi?
2.5.7 Y& FFUTd 1 aR=T
UL IT FeshH IUT T Haiel ¢ i gep ) gt 8
STefch gErRt MfY Tt &1 &1 AFAGT 1 TUrTthed IR g
81 gg raurun s fAates, asfa dareq, aRaga qur
gfifrafi udem & Iuamt @1

2.5.8 st Srgurd Y gRwTaT

3} wft smcrer srguTd 7 gt € afe ge ufd 7 gfg g
fA H FHTIUTA HHt SaF el B

Tforda w7 4,

xy=k

a1

|+

STl k Uah @RI g1
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where kis a constant.
2.5.9 Characteristics of Indirect Proportion
The characteristics of indirect proportion are:

e One quantity increases while the other

decreases.

e The product of the quantities remains

constant.

e The graph forms a hyperbolic curve.

e The relationship is represented by x « 1/y.
Indirect proportion is frequently encountered in
workshop scheduling and machine utilization.

2.5.10 Graphical Representation of Indirect
Proportion

The graph of indirect proportion is a downward-
sloping curve called a hyperbola. As one quantity
increases, the other quantity decreases continuously.
The graphical representation helps in understanding
inverse relationships in engineering systems.

2.6 Percentage | ufasra

Workshop Calculation and Science

2.5.9 3yegel e Y fagteand
JYET Ut i faard Fmfafea &:
o U AR Tt § STafch gt Tedt B
o AT T U &R Tgat 81
o U Uch AfAWRIARIh dsh IHIdT &
o TEY DI x o 1/y gRI YA fehar ST 81
ST U ehT HTHAT HTIILATeAT T R Aefi IuahT
# urz: fohaT Sirar &1

2.5.10 31uI&l Ut ol STt fAwegor

STYAET STYUTA e UTHh i1 ehl 3R FTehT g1 Ueh &sh BIdT 8,
O srfduRae wgd &1 S8-99 T A F&dt 8, gast Ay
AR et St 81

U d IgrIdl ehedl gl

| UNDERSTANDING PERCENTAGE | sfa2rd et @warm |

WHAT IS PERCENTAGE? | Biferd &rm g2

50% (50 OUT OF 100)
50% (100 & & 50)

PERCENT (%) MEANS ‘PER HUNDRED'
wfaard (%) a1 3ref 2 ‘ufa |f’

EXAMPLES: 25%100 = 0.25 | 25% = 25/100 = 0.25

( BASIC CALCULATION FORMULA |

Percentage = (ﬁ) x 100

wfasra = (¥R / gof) x 100

(HOW QUANTITIES CHANGE | AT &} aIeeteit 2 )

PERCENTAGE INCREASE | ufaara q@
ﬂ N _{__Increase ﬁ r
[ Percent Increase = (Ori ginal Valu e) X 100]

PERCENTAGE DECREASE | nifaere &t

Decrease
@ [ Percent Decrease '(Original Value) x 100

v

(WORKSHOP APPLICATIONS | aehaita srwrai |

| o

Wastage in cutlmg & fabr]cation

MATERIAL
WASTAGE
gt ey

Wastage
in wastage
) St A

%@le‘n

Component
target sts

PRODUCTION
TARGETS
I 1gd

Comparmg target vs achievement
&Y FATH IR Y AT FAT

PERCENTAGE
L IGEIGH

Qi&

Worker & machme performance

Sl

Worker &

EFFICIENCY
CALCULATIONS

aRwfmFimeafs | performance
TRADE
DISCOUNTS
AR FE Dlscounts on tools & raw materlals
maq'zgz & amounts

Fig. 2.6: Percentage and Its Applications | ufaera ga s aﬁmﬂﬂ

2.6.1 Introduction to Percentage (Fig. 2.6)
Percentage is an important mathematical concept
used in workshop calculations and engineering
trades. It helps in comparing quantities, measuring
efficiency, calculating material consumption, and
determining production output. Percentage
calculations are widely used in fitting, machining,
electrical work, and fabrication.

2.6.2 Definition of Percentage
Percentage means "per hundred”. It expresses a
quantity as a fraction of 100.
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2.6.1 ufaera @1 uf== (Fig. 2.6)

gfaerd SRiLer TorETsT SR gSiaReT ereaamt & wged
Qo HEYUT TTONI STTERUN & | g AT chl Jeieil ahee,
S&IdT ATYA, AT IUHHT ehY TUMT e JUT IATe 3113cYC
fReiika et & Fgraar =dr g1 ufdsrd 7o 1 s
&y g fosfd, mefifd, fagd srd gen Aafor st d Suahr
fomar StraT 81

2.6.2 ufagra i gRuvmen
ufaerd opr oref "ufd W giar g1 I8 fhelt A= &t 100 &
99 & ®U § ad ar gl
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For example:

25% =25/100 = 0.25

2.6.3 Meaning of Percent Symbol

The symbol (%) represents "per hundred." It is used
to show that a value is compared with a total of 100
units.

2.6.4 Formula for Percentage Calculation

The basic formula for percentage is:
Percentage = (Part / Whole) x 100

This formula is used in engineering calculations,
production records, and quality control.

2.6.5 Determination of Percentage Values
To determine a percentage value:
1. Identify the part value.
2. Identify the total value.
3. Divide the part by the whole.
4. Multiply the result by 100.
Example:
Percentage of 30 in 150
= (30/150) x 100 = 20%

2.6.6 Increase in Percentage

Percentage increase shows the growth of a quantity.
Percentage Increase = (Increase / Original Value)
x 100

Example:

A production increased from 200 units to 240 units.
Increase = 40 units

Percentage Increase = (40/200) x 100 = 20%

2.6.7 Decrease in Percentage

Percentage decrease indicates the reduction in a
quantity.

Percentage Decrease = (Decrease / Original Value)
x 100

Example:

Material stock reduced from 500 kg to 450 kg.
Decrease = 50 kg

Percentage Decrease = (50/500) x 100 = 10%
2.6.8 Percentage Difference

Percentage difference is used to compare two
values.

Percentage Difference = (Difference / Original
Value) x 100

It is useful in quality inspection and production
monitoring.

2.6.9 Applications of Percentage in Workshop
Practice

Material Wastage

Percentage is used to calculate wastage during
cutting, machining, and fabrication processes.
Efficiency Calculations

Worker and machine efficiency are commonly
expressed in percentage form.

Production Calculations
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33TE0T o forg:
25% = 25/100 = 0.25
2.6.3 ufaera =g o1 aref
a8 (%) "ufa It" bl g2ITdT &1 ST YA g Ugfefd et
& g fohar Siran 8 fos fohedt A1 Bt geoter 100 geprsat &
EEEIRNIEEE]
2.6.4 ufaerd 7o &1 A
gfdrd 1 4ol T &
gfaerd = (917 / $el) x 100
9 G T IUANT Sl aRAT U1, ST SHfHeral de
Tuter AT | fohar STt Bl
2.6.5 ufaera At a1 fReafzor
gfaerd a4 RuiRd &A & A
1. YN & A ! gga el
2. %ol A <hl Ugda™ e
3. YN ol Hd & fawfea &
4. YRomH @t 100 ¥ 7O FHL|
IGTEIT:
150 & 30 opr ufdera
=(30/150) x 100 = 20%
2.6.6 ufasEa & gfg
gfasrd gig fhedt A &t sgiadt ot gerfdt 81
gfaerd gfg = (3G / Ta 719) x 100
IGTEIT:
316 200 ShsTl T Fgahs 240 ShIsal g T
i = 40 gaprsat
wfaerd gfg = (40/200) x 100 = 20%

2.6.7 ufaera o =t

ufaerd st fohedt A & g1 areft et ot gerfd &1
ufaerd &+t = ([ ge1 |11) *x 100

IGTEIT:

Tl &1 ¥sR 500 fohur & "ear 450 fohur gt mam|
&t = 50 foum

gfaera &t = (50/500) x 100 = 10%

2.6.8 ufaera iR

gfderd 3R T IUANT & AT Y Joa=1 - & felg fohar
ST 8l

ufaerd siar = (3idr / Fe1 °1) x 100

g Turer 1101 3R Iaare TR 7 Suah

2.6.9 HRIATAT 3131 | Ufaiere & gyt

it srue

whers, 7S qer fRafor uftharsi & kM R ot sy
&Y urr & fAw ufaera &1 uzi fohar Strar &1

g&7dT U

e 3R 7= i garar & g ufdea & ©u § e
fopar ST 81

IS MY

3adTe @ied 3R Iuefedrgt it ger ufaera & mAregw § Hir
STt 81
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Production targets and achievements are compared
using percentages.

Trade Discounts

Discounts on tools, machines, and raw materials are
calculated as percentages.

2.6.10 Practical Examples

If 8 kg material is wasted from 160 kg,

Wastage Percentage = (8/160) x 100 = 5%

If a worker produces 90 components out of a target
of 100,

Efficiency = (90/100) x 100 = 90%

2.6.11 Solved Examples on Percentage
Example 1: Finding Percentage

A student obtains 72 marks out of 90. Find the
percentage.

Percentage = (Part / Whole) x 100

=(72/90) x 100

= 80%

Answer: 80%

Example 2: Finding a Percentage of a Quantity
Find 15% of 800.

15% of 800 = (15/100) x 800

=120

Answer: 120

Example 3: Finding the Original Quantity
25% of a number is 75. Find the number.
(25/100) x x =75

x=75x100/ 25

x =300

Answer: 300

Example 4: Percentage Increase

Machine production increases from 500 units to
575 units.

Increase = 575 - 500 = 75 units

Percentage increase = (75/500) x 100

=15%

Answer: 15%

Example 5: Percentage Decrease

Material consumption decreases from 800 kg to
680 kg.

Decrease = 800 - 680 = 120 kg

Percentage decrease = (120/800) x 100

=15%

Answer: 15%

Example 6: Worker Efficiency

A worker completes 180 pieces against a target of
200 pieces.

Efficiency = (180/200) x 100

=90%

Answer: 90%

Example 7: Material Wastage

A 250 kg material stock has 12.5 kg wastage.
Wastage percentage = (12.5/250) x 100

=5%

Answer: 5%
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TR ge
3uehuTT, ALMHT 3R e ATl WR G ST aTet! ©e hl TomET
gfderd & ®9 # hI STt 81

2.6.10 ATIGIRG: IqTER0T
gfe 160 frur armft & @ 8 fohur arl} 1 erges gl &,

31y yfaerd = (8/160) x 100 = 5%
Ife I 9fAc 100 & e & § 90 3ggdl T ITG el
g,
g&rdr = (90/100) x 100 = 90%
2.6.11 ufaerd W g fohg g Iargvon
ISTET 1: ufaQrd AT -
T femeff 6t 90 & & 72 sies urd gU | ufderd 31 Hiforg
gfderd = (911 / gof) x 100
=(72/90) x 100
=80%
I 80%
I1Eeur 2: fohedt wma <pr ufaera 3t &ear
800 T 15% FTd hIfSIT|
800 &T 15% = (15/100) x 800
=120
3% 120
IGTEROT 3: A JAHAT AT T
foreft T a1 25% = 75 &1 &=t A HifSig)
(25/100) x x = 75
x=75x100/25
x =300
3. 300
a1l 4: ufasrd gf
w2+ &1 IaaTe+ 500 gfe | Feadr 575 gfAe g A gl
gf& = 575 - 500 = 75 gfe
wfaerd gfg = (75/500) x 100
=15%
3T 15%
I<Tgeur 5: ufagrd &t
arft &Y @ 800 kg & geav 680 kg gt STt 81
&l = 800 - 680 = 120 kg
yfaerd sHt = (120/800) x 100
=15%
3dY: 15%
ISTE VT 6: Sk kY gerar
Teh ffeh 200 1 & 18 & Yehldel 180 T ORT &l 8
gerdar = (180/200) x 100
=90%
I 90%
Jergvur 7: arrft i safd
250 kg Tmft & wie & 12.5 kg &t gafdl gt &1
Fafd gfaerd = (12.5/250) x 100
=5%
3R 5%
yfaerd uR 1 U
1. 60 & & 45 o1 ufaerd F1d HifSwl
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Practice Questions on Percentage

1.

A WwN

o

10.

2.7 Percentage Conversion | ufd2ra &giavor

Find the percentage of 45 out of 60.

Find 12% of 500.

Find 25% of 640.

20% of a number is 80. Find the number.
Production increases from 400 to 460 units.
Find the percentage increase.

Material consumption decreases from 600 kg
to 510 kg. Find the percentage decrease.

A worker produces 225 pieces against a
target of 250 pieces. Find the efficiency.

A 400 kg material stock has 20 kg wastage.
Find the wastage percentage.

A machine produces 360 parts out of a target
of 400 parts. Find the percentage achieved.
A component price increases from 800 to
¥920. Find the percentage increase.

kW

o

9.
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500 T 12% FTd hIfSg |

640 T 25% FTd hIfST |

fonelY T T 20% = 80 &1 T&=AT AT hif STl
ITG 400 ¥ Fgeh 460 JfAe gF ST g1 ufaerd
gfg F1d FifSiql

grft &t @ud 600 kg § geeR 510 kg gt STt 31
ufdsra st 319 HfS)

Ueh ffieh 250 & 187 & Hehtalet 225 1Y 1T 8|
G&7dT 31 HifSig|

400 kg It & Wik | 20 kg &t Fafdl it &
gafdl ufaerd d HifSm|

Tk 7M1 400 UTE & @ed # & 360 UTE T g
T gfaerd 7 Hifsg

10. fordt Teah &t ha 800 & g T920 & ST

g1 ufderd gfg 71d S|

PERCENTAGE TO DECIMAL CONVERSION

ufdrd d gamed # FUiaor

BASIC CONCEPT & CONVERSIONS | §faré} sraerRom 3iR waiavor

CONVERSION TYPES PERCENTAGE (%) | feiardl (%) CONVERSION RULE EXAMPLE
M FTURITFIER ) — 75%  12.5% uﬁ{125.5% - OO A JgERor —
. — | VALUE PER 100 | ¥f 100 51 METHOD 1: DIVIDE )
WHOLE NUMBER | Tﬂ DIVIDE BY 100 / MOVE DECIMAL 2 PLACES LEFT fafdr 1:
80% = 0.80 100 & T 2 / ZHeTd 2 R TS 3R o wIY START: 25 _
) ] X : £9.20.25
\ 5|  DECIMAL FORM | Z2eid &7 |« | | PERCENTAGE | | \ 100
FRACTIONAL | f¥aTcHes > 075  0.125 1255%;;;1 (eg. é%%) ) \
5% =0. ™  PART OF AWHOLE | o B URY: Uldrd METHOD 2: MOVE DECIMAL
) 125820129 ’ J k Mumpwq:; :I;o AND ADD. % (5K, 25%) faf 2: zarer T
( MIXED | FRf3r ) 1 1100 @ o &% R % S ;25‘0%_)35'0_)0'254
125.5% = 1.255 PERCENTAGE (%) | afaiera (%) , N
& - /) 75% | MULTIPLY DECIMAL BY 100 [ o] NEWDECIMALEQ.2S
45% | @@ 100/ |  TERmE:025 )
—~ & APPLICATIONS | 3ot SOLVED EXAMPLE | g1 foar T Jerevor —
{@@ r— QUESTION: SOLUTION:
MACHINE EFFICIENCY PRODUCTIONLOSS  TOLERANCES Convert 75% to decimal _ 75%=75/100=0.75
el zetal e ) Agsliei TH: 75% 1 GAHd B deot AT 75% =75/ 100 = 0.75

Fig. 2.7: Percentage to Decimal Conversion | ufa2rd & gemera & waiazor

2.7.1 Introduction to Percentage Conversion (Fig.

2.7)
Conversion of percentage into decimal form is an
essential operation in workshop calculations and

engineering practice. It simplifies calculations related
to efficiency, production, tolerances, and material

utilization.
2.7.2 Definition of Decimal Form

A decimal form represents a value as a part of one

whole. It is expressed using a decimal point. For
example, 0.25 means twenty-five hundredths.
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2.7.1 ufazra «t gmera # gRafda & &1 aR== (Fig.
2.7)

ufaera &t gemea wu § uRafdd eT sriemar o
3R SSNTAATT 31T | Tep 3MTadeh Ufehal g1 I8 G&rd,
3Idred, ggashtaarstt aem armft Iuaht O gefaq morrsit
] TRA IATAT 8

2.7.2 gMerd ¥ Y gRurer

geHeTd ¥ fhdl AT et Tep qui & WIT & &u § yafefa
T 8| 39 SHq foig a1 IuTNT ek e fohan ST 81
JGTEXUT o f1g, 0.25 a1 31 g=te Hiat 9T giar 81

35



Teach To India Publication

2.7.3 Rules for Converting Percentage into
Decimal

To convert a percentage into a decimal, divide the
percentage value by 100 or move the decimal point
two places to the left.

Example:

25% =25/100 = 0.25

2.7.4 Procedure for Converting Decimal into
Percentage

To convert a decimal into a percentage, multiply the
decimal value by 100 and add the percent symbol
(%).

Example:

0.45 x 100 = 45%

2.7.5 Types of Conversion

Whole number percentages: 80% = 0.80

Fractional percentages: 12.5% = 0.125

Mixed percentages: 125.5% = 1.255

2.7.6 Importance and Applications
Percentage-to-decimal conversion is important in
engineering calculations, especially for machine
efficiency, tolerance calculations, material loss
estimation, and production records. It ensures quick,
accurate, and standard calculations in workshop
practice.

2.7.7 Solved Example

Convert 75% into decimal.

Solution:

75% =75/100 = 0.75
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2.7.3 ufaerd =l gemea # aRafda &4 & Rag
ufderd &t gemera & gRafdd o & fae ufderd a1 &Y
100 & WIS en? 3rear qererd feig ot &t @ a8 3k
TFIART B

JGTERLT:

25% = 25/100 = 0.25

2.7.4 g1 ot ufaerd # aRafda & Y ufekar
2eMeTd ot ufaerd & gRafdd sert & faT eemera 719 &t
100 & 7om &3 3R ufderd g (%) S <1

JGTERLT:

0.45 x 100 = 45%

2.7.5 ®UIdRUT & UehR

qui F& gfdsera: 80% = 0.80

AT ufasa: 12.5% = 0.125

fafgg ufdsa: 125.5% = 1.255

2.7.6 "gd 3R SIguART

gfAerd & GeAera # ®UIAR0T eitfaRT e # Agayuf
g, faw =g & 92fi= gerdar, gg=Rfierar o, gl g1

& 3TTehelT dAT SIS MVl & fAT| Tg Srimer s
# @Rd, Téia ok AFehIgd TUHTS AfAd Fear

2.7.7 &1 foman T/ Iergrum

75% oht gMerd § gRafdd $ifsral
gl

75% = 75/100 = 0.75
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MCQ’s | sgfaeredta as

Q1. What is the square root of 49? [ 49 &1 FiHa /T
14

(a)5

(b) 6

(c)7

(d) 8

Ans. c | Sol.: The square of 7 is 49. Hence, its square
root is 7. / 7 @1 &t 49 B 3TfAIY, 39T e 7 &1

Q2. Simplify: V81 + V64. [ T &%: V81 + V641

(a) 12

(b) 16

(c)17

(d) 18

Ans. c | Sol.: V81 =9 and V64 = 8. Adding them gives 9
+8=17./V81=93R =64 =8I AR AT + 8 =178l
Q3. What is the percentage form of 3/5? [ 3/5 @I
ufderd ® a1 8?2

(a) 40% /[ 40%

(b) 50% [ 50%

(c) 60% / 60%

(d) 70% [/ 70%

Ans. c | Sol. : Multiply 3/5 by 100: 3/5x100=60. / 3/5 @&t
100 ¥ 7o &2 3/5%100=601

Q4. Simplify 12/15. [ 12/15 bt T H:|

(a)3/4/3/4

(b) 4/5 [ 4/5

(c)5/6/5/6

(d)6/5/6/5

Ans. b | Sol. : Divide numerator and denominator by
their HCF, 3: 12/15=4/5. [ 3i21 3R & &t 37 Hg<H

g 3 9 fauifeid &#:: 12/15=4/51

Q5. If the ratio of boys to girls in a class is 3:2 and
there are 18 boys, how many girls are there? [ af
ek hell J digahl SR dsfahal o srgurd 3:2 § iR @l
&Y T&=T 18 g, af wTsfhal & g fahaf givfi?
(a)10/10

(b)12 /12

(c)15/15

(d)16/ 16

Ans. b | Sol. : Use the ratio 3:2. Girls = 2/3x18=12. /
SUTA 3:2 T IUANT R | | dSfehar = 2/3x18=121

Q6. Which number is a perfect square? [ 398 @ &I
|71 He&Ar g quf 3t @2

(a) 48 / 48
(b) 50 / 50
(c)49/ 49
(d) 51/ 51

Ans. c | Sol. : A perfect square is a number like nA2. 49
= 7A2. [ quf ot ag Sw=an gidl 8 St nA2 & T gidl 8149 =
7121

Q7. What is the percentage of 1/8? / 1/8 =t ufazra
R E?

(@) 10% / 10%
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(b) 12.5% [/ 12.5%

(c)15% [/ 15%

(d) 25% [ 25%

Ans. b | Sol. : Multiply 1/8 by 100: 1/8x100=12.5%. /
1/8 Y 100 & oM HX: 1/8x100=12.5%|

Q8. The square of which number is 81? / fora I
w1t 8182

(@7/7

(b)8/8

(c)9/9

(d)10/10

Ans. c | Sol.:9x9=81. Hence, the square root of 81 is
9./ 9x9=811 gafeiy, 81 oI &g 9 &1

Q9. What is 2/5 as a percentage? [ 2/5 @& ufdera &
g |l

(a) 25% [ 25%

(b) 30% / 30%

(c) 35% / 35%

(d) 40% [ 40%

Ans. d | Sol. : Multiply 2/5 by 100: 2/5x100=40%. [ 2/5
I 100 & O &< 2/5%100=40%|

Q10.In a right triangle, if one side is 3 cm and the
other is 4 cm, what is the hypotenuse? / Teh 9HeRIoT
it &, afe e Yo 3 At SR gErdt 3o 4 Aeht 2, it ol
=T ghm?

a)5cm

b) 6 cm

c)7cm

d) 8 cm

Ans a Sol : In a right triangle, the hypotenuse is found
by using the Pythagoras theorem: h =v32 + 42 =
VI 16 = V25 = 5 cm. | SEehIor Bt & ot 1 el &
g TrgemiRE T @ ST @ §: h = V3T T 47 =

V9 +16 =25 = 5 9t

Q11. A man spends 25% of his income on rent.
What fraction of his income does he spend on
rent? / Uk afaa 319t 31T &1 25% fhRTT R T et
&1 I8 3ra-ft 3 &1 HIF-TT UNT AT R @=f Fear &2

a)=

AnsaSoI:ZS%zf—(i)zi

Q12. The ratio of boys to girls in a class is 2:3. If
there are 30 girls, how many boys are there? / &
hell § egehl SR eTsfaal ot srguTa 2:3 g1 af a8l 30
wrsfaat &, at gl & dear faat gnfi?

a)15

b) 20

c) 25

d) 40

Ans b | Sol : The ratio of boys to girls is 2: 3. If 3 parts
=30, 1 part =30/3 = 10. Boys = 2 x 10 = 20. [ @Sl 3R
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Tsfohat T S1guTd 2:3 813G 3 WRT = 30, dt 1 ¥WT = 30/3 =
101 8 =2 x 10 = 201

Q13. Find the square root of 121 using a calculator.

| PR T ITANT FHh 121 &1 T AT
a)10
b) 11
c) 12
d) 13
Ans b Sol : V121 = 11 because 11 x 11 = 121. /

V121 = 11 Fifh 11 x 11 = 1211

Q14. What is the ratio of 9 to 27? / 9 3iiR 27 &1
ST T 8?2

a)1:3

b) 2:3

c) 3:1

d)1:2

Ans a Sol :%z%, so the ratiois 1:3./ %zésﬂﬁt’
31U 1:3 8l

Q15. If the ratio of apples to oranges is 5:7 and
there are 35 oranges, how many apples are there?
T Ve 3R HeR 1 31U 5:7 g 3R dae 35 &, At /a1
fohest giir?

(a) 25

(b) 30

(c) 35

(d) 40

Ans. a | Sol. : 7 parts = 35, so 1 part = 35/7=5. Apples
=5x5=25, [ 7 91T = 35, 39fei¢ 1 ¥WT = 5 ¥ | Total
=5x5=25

Q16. What is 40% of 250? / 250 T 40% T &?

(a) 100

(b) 120

(c) 150

(d) 200

Ans a | Sol :%x 250 = 100.

Q17. The product of two numbers is 72, and their
ratio is 2:3. What are the numbers? / g T=aT3il &1
U 72 8, 3R ITehT 1T 2:3 g1 & He&Ary om 82
(a) 12,18

(b) 10, 15

(c) 8, 24

(d) none of the above

Ans d | Sol : For ratio 2:3, the numbers should be 2x
and 3x. Their product is 6x* = 72, so x* = 12, Therefore
the numbers are 212 and 312, so none of the given
options is correct.

Q18. If a triangle has sides measuring 6 m, 8 m,
and 10 m, is it a right triangle? af2 ges Ryt &
etreit & #arg 6 Hiey, 8 Hier, 3k 10 Hier &, A w=T A"
"HaIoT Ryt ghm?

(a) Yes / &t

(b) No / &

(c) Cannot be determined / [AerifRa a8t feram ST Gepdr
(d) None of the above / 398 9 &I &1
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Ans a Sol : Applying the Pythagoras theorem, 6% +
82 = 102. Therefore, it is a right triangle. / IRIATTRY
UHY & AR, 62 + 8% = 102 31 Ig THRIUT HAYS &l
Q19. Convert 25% to a fraction. / 25% <! fa &
gfRafda &3

oz 2

QNG RW RS [ R

S

25

AnsaSoI:25%=12—;)=%./25%=E=%|

Q20. If the cost of 5 kg of rice is ¥300, find the cost
of 8 kg of rice in the same ratio. / af2 5 fohet =mae 6t
&a 300 g, at 8 fahelt araet it Fraa I+t srgura & =
gnfi?

(a) 480

(b) 500

(c) =450

(d) 600

Ans. a | Sol.: Cost of 1 kg = 300 + 5 = ¥60. Cost of 8
kg =60 x 8 = ¥480. / 1 fohetl &1 g T300 + 5= 601 8
fehett 1 e T60 x 8 = T4801

Q21. A product originally costs 500, but its price is
increased by 10%. What is the new price?/ Qe 3@1g
Y et P €500 2, AR TH 10% B gF 1 )
&g @ gifi?

(a) 550

(b) 500

(c) =450

(d) 600

Ans. a | Sol. : 10% of €500 = ¥50. New price = 500 +
¥50 = ¥550. / ¥500 T 10% = T501 8 dhHd = 500 + 50
=¥5501

Q22. If 8 workers complete a task in 6 days, how
many workers are needed to complete the same
task in 4 days? / afd 8 sifire 6 R+ # uah Rl QRT et
&, at 4 iR & a8t &l g1 et & g fahea siffant it
TR ghft?

(a) 10

(b) 12

(c) 8

(d)6

Ans. b | Sol. : Work is inversely proportional to days:
8x6=12x4. Thus, 12 workers are needed. / & faai &
YRATUTT 8: 8x6=12x41 31c: 12 siffiehl Y Saegehar gt
Q23. Arope is cut into two pieces in the ratio of
3:5. If the total length of the rope is 16 m, what is
the length of the shorter piece? / T ¥=ft #1 3:5%F
31guTd | g YT A ahrer Siren 81 afe Wit Y Fer dard 16
ier g, at 81 T &l dars feha+t ghfi?

(a)5m
(b)6m
(6)7m
(d)4m
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Ans. b | Sol. : Total parts = 3 + 5 = 8. Length of shorter
piece =3/8*16=6m. [ T 9FT = 3 + 5 = 8| BIC U ! cialls
3/8%16=6 Hiex gl

Q24. Change 45% into a decimal. [ 45% Y gea &
g |

(a) 0.45

(b) 0.0045

(c)4.5

(d) 0.045

Ans a Sol : 45% = % = 0.45./45% = f—(i) =0.451

Q25. A mixture contains milk and water in the
ratio 7:5. If there are 24 liters of milk, how much
water is there? / Tas fsior & gy 3R urt &1 srgura
7:5 g1 afe 3uH 24 #fex gy &, af urht i amn et gnfi?
(a) 20.45 liters

(b) 16.50 liters

(c) 18.40 liters

(d) 17.14 liters

Ans d Sol : If milk : water =7 : 5 and milk =24 L, then
water=24x5/7=17.14L

Q26. A rectangular workshop has dimensions of 15
m by 20 m. What is the diagonal length of the
workshop? | Qe TIAThR HRIMET 6t darg 15 e
3R 8T 20 HieX g1 Srd2nar o1 fawvf fahaar &2
(a)25m

(b) 30 m

(c)35m

(d) 40 m

Ans a Sol : Using the Pythagoras theorem, diagonal =
J(152 4 202) = /225 + 400 = V625 = 25. [ UTSATTRY
UHY T SUANT e gQ faerul /(152 + 202) = V225 + 400 =
V625 = 25 Hiex 8|

Q27.1n a workshop, the ratio of male to female
workers is 3:2. If there are 60 male workers, how
many female workers are there? | Qe srizmer &
gy 3R wfgen siffehl a1 sigqurd 3:2 g1 afe gow siffies 60
&, at ufgen siffe fhat gitft?

(a) 30

(b) 40

(c) 50

(d) 60

Ans b Sol : If the ratio is 3:2, female workers are

(2/3) x 60 = 40. [ TWEHT: AT 3:2 I R Al FHR
(2/3) x 60 = 40 gl

Q28. A worker earns ¥1200 monthly and spends
¥900. What percentage of his earnings is saved? /
Teh Siffieh £1200 A1f8h HATAT & 3R 900 W< T &l
IR HATS T foha ufdera fewar gaa g2

(a) 20%
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(b) 25%

(c) 30%

(d) 35%

Ans b Sol : Savings are 300, so (300/1200) x 100 =
25%. [ TSRO §9d 300 &, dt (300/1200) x 100 =
25%]1

Q29. If the ratio of two quantities is 5:7, and their
sum is 96, what are the two quantities? / afe gt
HTATST T YT 5:7 & 3R IhT I 96 &, af & gt A
& 82

(a) 40 and 56

(b) 45 and 51

(c) 35 and 61

(d) 38 and 58

Ans a Sol : Let the quantities be 5x and 7x. Then 5x +
7x = 96, s0 x = 8. The quantities are 5 x 8 = 40 and

7 X 8 = 56. [ WEHUT: AFTY 5x 3R 7x &1 5x + 7x = 96, @t
x =8I AFEE 5X 8 =40 3R 7 x 8 = 56 gl

Q30. A number increases from 80 to 100. What is
the percentage increase? [ Qe Si&ar 80 ¥ sgahv 100
g Wit g1 ufaera gfg = g2

(a) 20%

(b) 25%

(c) 30%

(d) 35%

Ans b Sol : Increase = 100 — 80 = 20. Percentage
increase = (20/80) x 100 = 25%. [ TWEIHT: gfg 100 —
80 = 20 g! gfdrd gfeg = (20/80) x 100 = 25%|

Q31. A person spends 40% of his salary on rent. If
his salary is ¥25,000, how much does he spend on
rent? / Ueh aafaa 319 dd+1 &1 40% fRRTY R < et
&1 afe 3Tt a4+ 25,000 2, &t ag famme W fhan ==
AT 82

(a) 8,000

(b) 10,000

(c) 12,000

(d) 15,000

Ans b | Sol : Rent = (40/100) x 25,000 = ¥10,000. /
feheraT = (40/100) x 25,000 = 10,0001

Q32. The product of two numbers is 144, and one
of the numbers is 12. What is the other number? /
St Heail 1 U 144 8, 3R U HwT 12 g1
=T T 8?2

(a) 10

(b) 11

(c)12

(d) 14

Ans c Sol : The other number = 144/12 = 12. /
TWERUT: GO G 144/12 = 12 ghft
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