Introduction to physics, units and measurement
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Is there any measurement
absolutely precise or accurate?

No measurement is absolutely
precise or accurate.

Lalad (38 ) Lo gucae il a0 Y

What is important when giving
the result of a measurement ?
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It is important to state the
estimated uncertainty in
measurement.
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What is the accuracy?
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Accuracy is how close a
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measurement comes to the true Al
value.

What is the precision ? ¢ Lhuall i L
Precision is the repeatability of o Gaob e bl S5 sa Lyl
the measurement using the same 1Y)
instrument. (o Sl @ B (520 g4 ozl
Or Precision is how close the ) leasy

measured values are to each
other.

Note:

It is possible to be accurate
without being precise and to be
precise without being accurate.
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What are the main sources of
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uncertainty (errors)? ¢ (slaa¥l) ol
1-Human errors (difficulty reading | o gl 3e) 8 4 saaa) 45 3l eladl)-1
results Between the smallest (Clapuil) JA)

divisions). (human ability)
2- Limited Instrument accuracy
(systematic error).
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What is the least reading in the
ruler?
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1mm = 0.1 cm also called (E or
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error) (Was)
Convert between these units: s las gl eda o Jsa
1-km to m e Al aS-1
2-mtocm it (A jie-2

3-cmto mm
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1km = 1000 m or 103m
1m = 100cm or 10%cm
l1cm =10mm
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If 1m = 100cm so what cm equals
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to 1m?? ¢ 1m? (sl
1m =100cm Al 100 = sl
So Do)

When 1m? squared so 100cm
becomes after squaring
10000cm? or 10* cm?
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10* cm?

Convert between these units:
I-mmtocm

2-cmtom

3-m to km
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1-Imm=0.1cmor L
g

2-1cm =0.01 m or —
100

3-1m =0.001 km ——
1000
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If 1cm =0.01 m so what m equals
1cm? ?
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We know that 1m? = 10000cm?
So when need to divide both
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numbers find answer by 10000 to m2=1cm?
10000
become
1
m?=1cm?
10000

What m equals 258 cm??
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It becomes 258 cm? = x m? we
know that 1m? = 10000 cm?
Divide 258 by 10000 it becomes

258
m? = 258cm?
10000

5258 cm? = x m? Waladl o
1m? = 10000 cm? o)) ala
za1 10000 le 258 daniy

258 102 = 258cm?
10000

What is the error ?
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The error value is written + for
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example:

error in the ruleris £0.01 .

Rule: 3acld

the percent of uncertainty = %100 x L dg

Error dsd) ?
x100 %

Result

Q: what is the percent uncertainty
in the measurement L= 20.2
+0.4cm ?
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L=20.2 +£0.4cm ?

We know that error = 0.4 and
result =20.2

By using this rule: x 100 %

Error
Result

04 100 = 1.981 =~ 2%
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20.2 = daill 50.4 = Wadll o alas
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04 100 = 2%
202700 T4

Q: what is the percent uncertainty
in the measurement A= 2.03m??
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A= 2.03m??

We have the result which is
2.03m? but we don’t know the
error so we will use 2.03m? (2
decimal places) we will take the
smallest number with 2 decimal
places).
Error = 0.01 m?
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By using this rule: o

0.01 100 =~ 0.5 %
203 0 TN
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—Te 100 %
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A scale has +0.2 g accuracy.
Weighting a gemstone on it gives
13g one day and 12.7 g another
day. Are these measurements
acceptable or not?
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In this case we have a situation
which called overlap.

We need to add the accuracy one
time and another subtract to find
this:
13+0.2=13.2g,13-0.2=12.8¢
12.7+0.2=12.9,12.7-0.2=12.5
As we see the 2 measurement are
acceptable within the scale's
accuracy.
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P o)l anlall
13+0.2=13.2g,13-0.2=12.8¢g
12.7+40.2=12.9,12.7-0.2=12.5
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What is the significant figure?

s simall 222l) g2 Lo

The number of reliably known
digits in a number.

Rules in significant figure:
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1-All nonzero digits (1, 2, 3, ..., 7,
8, 9) are significant figures.

For example: 11 has 2 significant
numbers, 243.22 has 5 SN.

2- Zeroes in the left of the number
aren't counted.

For example: 0.009, 001, 0.1

3- Zeroes in between digits are
counted .

For example: 101, 2009,108.2

4- Zeroes in the right of numbers
have 2 cases:

A-Number without decimal
point zeroes aren't

counted.

For example: 10, 1500,1300

B- Number with decimal

point zeroes are counted.

For example: 10.0, 20.,

20.00
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There is a special case for
counting zero as significant
figure:

If the whole number preceded by
the words precisely , accurately
,etc.

For example:

Precisely 80 cm (2 S.F)

Accurately 200 km (3 S.F)

But : If the number preceded by
the word (about, approximately,
etc.) the zero is not counted as
significant figure.

For example:

About 600 cm (1 S.F)
Approximately 800 km (1 S.F)
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Q: The number of significant figures in (24.20) is:

4 Significant figures 4 siza 28 ) 4

€ (24.20) 232)l & & ginal) 2V 22e oS

Q: The number of significant figures in (0.0062) is ?

A: 2 Significant figures or S.F

Q: The number of decimal places in (0.062 ) is :
;54 (0.062) a0 (& 4y phall J )Ll 2o 1) g

A: 3 Decimal places or D.P




Rounding in significant figures and
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decimal places: 24y ydal)
In multiplications and division, G 5irall a8 ) aaiins G pdall g dandl) b
we use significant figure to round JRAPE| AT

the number.

How to use it?

We use the number with least
significant figure to find the
rounding answer.

For example: 5.5cm x 1.65cm =
9.075¢cm? BUT we need to use
rounding by using the number
with least S.F which is 5.5 (has 2
S.F but 1.65 has 3 S.F) so the
result after rounding = 9.0 cm?
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5.5cm x 1.65cm = 9.075¢cm?
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In addition and subtraction, we
use decimal places to round the
number.

How to use it?

We use the number with least
decimal places to find the
rounding result.

For example: 3.31cm—1.2cm =
2.11cm BUT we need to use
rounding by using the number
with least D.P which is 1.2 (has 1
D.P but 3.31 has 2 D.P) so the
number after rounding = 2.1cm
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3.31lcm—-1.2cm=2.11cm
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Q: The area of a (10.0 cm x 6.5 cm) rectangle is correctly given as:
rzmaall AL ey (10.0 cm x 6.5 cm) Jebaial) dabiw 1) 5
10.0 cm (3 S.F) x 6.5cm (2 S.F) SO = 65¢m? (2 S..F)

Q: The difference D=A-B between 2 numbers A=3.6 and B=0.57 is

correctly written as:

3.6 (1D.P)—0.57 (2 D.P) =3.0 (1 D.P)




) a3l Scientific notation

What do we use in scientific
notation ?
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Power of ten or 10*

Scientific notation allows the
number of significant figures to be
clearly expressed.
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Writing scientific notation :
When we want to write a large
number we use a scientific
notation to be clearly expressed.
We count the significant figures
for the number and then convert
the number to decimal number x
10% .

For example: Write 3900 as a
scientific notation.

We know this 3900 to make it
decimal number we delete zeroes
it becomes 3.9 and then we count
all digits after the first number
which is 3 and we find there are 3
digits after 3 (this is the power)
S03900=3.9x 103
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Second case:

If the number less than 1 it
becomes negative power of 10.
For example: 0.0021

We count significant figures to
find there are 2 S.F which are 2
and 1 after converting this to
decimal number it becomes 2.1.
Now we count zeroes before the
first significant figure to find there
are 3 zeroes (3 is the power)

S0 0.0021 =2.1x 1073 (negative
because it less than 1) .
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Third case:

If the number between 1 to 10
and in this formula (x.xx) we just
add x 10° .

For example: 7.23 in scientific
notation.

It becomes : 7.23 x 10°
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X100 i L (x,xx)

odall ae il 7,23 o8 1) i) ;e

. 7.23x10° : ol

Q: Scientific notation allows the number of significant figures to be:
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A: to be clearly expressed.
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Units, Standards, Sl System

The measurement of any quantity
is made relative to a:
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Particular standard or unit
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All measured physical quantities
have:
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Units.  Glaag
In physics, all units are: s Gl gl JS el ) B
Vital Ll
The Sl means : D 25 S|

International system or
international Standard.

e Gl e s

Sl system also called :

tbay ale 3ty S pldad

Also called MKS system (meter-
kilogram-second) or (the metric
system).

— alg SIS - yia) MKS ali lgle (3l
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For any unit we use, we need to
define a:
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Standard which is important to be
readily reproducible

B sS85 el ) lma
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The standard unit of length is:
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Meter (m)

m e

What is the newest definition of
Meter?
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Length of path traveled by light in
vacuum in (1/299,792,458) of a
second.
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Asll) 8 (1/299,792,458)




The standard unit of time is:
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Second (s)
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What is the old definition of
second ?
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1/86,400 of a mean (or average)
solar day.
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What is the newest definition of
second?
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time required for 9,192,631,770
oscillations of radiation emitted
by cesium atoms

(= 9,192,631,770 J o )21 il
0 (e il ) LAY

The standard unit of mass is
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Kilogram (kg)

(kg) o2 LS

What is the definition of kg ?
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A particular platinum-iridium
cylinder.
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When dealing with atom and
molecules we usually use :

Lo Ladly by jadl 5 <l HAl1 aa Jalatli Ladie
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Unified atomic mass unit (u)
1u =1.6605 x 10 kg

U 33 gall 45 ,Al) ALK 3as 4
1u = 1.6605 x 10’ kg

What is the meaning of base
guantity?
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It is the seven quantities in the SI
system and must be define in
terms of standard.
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4ulu) claasl)  The base quantities

Length Meter M
Time Second S
Mass Kilogram Kg
Electric current Ampere A
Temperature Kelvin K
Amount of substance Mole Mol
Luminous Intensity Candela Cd
What are the derived quantities? faaiall CleSl 4 L
All physical quantities are defined ran Lgdy jad o A hadll CilaaSH) S
in term of :The base quantities Al sl
Both the quantity and its unit are (0 Ae sena (g 481G Lgias g5 40l S
derived from a combination of aladtuly ) sl
base units by:
Using a defining equation. .y et Alalaa pladduly
Examples of derived quantities: ASide CilpeS] AT
distsance (m Al (5 . s -
Speed m/s = T(s)() N — (E::)) = 46 [ i de )
Acceleration(m/s?) = % “j(‘i%)) _ (@GZ / i) gl
Force (N) = mass (kg) x ST vt [ o\
accele(razion (m/s(z)g) gl x (o) S = (UU:UZ) A
(A8l /i)




Larger & smaller units defined from Sl standards by powers of 10 & Greek prefixes

5l g s yall Gl alasinly allall alail) (i (e Lgds yal a jiaal 5 5S) Cilas g

Al gal) culaalall
Abbreviation Value
T 1012
G 10°
M 10
K 103
m 1073
M 106
n 10~°
p 10—12
f 10715
o) KON | S PP |
Converting between units:
To convert between units we D)zl o gl e Jy gaill
need to divide and turn it into (sl danall
multiplication by change the sign iy @ ) Al Jsas @l 2y
of denominator and then the first Ll 3 L3
exponent add it with another one - 2 e G e
to find answer. lpm=x pm.:dt'&-o
For example: gl Gk Gle 1pm pudi Y
lpm=xpum 1p_m = x
First we use 1pm divided by hm um )
1pm 83 g2 gall ) ald )l ) Slas gl e <l 2ay
It becomes ek X (sl b
And then change the units to 1 xli)“) = x : el
numbers . ) . 0=
1 x10-° 3L L ) G pua (I dandll J s
It becomes o6 - AR
Turn it into multiplication (don't 1072 x 10° = x
forget to change the sign of oY) pand
denominator). 107946 = x
1079 x 105 = x el gl eaad
Now use addition between 1073 = x 1 —
exponents. 1000
10—9+6 = x

o 1
The resultis10™3 = x or —
1000




e il s Non SI system

British system also called (foot — pound — second system).

(ARG — ) — a8 Gl o) e Gl 5 Jlay yll aUadl)

Quantity Sl system British system
Length or distance Meter(m) Foot (ft) or inch(in)
Mass Kilogram (kg) Pound
Time Second (s) Second (s)

<laa gl Jagad  Converting units
1lin = 2.54cm Faiiiw 2,54 =S4l 1
1ft = 12in Uil 12 = a8 1
1mile = 1.6km Fasl€1.6=dn1
3 _ 3
1m==10001 A1000 = e 1

To convert between ft to cm we
need 2 steps:

Convert ft into in by
(multiplication)

Convert in into cm (by
multiplication also).

For example: A distant of 10 ft is
equal tox cm?

To convert 10 ft to in we need to
10 multiply by 12 (1ft = 12in)
10ft x 12in=120in

And then convert 120in to cm by
multiplication (1in = 2.54cm)
120in x 2.54cm = 304.8cm

So 10ft =304.8cm

gl ey adill G Jysasl
(o pall Aans) 53) Y () i)y paie]
(opally) e ) Y s pai -2
:Je
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@ 10 ea A zlisd A1) 10 Jo sl
(U 12 =81 oY) 12
10ft x 12in=120in
Gl (il 120 Jsad @il 2y
(Sariw 2,54 = il 1)

120in x 2.54cm = 304.8cm
. adiie 304.8 = a8 10 <A




Convert between square inches
(in?) and square centimetre
(cm?) :
We have to figure out how many
cm?is equal 1in??
We know that lin = 2.54cm
So if we square in we need to
square cm also so it becomes :
1in? = 2.54%cm?
1in? = 6.4516cm?
For example: 1.25 square inches
express this in square cm?
We know this
1lin? = 6.4516cm?
to find out 1.25in? we just
multiply it by 6.4516 to find

square cm:
1.25in? x 6.4516cm? = 8.0645cm?

Hafilu g (in?) grss GBS on dsaill
:(cm?) g
cm? gu i Jiatiin oS aa o) Lale g
¢ 1in? ans ) 1 gsles
Lay 130 &N 1jn = 2.54¢cm o alas
Sagtiad) a5 o) Liayl Lide a5V
el

1in? = 2.54%cm?

1in? = 6.4516cm?
Sasiindl a5 a pe (331 1,25 1dbe
£l
1in? = 6.4516cm? o) alx
6.4516 < g pai badd 1,25in? Jal
L@ adiin il

1.25in? x 6.4516cm? = 8.0645cm?

To convert between km/h and

glisd delufdsa 9 AsluafaS G Jygaill

mile/h we need to: rd
Mile/h multiply by 1.6 1.6 @ padelu 9 dae
(1mile = 1km) . (1.6 =d%1)
For example: 55mile/h in S i LS Aol JS e 55 1l
kilometre per hour ? ¢ acly
55mile/h x 1.6km/h = 88km/h = delu/al 1.6 x Aelu JS1 Jae 55
delu/alS 88

To convert between m/s and : ) ghai km/h s m/s O Jisaill
km/h we need to: km/h = 25X 3600 . - ) i
Use this rule : km/h = % 10001<me 1000 )

km 1000 m/s = 3600 L
And : m/s = H—ror Jie X (5 st delull B i 1€ 30 1l
For example: 30km per hour is Rl
equal x metre per hour? :o;ljm‘ plasiuly

km m

By using this rule: w w =8.3333 m/s

=8.3333 m/s




=Y Jlasadl Order of magnitude

What is the order of magnitude?

£ )l sa L

Rounding off all numbersin a
calculation to 1 significant
figure, along with power of 10

adn Abuall Aleall 8 18 Y JS oy
.10 ) pe 25 (5532

For example:

How much water there is in a
particular lake which is roughly
circular about 1km across and it
has depth of about 10m ? use
order of magnitude.

The volume of the circle = nr2h
r =500m (1km/2 = 500m)
m=3.14 h=10m

Volume = 7.85 x 10® m3

After order of magnitude

=1x 10" m3

:J

1 L yhad 2 5005 Aigma 8 pmy 3 slall 43S oS
oY) ) a0kl € jie 10 Lehee 5 IS
£ Y1 x (33 o= A k¥l ) 5l paa
(U 500 = 2/ jiaslS 1) e 500 = &
(Go)) e 10 =gl& ¥ 314 =4
7.85x10° m3 = axall

1x 107 m3 = ¥ pebiall pladin day

2 pages = 1 sheet

sl g dd, g = (lisda

The thickness of a sheet = the

GlogY) axe | QUisl) dlaw = 48 g ) e

thickness of the book / whole . sl gl
sheets of the book.
For example: - Il

The thickness of a 200 page book
is 1.0 cm the thickness of a sheet
is equal ?

200 page book = 100 sheets
Using the preceding rule:

the thickness of a sheet =

1cm / 100 sheets = 0.01 cm

If you are asked to answer in mm
you have to multiply by 10 it
becomes:

0.01cm x 10mm = 0.1 mm each
sheet

a1 s st Aadia 200 US ASlew
¢ 5 g 32a 5l A8 5l lans
45100 = Anda 200 S

= 48 ) 5l ASLaws 15l () Sl aladinly
ae 0.01 =48,5100/ = 1
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Dimension and dimensional analysis

@aal) Jalail) g aanl)
What is the dimension of a 2000 jadl) Al 22l 5o Lo
physical quantity?
It's a type of units or base Al Sl ) Slas ) e g 53 5
quantity that make it up. el Al

Ja¥) a8} The most important dimensions

Length ,distant m L
Al g J shall
N Time S T
A<l Mass Kg M
Speed and Velocity m/s L/T
feaial Ayl 5 de ) ,_(T)L
V=d/t
¢ Jill Acceleration m/s? L/ T?
a=vf-vi/t LT 2
daludl Area m? L?
axall Volume m3 L3
554l Force (N) Kg. m/s? M. L/ T?
F=ma M. LT 2
&> 3 Momentum (P) Kg.m/s M.L/T

P=mv M. LT 1



dgaidl 5 il WLl Vectors and Scalar quantities

What is the vector quantity?

¢ dgaiall 4] PR

Vector is a quantity that requires
both magnitude and direction.

il Gl ) A dgaiall G
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How do we represent the vector
quantity?

By an arrow.

Whereas the length of the arrow
gives us the magnitude of the
guantity.

The direction of the arrow shows
the direction of the quantity.

PV Z\.ha.a‘ﬁ
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Give an example of vector
guantity:
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Velocity, Force, Acceleration, and
displacement

AV g bl sl Agaid) ae udl

What is the scalar quantity?
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Scalar is a quantity that requires
only magnitude.

L )l i TS Al 2

Give an example of scalar
quantity:

Pl 2l JUie Lo

Speed, Mass, Temperature, Time

L)A)j‘ ,B)\);J\ a..AJJ f\l\g\ ,I\.CJ.HJ\

Resultant in vectors

There are 3 cases for resultant in
vector quantities:

rdgaiall 4pasll guilill cla 3 dllia

For vectors in the same
direction:
We sum all quantities.

solasy) ua.ta gé C'_lw
LS IS aens

For vectors in opposite
directions:
We subtract the quantities.

olaty) use B Al clgatiall

For vectors at right angles to each
other:
We use the Pythagorean theorem

R=yx%+y?

-Aaild 4y 9) 5 Lagan ) clgatial
METBE T EEPLVPEER AT

R=x2+y2




What are the Vertical and
horizontal components of a
vector?

faniall 4@V 5 4l ) b Kall o L

They are perpendicular to each
other and can be determined by
resolution.

OSay g Lagriand (piaalatia (s et
(resolution) daul s legale o il

What is the resolution?

¢ (resolution) » L

It's the process of determining the
components of a vector.

e WA e il o dplee o
Aaiall b Sa

In the following picture what are the forces acting on this girl?

faliall Ao 3 igall (s all oo L ddlill 3 ) pall 4

There are 3 forces :
1-Her weight.

2- Tension in the left-
hand side of the

rope

3- Tension in the right-
hand side of the rope.

o2 g 558 3 <l
sl o1

il e V) cailad) 8 Al -2
diadl e GV cailad) 82l -3

What is greater force tension
in the left-hand side or
tension in the right-hand
side?

calal) 2l LSV s Al s L
£oai) cuilall & a8l o) )

The tension in the right-hand
side is about twice the
tension in the left-hand side.

s e e sl 3
¥ ilal) b 2l Cna




43haal) S jall Linear motion

What is the speed?

There are 2 definitions for
speed:

1-Speed is the distance
covered per unit of time.

2- Speed is a scalar quantity
that requiring magnitude only
to describe how fast the body
is.

e pull Oy 2 cllia

e e shid) Bl de ol
Al

i) Al d 40aS o de yull -2
it Ay i) (L 23

what kind of quantities that
speed belongs to?

i W sl 5 o L
fic

Scalar quantity.

. 1 .o S
- - - s

What is called the speed at
any instant?

falaal (51 b dc ) and 13l

Instantaneous speed.

Adaalll e L)

dgaidl de il Velocity

What is the average speed
defined as?

Cidas siall Ac puall Ca e 13Lay

Average speed defined as:
total disntance covered

' s gial) Ae puall o yas
ie shaiall IS aLual

time intravel el
To calculate the average ] das giall de judl Claal
speed for an object we need 1 e O glisg

to know:

Distance and time.




What is called the vector

Gt ) Agaiall duell e 1ia

quantity that describes how ¢ Lealadl s de )
fast and what its direction?

Velocity. Agaial de )
What kind of quantity that Al i Al Al & 55 g L
velocity belongs to? fagaial de Hull

Vector quantity (requiring
both magnitude and
direction)

(Y15 el L) Agaia AaS

What does constant velocity
mean?

¢ Al dgatall de ) et 13l

Constant velocity means
motion in a straight line in

constant speed (must be
both).

AN ) a4l A gaidl Ac ol
Ol ) Bl de pun g ailiia i 3
(L3S S

What does changing velocity
mean?

5 _miall dgaiall de judl a3

If speed or direction (or both)
changes then the velocity
changes.

o) sa3Y) gl eyl oyt )
Agaiall de pull i laxie (LadS

gl Acceleration

What is called the change of
velocity per unit time?

ohﬁw\&}ﬂ\)ﬁwh&
RSl

Acceleration. & Dbl
What kind of quantities does Al iy sAll de yudl g 55 L
the acceleration belong to? fe luall
Vector quantity. Agaie s




What is the equation of
acceleration?

o bl dalas & L

vf —vi vf —vi
a= — a= 2>
t t

Vf= final velocity Adlgll de ) =V
Vi=initial velocity Ay de yull =V
t=time e =t
What are the units of velocity dgaiall de pull Glas g 4 L
and acceleration? e bl
Velocity = m/s m/s = dgaiall dc yudl
Acceleration=m/s? m/s? = g
If the speed is constant, the OSs O) et A3l de ) cailsS
acceleration must be: e okl
Unknown (because the Ad g yra &

acceleration be zero if both
speed and motion direction
are constant).

OS5 Ladie jhia (5 ¢ bl Y
uhau :\S)aj\ o\;ﬁ\} :;\-c)-ull\




