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CHAPTER 1

Mechanics

Units and Dimensions

Motion in One Dimension
/\/\/_\_/




Topics to be covered

Units &Dimensions Motion in One Dimension

®» Base and Derived Units ®» Displacement

® Definition of SI Units ®» Average and Instantaneous
Velocity

® Scalar and Vector
Quantities ®» Average and Instantaneous

® Dimensional Analysis AccElg




—

Objectives

In the first part of this chapter you will learn:

* The difference between base and derived units
 How to use units to check equations

* How to use significant figures

 How to deal with vectors

In the second part you will learn:

e How to describe motion in terms of distance ,
displacement, speed, velocity, acceleration and
time



Introduction

The basic laws of physics involve physical quantities such as
force, velocity, volume, and acceleration, all of which can be
described in terms of morq fundamental guantitie
In mechanics, the three most fumdamental quantities are

length lQL}, mass (M), and_time (T).
All other physical quantities can be constructed from these

three.

|

Metric Unit of Measure
Measures of Length
1 meter (m) — 1000 millimeters (mm)
1 meter (m) /\2 100 centimeters (cm)

1 Kilometer (km) = 1000 meters
1 decimeter (dm) =1/10 meter

Measure of Weight

‘i_é?yg)/ = 1000 milligrams (mg)
iflogram (kg)

= 1000 grams
T Liquid Measures
1 liter (L) = 1000 milliliters (mL)

i
1 deciliter (dL) = 1/10 liter




Units NI 4
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Basic Units of Measurements

Length Mass Time
> _——
> ST units Meter(m) Kilogram(kg) Second(s)
/7 CGS units Centimeter (cm) Gram(g) Second(s)
BE Foot(ft) Slug(sl) Second(s)
Physical quantity measured Base unit S| abbreviation
8 @ @
meter m
kilogram kg
—~—— -—
’Q second s
Tcw\? ® kelvin K
CM‘ *ﬂ ampere A
Q candela cd




Ps: All other quantities can be derived from the basic units.. 2 ol ol
PY\Ne

QUANTITY SI CGS BRITISH Wik s
Length eter (m) centimetre foot \/ (.l o C_‘(B
Time second (sec) second second
Mass kilogram (kg) gram slug ACC (,]e ¢ “jov\( Jeloe \') Nelocily YYV
Velocity m/sec cm/se ft/sec \ T+ we :
Acceleration — m/sec? cm/seC ft/sec?
== O Fa((,? = N\ —&\ﬂg} (/\ c\evwf’é
Zorce _————>\ newton. yne pound (Ibf)
(kg.m/sec?) Tm/sec?) (slug.ft/ sec?) \
Work, energy Joule erg — \«9 %Y =(N )
R z;N.mB (dyne.cm) ft.1bf {/2
Power watt
( Zi’oule/@ erg/sec . ft.1bf/sec
Torque N.m dyne.cm \'f ft.1bf
——~—
Pressure ascal
(N/m’ dyne/cm? Ibf/ft?




Table of Conversion

LINEAR MEASURE CONVERSIONS
1 mis = 1000 ym
1m = 1000
1K = [A21372 Tmilet
1mil = (L0254 mm
i mll = f00] Wes
1 yesl = [3ddm
i Englizh kat = DIN4Em
1 G Bl = EH4EEm
i Inch = 54 mn
1 mila = 18095 km
1 nisslicad milo n 1858 m
| pEsjroptie mis = TZ0W
{ chain (F'yard] - M110m
| Cospé ronpd =  LITH I m
7 rod = §im
1 luilsng = PO AL (8D redi)
| fadamiilelh = 190
| cabi'slength = TES3BmM
I yms & Jism
| cm a0 mimor 0UENT ach

MASS CONVERSIONS
i mp a 0 g
] = 0 kg or 1 000 mg
I ky = 001 1 {ion|
it = 1000 kg
| posnd [IK) = WASIE Ky
I ouses { ) = 2.360g
| &l 106 - D Ky

= (007 21 (melrk kon)
I lomg lon = TGy
= 1NN6 T [ TIBARG M)

1 grain ST T T
1 dram [ = 1IN #q
Tdrachmjapnilk = LETE
Tl RIT4n = WMl
1 raral = Himp e g

| SOUARE MEASURE COMVERSIONS

| o « 0000 m®
e ILVGE laah’
w il
w1, [
I = = 1 Q00 dd m*
= [LI8A 104 0 =ilest
I histlam = lad0om*
(0[] = 0404 848 heziam
1 miEpo = [LAGE 511 8 baclew
1l i = [0A38 i2Y m!
1 foad? = [LI8E 8 mt
1 g foal" = 0098 135 623 1w
1 Coa pond ® = 14,276 520 73 md
1 inch? = 482 cm?
I g = 2509 % km'
| miugsrRctal sgwarn = B2Am"
| chaia® = 84,686 m*
| i = Bl apms
| Hese = 4 K6, m*
I e = B485,20m
PRESSURE & STRESS
| P {Paal) = | W
= [000 87 Nimm®
w QL0000 bar
10l Inch"tpel = BA9S kPa
Dbt At Ineh? 13,70 WP
b bt ipal ¢ R = 5 T8 EP
! lpeg fond ¢ inch’ = 15,44 Pg
| s 1o 4 1" = 1074 ifa
i = 1 kPa
| kgt amtor1@m, = 53 100Ps
| Ul | HEAL) = 133 P
| oim, (minoepharn] = 131 325 N'm'
TEMPFERATURE
n*F = [54564n-52} °C
i = {1An & 5% 'F

&

GUEBIC MEASURE CONVERSIONS
| yard" = Q8dEm’
i et = QE2D 8% m?
a  FEAR0 Mres
| ingh? = 18367 mm®
= QD 3 N
« 1830w
& 1830 !
| puliow |impgerisl] = 4846 dgn?
| ol L) & 4,705 ga?
I m* & |80 lies
fem' of tl00ma’ = 1ml
Im* & 1000 D80 008 v
= 1 000 DI gt
= 1000 gn?
I dm? = 1Ha
i pols {imgoial) = 4340 lbas
I puliom |LS) = 3,785 g
I ilire & (L1 973 gallan (inp,|
= {140 P g [0S}
i plrd = [558 ifme
VELOSITY (LINERAR}
I mee w1 EE
1 i = A Eme
I millieh = 1SS
i bach = (& 572 miles  baur
| lomd w1 adiilieal milylioe
e 1452 N
e D14 45
I kaghi s O el el il
FORCE COMVERSIONS
R T = 1&@:'
i kN = 00 W
i1ar = 4HAN
I mhirt 1oB lomE = B b Y (AR M)
flonglonarce = Q984 N (D964 N
t pnminl m DAE RSN
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LENGTH VOLUME AND CAPACITY WEIGHT (MASS)
i ii Ordinary Units Ordinary Units
1 foot =12 inches 1 cu ft of water at 39.1°F = 62.425 Ibs 1 pound = 16 ounces (avoirdupois)
1 yard 3 feet . o . 1 ton = 2000 Ibs
1 mile = 5280 feet 1 Onitedisiesgalion,  i=231iclih, 1 long ton = 2240 Ibs
1 nautical mi =1.1516 statute mi 1 Imperial gallon =277.274 cuin. 11b of water 39.1°F)  =27.681217 cu in.
12 of latitude at 1 cubic foot of water =1728 cuin. =0.016019 cu ft
the equator = 69.16 statute mi =7.480519 U. S. gallons =0.119832 U. S. gallon
= 60 nautical mi f : =0.453617 liter
=6.232103 imperial 4
1 acre =208.71 ft on one side I X Equivalents
of square gallons 1 kilogram = 2.205 avoirdupois
1 cubic yard =27 cuft unds
Metric Units = 46,656 cu in. 1 metric ton = 0.984 gross or long ton
1000  picometres 1 nanometre 1 quart =2 pints ) : = 1.102 net or short tons
1000  nanometres 1 micrometre 1. saliea RS 1 avoirdupois pound =28.35 grams
1000  micrometres 1 millimetre & a o 1 avoirdupois = 0.4536 kilogram
10 millimetres 1 centimetre 1 U.S. gallon =231 cuin. .
100 millimetres 1 decimetre =0.133681 cu ft Love_rt Multiply b
10 centimetre 1 decimetre =0.83311, imperial gallon ounces into grams 28.3495
1000  metres 1 netre ~ 8.345 Ibs pounds into grams 453.6
100 centimetres 1 metre i § poun'ds into kilograms 0.4536
10 decimetres 1 metre 1 barre| =31.5 gallons tons into kilograms 1016.047
100 metres = 1 hectometre =4.21cuft tahils into grams 37.799
1000  metres 1 kilometre 1 U. S. bushel =1.2445 cu ft k‘“{ into kilograms 0.60479
10 hectometres 1 kilometre 1 fluid ounce =1.8047 cu in. | 0.0648
1000  kilometres =1 megametre
. , 5 1 acre foot = 43,560 cu fi o H
1852  nautical metres =1 international e o ket To Covert Multiply by
nautical mile =1,613.3 cu yds grams into ounces 0.03527
1 acre inch =3,630 cu ft grams into gr;!{\s (1)50‘2‘2?12
2 -~ : ) grams into tahi i
Equivalents ) 1 million U. S. gallons =133,681 cu ft Kilograms into pounds 22046
inch 2.5400 centimetres ~3.0689 _ft 3 5
= 03048 mete. 2 P kilograms into tons 0.0009842
Z =0.3048 = 1 ft depth on 1 sq mi = 27,878, 400 cu ft kilograms into katis 1.653
statute mi 1.60935 kilometres Kl leraiis o STOReS 0.1575
nautical mi 1.853 kilometres = 640 acre-ft (08! % . Z
o o — 0.39370 inch kilograms into hundreweights 0.01968
metre 3.28 feet Metric Units
kilometre 3280.83 feet i .
 0.62137 mile 1000 cu m||||-metre5 =1cu ;enflmetre NON-METRIC TO
1000  cu centimetres =1 cu decimetre METRIC LINEAR
1000  cu decimetres =1 cu metre
AREA 1000  cu metres =1 cu dekametre To Covert 3 Multiply by
_ 5 1000  dekametres =1 hectometre !nches into centimetres 2.540
Ordinary Units PY  ciitectomeies =T il : inches into metres 2,540 x 10*
1 square foot = 144 square inches e i CL{ " .ome T8 inches into millimetres 25.4
1 square yard =9sqft 1000 microlitres =1 millilitre feet into metres 0.3048
1296 sq ftin. =1 cu centimetre yards into metres 0.9144
1 acre = 43,560 sq ft 10 millilitres =1 centilitre miles into kilometres 1.609344
=4840 sq yds 20 ] i miles into metres 1609.344
1 sq mile 640 acres 19 an{'l_"'es =1 d»ecllllre feet into centimetres 30.48
=1 section of land (U.S.) 1000  millilitres =1 litre
100 centilitres =1 litre
ic Units ) 100 litres =1 hectolitre METRIC TO
100 sq millimetres 1 sq centimetre 1000 litres =1 kilolitre NON-METRIC LINEAR
100 sq centimetres 1 sq decimetre Tcimnene
10000 sq centimetres 1 sq metre To C Itipl
; 3 1 hectolit =1 kilolit Lo Lovert Multiply by
100 sq decimetres 1 sq metre 4 seiolies N millimetres into feet 3:281-xT0*
100, sqimekes =Tare) . millimetres into inches 0.03937
10 o = 1 dekare Equivalents centimetres into inches 0.3937
10000  sq metres = : ilq h:zclomelre 1 cuin. =16.387 cucm metres into feet 3.281
=1 hectare :
1 cu ft =0.0283 cum metres into yards 1.09361
100 ares =1 hectare 1 d —0.765 kilometres into yards 1093.61
10 dekares = 1 hectare SU:Y =Tiboieum kilometres into miles 0.62137
100 sq hectometres = 1 sq kilometre 1 cucm =0.0610 cu in.
100 hectares =1 sq kilometre 1 cum =3¢ 3 cuft
i =1.308 cu yds VELOCITY
Equivalents " .
1 square centimetre = 0.155 square inch 1 lirre =61.023378 cu in. To Covert Maltipls

square metre

square inch
square foot
square yard
square mile

= 10.76 square feet
= 1.196 square yards

square kilometre = 0.386 square mile

= 6.45 square centimetres
= 0.0929 square metre
= 0.836 square metre

= 2.59 square kilometres

{about 1 quart)
=0.264170 U. S. liquid

gallon
= 0.2201 imperial gallon
3] U. S. liquid quart = 0.946 litre
1 U. S. liquid gallon = 3.785 litres

miles per hour into kolometres per hour  1.609344
feet per second into metres per second 0.3048
feet per second into centimetres per second ~ 30.48
centimetres per second into feet per second 0.03281
metres per second into feet per minute 196.9
metres per second into feet per second 3.281
kilometres per hour into miles per hour 0.6214



The Conversion of Units

= Using the table of conversion, answer these questions. .l% L > 2

e —————— —~——— T

Q1 /Convert (2)inches to centimeters.
@’\A T b X — 12x 25“:‘50.50«'\

s.1 From the table: 1 inch =2.54 cm l

12inchx (—— )= .... cm




The Conversion of Units

» Using the table of conversion, answer these questions.

Q1 /Convert 12 inches to centimeters.

Ans.1 From the table: 1 inch=2.54 cm

12 1nch X (=



Base quantities and units

—_——~———

® The international system (SI) has seven base quantities

and units

Base Quantity Base unit

Name Symbol Name Symbol
time &« (:t> secon D)
I/eng?lb ﬁj ete m
mass m_ _| kilogram kg
temperature ,;1:,@ elyin K
Electric current (3 ampere A

—_——~——————— T —

Amount of substance @ mole

‘ - - ol
Luminous intensity (cand Cd

— N——

can ela>




Some common derived quantities and their
units:

Physical quantity | Defined as unit
densit .q&— volume
y /\&
Mass_x Velomty /‘E\ ‘ ke.m/s \
force Mass ation kg, m/s? l newton '\ NJ

pressure Force +~Area kg/ms>  pascal

' Work(energy) Force x distance kg m?/s? joule
power Work =+ time kg m?/s®>  watt
Electric charge Current x time As coulomb

Qo @@ @)

acceleration velocity+time m/s?




Difference between base and derived
quantities

Base quantities

= They do not depend on any quantities

®» They are seven in number

—

Examples :length , mass,time etc

_— ——

® Their units are called as base units
—_——

Derived quantities o = Slisteme -

®» They depend on base quantities
N —~— —

®» They are many

=» Examples : force, velocity, acceleration etc
~— Py

—_— N—
® Their units are known as derived units because they are

derived from base units
—



Homogeneous equations

L ———
Example
® This means that in any correct -
equation the base units of each " _Kinetic energy = @Tﬂi
part Tfs?b@me = Joule =1/2@

= The base units on the right hand ~ = kg.@@ =kg m¥s?

side of the equation shpuld be > 14 is a pure numbeT I
the same as left hand side —_

To check an equation we can make use of units.




Prefixes
® For very large or small numbers, we can use standard
prefixes -
% IS

g1ga
mega M _1/0\6/
kilo k 103
s | @ L
micro u 06
nano n (U
pico p Q12
femto f



—B Is.F =

Significant figures I's.F
Significant figures are the digits within a number that helﬁii\et/el;nli@’ L . Zf .
accurac
. L - .35 v
Rules Example #s.f ( ‘;
All numbers that are not zero are significant 43 @ Gecwacy 4%
Zeros in the middle of non-zero numbers are 201 3s.f
significant . 7
Z 10s ¢ after the decimal are significant 1490 4s.f m
~— c__
eros and coefficients in scientific notation are LAL.Q, 3s.f \l ’
Significant 03 +2.5 - 05.3
Le\agg% or beginning zeros are not significant 0.00066 @ — o5
Zeros in a number without a decimal are not (4P00000 Is.f 2 /
significant / @ 0
When .adding or subtracting look for the least ﬁ@lt 103+2.3=105.3 o ’ XO 5 - Q.55
of decimal places RD to 105 0o 6
When multiplying or dividing look for the least 1.1x0.5=0.55 1s.f )
amount of significant figures RD to 0.6

—~—— —



Example of significant figures @

A man covers a distance of 100.0m in ‘6_8§.Calculate his

average speed. 7‘ | 7‘

Speed = distance/time
= 100.0/68
= 1.4705882 m/s
—_——
This is the answer from your calculator

Distance., time@

See the smaller one.

We round to@

So our answer will be = @n/s

SF?Ccl =

—

=

Cl"';‘l-ovwce - &0
'+'|vv\0 2$F68

[. 47 058 Y, /s

E‘] 25F



Examples

How many significant figures are
there?

a) 40 IsF 1s.f
) 80.30 < 4 s.f
¢) 0.032 2 2s.f
d) 5.801x107 <15 4 s.f

e) 486 - 421.23=  (65) QsfD

f) IOOOXU— 2.00x10° 3 s.f

_“sF 3F
9s _ \;) 3sF




=y =Fe W2 &

s udteatans)

= Vectors have both magnitude and direction,

g Scalars have only__m@tggg but no direction Q —F“
ya
7
5
_— >
Distance D1sp1acement

Speed Velocity

Mass Weight

Energy Momentum

C Temperature ) Acceleration
Volume Electric current

Density Torque



Scalars and Vectors yd
T_ 35
A scalar quantity is one that can be described with a single number = So (-
(including any units) giving ltS‘\/SIZC/O\I; magngl{ig —1
A vector quantity is one that deals inherently with both magnitude and F 6 ,\, A we O

direction.

e cﬂ \(ec.'h’ov\
Ps: arrows are used to present the direction of the vector, and the length of
the arrow represents the magnitude. Velle v C( | J

/\_//\_/\_:\

Physical Quantities

Has mgggi;u&and

Has magnitude only
N ——




Dimensional Analysis

/\_/'_\’_\/_

» The dimensional analysis is important in checking the validity of
any mathematical expression. The dimension of any quantity will

be defined in brackets [ ]. The dimension of velocity yis [v]=
L/T

= Example:

is yhe expression of x = 1/2 at” correct dimensionally
é'\w\(’\h 'W"Y*A)
x=1 oA PHYS

V\o+ Cowect



