ENGINEERING VARIABLES

Engineers typically seek answers to such questions as “How hot will this get?,” “How heavy will it
be?” Each of these questions involves a variable. The question “How hot?” is answered with the
variable remperature; "How heavy?” is answered with the variable weight.
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For our purposes, variables almost always are defined in terms of measurements made with

familiar instruments, such as thermometers, rulers, and clocks. Speed, for example, is defined as a

ruler (!!) measurement of distance, divided by a clock measurement of time.
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An engineering calculation is different from a pure mathematical calculation. For example, 6.2832

is a legitimate answer to the mathematical question “What is the value of 27T ?” But, expressing
something in numbers is only the beginning of an engineering calculation. In addition to use

variables based on measurements and expressed as numbers, we require a second key element of
engineering analysis: units of measurement. cooled By ol | deieiung oy S
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ENGINEERING UNITS OF MEASUREMENT
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Speed[mile /h]=1.61Speed [km / h}
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In engineering, a calculated quantity always has two parts: the numerical value and its associated units.
Therefore, the result of any engineering calculation must always be correct in two separate categories: It
must have the correct numerical value, and it must have the correct units.
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Units quantify Dimensions.

Dimensions are the fundamental quantities, such as mass, length, and time.

Units provide us with a numerical scale whereby we can carry out a measurement of a quantity.

The units are established quite arbitrarily and are codified by civil law or cultural custom. How the
dimension of Iength ends up being measured in units of feet or meters has nothing to do with any physical
law. It is solely dependent on the creativity and ingenuity of people. Therefore, the basic tenets of units

systems are often grounded in the complex roots of past civilizations and cultures.
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THE SIUNIT SYSTEM — Joudl &l gd! gl s lGL1 allas

The International System of Units (in French, Le Systeme International d'Unités, where the “SI”

comes from) which is the metric standard of units and is based on mks (meter, kilogram, second)

units. The fundamental units in the Sl system are:

* The meter (m), the fundamental unit of length.

* The second (s), the fundamental unit of time.

* The kilogram (kg), the fundamental unit of mass.

* The degree kelvin (K), the fundamental unit of temperature.

* The mole (mol), the fundamental unit of quantity of particles.

* The ampere (A), the fundamental unit of electric current.
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UNIT NAMES AND ABREVIATIONS

The next table lists several Sl units that were named after the scientists who made discoveries in

the fields in which these units are used. Note that these unit names do not begin with a capital

letter, but their abbreviation is capitalized (e.g., newton, N).

Sl units that were named after the scientists

ampere (A) joule () siemens (S)

celsius (°C) kelvin (K) tesla ()

coulomb (C) newton (N) volt (V)
farad (F) ohm (Q) watt (W)
hertz (Hz) B weber (Wb)
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Some Derived Sl Units.

Quantity Name Symbol Formula Fundamental Units
Frequency heriz Hz 1/s 5~

Force newton N kgm/s? mkgs—

Energy joule J Nm m<kgs—2

Power watt W J/s mZkgs—

Electric charge Coulomb C As As

Electric potential volt % W/A m2kgs—=A-"

Electric resistance | ohm Q V/A m<kgs—=A-2

Electric farad F CN m-2kg-1s% A2
capacitance

12/16/2023

https://manara.edu.sy/

Introduction to Engineering - Civ-Eng. - 2022-2023 - L4



S| Unit Prefixes.

Multiples Prefixes Symbols Submultiples | Prefixes Symbols
1018 exa E 101 deci D
1015 neta P 102 centi C
1012 tera T 103 mill m
10° giga G 10 micro m
106 mega M 109 nano N
10° kilo K 10712 DICO D
104 hecto h 107710 femto f
10 deka da 10718 atto a
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SIGNIFICANT FIGURES --- d¥JI &l3 faléj}ﬂ
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DEFINITION OF A SIGNIFICANT FIGURE
A significant figure is any one of the digits 1, 2, 3,4, 5,6, 7, 8, and 9. (0) is a significant except when it

is used simply to fix the decimal.

Example: In 0.500 or 0.632000 the zeroes are significant, but in 0.006 or 0.000968 the zeroes are NOT
significant.

The number 234 has three significant figures, and the number 7305 has four significant figures, since
the zero within the number is a legitimate significant digit.

Leading zeroes before a decimal point are not significant. Thus, the number 0.000,452 has three
significant figures (4, 5, and 2), the leading zeroes (including the first one before the decimal point)

being place markers rather than significant figures.
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Calculation Rules
Engineering calculations often deal with numbers having unequal numbers of significant figures.

Several rules have been developed for various computations. These rules are the result of strict
mathematical understanding of the propagation of errors due to arithmetical operations such as

addition, subtraction, multiplication, and division.

RULE 1: ADDITION AND SUBTRACTION
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For example, 113.2+1.43 = 114.63, must be rounded to 114.6.

Similarly, 113.2 — 1.43 = 111.77 must be rounded to 111.8.

And, 113.212—-113.0=0.2
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RULE 2: MULTIPLICATION AND DIVISION
Lo JBY1 AN e\éj sae oo AST caIYs @13 Lyl cpaae dawd of clus =L g ¥ O ez
For example,(113.2)x(1.43)= 161.876, must be rounded to 162.

And, 113.2/1.43 =79.16, must be rounded to 79.2

because 1.43 contains the least number of significant figures (i.e., three).
RULE 3: ROUNDING NUMBERS UP OR DOWN

For example, if to round 113.2 to three significant figures, it would be 113. If to round it further to
two significant figures, it would be 110, and if to round it to one significant figure, it would be 100
with the trailing zeroes representing placeholders only.

As another example, 116.876 rounded to five significant figures is 116.88, which further rounded

to four significant figures is 116.9, Which further rounded to three significant figures is 117.
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EXAMPLES

a. The number of significant figures in 2.2900 x 107? IS 5.

b. The number of significant figures in 4.00 x 103 ? Is 3.

c. The number of significant figures in 0.048? IS 2.

d. The value of 345.678-345.912 =7 =-0.234
e. The value of 345.678-345.9 =? =-0.2.

RULE 4: ONLY APPLY THE SIGNIFICANT FIGURES RULE TO YOUR FINAL ANSWER

For example, suppose you need to calculate the area of a circle and the answer is to be in square meter,
but you are given the circle’s radius as 22.5 cm. You can convert the radius into meter as R =

22.5[cm]/100 [cm/m] = 0.225 m. Then you would calculate the circle’s area as

A=TLR*=(3.1416)x(0.225 [m])*=0.20428254 m*=0.204 m* (rounded to 3 significant figures)
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A man wants to purchase the largest fenced-in square ranch he can afford. He has 320,000,000
SP available for the purchase. Fencing costs 10.x10°SP a kilometer, and land costs 100.x10°SP a
square kilometer.

How large a ranch, as measured by the length of one side of the square, can he buy?

Need: The length of a side of the largest square of land the man can buy.

Knowns: Fencing costs 10.x10°SP a kilometer, and land costs 100.x10° SP square kilometer.
The man has 320,000,000 SP to invest.

How?: Letthe unknown Iength = X kilometers. It may not be immediately obvious how to write

an equation to find X Now sketch the ranch. ¥

Solve:
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