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« Dimensional Analysis
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Objectives

In the first part of this chapter you will
learn:

The difference between base and
derived units

How you can use units to check
equations

How to use significant figures

How to deal with vectors

n the second part you will learn
How to describe motion in terms of
distance , displacement, speed,
velocity, acceleration and time

PILY
= 101



Introduction g

The basic laws of physics involve such physical
guantities as force, velocity, volume, and acceleration,
all of which can be described in terms of more
fundamental quantities.

In mechanics, the three most fundamental quantities
are length (L), mass (M), and time (T).

All other physical quantities can be constructed from
}kése three.

Metric Unit of Measure

Measures of Length

1000 millimeters (mm)
100 centimeters (cm)
1000 meters

1 meter (m)
1 meter (m)
1 Kilometer (km)

1 decimeter (dm) = 1/10 meter
Measure of Weight
1 gram (g) = 1000 milligrams (mg)
1 kilogram (kg) = 1000 grams
Ligquid Measures
1 liter (L) = 1000 milliliters (mL)

1 deciliter (dL) = 1/10 liter
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Length Mass

(cm)

ST units Meter(m)
CGS units Centimeter

Foot(ft)

Physical quantity measured

o&/00\&

Base unit

mole

meter

kilogram

second

kelvin

ampere

candela

Time

Kilogram(kg) Second(s)

Gram(g)

Slug(sl)

S| abbreviation

mol

m

kg

S

K

A

cd

Second(s)

Second(s)

&
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All other quantities can be derived from the basic

nits.. Give examples??

TABLE 2—1

The Three Basic Unit Systems

QUANTITY

Sl

CGS

BRrRIiITISH

Length meter (m) centimeter foot

Time second second second
(sec)

NMass Kilogram gram slug

e R (kg)

Velocity m/secC cm/sec

Acceleration

m/sec?

cm/sec?

ft/sec i

ft/sec?=

Force newton dyne pound
(kg -my/ farm: —cmy (slug - ft/
sec?) sec?) sec?)
Work, energy joule erg i~ e
(N - m) (dyne - cm)
Power watt erg/scee ft - lb/sec

(joule/sec)

N =)

dyne - cm

He¥

Pressure

pascal
(NS 2)

dyne/cm?2

HoyAnrees




Table of Conversion

CUBIC MEASURE CONVERSIONS

LINEAR MEASURE CONVERSIONS

1 me w1000 ym
im w 1000 m
1km = D213 Tmiles
1mil = D0254mm
il “ 000] wen
1ysd = 09144m
1 English foot « D3048m
1 Cape hocd = 0Nassam
1 Inch = 254mm
1 mie = 160934 km
1 newlical mile = 1852m
| peogrophicmie = NM20m
f chaln (Z2yarts) -~ 2 110m
| Cogo ropd w MBI M
o8 = 5020m
I lutlony w 1A m (40 rods)
| atam (Sleell « 1540
1 cuble's length w WS319m
I yony » 3o
1 cm w10 mmor 03837 mch

MASS CONVERSIONS
1 mp = 0001g¢
1y w 0001 gor1000mg
1Ky = 0.001 1 ¢ton
1t « 1000 ¥y
I posnd {ib) = 04538
1 ouses (o) = 283509
1 sheat 108 - TR0 N

= 090721 (meirk ka)
I long lon = 1016y
= 10167 meare won)

1grain w 006475609
1dram (%) = LM
T@xchmppry = 3878
Tslg (1748 = HMNIN
1 tanal w Mimpw g

. SOQUARE MEASURE CONVERSIONS

! om' w 0000Ym®
w DAGE laeh’
Im = 10,760 mn:
» 1,196 s
| b « 1000 mm'
= 0,306 104 0 miles’
t hettan « 10000m¢
1 Bom = 0404 848 hectare
1 morgos = 0856 531 8 haciae
1 ysndt « DAY m?
1 fosk? = 0002 8¢3 m*
1 Cage foat’ = 0099135623 1w
1 Cago rosd? - 14275520 73w
1 Inch? w 8452 ¢em?
1 mig? = 25099 km'
! superhcial sguarn ~ 820 m’
| chaln® = #M4.686m°
1 mis? » 540 aoms
| Be = 440580 m
1 meegen = B465 K0 mw
PRESSURE & STRESS
| Pa (Pastal) « I1Nw
» D000 “:’ﬂmt
« 000001 har
1101} Insh*{ps) » BA95 Py
P oubaet toed S ineh? o 13,70 M9y
1 ghort 10nd /N = 85704
tlongfon/incd' = 1544 MPy
1 losg 1om /' = 10794\
| b = 100 kPy
Phgtiom'or1am, = S4100Ps
1M I mANAL) = 131
| atm, (Mimosphere] « 101 IS N'n
TEMPERATURE
n'f = [5556({n-32|'C
n = (1.An & 7| 'F

! yard® = 0I846m’
! foed® o 0pR0Mm?
w 28320 Mres
1 inth? o 16367 mm*
o 00003 INres
» 153 m
s 1630 o’
| golion {Imgerkal] « 4546 dn?
1 gatios {US) w3785 on?
Im? w1000 Hees
tem' or 1900 mm’ = 1mi
tm' & 1000 D20 009 mvm’
= 1000 080 em?
* 1000 6m°
! dm? = 1M
I gotke {imgorial) « 43540 tvas
1 qatios {US) = 3,785 lires
1 liire e 0219973 gatlan (np|
= U204 290 gaaan (Us)
I plrt = 568 e
VELOSITY {LINEAR)
I m' w 1000 mays
1 Rl = NAMEms
I mileh » 1E0 Y
1 kch w0621 372 mins / baur
1 koot w  Tsaubical mishow
» 1452mY
w D514 445 ms
1} heh w o DS 0 unl
FORCE CONVERSIONS
1 N MR U | &nu'
1 kN “ 1 N
1ol = 4443 K
1 short 108 force w BAYGWN (559 N)
! long lon karee = 99540 (9984 K)
f powadnl w DIMPSN




LENGTH

VOLUME AND CAPACITY

WEIGHT (MASS)

Ordinary Units

1 foot =12 inches

1 yard =3 feet

1 mile = 5280 feet

1 nautical mi = 1.1516 statute mi

1% of latitude at

the equator = 69.16 statute mi

= 60 nautical mi

1 acre =208.71 ft on one side

of square

Metric Units

1000  picometres =1 nanometre

1000  nanometres =1 micrometre

1000  micrometres =1 millimetre

10 millimetres =1 centimetre

100 millimetres =1 decimetre

10 centimetre = 1 decimetre

1000 metres =1 netre

100 centimetres =1 metre

10 decimetres =1 metre

100 metres =1 hectometre

1000  metres =1 kilometre

10 hectometres =1 kilometre

1000  kilometres =1 megametre

1852  nautical metres =1 international

nautical mile

Equivalents

1 inch = 2.5400 centimetres

1 foot = 0.3048 metre

1 statute mi = 1.60935 kilometres

1 nautical mi = 1.853 kilometres

1 centimetre =0.39370 inch

1 metre = 3.28 feet

1 kilometre = 3280.83 feet
=0.62137 mile

AREA

Ordinary Units

1 square foot = 144 square inches
1 square yard =9sq ft
=1296 sq ftin.
1 acre = 43,560 sq ft
= 4840 sq yds
1 sq mile = 640 acres

=1 section of land (U.S.)

Metric Units

100 sq millimetres =1 sq centimetre

100 sq centimetres =1 sq decimetre

10000 sq centimetres =1 sq metre

100 sq decimetres =1 sq metre

100 sq metres =1 are

10 ares =1 dekare

10000 sq metres =1 sq hectometre
=1 hectare

100 ares =1 hectare

10 dekares =1 hectare

100 sq hectometres =1 sq kilometre

100 hectares =1 sq kilometre

Equivalents

1 square centimetre = 0.155 square inch
1 square metre = 10.76 square feet
= 1.196 square yards
1 square kilometre = 0.386 square mile
1 square inch = 6.45 square centimetres
1 square foot = 0.0929 square metre
1 square yard = 0.836 square metre
1 square mile = 2.59 square kilometres

Ordinary Units

1 cu ft of water at 39.1°F = 62.425 Ibs

1 United States gallon =231 cuin.

1 imperial gallon =277.274 cuin.

1 cubic foot of water =1728 cuin.
=7.480519 U. S. gallons
= 6.232103 imperial

gallons

1 cubic yard =27 cuft
= 46,656 cu in.

1 quart = 2 pints

1 gallon = 4 quarts

1 U. S. gallon =231 cuin.
=0.133681 cu ft
=0.83311, imperial gallon
=8.345 lbs

1 barrel =31.5 gallons
=4.21cuft

1 U. S. bushel =1.2445 cu ft

1 fluid ounce =1.8047 cu in.

1 acre foot = 43,560 cu ft
=1,613.3 cu yds

1 acre inch =3,630 cu ft

1 million U. S. gallons =133,681 cu ft

= 3.0689 acre-ft
= 27,878, 400 cu ft
= 640 acre-ft

1 ft depth on 1 sq mi

Metric Units

1000  cu millimetres =1 cu centimetre

I

1000  cu centimetres =1 cu decimetre
1000  cu decimetres =1 cu metre
1000  cu metres =1 cu dekametre
1000  dekametres =1 hectometre
1000  cu hectometres =1 cu kilometre
1000  microlitres =1 millilitre
=1 cu centimetre
10 millilitres =1 centilitre
10 centilitres =1 decilitre
1000  millilitres =1 litre
100 centilitres =1 litre
100 litres =1 hectolitre
1000 litres =1 kilolitre
=1 cu metre
10 hectolitres =1 kilolitre
Equivalents
1 cuin. =16.387 cucm
1 cu ft =0.0283 cum
1 cu yd =0.765 cum
1 cucm =0.0610 cu in.
1 cum =353 cuft
=1.308 cu yds
1 litre =61.023378 cu in.

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

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

Ordinary Units

1 pound = 16 ounces (avoirdupois)
1 ton = 2000 Ibs

1 long ton = 2240 lbs

1 Ib of water (39.1° F) =27.681217 cu in.

=0.016019 cu ft

=0.119832 U. S. gallon

=0.453617 liter
Equivalents

1 kilogram = 2.205 avoirdupois
pounds
1 metric ton = 0.984 gross or long ton

= 1.102 net or short tons
= 28.35 grams
= 0.4536 kilogram

1 avoirdupois pound
1 avoirdupois

To Covert Multiply by
ounces into grams 28.3495
pounds into grams 453.6
pounds into kilograms 0.4536
tons into kilograms 1016.047
tahils into grams 37.799
kati into kilograms 0.60479
grains into grams 0.0648
To Covert Multiply by
grams into ounces 0.03527
grams into grains 15.4324
grams into tahil 0.02646
kilograms into pounds 2.2046
kilograms into tons 0.0009842
kilograms into katis 1.653
kilograms into stones 0.1575
kilograms into hundreweights 0.01968

NON-METRIC TO
METRIC LINEAR

To Covert Multiply by
inches into centimetres 2.540
inches into metres 2,540 x 10*
inches into millimetres 25.4
feet into metres 0.3048
yards into metres 0.9144
miles into kilometres 1.609344
miles into metres 1609.344
feet into centimetres 30.48
METRIC TO
NON-METRIC LINEAR
To Covert Multiply by
millimetres into feet 3.281 x 10?
millimetres into inches 0.03937
centimetres into inches 0.3937
metres into feet 3.281
metres into yards 1.09361
kilometres into yards 1093.61
kilometres into miles 0.62137
VELOCITY
To Covert Multiply by
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

Table of

Conversion



Using the table of conversion,
answer these questions.

Q1 Convért 12 inches to centimeters.

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

ganchy 2.54 cm
Form a ratio of value I: 754y =1, =
linch
. 2.54
(12 inches)x ( Cm) =30.5cm

1inch

=1



Base quantities and units

quantities and units

®» The system international has seven base

Name Symbol Name
time t second
length | meter
Mass m kilogram
temperature 1,0 kelvin
Electric current | ampere
Amount of N mole
substance

Luminous candela
intensity

\ \

Symbol

mol

cd



Some common Derived &
Quantities and their units:

Physical Defined as Special name
quantity

density Mass + volume  kg/ m3

momentum Mass x velocity kg m/s

force Mass x kg m/s? newton
acceleration

pressure Force ~Area kg/ms?2 pascal

Work(energy)  Force xdistance kg m?2/s?2 joule

power Work + time kg m2/s3 wartt

Electric charge Currenf x fime AS coulomb

Velocity distance=+time m/s

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 eic

Their units are called as base units

Derived quantities

> They depend on base quantities
They are many
Examples : force, velocity, acceleration etc

Their units are called as derived units they are derived
from base units



Homogeneous equations

_ . Example
This means that in any

correct equation the base

units of each part must be
the same » Joule =1/2 kg m?/s?

The basg units on the right = kg m?/s? = kg m?/s?

hand sfde of the equation o 1/ is o pure number and has no units.
should be the same as left

hand side

» Kinetic energy = 1/2 mv?

Tg check an equation we can make use of units.
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Prefixes

For very large or small numbers, we can use standard prefixes
prefix _[symbol _____|multiplier
giga G 10°

mega M 10°

kilo k 103

milli m 103

micro U 10-¢

nano n 107

pico P 10-12

femto f

o PIY
S 102
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Significant figures

To find the number of significant figures you
must count up the total number of digifs,

starting at the first non-zero digit , reading from
left to right

3sf  J2sf  J1sf

4.62 4.6 5

0.00501 0.0050 0.005

3.40 x 10° 3.4x10° 3x10° PH
169 1.7 x 102 2 x 102 YS



Example of significant figures g

A man covers a distance of 100.0m in
68s.Calculate his average speed.

Speed = distance/time
= 100.0/68
= 1.4705882 m/s

his is the answer from your calculator

Distance:4 s.f., time:2 s.f. See the smaller
one.

We round to 2 s f.
So our answer will be = 1.5m/s PHY
= 102



Vectors and Scalars

= Vectors have both magnitude and direction.

= Scalars have only magnitude but no direction

Scalars ___________JVectrs

Distance Displacement
Speed Velocity

Mass Weight
Pressure Force

Energy Momentum

Temperature Acceleration PHY
Volume Electric current S 1 02

Density Torque

\\




Scalars and Vectors

A scalar quantity is one that can be described with a single
number (including any units) giving its size or magnitude.

A vector quantity is one that deals inherently with both
maghitude and direction.

Ps: arrows are used to present the direction of the vector, and
the length of the arrow represents the magnitude.

Physical Quantities

s PHY
Has magnitude only Has magnitude and E ; 1 02

direction




g=4

h2=f2+ g2
h?= (3)%+ (4)°
h’=9+ 16
h?= 25

h =5

h2= f2+ gz
gz= h2-f2
0’= (5)%- (3)?
g’=25-9

2- 16

a
]

h2= f2+ g2

£2= hz_gz
2= (5)%- (4)?

L0 SCALARS

AND

f=3

VECTORS




Representing Vectors

» Vectors can be represented by arrows

A horizontal force of 20N:

)

A vertical force of 10N:

PHHY
= 102



Scalar and Vector Addition

Scalars are simply added together
Vectors acting along the same straight line:

Resultant




Vectors acting in the opposite direction

The direction of the arrow represents the direction of the vector.

PHY
= 102



2
Perpendicular Vectors 8

.By Calculation

The magnitude of the Resultant vector
R can be

FOl;(I;d+uYs:ng Pythagoras theorem: R2= PHY
tan© = opposite/adjacent = Y/X S 102



| DEFINITION OF SIN 6, COS 6, AND TAN 0 3

h

sin § = — (1.1)
h
h

cosf=— (12)
h
h

fan § =~ (13)

hu

Trigonometry

h = length of the hypotenuse of a right triangle
h, = length of the side opposite the angle 0
h. = lenath of the side adjacent to the angle 6

h = hypotenuse

ho = length of side
opposite the
angle @

h, = length of side
adjacent to the angle @

Figure 1.5 A right triangle.

b
Pythagorean Theorem

he scguare of the length of the hypotenuse of a right
riangle is equal to the sum '
f the squares of the lengths of the other two sides: PHY

h> =h2 +h’ = 10x







example
1. If the car moves 40 m to east then 30 m to north
find the magnitude of the Resultant vector and
direction

2. Find the length of hypotenuse if the length of legs
are 5 and 12




Trigonometry

EXAMPLE

Example 1

Find the length of the hypotenuse if

the lengths of the legs are 5 and 12.
— 12

" ‘) b2 e

(yeomeiry ‘EETT ( it

........

PHY
= 102



Trigonometry

EXAMPLE

R =A% + B2
= /402 + 302
= V2500

=50 m

sketch your
problem

B=

A =40 METERS, EAST

30 METERS, NORTH

- -1 9pP
0=tan ad]
il 2
40
use calculator

0=tan

0 =36.87°Nof E

PHY
= 102



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 is[ Y=
L/T

= Example: 117 af?
e expression of o / - is correct dimensionally
L
L=—75x T2 =L

PHY
= 102
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Distance and Displacement

Distance and Displacement are both
ways of measuring how far an objec’r pistanc®
has moved. 7 e

®» Distance is a scalar guantity and
Displagement is a vector quantity.

\~~
~
~~~~~~~

» Distagnce is the total length of the path
trayelled.

’I
’/
¢

splacement is the length of the
ortest straight path between the initial

and final point in a particular direction. PHY

Both are measured in meters.



Speed and Velocity

The speed of an object is the distance moved per
second.(or the rate of change of distance is

speed). ﬁ m_vzsﬁ/;
®» Average speed = distance/time m/s (1) ﬂ &
®» Speed is a scalar guantity but Velocity is a vector.
» Velocity is'the rate of change of displacement.
» Averageé velocity = displacement/time m/s (2) Pl “‘"sp:EDZ ik
€ >

'f\?’@'ﬂ@(! g'lj':’{'[,\‘;}.? Vs, SE DERET B R ELocny
|

Velocity: Speed:

Velociny os the vector guanticy char Speed is the scalar quaniny char
signities the magnitude of the rate of Signifies omnly the magmirude of the
champe of position and alywe the rate of change of an objoct’™s
dircetion of an abject™s movesscmt. ESOVCITICnt.

e i, | -
- e S 102

Example:




Instantaneous Velocity

Using equations 1&2 you can find the average speed and
average velocity for a car journey.

A speedometer shows the actual or instantaneous speed of the
car , which varies through out the journey.

To find the instantaneous speed or velocity you have to find the
distance moved or the displacement, over a very small
interval of fime

The smaller the time ,the closer we get to an instantaneous
valuve.

reeeecececececececercecccerceccrcercecrccccecrcccCec

distance displacement
|

Ll PHY
| t Jelocutyi‘: S 1 02




Acceleration

» Accelerafion is the rate of change of velocity.
» Accelerafion = change in velocity/time m/s?
® |f s g vector qguantity .

®» [he change in velocity may be change in speed
or direction or both.

®» |f gn object is slowing down , its change in velocity
Is/negative ,this means a negative acceleration or
eceleration.

Av

a=—
A7 PHY
S 102



Equations of motion

When an object moves with constant , uniform
acceleration in a straight line,we can use the
following 4 equations :

)v=u+at u = initial velocity
2)s="%(u+v)t s = displacement
3) s =ut + 2 af? v = final velocity
4) v = u? + 2as a =constant

acceleration

t = time PHY
= 102



HOMEWORK

PIIY
= 101



Lecture 1 Homework

1. With an average acceleration of -1.2 m/s2, how long
will it take a cyclist to bring a bicycle with an initial
speed of 6.5 m/s to a complete stop?

2. Suppose a treadmill has an average acceleration of
4.7 X 103m/s2.

a. How much does its speed change after 5.0 min?

b. If the treadmill’s initial speed is 1.7 m/s, what will
its final speed be?

3. The radius of the planet Saturn 1s 5.85 X107m , and its
mass is 5.68 X 102% kg .Find its density and find the

surface area.

HOMEWORK

PILY
= 101

@



Lecture 1 Homework

4. Consider a car that starts at rest and accelerates at
2m/s? for 3 seconds.

At that time, t = 3 s, how fast is it going? and how HOMEWORK
far has it gone? '

5.A car accelerates in a straight line from rest of 2.3
m/s2.a)What is the speed of the car after it has
travelled 55m?b)How long does it take the car to
travel 55m?

6. Check if this equation is dimensionally correct: T=
Zn\/L/g .where T is period, L is length, g is

acceleration. PHY
s 101




Lecture 1 Homework

5)Convert the following:

50um =......... m

1.5X1011m =........ km .Write using prefix =

1.440 X106 g =........ kg HOMEWORK
10nm = ...... m=...mm =........ um

1us=.... S

6) Write the unit described by the following
combinations of units:

kg (m/s) (1/s) = ..........

(kg/s) (m/s2) = .........

(kg/s )(m/s)z=...... ....

(kg/s)(m/s) = .........

7) Do these calculations and use proper significant

figures: -
26 X 0.02584 = PHY
15.3+1.1 =
782.45 X 3.5 = S 101
63.258 + 734.2 = @




Questions

Fill in the blanks:

= 1) Velocity is the rate of change of
.. ... It is measured in ...........

»/2) A change in velocity can be a change
in....... ,Of ....... ,or both.

» 3) Accelerationisa........ Quantity. It is

measured in .......... PHY
= 102



Physics Is Awesome
©

YOURS,
TEACHING TEAM




