IMPORTANCE OF DIMENSIONS AND UNITS

Any physical quantity can be characterized by dimensions.
The magnitudes assigned to the dimensions are called units.

Some basic dimensions such as mass m, length L, time t, and
temperature T are selected as primary or fundamental
dimensions, while others such as velocity V, energy E, and volume
V are expressed in terms of the primary dimensions and are called
secondary dimensions, or derived dimensions.

Metric Sl system: A simple and logical system based on a decimal
relationship between the various units.

English system: It has no apparent systematic numerical base, and
various units in this system are related to each other rather
arbitrarily.
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The seven fundamental (or primary)
dimensions and their units in SI

Dimension Unit

Length meter (m)
Mass kilogram (kg)
Time second (s)
Temperature kelvin (K)
Electric current ampere (A)
Amount of light candela (cd)
Amount of matter  mole (mol)

Standard prefixes in SI units

Multiple Prefix
10 yotta, Y
1! zetta, Z
10'3 exa, E
10 peta, P
g tera, T
10° giga, G
10° mega, M
10° kilo, k
10? hecto, h
10! deka, da
10t deci, d
10= centi, ¢
107 milli, m
109 micro, p
10~ nano, n
16~ pico, p
19+ femto, f
0t atto, a
== zepto, z
107 yocto, y




Some Sl and
English Units < > >

200 mL 1 kg
[ Ibm = 0.45356 kg (0.2 L) (10° g) VV VY
' _ . (10° Q)
] ft = 0.3048 m FIGURE 1
The Sl unit prefixes are used in
Force = (Mass)(Acceleration) all branches of engineering.
F — Mma Copyright © MoGranw-Hil Education. Pemission equired for reproduction or display
a = 1m/s?
A m=1k > »F=1N
[IN=1 kg-m/s~ S
. ) - 2 - ’
[ Ibf =32.174 Ibm-ft/s a =1 ft/2
m = 32.174 1bm > » F=11bf
Work = Force x Distance
1J=1Nm FIGURE 2
1 cal =4.1868 J The definition of the force units.

1 Btu = 1.0551 kJ
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1 kef

10 apples
m=~1kg

4 apples
m =~1 Ibm

m=~102 g L o
° ;
R S — : | - —

tN 1 1bf
FIGURE 4
A body weighing 150 Ibf on
FIGURE 3 earth will weigh only 25 Ibf on

The relative magnitudes of the the moon.

force units newton (N), kilogram-
force (kgf), and pound-force (lbf).

W=mg (N)

W weight

m mass

g gravitational
acceleration
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W=09.807 kg:m/s* W =32.174 Ibm-ft/s’
=9.807 N =1 Ibf
= 1 kgf

FIGURE 5
The weight of a unit mass at sea level.

© John M. Cimbala

FIGURE 6

A typical match yields about one Btu
(or one kJ) of energy if completely
burned.



Dimensional homogeneity

All equations must be dimensionally homogeneous.

Unity Conversion Ratios

All nonprimary units (secondary units) can be
formed by combinations of primary units.

m ] ft
IN=1kg— and 11Ibf = 32.174 Ibm —

> S

They can also be expressed more conveniently
as unity conversion ratios as

IN | Ibf -
| kgm/s? T 30174 bmeft/s?

Unity conversion ratios are identically equal to 1 and are
unitless, and thus such ratios (or their inverses) can be inserted
conveniently into any calculation to properly convert units.
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LAUTION!
EVERY TEEM 1M AM

EQUATION MUST HAVE
THE =AME UMNITS

FIGURE 7
Always check the units in your
calculations.
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7 e
32.174 Ibm-ft/s2| [1 kg-m/s?
. [N

T Ibf §

(w)( 1 ([ 1kpa
\1 J/s | 11000 N«mj 1000 N/m?
-
0.3048 m || 1 min 1 Ibm
(— 1t (605 ) (045359 kg

FIGURE 8

Every unity conversion ratio (as well as
its inverse) is exactly equal to 1. Shown
here are a few commonly used unity
conversion ratios, each within its own set
of parentheses.
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Weight?
I thought gram
was a unit of mass!

Net weight:

(454 grams)

FIGURE 10
A mass of 1 Ibm weighs 1 Ibf on earth.

FIGURE 9

. : I N 1 k
A quirk in the metric W = mg = (453.6 )(9.81 mf’sz)( 2)( = ) =449 N
system of units. I kg-m/s”/\1000 g




BOYUTLAR VE BIRIMLERIN ONEMI

Herhangi bir fiziksel bluyukluk boyutlari ile nitelenir.
B Boyutlara atanan buyuklukler birimlerle ifade edilir.

m Kutle m, uzunluk L, zaman t ve sicaklik T gibi bazi
temel boyutlar birincil veya esas boyutlar olarak
secilmiglerdir. Hiz V, enerji E ve hacim V gibi bazi
boyutlar ise ana boyutlar kullanilarak ifade edilir ve
Ikincil boyutlar veya turetilmis boyutlar diye
adlandirilir.

m Metrik Sl sistemi: Degisik birimlerin kendi
aralarinda onlu sisteme gore duzenlendigi, basit ve
mantikli bir sistemdir.

m ingiliz sistemi: Birimler arasindaki iliskiler diizenli
bir yapida degildir ve sistemdeki birimler birbirleri ile
biraz keyfi olarak iligkilendirilmistir.

Yedi ana boyut ve Sl birimleri

Boyut Birim
Uzunluk metre (m)
Kitle kilogram(kg)
Zaman saniye (s)
Sicakhk kelvin (K)
Elektrik akimi amper (A)
Isik siddeti candel (cd)
Madde miktari mol (mol)

S| birimindeki standart énekler

10°un kati on ek
1012 tera, T
10° giga, G
108 mega, M
102 kilo, k
102 hekto, h
101 deka, da
101 desi, d
102 santi, ¢
102 milli, m
1076 mikro, u
109 nano, n
10712 piko, p




Bazi SI and Ingiliz Birimler

I ft = 0.3048 m b— —— -
2(())(;TL 111(()% ) A
ls = Kuvvet x Yol ,/(———)-\ | o (10°Q)
1J=1Nm —
1 cal = 4.1868 J Sl birim sistemindeki onekler butin
1 Btu = 1.0551 kJ muhendislik dallarinda kullantlir.

: a=1m/s?
Kuvvet = (Kiitle) (Ivie) m=1Kkg p———pF=1N

F = ma
: | a=1 ft/s?
IN = 1kg-m/s m =32.174 Ibm F=11bf
1 Ibf = 32.174 Ibm - ft/s Kuvvet birimlerinin tanimi.



1 kef

W=mg (N)

W AQirlik
m kutle

g Yercekimi
lvmesi

Dunyada 750 N agirliga
sahip olan bir kigi ayda
sadece 125 N gelir.

Goreceli kuvvet buyuklukleri

g =32.174 fus? E_'_ftlg'r:'_"r:‘den, ve birimleri: newton (N),
u | 1Z

g =9.807 m/s?

et : kilogram-kuvvet (kgf), ve
W=9807kg - m/s?  W=32.1741bm - fus*  seviyesindeki (Ibf) libre-kuvvet
= 9.807 N = 1 Ibf agirhg. |
=1 kgf



Muhendislik problemlerinde tim denklemler boyutsal
olarak turdes olmasi zorunludur.

Teklik donusum oranlari

Esas birimlerin kombinasyonlari ile tum turetilmig birimler
(ikincil birimler) olusturulabilir.Ornek olarak kuvvet birimi
asagidaki sekilde ifade edilebilir:

m | ft
N =kg — Ibf = 32.174 Ibm —
S S
Bunlar ayni zamanda kullanimi daha kolay olan, teklik
donusum oranlari seklinde de tarif edilebilirler:

N | Ibf

ke -m/s? 32.174 Ibm - ft/s>

Teklik donusum oranlari benzer sekilde 1’e esittirler ve
birimsizlerdir. Bu yuzden soz konusu oranlar (veya tersleri)
birimlerin duzgun bir sekilde donusturtulmesi icin herhangi

ZEYTIN + MAYONEZ
+ PEYNIR + TURSU ....

.= MIDE E;.%

SALAM + MARLUL + Z\

Boyutlarin uyusmasi igin
bir denklemdeki tum
terimlerin birimleri ayni

bir hesailama iileminin iiine ierleitirilebilirler. olmaldir.
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