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Physics And Its Nature lgioub q UjLall
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Early on, the ancient human tried to understand and control thae natural phenomena around them,
such as the motion of objects and the ignition of fire, He devised tools that help him move heavy
objects, methods for igniting a fire, and ways to use it. He also created tools to help protect him from
predators, catch prey, accomplish his work, and facilitate his life.

Simply put, what he accomplished was physics in broadest sense, In this chapter. you will learn about

physics and its nature.
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Perhaps you imagine a blackboard with mongrphgsicol mathematical equations written onit, as shown
in the picture, or you may remember pictures of famous physicists that you have heard a lot about,
such as Isaac Newton or Albert Einstein, and you may think about the many technical applications
developed by physics, such as the laptop computer, modern communication devices, artificial satellites

and many others.

clale youbl go j115 Iaac @20aig.1927 ol (plalgw paigo (o chaill, aylill (né 6)jgo (NS5l
0910959 Jgug Jariaguilg cnlglg &puijilog dipa g ¢rjgs cilo g gylivicyl :Jio . elyjrall
.aopcg dipog

The smartest picture in history, taken at the Solvay Conference in 1927, which brought
together several of the most well-known physicians, including: Einstein, Marie Curie, Dirac,

Heisenberg, Pauli, Schriodinger, Bohr, Compton, and others.
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In fact, what you imagined is correct to some extent and shows important aspects of physics, but
physics in its broadest sense is:
Logblijl &ra159 dalhllg ésloll :cnoubhll pllell Awljay cniol ololl egpa Jo c)a :cnd =bjrall
Physics is : a branch of science concerned with the study of the natural world: matter and energy

and how they are related.

: £
Think: 190 ﬁ,
What do we mean by matter, and what do we .Adlhlb (niai I5log .6alall (niei 5lo
mean by energy? Give examples of them. Could logile aliol hel
you list some differences between them logiy §gpall yroy da0i Ui Uaol Jo
Important Notes dolo albholo @‘\%

“aouhll " (nie’ (nillg (Physica) "¢vos" auligdl aolall yo adimo bjLa aols

The word physics is derived from a Greek word "guois" (Physica), which meaning “nature”
abuivl J5 (né Ujrall epolo Gubi gaig . <Ujra clio :liled lago. Wil cljol pol 1ol (o bjrall :clial
ol lilo
So: Physics is one of the most important parts of our lives. Whatever we do, there is physics. We

apply the principles of physics in our everyday life activities.
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Physics And Natural Phenomena duouhll polghll g shjpall -9

Qing gelgnllg Gullg plwsll 4550 Jio .lilgo Jo areubll pelghll (no aslhly 6slall buijl yohy
.90 yulwll lgaae Ljiallg uis opéq lodl alogog bl yublieall
The connection of matter with energy appears in the natural phenomena around us, such as the motion
of objects, lightning, thunderbolts, magnet attraction of things, water waves, and many others.
Physics is mainly aimed to:
abillg gulgall @6g JUb o lopuuai g pelghllode oga (1
gl glwall (no Iis Winelw .a5pal) guilgdq alialen g na gigl Gloww| ollell aled b elJs Jlo
agle 6550l (pgdll dlnoo glwog .direo dyioj 64id jgpo 20y owall dcpul
Abaall alauhill gin (na arenhll jolghll oga go éslaiwdl (2
lopeg Gelgnll doijlog auihall alspollg .alpbllg aljluwll gin Jio
aiaiuall lgailiig areuhll jelghll §1iidl (3
Lopeg ggall arig JjUplg cagually caguall ¢igan ailagl §uiill :Jlio
1) Understand and explain these phenomena through the developing of laws and theories.

An example of this is what the scientist Isaac Newton did in developing equations and laws of motion,
which helped us a lot in the mathematical calculation of the speed of an object after a certain period
of time had passed, and in calculating the net force affecting oniit.

2) Utilizing knowledge of natural phenomena in making modern applications.

Such as making cars, planes, spacecraft, lightning rods, and others.
3) Predicting natural phenomena and their future outcomes.
Example: predicting the dates of solar and lunar eclipses, earthquakes, the timeline of the formation

of the universe, and other events.

Check Concepts poagaoll yo Gaaill
.aalhllg 6alol g adlloll yuyad bjpall gi lulw Gyss
cg0ll cab Jlnj dwljay 8)gglitall alypad cna gigl olé
lgw)d cnill 6alall (nolo .cnolojl jgunioll plaAiwl Hwll
Slogiu blijll gls cai15q .adlbll (nelog .gigL

We mentioned earlier that physics studies the

_J (-3)\

r

relationship between matter and energy. In his famous

experiment, Newton studied the dispersion of the
white light spectrum using a glass prism.

What kind of matter did Newton examine, what is energy, and how are they related?

10

mawhiba.org

©cee00




B NN . il asa o i i (D)

fumgo

Physics And Other Sciences Il oglollg cbijrall 1 -3
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lgiu bl yb yalg pglell 0o clnail . pie osluwll gpall (na arolell 6jgul JUs yalg .areubhll dawlall
6jgol @ini o5 .l ogloll Yt yulwll jagig ole JSuiy donhll yujai lgill cuslwil alell (ne <Ljalig
-polollods lgio apaii (pill arid il alauhill )5iiig yulidll
cbpall diwlay ljgaa gs
for more than two thousand years, physics, chemistry, biology, and certain branches of mathematics
were part of natural philosophy, but during the scientific revolution of the seventeenth century,
these sciences became separated but closely linked.
Physics is the basic science, because it studies nature in general, and provides the basis for all other
sciences. It also manufactures measuring devices and invents technical applications that benefit these
sciences.

Be proud of your study of physics.

byl ol ebjrall Jio ogle 20aig 6)lilg ol 4i5Hl cllonll aoado (no gilill ayiai ciouni
cupall Juaiwoll (no aale aljgdl s ilol ayiaill oae cbel (sl allaoll go yaellg dwaiglig

alauhill go waell (16 &Ll gog poiu cus
Nanotechnology has become at the forefront of the most important and exciting fields that bring
together sciences such as physics, biology, chemistry, engineering and many other fields. This
technology gave great hope for scientific revolutions in the near future, as it will change the

direction of technology in many applications.
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Physics And Mathematics alsllg bjrall 1 .4

oo =jiall aal (no alwll gl lnisl lagiy asllell cang §50yq .aayy adlle) Alblyl hjall by
462 drouhll jolghll lojuuaig lgang ye juoill
Physics is closely related to mathematics, and the relationship between them can be briefly described
as follows: Mathematics is the language of physics in accurately expressing its description and
interpretation of natural phenomena.
lgosl 4o .61c 690 (na blijll 1ase ghy
This Correlation appears in several forms, but the most significant ones are:
1ip .alggao oS luo ol .ausbjpall aloaall gu aalloll oleull AUl albleall bjrall plasiwl (1
Physics uses mathematical equations to clarify the relationship between the physical quantities, or

to calculate unknown quantities, for example:

Newton’s second law of motion Yf=ma a5l (il gyigu ygila (A
YFf ade 6)igoll (pgdll dlnao go Lapb a pwn o)l quwliy :cnle yaijg

.mailis g0 Luseq

Aul J5 (o acpudl poi Jaeo o)l (nioi:abgalo

It states: the acceleration of an object is directly proportional to the net

F
B —_
a

force acting on it and inversely proportional to its mass.

Note: acceleration means: how much the velocity change in each second.

Check Concepts pggaall yo gaaill &

soaall ol gla . Jliol aeyyl (! pudiwo b (le paiy aws cle 61igall alnaall 6gall cialj 1]
caonll slaj (d) Jloi aayji alajy () canill Jay (b) el Jay (a)

If the net force acting on an object moving in a straight line increases four times, then the

acceleration of the object: (a) decreases by a quarter (b) decreases by half
(c) increases by four times (d) increases by double
i Ax | vi=vitat o1diwo hs (ple a5;all aJaleo (B

‘ The equation of motion on a straight line
o) aball depudl olwos (nle Uacluwi dngo alaleo (no g

SF : |

" e "‘"’ .a acjlwig v; aulaibll aicpwy aJUay tgreo Joj aic vy

/ It is an important equation that helps us to calculate the

- — instantaneous velocity of an object v; at a specific time tin
v; vy

terms of its initial velocity v;and its acceleration a.
ebjrall eliwlyo L alalenllg adbjall guilgall go pisll (nle capoiiw
While studying physics, you will become familiar with a variety of physical laws and equations.
12
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gla . 2 m/s? ojladio (ahiio ojlud) dcpull ahiio aylji Jaeos ardiwo hs (ple ggaudl 4o auws ¢pajlil
gl m/s 6209y (nilgd 3 jgpo 20y aicpw
A particle moves from rest in a straight line at a constant increasing rate of velocity (constant

acceleration) of 2 m/s, its velocity after 3 seconds in m/s is:

6 (d) 3 (c) 2 (b) 1(@)

25.0 cangll cllzg 6415 aulul aipUyl pgul Ujall parius (2

3 200 oyl 229y Yol Juw (nled .ailallg molghll oy Guéall
4 enle iy awal v agaiall acpull pati cass Jlaoll (ull
3. 120 ol il pull Jil5 4o clilsiolg . t gojll @0 pudiuo b
» 10.0 Ol olliiwl Wylg .ol (né arioj abal 5 aic pwall dcpw
g . (ahiio Jaiy lao glolajy) &yagb logiy aéllall

0.00 ™7760 2.00 3.00 4.00 5.00
(5) s it
Physics uses mathematical graphs a lot, in order to accurately describe some phenomena and
situations, for example the corresponding graph determines how the velocity v of an object moving in
a straight line changes with time t, and through the graph you can calculate the velocity of the object

at each time moment shown in graph, and also conclude that the relationship between them is direct

(they increase together regularly).

Check Concepts 00000l 10 Géaill @%
il

S ol ojlwi go o (b) t=3.5s aic pwall acpu cnolo (a) :(Guluwll (il oyl (na
In the previous graph: (a) What is the velocity of the object at t=3.5 s (b) What is the acceleration of
the object ?
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Jolaill g alilioll aleg dwaigllg pall Yo daliall lgegray albsbyl jghi go IS <Ljrall aalaiwl
Jinw cnle) 6ad0nll polghll ey gl iyl alsll aygb cbjrall gla Jilaoll (na galg lopéq Jolailg
g0 wpdlly ojgpo aic pgaill yo 6)alnll demill liaill daay a5 ayslall Jea) -qAll cliail 6oy Jloall

Lopwai cple 6acbuoll AUl abphill pghil (pand alb (na auwbUpl clole alos (yuoudl ausls

Physics has benefited greatly from the development of mathematics in its various branches, such
as algebra, geometry, trigonometry, calculus, and others, but on the other hand, physics has also
developed mathematics, because some complex phenomena (for example, the phenomenon of light
bending due of gravity , which is observed when rays from stars bends as it approaches the sun’s

gravity) have challenged mathematicians to develop mathematical theories to help explain them.

Einstein’s general theory of relativity suggests
that the sun’s gravity bends the path of light
from distant stars. It's a testable prediction, but Appqrent
only during a total solar eclipse. The eclipse of location
1919 fit the bill nicely. of star

Path of starlight

Actual
Earth location
of star

14




Elasillg Bangall ally g 3allase cllall e
Kig it e Companirn Foutoton Gl & Gty

amgo

Physics And Measurement Juldll g cbjLall

With h and s known,
you can solve for 8.

With 8 known,
you can use the equation:

(360°/8) x (s) %S,

.. to mea

Su
0! the &

Gl ellag ahyuy algabg a62y wyll buao yulié go siliall Jué Ul gpall b guidwgily] gSoj
ail aityb (no Juoallg .ayaiswig glgwl iiyao (no duwly daoel go yuoilll JUb lgeing caill bigil
awaiy )il buno wlws atey gl yoadh (pl ¢Sy

(o ago yulwl ywliall gla Jliga bl 45 cnag plell diojil sgai Jy iayas lub cuuy dnlell alwlall )
eljuall

ailjilgog aillaeg yulia)l aluwlwl (nle capoiin Jnalllaie (no
In the third century B.C., Eratosthenes was able to measure the Earth's circumference accurately
and with simple tools, by calculating the angles made by the sun’'s shadows with vertical columns in
the cities of Aswan and Alexandria, and the beauty of his method is that anyone can recalculate the

Earth’s circumference himself.

Scientific measurements are not something new, but rather go back to ancient times, and in any
case, measurement is an important basis in physics. In this chapter, you will learn the fundamentals

of measurement, its procedures, and its techniques.

15
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What Is Measurement? Suulall go o 2. 1

(e owldl ypall (na) 2o 6 algao galls ajgll ibjall ollel
clilo . olayll aic pueillg b ecub ywlid gihiwi bbaic ail Jaal bo pis”
aic peill gihing Ug .awlé gihiwi U loaicq .equill 14 (e o Uy aloj
a0 peg Ao ay clispeo glo . ol6; UL
The famous physicist Lord Kelvin had a very famous saying (in the

nineteenth century): “l often say that when you can measure something

and express it in numbers, you know something about it, and when you

cannot measure it, and you cannot express it in numbers, your knowledge is of a meager and

unsatisfactory kind”.

oliny 28 .olwlall gy ad) ol gl .o allb gl auhl g5y cai5s lolaj aapan dlgénll 0ieg

ulid (] gl ol (o Sl d i gl cilall alas Jaeo gl yjgll gl Jgbll ol 8)liall 42)0 yulis (] llio eyl
12569 pall bon

And this saying is completely true, so how can a doctor diagnose a patient’s condition, if he does not
take some measurements, the doctor may need, for example, to measure temperature, height,

weight, heart rate, blood sugar, or to measure blood pressure and so on.

Alwlball o) el (] pling 2bjpall (na ol gla .Jioll
vyt wwlie () oling .yl Jawl cne aaleo Jwil ji awlys aiea
| plind Loyjg .&ypio Sphuo pladiwl yylill Jgb na poill
0ai ol gl yul gligo plhaiul aaleoll JWWill ai6 yulis

léuo dagrao

Similarly, the researcher in physics needs to make some

< Spring

Pointer

_‘L Scale measurements. When studying the impact of weights

———1]

suspended at the bottom of a spring, we need to measure

Weight
the change in the length of the spring using a metric ruler,
- and we may need to measure the values of the weights
suspended using a spring balance if they are not known in
advance.
Measurement is simply defined as: - ajl abluwy yubdll cayjei aiy

Qylioo &1n09) dlggao aunS 4jjlao :ge yulidll
Measurement is : to Compare an unknown quantity with a standard quantity
Holl (o ayjlieoll arnsllg aylill Jgb (o algganll arnaila .ajliy Job yusdi loaie dina
Ploglisll (o aylienll arnallg djjell alis (ue algganll anall gla aje alis yugai loaicg
50 kg &ypell alisg . 100 m Wio aylivl Jgb c1iaj
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for example, when you measure the length of a building, the unknown quantity is the length of the
building and the standard quantity is the metre.

And when you measure the mass of a cart, the unknown quantity is the mass of the cart and the
standard quantity is kilograms.

We write the length of the building, for example, as 100 m, and the mass of the cart as 50 kg

Important Note dol® abolo C,‘\d;)
Syl ge bjall jioglo 1369 .0a0q aang od) : (WL wisi alwldll uf abol ¢llal
You may have noticed that measurements are written as follows: a number with a unit, this is what

distinguishes physics from mathematics.

Precision And Accuracy Shunllg aaall 2-2

aunall ygai gl oale youibpall grio)g yuliall 6igol pladiul aalisoll alwlall o] cale sbjrall pgaj
Tbunllg 82l cpioi 3las oo (pole Jauiy &igiSog glooll jad dbginog dd16s
Physics is based on making various measurements using measuring instrument, and physicists usually
care that the measurements are as accurate and precise as possible and to be written in a correct

scientific way, so what do we mean by precision and accuracy?

Accuracy (aanll) hanll bl ajlii 48a
Precision of measurement results
.aJguanll gl ayarantiaorall go yuldll apd pao eyl lgrie) o squidl guai Alwld Qb (pao
refers to how close a measurement is to the refers to how close measurements of the same
true or accepted value. item are to each other
nadlg o (o pyolanll 03gl cydi (ulill JSill ang)

The following figure shows an approximation of these concepts in a real-world example.

AL gt S (e Busas mgu ¥ AL ggu¥ 3 (8 Busas mgus |
A ke s e i Sk i
a)latke mgu V! W jlake @gu V! suclie mgu !

Adle A8 = adle 48 = dnadia a8y =
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Exercise <yjaj o

Results ajliill Student bl Gl W ploydl go deha aalis yulas gWlb pla
11 12 13 Ahmed 105l 6309) Jgaall (na aangoll ailill (nle Iglnog
109 11 11.25 Khaled aJb o araranll 6slall @aalis ol cole I5la .9/cm®

Jhup s logyl a8 jisi lagil 12 g/cm®
Two students measured the density of a piece of lead three times and got the results shown in the
table in units of g/cm?®, so if you know that the real density of the leadis 12 g/cm®, who is more precise,

who is more accurate?

Important Note dolo ahollo c‘\d})

s 45T Lgil cpieil aaa Jis Il alwlall gl ahnl ellel-

You may have noticed that the measurements which are more precise do not mean that they are
more accurate.

(gula)l (no hall jaloo cuind) yulall adyb(a 6la0l eqili :cnle bunllg adall aniaj -

Precision and accuracy depend on: (a) the kind of measurement tool. (b) the method of measurement

(avoiding sources of in measurement error).

(&l - geadl pae Tauo) yuliall slaf aas 23

Precision Of Measuring Instrument (Uncertainty Principle)

80l nle ayjai penl aogd cani (pglud yuliall 6lal aas

Llogiy aloyaill sae cnle 801 (nle guilpd gu §rall dowdy :ayyai joni aord olws gang
The precision of the measuring instrument is half the value of the smallest gradation on the instrument.
The value of the smallest gradation (marks) can be calculated: by dividing the difference between two

readings on the instrument by the number of gradations between them.

sl e Tagey .asall pac jploo aol g gog (aydl 1auo) ywlall (o Juayl pac antd 6lall ass Jing
Lgile ayai penl go o cjo 10y lgield cnle 6jaall pacg .guliall 6jgol (o a6all Gyogano .anAdll

The accuracy of the instrument represents the value of measurement uncertainty (the uncertainty

principle).

Among the most important sources of uncertainty, other than blunders, are the limited accuracy of

every measuring instrument and the inability to read an instrument beyond some fraction of the

smallest division.
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0.05 cm pgluwi 6phuiodl ads . Jaudl (na aangoll 6phuunll (na JUodl Juuw cnle
9.45cm g 9.55cm (Liotall gu [EYEYS 069 26 clwld gla . 9.50 cm ayaeoll daypill Jgb gl cuis 15la
100 cna Lo awldnll aniall (] gudd!l pae gu il Jinia gradl pael aygindl il Lol

for example, in the ruler shown in the figure, the precision of the ruler is 0.05 cm

If you write that the length of the metal strip is 9.50 cm, then your measurement may be correct
between the values 9.55 cm and 9.45 cm.
The percent uncertainty is the ratio of the uncertainty to the measured value, multiplied by 100.
@
Gl Juodl cna gradl pael aygioll auuill cuol

find the percent uncertainty in previous example.

Exercise <Jjaj o

find the Precision of every measuring instrument. Juld 8lal Jd5s ado ol

[} |II||||II'IIII|H|I'IIH|IIIIIHI||IIII||II” Tool
UL RSS2 I3 4 | e 5

aaall
_____________________ _ _ _ Precision
| EEES o | St e
Co— » X 5
mA
~
SHUNYOU
. ZTE TN S it
__________ L _ _ R aaall
Precision
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ledl gpace Tool

hour hand “
_______________________ _ e adall
_________________ - - Precision
Important Note aolo abollo é@s

.ndel 61001 yuld aas cils el a1ag alangy alayyai 8l culs ls

A tool which is smaller in gradations in numbers and units , will be more Precision

-

F
e}

Check Concepts 090aoll yo §anill =

il
dnd 2da .awloll (ple aala elil loyg WLgililel lggp nS aiwoill eliwlo éjleiwl elilloj (pao] eld] culb
ogul (no ¢lilioj Lg_]'Jch Ul 22)9.0.05 g aj:lpd (no guadl pacq 8.17 g aielpd cuilaa .yl Jloeiwl lgijgy

S I5loJg Sceliwlo (no 02® Jga . 8.08 g yljroll 6:lpé cuilsa lgijgy cnd .U
A friend asks to borrow your precious diamond for a day to show her family. You are a bit
worried, so you carefully have your diamond weighed on a scale which reads 8.17 grams. The scale’s

accuracyis claimed to be 0.05 g. The next day you weigh the returned diamond again, getting 8.09 grams.

Is this your diamond? Why?
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Two students measured the speed of light. onle Joll ypaa eqall dcpw wwliay gWlb plé

The first one examined: (3.001+0.001)x10° m/s (3.001+0.001)x10° m/s
The second one examined: (2.999 +0.006) x10°m/s - nle nilill Jning
(2.999 +0.006) x10°m/s

who is more precise and why? S15lolg @ao isi logil

who is more accurate, knowing that the =anUlécpul aylenll aniall gl lale b Jisl lag)l

3
standard value of the speed of light is: 2.99792458x10°m/s
2.99792458 x10% m/s = e

Remember 15ai ;@-

(alelpal bawgio £ 8120l &82) (LS yuliall dayij (is

We write the result of the measurement as: ( Average readings = Precision Of Tool)

Exercise SE]EY)

PRRTIET &gl aynil agio Jal thall yivolog wllb &l alwlé Jauddl ang,
150 ayglfl b lale gy Jilo abw cle £gBgo aws gy §liiy calll
dojao aldio cioaaiwlg . 14° (no alooll J1é yo dwldollg &oyanll
lgidag LigHU
.0.1°
”c — b &) Olwldll a7l QS|
=
15

The figure shows the measurements of three students and the margin of error for each of
them to test the angle at which an object on a rough inclined surface slides. Note that the
correct angle measured by the teacher is14° , they used a protractor graduated with angles

and accuracy of 0.1°, 1) Write the result of the measurements for each student:
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_______________________________ first student Jqll bl

——————————————————————————————————————————————————————————————————— :Second student (il el

_ S - — — :Third student cJll cdlbJl

S0gio 5l lhall yiole go bo Sa85 {5 DI alwlall (pi(2

Which measurements are most precise? What is the margin of error for each of them?

In your opinion, why did the three students’ SaLil wllbll alwls calisl 15lo) cbip (4

measurements differ?

Significant Digits dugionll ol 2 - 4

2041 ug5ug .augiaall ola) Bl duphy cuisd clalg .awal 6jgoig ailgall plaaiwl e anilll olwlall gioo

25¢0 pe yuliall aayii (né guogl cale gDl

Lo yulid no adgigoll ola)ll (e :dugiooll olé)ll

Measurements resulting from the use of tools and devices are approximate, so they are writtenin the
manner of significant digits, and the last number on the right in the measurement result is uncertain.

Significant digits : are the numbers that are reliable in a measurement.

Remember J5A] -

o yulis aauii ool (no digioall ol
U ainyd padiy ogdai) jado anlg ad) (| &ald] .6la1l alojai waanlig cliitey ol (nill 625801 olé) 1l
AUl alayhill (ne ells aaiug . (812l guayyai
Significant digits in any measurement result are:
The certain numbers that you see with your eyes and are determined by the marks of the tool, in
addition to one estimated digit (you estimate its value between two marks of the tool), and this will

become clear in the following applications.
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Exercise U)o o

Write the result of measuring the length of the plaaiwl duaeollaaypill Jgb yulid dayi wiisl
metal strip using the upper and lower rulers in the plajll adyhy adawlly éaqlell guiphuwall

rules of significant digits with precision. 6121l &8s o dygieoll
find the number of significant digits in each Juld J5 (no digienll ol 5ae ol
measurement. SlaloJg Sado J_'i'5i alwball q*i

Which measurements are more precise? And why?

Exercise <Jjaj o

Write the result of measuring the length of the metal strip in a correct scientific way.
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&ygionll ol adyphy )20 Juao J5 abuwlgy Jiludl poo yulid aalii cisl
Write the result of measuring the volume of the liquid by each of the graduated cylinders, using the

correct scientific way.

of
I 01>
20°C

Exm

——
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| Seoondtuhtiofhsistuontiies  anthlp iyt clesl -5

gegd aubjall alinsllg . abjall alias)l” lgrowd b (eg .6slodl wlgd bjrall yujad
Physics studies the properties of matter, which we call “ Physical Quantities “.

Physical quantities are of two types:

Derivative Quantities adiwoll Glasll

Basic Quantities arwlwil alosll

ol auwlwl alos aluay aajenll Alasll (eg
They are the quantities defined by other basic

quantities.

d yulwll aeig .lgilay dapeall alinsll (neg
Il alosl glainl

They are the quantities defined by themselves
and are the basis for the derivation of other

quantities.

Aatall.acpudl :Jio
Ex: velocity, density.

Check Concepts

)l anyn Laliall . (aalwonll) Johll Jio

Ex: length (distance), mass, temperature

£gga0ll 4o Gaaill %

ol auwll alas allay aaliallg .agaioll acpull go J5 cagpei Jglbo

Try to define velocity, and density in terms of other basic quantities

aaliall

SOLIO

Density

GAS LIQUID

?\,A.

Velocity acjull

55— ]

/ A
£ vl I 4
| /
| R

2-6

&byl 0a® (nadi Jo . 200 Lgil cusla .elas Jjio g eljio gy aslwall ye cllguy old clajan gl pyiall
200 gi. (200 km) 1inglys 200 gi , (200 m) yio 200 adlwoll ygsi 24a .1 gihll .46y logiy dalwnll ngal
A6y dalwoll ayani abol s g (neg .yuld alang Juollg Jiogliallg jioll cnoui gai. (200 mile) Juo
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aylisy nigia «bjuall ol 62120 olé)l @0 Joloii il eljrallg albLyl gy (uegs G e ol gélglig
wwld (ol &ynaell aoydll go a0gll

Suppose that your friend asked you about the distance between your home and your grandfather’s
home, and you answered that it is 200. Is this answer sufficient to understand the distance between
them accurately?

Of course not, the distance could be 200 meters (200 m), 200 kilometers (200 km), or 200 miles (200
miles). We call meters, kilometers, and miles units of measure, and they are necessary, as you noted, to
accurately determine the distance.

In fact, this is a fundamental difference between mathematics and physics. Mathematics deals with
abstract numbers, while physics is concerned with writing the unit of the numerical value of any

measurement.

giwo cnle yulidll Glang aungi caagy “ggall plbll” cnoab yulidl (nlga plhi @bg cle Glailll aj
wlidll alang cayei o bjiall (o anwlwl Glns e olAil 1ae 2259 (81 jopl ay] 6jLbYI aig . ollall
@ alinslloaeg .lgy anlall

It was agreed to establish aninternational system of measurement called: “the International System
of units” with the aim of unifying units of measurement worldwide, and it was referred to by the
symbol (SI). This system identified seven basic quantities in physics with the definition of their units of

measurement, and these quantities are:

auwlwil 6a0qll auwlwill aosll
Basic Unit Basic Quantity
Symbol jo I Name owdl Symbol joyll Name owll
m Meter Jinll £ Johll
Length
ke ologliall m aliall
Kilogram Mass
S Second aulul t ol
Time
A Ampere juo il I JLl 62u
Electric Current
K Kelvin g.alsll T ol aopo
Temperature
ml Mole Jgoll n 6sloll 4105

Amount of Substance

Cd Candela alyaiall E 0B UI 621w
Luminous intensity
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Important Note dolo® abollo c‘\d})
alilo pe capdl adibjall alangll jgoy wisig .alilo capdl adibjrall alnosl jgo) wiai
Symbols of physical quantities are written in italicized letters, and symbols of physical units are

written in non-italicized letters.

Enrich Information eyl @

ciildg 6yl oy gl caay all 1ae (o Jobll jueo g boguwypo Iyilail ¢llo jani aallio 1120 diw (o
los padll 610g ol gls Jinllg .ojladl (] agauitall aclys aylgi cl aail aals go aaluoll aday cngluli
ole (nid lgy Ugneo b 6a0gll 0ae piie oyl ywgl ellall pslall 024ll Jgb (no gguwipall waas

Jioll 9o Jahl (uwlwl jleall ool boaic 1799

In 1120 the king of England decreed that the standard of length in his country would be named the
yard and would be precisely equal to the distance from the tip of his nose to the end of his
outstretched arm. Similarly, the original standard for the foot adopted by the french was the length
of the royal foot of King Louis XIV. This standard prevailed until 1799, when the legal standard of

length in france became the meter.

Important Note dol® abholo c‘\d})
6ac lopghi aig .auilillg plpogliallg yioll Jio auwbwil alangll atiei lo) ad1ds alajei clalell apg
Alpo

pooplig-pg il go 9w yo dcgino ailghuwi alis ail) 1887 ple pliogliall cajpei ai llio
Wb )6 paw aijao (no Wjlgollg yuplaall (plgall ciboll (na abgano
ayilillg yinll 6209 caypa’ i cays i gl elilboly
Scientists have developed precise definitions of what we mean by basic units such as the meter,
kilogram and second, and they have been developed many times.
for example, the kilogram (kg), is defined as the mass of a specific platinum-iridium alloy cylinder kept
at the International Bureau of Weights and Measures at Sevres, france.

You can look up how the meter and second are defined.

abgano (nogdll (njlieoll plpoglisll angi 6jgo
Luip o

A photo of The National Standard Kilogram, an
accurate copy of the International Standard

Kilogram kept at Sévres, france,
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alangll go ST gl guill go aigSo lgilang ygsig .aaiiio Alas (e amwlwll pé aibjiall alasl
s lopéq (kg/m®) aaliallg (m/s®) ojludllg .(m/s) dcpull :Jio duwlwll abbjiall
Non-fundamental physical quantities are derived quantities, and their units are composed of two or

more basic physical units such as: velocity (m/s), acceleration (m/s?), density (kg/m®) and many others.

Exercise <yjaj o

Lgilang cislg .lgiwljay ciod (il adiioll aybjrall alosl yhey 1545 Jglo

Try to remember some of the derived physical quantities that you studied, and write down their units.

Unit yulidll 6009 Law yailall Symbol joyl Name owll
m X m = m? well x Jgbll A anslwoll
m adlwoll
? = ms_l _— v Q_CJJJJJI
uojl
bonll
Enrich Information eyl @

0j o .lgengs Igoguwi wall slolell clowl cuow Wojnislg luwi aligb aaiinll alnall alang o)
03 Ilio 6209l ¢lli (e pueill “capital letter” pusll Jouidl ajlaidl aelll allell awl 4o Jgbl capall asi
(N) Jaudl 1ag) lojlnisl aig .gigu ollell (] duwi “Newton” 6gall yulid 6209 o

Some units of derived quantities are relativelylong, and for their abbreviation they are named after
the names of the scientists who contributed to their development, then the first letter of the
scientist’s name in the English language was taken in the capital letter to express that unit, for
example, the unit of force measurement was named “Newton” relative to the scientist Newton, And
it was abbreviated like this (N).
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Exercise U)o o

il pnie gy cnibpg sl juill . Juemill ebg cnle ygai boaice clodl (plel pasiwi aiilygs «lo aylle
cagll ggauuw 151 6518 @l (sl aylle linaAiwl ) .adias 15 a0y gllall Lol iaug Lol 6)lo a9jo gaijia
4416515 go Jol eladl glle adpoiuy (pall
Aaiing auwlwl alas (] lgain af cangll (e aajg (il auljrall alaall a0 ollel cangll JUs (o
An electric heater used to boil water. When the switchis turned on, the electric current in the heating
element produces heat energy. The temperature of waterincreases steadily untilit starts to boil after
15 minutes. If another heater with a greater power is used, the time taken to boil the same volume of
water would be less than 15 minutes. from the description above, identify the physical quantities. Then,

classify these quantities into base quantities and derived quantities.

Conversion of Units Jlaogll Jygad 2 .7

Aoy ¢yny ciifyg .aolg aingéd pus gog .Jigaill yoleo (o gpall (e Jygaill (no auwlwll 6p5.all
- awilllg aduaallg . pliallg plogluall g Jugaill alloleo :JUo .alangll jlaisl
The basic idea of the conversionis to multiply by the conversion factor, whichis a fraction whose value

is one, and is written to allow units to be shortened. Example: conversion factors between kilograms

and grams, minutes and seconds: 1= 1 kg . 1= 10009 : 1= 1 min , 1= 60_3
1000 g 1 kg 60 s 1 min
Sm ‘ 100 cm = ?7ecm
| 1m
1) Unit you have 2) Unit you want

3) Identify
Conversion Factor

4) Cancel Units + 5) Evaluate
Perform Math Result

5/;:1/ ‘ 100 cm = 500cm
o
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Convert the following: oy bo gl pd
000 g to kg kg nJ| 500 g
240 minutes to seconds cnilgd (] adias 240

30 m/s to km/h k/h «nJ] 30 m/s

Prefixes alizull 2 -8

cllag Jao opanil gl las 6l polaall anlag .abisWl plasiwl palaall yrey &lis (] bjrall (na oling
angl Jauiy lgngag lgblis Jipuwil
30 km il gaill cnle jingliall 6angy lguiai gl gSoy . jiodl 6209y 30000 m ilina
1ps il gaill cnle 4wl gparoll 6a0gy Lguiad gl 5oy agilill 6aogs 0.000001 s :L:'xﬂg
ebjrall (no aoasiwoll alisul yhe) Jgaall angy
In physics, we need sometimes to write some values of quantities using prefixes, especially very large
or very small values, in order to make it easier to write and understand them more clearly.
for example, 30000 m is in meters, we can write it in kilometers as follows: 30 km.
Also: 0.000001 s in the second unit, we can write it in the unit of microseconds as follows: 1 pus

The table shows some of the prefixes used in physics:

Small Prefixes 6pondl abislll
Value aoyall Symbol joll Name owdl

10° c Centi (niiw

107 m Milli- _nllo

10°° 0 Micro g}a10

10°° n Nano gqil
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large Prefixes 6l alisll
Value aoyall Symbol jo}ll Name owdl

10° k kilo qli5

10° M Mega laio

10° G Giga louo

‘Jygadl Joloo poaaiwg alsll gygau gT Aoy poldaoll alial

To write values with or without prefixes, we use the conversion factor:

:JJgaill yoleo cno ayni aisWl ge elieiwdl agyi loaic

When we want to delete the prefix we multiply by the conversion factor:

prefix value LUl dosd

prefix that we want to omit LedAn alpodl d5all

:JJgaill yoleo (na ayni aisWl jlado &)lis aypi boaic

When we want to write a value with a prefix, we multiply by the conversion factor:

prefix that we want to write Layy yuuc il al yoJl &5alul
prefix value &l doud
Write 2 ps in unit of seconds :(s) 6ao0qy 2 us isl
Write 6.7x10°g in unit of (ng) (ng) 6310qy 6.7x10°g sl
Write 0.7ng in unit of (kg) :(kg) 620qy 0.7ng Lis|
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.a2allg astuwnllg Jghil ailang gu Jugaill aclgé cnle capeii gl Wul awaoll go
It is also useful to familiarize yourself with the rules for converting between units of length, area and

volume:
1m*=10"cm?=10°mm? :aslwaoll cilang 1m=10°cm=10’mm ‘Jahll cilang
1L=10°cm*®=10°m?® : ;illl 1m*=10°cm®=10°mm*®  :panll <ilang
=103 +100° =102 =100° +10 =100
fmt]  [em?] [ ]  (wm) (ew] (] (mm] [em] [m]
L e - Iw__“ . _
108 «<100° x 102 x 100 =10 * 100
Check Concepts og9paonll yo gaaill %

<> 40 ol J5 Jgb sl il | daley Jaiill angall cesnll oao

Jiodiinl 635gy aclvi
The volume of the cube shown in the figure is equivalent to a

liter. Write the length of each side in centimeters

T ¢

Write 2x10°mm? in unit of (M?) :(M?) 620y 2x10°mm? s
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Extra Exercises

-adlil alwlall go anid psig peni 31501
[dentify the smallest and the largest measurements from the following.

a) 2.15x10°cm 0)2.15%10" um €)2.15x10° km d)2.15x10° nm

alpingliall lginsluo (b) .alpingliall lghuno (a) go Lo. lispai 6.37x10° m lophd cani 615 ge éjle gyl (2
Saueanll alpingliall lgoon (¢) g dayyoll
Earth is approximately a sphere of radius 6.37x 10° m. What are (a) its circumference in kilometers, (b)

its surface area in square kilometers, and (c) its volume in cubic kilometers?
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1.0 km giny ygrauo 05 .0gpseo owl (1um) piogpsioll cnle Glby o Wie (3

The micrometer (1um)is often called the micron. How many microns make up 1.0 km?

choll clow huwgio. (Jaull) 05 2000 lophd canj a@lug Lyai ayily cani auginll aubdall §jlall (4
(W)l elindl Jolad) Saugisll auhdall 6jlal ayging aulall yo wedo Jioiiw a5, o 3000 pauall
Antarcticais roughly semicircular, with a radius of 2000 km (fig.). The average thickness of itsice cover

is 3000 m. How many cubic centimeters of ice does Antarctica contain? (Ignore the curvature of Earth.)

N ‘\2.000 km
3000 m |
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09114 J53.7 m gaoi) (pallg . Hesperoyucca whipplei gl Gl go Gl Jouwo goi gj.wf (5
Al J4aJ Jiogpaunll 6anq) 0ogai Jaaeo golo
The fastest growing plant on record is a Hesperoyucca whipplei that grew 3.7 min 14 days. What was

its growth rate in micrometers per second?

<169l 4o 210 Jlado gag . (aly pite aoy)l) Leguwi 2.0 (pgluy cragl) 3BT (pjulai] yuliao go Fortnight (6

- 6)lw e dnap (o auiligragnll yo dolgo dlwl Loy §5)g deioo &1ap (b

Sueguul cna aliligrsuo o5

A fortnight is a charming English measure of time equal to 2.0 weeks (the word is a contraction of
fourteen nights). That is a nice amount of time in pleasant company but perhaps a painful string of

microseconds in unpleasant company. How many microseconds are in a fortnight?
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&l (allo 1.0 jladoy 2y Jodl gpall aulgi (o pgulalaj 09y U5 Jab gla Uayad bliy gyl gliga gl 1jkd (7
- gpl aglay (o ooyl ge

scudgll (né aogul bl cgnao go bo Lpd gypie (na

Because Earth’s rotation is gradually slowing, the length of each day increases: The day at the end of
1.0 century is 1.0 ms longer than the day at the start of the century. In 20 centuries, what is the total

of the daily increases in time?

40 u go )ll lgio ygaii (nill ailjall alis hwgio . 5.98 x 10%* kg (rglwi oIl &lis (8

Wl na aljadl sac o5

Tu= 166 x10% kg :olpogliall Jalei u ayjall alisll 6anq :ahnollo

Earth has a mass of 5.98 x 10%* kg. The average mass of the atoms that make up Earthis 40 u. How many
atoms are there in Earth?

Note: the atomic mass unit u is equivalent in kilograms: 1u = 1.66 x 10" kg
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Introduction to vectors Jlgaioll cnd doado

Guill ugin 45° ayglj ainig 440 km adilillg . @uidl olail 620 km (lgll . Jolo &1 6)ilb alo) Jonii
el ugin 53° ayglj ainig 550 km aillillg

cogw ail los il opilall a5y 0g6 (na ipds laclw 13eg .aaio gl aguy alopo U5 asljl liaw) il holl
Dr -auilgill lgislj| olus ¢nd Uacluy

Lopeg 6qdllg ojlwillg dcpull Jio cilgaing asljll e sl alins Judoj liSay

=bjrall (no ool ayle (nb £gHgo go g lgilanhig algainll Alwlwl cile cajoiiv Jnall lae (o

The flight has three stages, as shown in fig. The first is 620 km east, the second is 440 km and makes
an angle of (45°) southeast, and the third is 550 km and makes an angle of 53° southwest.

Note that we have drawn the displacement of the three legs of the trip with an arrow or vector,
and this helped us a lot in understanding the motion of the plane more, and it will also help us in
calculating its final displacement: Dr

We can represent many other quantities than displacement with vectors, such as velocity,
acceleration, force, and so on.

In this chapter, you will learn about the basics of vectors and their applications, which is a very

important topic in physics.

37

mawhiba.org

0000
Mawhiba




B - (NN St i et @/

fumgo

Scalar And Vector Quantities dgaoioll Alosllg auwldll alosll 3 - 1

.6204g]l @0 pdp .Aadclunllg aaliallg aliallg éjliall dojag cuagll Jio .audbjrall alsll oy cang g5y
4o)3 62099 Jlado (e lgoling (il 6au0gll doglenll ygai o)L §jljall &oja ddpeo yp boaic Uing
Sauwball alesll” o oSl oas Jio (nowig L6l

Some physical quantities, such as time, temperature, mass, density, and distance, can be described
with a number and a unit. for example, when you want to know the temperature outside, the only
information you need is the value and the unit of the temperature. Such quantities are called “scalar
quantities.”
cnouig haa ady lgang gany g lgy huiy olail lg) bjrall cna (sl dngoll alinsll go ayaell dlio

Magoioll alosll”
opal (nasy I (pJlidug .¢padi oladl @T na ¢jad elloay U ells gla 6yilbll acpw anid (nheoj loaic o
Lgolail Ll yalg baa lojlado a4 gi 6y5lbll acjuw
o) 8gall Jols cang slbe] g] . ows cle Jéy wnw gl @65 Ljpall (o (niad (nillg 8gall Al JUo
Loolailg ol (nle anudl gl 2l 694 jlado cang

There are many other important quantities in physics that have a direction associated with them and
cannot be described with just a number, and they are called “vector quantities”.

Example: When you give the value of the plane’s speed, it does not make you realize in which direction
itis moving, and therefore it is not enough to understand the plane’s speed to determine only its value,
but also its direction.

Another example: force, which in physics means a push or pull that effects on an object. Giving a full

description of the force means describing the value of force and its direction.

Ao

Concept check: Give a scientific definition awnall linle layjei o6 : 0gadall (po Gaaill
of scalar quantity and vector quantity. .agaioll aro8llg Gwlall
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Vector Representation aqioll Juioj
-~ awljgladall (i algb iy pguy anioll g puoill §So)
/// Jall cna los Wil ahaj | aludg olaidl (i
“|: A vector can be represented by an arrow, the length of
a which indicates the magnitude, its head refers to the
//’ direction, and its tail the point of impact, as shown in.
@savemyexams aayeoy xy (ulodl (pgiwall (ple algaioll Juiod JSoy

clio awyyulidao jLislg J_ULL” abhdig olailllg jlagoll

Ligil plariwl of cyall aginll Guill Jlotll :dagjenll ALl olaill 225 gSo.g
Vector Quantity Notation dgaoioll &uosS)l jroyi
A @ole Jauly cqiho ggay caaygl A nguw ogley capny dgainll ansll joui b éale
A = |A'| =5 units 1lio :anioll jlado (piey clis ywliall Alolle gy aninll joy ol loaicg
A =5 units ilio (italic) JiloJl ball joyl cisi g
We usually denote a vector quantity with a letter surmounted by an arrow A or with a letter that is

typedinbold A

And when we put the vector symbol between the brackets, it means the magnitude of the vector: for
example |A| = |A| =5 units

Or we write the symbolin italic: for example A =5 units

Exercise <)o

(cm 620gy a5l pujad U5 abollo) adull abljdl Juloly o6
Represent the following displacements (Note that each grid scale is in cm)
south Lgin dx=4 cm east laph dqy=5 cm

At an angle of 30° southeast Gpuiul wgin 30° auglpy de=5 cm northeast Gl Jlouw ds=4 cm
PIL

6

.

fo 8
)

A
Lo
e
s
=
=
o
(Y]

.
10

fa
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Exercise U)o o

o]l e Jind elpoall aguwil,giialise guidyhy JSuidl nd oS ylouws ¢pai)
Two particles move in two different ways, the red arrows represent the particle’s velocity. Describe

the difference between the two motions in simple words

P

- m—- -
* e * . . .
Adding Vectors algaioll 0o 3 .2

—

las ayilgil anyiill ygaiw B cysl asljy lgeul o 4 &slj] ahé aws pyidl
Jini cillg audiwe JSiiy aylgill ahai (i ayladl ahai go @yai ail ol
A (auilgill anljul) Canaioll
U909 (olaill @nall gl Resultant vector alnanll C agaioll nle @glhj

UL anyiill aylis

1]
Il
Bl
+
=1}

C=A+B
Uy leas yul lis @aall gl abollo o
Suppose an object cuts of f a displacement A and then follows it with another displacement B
The end result will be as if it moved straight from the starting point to the end point which represents
the vector C ” (the final displacement). We call the vector C ” the resultant vector or the sum, and

the result can be written as follows: C =A +B

Note that the addition here is not an algebraic addition.

Vectors Signs algaioll aljlw|
In the coordinate plane, the vectoris: :aaioll ygay xy cnilanll (pgiwall (na

+y gT +X when it is in direction of olajl (na ygay boaic positive: arogo o)LLl -

-y gT -X : whenitis in direction of olail cna ygay aic negative: adlw 6jLwb -
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Adding Vectors by Arithmetic

awsloio clolail (na

in Opposite Directions

10 +5l=5]

‘alpnoolljlado
LJ_].L:) dlgaioll polao cgoao
4501 aniallolail (né :alnaoll olall
Resultant magnitude:
The sum of the magnitudes of vectors
algebraically.
Resultant direction: in the direction of the

larger vector

Elay4lg Bamgall ally 19 sa5allase ellall Guwsnge @
umgo

llws algaiall gas

aolg olail cnd

in One Direction

NP N TN
— —— —E
:alnoolljlado

|J_jJ.3 dlgaioll polao cgoao
lgaiall olajl yuai (nd :alnaoll oladl
Resultant magnitude:
The sum of the magnitudes of vectors
algebraically.
Resultant direction: in the same direction as the

vectors

Exercise <Jjaj 0

alnaall 6juul aisel .(pgdll 4o 2gj U5 alnao olallg jlado cuwal

find the magnitude and direction of the resultant of each pair of forces. Pay attention to the

resultant sign.

’ Fy =100 N )
I
F,=100N F;=100N F, =100 N F,=200N F;=100N
s ® = ———- =3 ® —
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Adding Vectors By Draw ol algainll goo 3 .3

Tail to Head yuil Juall adyb
A Jall aaioll yuly g0 B cpilill aaioll Jy3 oy
iy 15T Ul s Jgl go @aio: € alnanll ggaig

draw the tail of the second vector B from the head of the first
vector A,

The resultant is C : a vector from the first’s tail to the last’s
head.

Parallelogram cUB il (njlgio ddyph
LcUpIl pjlgio Josig.clyiviio Ju3B g A Jugaioll Joai
Al yuai lglg cUnll njlgio phé: € alnaoll ygalg

We draw the two vectors A and B so that they have a common
tail and complete the parallelogram.

The resultant C is the diagonal of a parallelogram with the same
tail.

Polygonal cinil aaeio adyb
&l aninll yul) go anio Y5 i3 @lhiy cuny Wigi ailgaioll awyi
ul) I Qs Jol go aqio : d alnaoll ygaiq

We draw the vectors in succession so that the tail of each vector

starts from the head of the previous vector. The resultant d is

a vector from the first tail to the last head.

Important Note dole abollo é‘%
d (ol aaioll jlado yuai o) ygay (anioll () —& anioll yugSeall
oloj olajll yuses galg

The inverse of a vector —a (negative of a vector) has the same

<y
|
<

magnitude as the vector a but in the opposite direction of it.
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Concept check: Which of the following diagrams is ogquwyll q\i 090400l yo ganill %
correct in finding the resultant? Salpaoll alay] (nd douan Gyl
y y e ———
ay — . a, — o a, N T TTTTTTTTTTTTTTTTTTTTTTTTTTT T T
= 4y h 4y Gy A
() ®) T
y y y
X X I = X
= ay %y Z | I
W@
(d) © )
Concept check: In fig. draw: Jaudl cnle ow)l iogganll go gaail (=
A+B aoandA-B A-Bg A+B
A
B
Concept check: if D=A+B—C, Which of the D=A+B-C yl515]:09ga0ll yo daaill &
following diagrams represents vector D ?. 8D aaioll Jinj aJul oguyll (rpf
B [
\ A
C
R
(1) @ () 0}
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Exercise: A car moved 30 kmeast, then turned crabeil of Aui 30 km 6l C15pAT yad
70 kmnorth, then turned east again and moved Guill gai (npol épo craheil oi Jlouwll gai 70 km

20 km , then headed 25 km south. Use the 25 km wgqiall gai cigail ai 20 km ciahag

coordinate plane to represent the motion of the o 6jluwll 450 Juinil (nilanil (pgiuoll pasiwl

car and then find the displacement .aoljul aoql
“ --
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Motion In One Dimension anlg 20y nd a5yl

U0 aplg =fo (o lopcg cawllg ayanll Jisllg alilgiallg odllg yuwoiidl 455 Jio — plwsll 4550
a0t §)lenll lgiy gog aljlvall uo 1yaell gpo Guell age Aio dwljall dlao ciils cllilg awogyl il
il aginll djuod cpillg

ool duo Lcpallioll pite @ilullg pive yuolwdl guipall cne U] a5pal) cyanll oggaanll ani ol el aog
albleng arelao acln (na .(1727-1642) igui Glouwlg .(1642-1564) nlle gulle :Jio yguac wlaubi
adol Jgna (na g ynall e (o lgho) dwljay podiu aSpall doil yiilgag
The motion of objects - such as the motion of the sun, the moon, animals, rock masses, clouds, etc.
- is an obvious part of our daily life, As a result, it has been a site of research from the Greek era and
throughout various civilization, including the Islamic civilization, which was distinguished by the

experimental method.

However, the modern concept of motion did not become clear until the sixteenth and seventeenth
centuries AD, when many Scientists such as: Galileo Galli (1564-1642) and Isaac Newton (1642-1727)
contributed to the formulation of wonderful concepts, equations and laws, some of which you will

study in This chapter and in subsequent chapters.
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Motion aspll 4 -1

] oliitll o fsTaspaioll plws il cul jpe gleaiis glitelle .pjupe JSiiu lgSyaig Liojlli ool a5yl
sunaillg awlal) dao pelghll (gl go ciildg .glao U5 (nb 639990 (nog .aisudl plws i

Motion is a phenomenon that surrounds us and that we instinctively notice because our eyes

naturally focus more on moving objects than on static ones, motion is omnipresent, It was among the

earliest occurrences to be examined and interpreted.

Motion is simply defined as: : Lg_iT abluy aspall cayjei ol
Lol epgo (no joiwo i e aspll
Motion is: continual change in an object position.

Position (gdgoll) @Hgoll 4 '2

.idlj] .aengo Jio aic ayljia alias 6ac dadpen (] Ao Jaiy owd a50 cangl youibjall oling
.2090ll (niei I3l aajen) Tauiwg leli lgiwljy pgdiw bo (nog .acjuwi aicpw
To describe the motion of an object well, physicists need to know several physical quantities about
it, such as: its position, displacement, velocity, and acceleration, which we will study successively,
and we will start by knowing what we mean by position.
Position is simply defined as: - adl abluwy gbgoll caypai ol
@langll calgall plhdll (n Jinll 630g) ywlayg Lo akhal (na pwall 9929 ylan :ge bjall (b @bgall

Position in physics is: the location of an object at a particular moment. It is measured in meter.

Coordinate System oo Ul oAl

y A aoleio gygao go (uilanyl plhill ggai
4 A .y ¢palnll jga0ll g x cuipwll jganll
3| R 1ap waic gdqall ygsy Uol dhiig

2 (x=0 and y=0)
o i 0 Uil ahdai Juoy d1ngo x o1é gi hol
4 3 =2 1 Qo] 1 2 3 a4 x’ oLl cnd lojlado 3A|3J'-.!9 Lojluy OJJLLUQ
. 0 Jpllahainlel aogo Y o1d glg
oLl (na lojlado blbjg lglawl adlwg
B | ? _ _ The coordinate system consists of two
B perpendicular axes: the x-axis and the y-axis.

-4

and an origin at which the position is zero:
(x=0 and y=0).
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Note that x values are positive to the right of the origin 0 and negative to the left of it. It increases

in both direction.

The values of Y are positive above the origin 0 and negative below it. It increases in both directions.
)l alblan b aslg a0y (nle a55all (nod ouwall @Hg0 2205 01D @590 20T YA als

How can the position of an object be determined? We determine the position in motion in one

dimension with Cartesian coordinates:

The x coordinate if it is moving along the x-axis x (il jgandl cnle @iy gls gl x gulao Ul

The ycoordinate if it is moving along the y-axis y ol jgaoll cnle apaiy gs gl y cilaodl gi

Exercise <jaj o

xy il opgiwoll na D, C, B, A aliall @vblgo 510
Determine the positions of balls A, B, C, D in the xy coordinate plane

Important Note dngo abollo G‘\%
angoll yulsd lgio 121 (il (neg sliwdl ol Jolll ahaiollel Jauill (no 0 ahaill (nouws
Allanyl jgao cnle @090 (pl o ol ahaijhisl ai) ol 5oy
The point 0 in the figure above is called: the origin point, and it is from which we start measuring
the position. The origin can be selected at any position on the coordinate axis.

47

mawhiba.org

02009




Elaydlg Bmgall ally yg jjaliae cllall Guinga
King Abtazie & i Companians Foundaron for Giftedess & Creatvty

amgo

Remember Jaki] )

Wl (wqial) gpall olaillg .wogo (Jlowwl) Guull olaill jlicl oy :6ale
Usually: The direction to the east (north): is considered positive, and the direction to the west

(south): is negative.

Check Concepts 0ggaoll yo Gaaill 5\7,
AL
Aiyeo alioj alhal aic lgedlgo Jaubll pngi .guodl (| ¢padi alals
aljuwllg orddl callisl cuw pua SYaun 5 (na 6)Lll sgac 613lany joi loaic alalall gdgo go o
.26g0ll d10g0llg allwll
A bus is moving to the right, the figures show their positions at specific moments.

What is the position of the bus when it passes along the lamppost in each figure? Explain why the

values and signs of position are different?

r=3s
000w
. O d (m)
i } >
t=3s
EIE!L
- d (m)
} } >
0

Jollahaj gngo cuwny allw gl diogo edgall doyd ggai a8 Gilull Jliall (o aboilo

Note in the previous example: The position value can be positive or negative depending on the

position of the origin.
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23loi - &gl alhhAnll:lging 6310io Gib clal paAiwig lole lgang go a5pall Juini Jouy
Al ogupl — abildl Jglao — (nhaill opwall

Representation of motion help us to describe it scientifically, we use several methods for this,

including: motion diagrams - particle model - data tables - graphs.

Particle Model (nbaill apwall 23gai Motion Diagram &Spall hbhso
blaill go aoyliio albwluwy powall a5pa) Juind ¢Jjnio awo gdlgo jghi deliio jgn
(&yqluwio auioj wlpia lgiy Jnai) éopaoll A)qluwio alinj Gljia (na

.0j5)o0 (na gdjiahai na awall Jjiai | Sequential images showing the positions of a

Representation of an object motion as a | moving object at equal intervals of time.
succession of single points (separated by equal
intervals of time). We shorthand the object to a

point located in its center

rfL | A

e =T ¢ -

Qlwo eyl lingy (npsl Lol g.85pal yrengo g pwall doljl ddpen) inis aigi.olus il 4500 lilwls (na
Sanljllg aolwoll gu §ra dlso Jgo .aiteo atioj 6jia JUs deghaoll dalwoll
caylie) Ul Jgandl ywyal

In our study of the motion of objects, we are very interested in knowing its displacement between two

positions of motion, and at other times we are also interested in finding the distance traveled during a
certain period of time, so is there a difference between distance and displacement ?
Displacement Ax aoljJl Distance s aalwoll

A5l guengo gu Uolgdl padiwoll aainll | oawall a5pa) (pleall juuall Jgb 0ngoaoll
A straight vector between two positions of The actual path length of the

motion. object’s motion.
Vector quantity agaoio a5 Scalar quantity auwld dins caill
AX =X; =X; Or Ay =y, -V, - ggilall
(Jlowivlg gpidl) +Y,+X olail cuils 13] :aungo &a1ogo Lojls bl

(wginllg gpell) =Y, =X olail <uils 13] :aylw

Positive: if itisin +x,+y (east-north) direction

Negative:if itisin —x,-y (west-south) direction
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- o 05 aiwjao (] aljio yo aslja sl elpay

. S0 Sanljilg aoluall g jioi cass Jaill
o NS !

Q - \ A cyclist moves from his home to his school as in

\ ’:’ the figure. How do we distinguish between

distance and displacement?

L5 X jgao cnle B abaill (| A abhaill go ouws cjai
o aiolj] (b) g puwall lg5yai (il daluwall (a) : ol

.aoljil aaio oyl guibhaill
A particle moves from point A to point B on an x-axis as shown in the figure. find: (a) the distance

A \ 1 1 B
e L e x(m)
_1 4

moved by the particle and (b) its displacement between the two points. Draw displacement vector.

Exercise <)o

B \ LAl las X jgao cle B ahaill (! A ahaill go ouws ¢jaj
— ‘o' L | t: x(m) U5l (b

g aioljl (b) g puadl lgSpai cnill aalwoll () @ cuwol

Aoljll aaio oyl .guibaill
A particle moves from point A to point B on an x-axis as shown in the figure, find: (a) the distance

moved by the particle and (b) its displacement between the two points. Draw displacement vector.
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Exercise U)o o

aislj] (b) g .ugall lg5pai (nill aalwall (@) :cuwsl loph 20 m ai.Upe 80 m ai .lapd 100 m Aigo ouuy
anljll anio ouw)l lolailg hjlado agilgill

A whale swims 100 m to the east, then 80 m to the west, then 20 m to the east. find: (a) the distance
moved by the whale, and (b) its final displacement in magnitude and direction. Draw the displacement

vector.

Exercise <Jjaj o

20 km &dlwo ohdig Ulail capaii of 50 km adlwo @haid wgiall olail ¢yadi diraw
aoljll aaio ow)l lelilg ijlado lgislj| (b) g dirawll lgisni nill dalwoll () (ol
A ship moves to the south, for a distance of 50 km, then turning north, and moves a distance of
20 km. find: (a) the distance traveled by the ship and (b) its displacement in magnitude and direction.

. Draw displacement vector.
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Check Concepts 0080l 1o Gaaill g

- cunjl 15] lgisljl cuwnol 40.0 m ophd cani (ppils Jlwo (nle dipe dyaii
.alol5 6jg1 - 6)gd canj
A cart is moving on a circular track with a radius of 40.0 m. Calculate

its displacement if it completes: half a turn - a full turn

{ET]l] E;—-:',

gl B algbg g)jIb ygloll juwoll e B ahaill (| A abaill go ous djaj
b= (6m)

( """"""""""""""""" Gu aidljl padly 08 (0) g ouuall lgSpad (il aslwoll (a) ol
.......................... .oljll aoio o)l . ibaill

; AX _________ A particle moves from point A to point B along the path colored in
blue which its lengths is 6 m. find: (a) the distance moved by the

0 1 4 x(m) particle and (b) estimate its displacement between the two points.

Draw the displacement vector.

Position — Time Graph (uojl - gdgoll) cninio 4 -5

‘Ul gaill cnle ellag il ow) cnd gofl o gégall poly anlll alill yye g5y

x (nilandl jganll cle gojll alily abg ai) (1

Joaall (na 8ajlgll yofll ailily @0 cuwliii slacl jganll ayai o)

y (il jgaoll cnle gdgoll alily eng oi) (2

Jaaall cna 6ajlgll @dgall ilily @o cuwlidi slacl jgaall ayai o)

a0 ahailly (uilanllg .uojll g ahai Ja) x (ailanil ggay cuay . bl Juindl a5ub cnle blai 214 (3
ol Jilaall edgall

aoelgoll ha oy oy bo gog blaill gy Jny (niaio gl b Jhal owyi (4

Data on the change of location over time can be presented in a graph, as follows:
1) The time data is placed on the x coordinate axis

The axis is graduated in numbers proportional to the time data in the table.
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2) The location data is placed on the y-coordinate axis
The axis is graduated in numbers proportional to the position datain the table.
3) We identify points on the graph grid, such that the x-coordinate of each point is a time, and the
y-coordinate of the point is the location corresponding to that time.
4) We draw the best line or curve that connects the points, which is called: line of best fit.
Laph ail dcpuy elae 451 (nhaill opuall o3goi angy :Jlio

Example: The particle model shows an eastward motion of a runner with constant velocity.

0.08 1.08 2.0s 3.08 408 5.05
0.0m 5.0mM 10.0 m 15.0 m 20.0 m 25.0 M

olal (il owpl (na las gojl - gdgoll ally wie Jaoy

Position-time data can be displayed as in the graph below.

(O3 - aBgall) (imie

0.0 1.0 2.0 3.0 4.0 5.0 6.0
(8) a3
4o b (gojll - gbgall) (ninio gy &L depuy ows 4540 aic

When an object moves at a constant velocity, the position-time curve is a straight line.

Exercise <Jjaj o

Ul b il anall 93g0i (nd oS clae ¢paiy
T grall golo . Gulwll JUiodb il (! bl s gylag (yopl — gdgoll) cninio ouwjl
The runner moves as shown in the particle model below. Draw a curve (position - time), and compare

the shape of the resulting graph line to the previous example, what is the difference?
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508 408 3.08 208 1.0 0.0s
0.0m 5.0m 10.0 m 15.0m 20.0m 25.0 M

T

30.0 -
3,
>
E
==
1.0 20 30 40 50 6.0
(8) Gma i
Using of the (Position - Time) curve (gojll - g26g0ll) (ninio pladiwl

lging csblwall 3o yaell (na (gojll - @égoll) (ninio yo A i

koo yoj aic oall odgo dajeo

b @690 (no ounll aolgi yoj dajeo

a5l aloladl ayans

J4iteo alioj 6yia JUs acghaall asljll aani

olail pwall yuse (nio - Joilabaiy puwall jgpo — grows L4 (io dlanll yie) £9aq goj 1yaai
(... CABQT (iD= QiSO

N W v o

We benefit from the (position-time) curve in many calculations, including:
1) Knowing the position of an object at a specific time.
2) Knowing the time the object was in a particular position.

3) Describe the directions of motion.

4) Determine the displacement traveled during a certain period of time.
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5)Determining the time of occurrence of some events, such as: (the meeting of two objects- the
passage of an object at the point of origin - when an object reversed the direction of its motion-
when did it stop......).

Lo1aiuo hs nle 3016 450 (na yojllg ebgoll gy adllell cpilull owpl ang)

The graph shows the relationship between position and time in the motion of a hedgehog in a straight

line.
x (m)
This is a graph 4 Atx=2mwhen t=4s.
of position x K[ 5 Plotted here.
versus time f 0 Ly
for a moving i ) -5 0
object.

It is at positionx=-5m
when time =0 s.
That data is plotted here.

At x=0m when t=8 s.
Plotted here.

olial cnbhaill awall p3goi (o agiojll alballl aic Aaiall @dgo 325 .ollel (il puwpl liteiuo

Using the above graph, What is the hedgehog position at each time shown in the particle model below:

Sl
* + . . * + * .
Important Note dolo abollo é‘db

ning gojll dnté go lay (pagnoall jganll bjlgo logdiuo lhs puwi o yoj) léall @égall dajenl
lae ebldig .eblail ahaigo (asll jganl bjlgo layaiwo s awyi af il (ninioll @o ablaly

Abldoll gdgall doid oo hAall
To find out the position corresponding to a time, we draw a straight line parallel to the vertical
axis starting from the time value until it intersects with the graphic curve, then we draw a
straight line parallel to the horizontal axis from the point of intersection, and this line intersects

with the corresponding position value.
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3559 15s atiofl alhall aic aedgo (a) :cuwsl.ollel 2aiall 450 (na
Jpllahai gub 2m gégoll (na gls goj cpl aic (c) Jpllahai) 1o ciég pl (na (b)

from the above motion of the hedgehog, find: (a) its position at the time:15sand 35s

(b) at what time did it pass through the point of origin. (c) at what time was it at the position 2m east
of the point of origin.

Jollahai gub (e) doll ahai aye (d) : ¢lpaiy aaiall gls adol aliall (zpf o
QaisS)o oladl Aaidll yusc ayrioj abhaJ q\TgLé (f)
At what time periods was the hedgehog moving: (d) west of the origin. (e) east of the origin.

(f) At what time did the hedgehog reverse its direction of its motion?

4s ning 0o (h) 3s ning 0 Yo (9): riofl alpiall JiUs aaidll alj| (nelo
5s ning 0 go 2aidlllgeha (nil dadlwoll (nelo (f)
What is the displacement of the hedgehog during the time periods: (g) from 0 to 3 s (h) fromOto 4 s

(f) What is the distance that the hedgehog travelled from 0 to 5 s?
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(gopl = @dgall) (il pwpl (na avgo go oS prdiwo ha (ple pwo dpaiy
Lapi a5l angaoll olaiil gi jlicl

An object moves in a straight line as shown in the graph (Position - time).

Considering that the positive direction of the movement east.

L ¢ L ¢ L
-60 m -40m 20 m 0 20m
1-  Where did the object go off about its point of Sdpll ahdil aunill ouwall Glhil U___Ii Jgo .1
origin?
2- When was the object in 10 m east of the point of abai §uu 10 m 20y (nle pwall gls (nio .2
origin? bl
3- When did the object pass through the point of Jollahaiy pwall o (nio .3
origin?
4- In what time periods did the object move west? iy ol gbs avio i alpiall (ﬂ a4
e
5- Did the object stop finally east or west of the ahaiape ol Gub sl pwnll cadgi Jo 5
point of origin? Sdp il
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6- did the object stop at its point of departure? Sadllbhjl ahdiaic pwall cadgi o .6
7- Calculate the magnitude and direction of aisp JolaJ pauall anljl oladlg jlado cuwnsl 7

displacement for its full motion

8- Calculate the distance that the object has Jola) pwall lgehd (nil dadlwall cuunl .8

traveled during its full motion .ais)n
Remember J5ai o

S13lalg Luwl) (gojl - a26goll) cninio cna cuill bAll ggay ol yaoy Jo
Can the graph line in the (position-time) curve be vertical and why?

Exercise <)o .

A claoll B claoll jglai (uig cnio .guelae a5yl (gojl - aa8g0ll) (ninio jgloodl (il pawpl Jiog

The graph represents the (position-time) curve of the motion of two runners. When and where
Runner B overtakes Runner A

L J

200t ___ S

(m) &2
w3
=

15 25 35 45 55
-50 foesre ———_—
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Exercise U)o o

Aaiyanll ¢ablib alaiol (ple loguio £LiiT a0a0qg A5 asyal (gojl - a6gall) (ninio (il oyl Jioy

The graph represents the (Position-Time) curve of Khaled and Muhammad’s motion, while they were

walking along the city’'s beach.

gt~ ———

i
20 =

|

|

|

|

|

_

|

I

i
RN A R R
— e ———

\

1- who has started before the other, ol yolall 059 511 Jia Glhil LO_Q___Ii ]
and how much time is between them? Slogiy

2- When did Khaled and Muhammad meet? 20009 B (naill (nio .2

3- who was ahead at the moment t = 0.125 h ahall aic boadio gls logil .3
t =0.125h? L

4- Whatis the distance between them at t=1.0h aic logiy dlplall ddlwoll (nolo 4
t=10h? o

5- How long does it take for Muhammad cnaily uf J16 an0ao adpoing (Al goflgeo o .5
to meet Khaled? Sy
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The graph represents a curve (position - time)

of a runner moving along a straight line.

Considering the positive direction of the

movement east.

40.0

eu.m, Eihgall aly 9 usalle cllal .M.,. @
iz & s Compr

amgo

<y

— 26g0ll) (ninio (W bl oyl Jioy
Louaino ba cple dpady elae aspal (gojl
ol a5yl cangoll olajll jlicl

| | | |
I I I |

R P e tm——
I I I |
| | | |
I I I |
I I I |
I I I |

30.0- e — S
| | | i
|

200 NG L
|
|
|

100 4 INC SR
|
|

t (h)
Q.
0.0 50

|

100 N T
|

¢ ¢ ¢ ¢ * *~

1- Did the runner start from the east or

from the west?

2- When did the runner move to the

west?

SUye ol lph ais puall i do .1

3- When did the runner reach the point of

origin?
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Does the particle model and (position - time) nining (nbaill pwall 93gai cany Jo
curve shown below describe the same motion a5yl olial guapgoll (gojll - a6goll)
and why? Slhlolg Slguidi
Note that the time between each of the two o gredgo J5 g dlplall 6piall UlJ lole
positions in the particle model: 2 s 2 s (nbaill ouuall 93g0i

A

15.0
10.0 <
50 = d (m)
o o L L [ e o0
I 1 I I >
00 0 5 10 15
Speed And Velocity againllacpullg acpull 4 -f

6a0lgll aplill (na owall lgehay (il jliodl 2ac :cne abluy acpull

Alangl) cndgall plbill (na m/s 6anqy yuldi ¢lalg

ol ugay 120 km/h Lgil ebbola 6jlul acpw ge aillw éjluul) aislis £Llijlg .ajjuw (na leo clajang clil Jyaj
acpull olaib gloigo Uni Ugai ol liog . speed éusaell écpull lgrows acpull 0as Jio .acpnll lolajl 2any
hdalejladn yalg

.velocity againll acpul lgrouwi liog .jladoll @o loloil acpul) 3295 . eUjpall (o ol ael (no

agaio gl ayaac acpull cuils elgw aphall acpull lgiowi bo ahal (nd owall e

Speed is simply the number of meters which an object travel in one second.

Therefore, it is measured in m/s in the International System of Units.

Imagine that you and your friend are together in his car, and while he is driving the car, you asked him
about the speed of the car, and he answered you that it is 120 km/h without specifying a direction for
the speed, we call it: speed, and here you were not originally interested in the direction of the speed,

but only inits value.
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Most of the time in physics, we define the velocity as a direction with the magnitude, and here we call

it: velocity. The velocity of an object at a moment is what we call: the instantaneous velocity, whether

the velocity is scalar or vector.

Average Velocity agaioll ahwgioll acjpull | Average Speed dyoaoll dbhuwgioll acpull
go i duwilb asljil pei buugio o) Aol aclwoll pei hugio
The average change of displacement with | The average change of distance with | cayjoill
respect to time. respect to time. Concept
Vector quantity dgaio ains Scalar quantity auwld ains
_ AX  X; =X, _ s
At At At =
. o Law
Distance ddlwoll no §
aulw gl aungo
Positive or negative depending on its . . aljunyl
_ _ o _ Always positive a1ogo Lol .
direction: Positive in direction of +x or +y Signs
Negative in direction of -x or -y

Exercise <Jjaj o

JUS X jgao (nle B abhdill (nJ] A abdill go oo ¢lpaj
Average Speed aynaeoll aicpw (a) :cuunsl
Average Velocity againll aicjw (b)

A particle moves from point A to point B on x-axis in 2 seconds. find: (a) its Average Speed and (b) its

B
¢ x(m)
4

Average Velocity

Exercise <)o

5| L
_1‘0

JU X jgao (nle Babdill (I A abail yo oo ¢Jpaj
Average Speed aynaall aicpw (a) :cuunl
Average Velocity againll aicpw (b)

A particle moves from point A to point B on x-axis in 2 seconds. find: (a) its Average Speed and (b) its

¢ x(m)
4

Average Velocity

mawhiba.org

0000
Mawhiba




- /T St @

Exercise U)o o

.auili 45 na L_U_c 0.5 km <15)aj 0 .a4163 canj (na LQ_].LU Tkm 6jluw <15y j
ol Jio .m/s 6a0qy .agaioll Ahwqioll lgicpug aysaell dhwqgioll lgicpy cuuol
A car travels Tkm east in half a minute and then travels 0.5 km west in 45 minutes. Calculate its

average speed and its average velocity, in units of m/s. draw car motion.

(uoj)l - 26g0ll) 20lg (nily oy cnd gujluw a5y Juiad) lind
8jluw JaJ agaioll ahuwgioll acpull cuwosi

We represented the motion of two cars in one graph (position-time). find the average velocity for each car.

Important Note dolo ahnllo
0957 . &Il cyjaill (no B hall Jio x jgao go y jganl wsl (yoi-adgall) cuill hall §gsy oaic
(Y jg00) yal) o jisi hall gl Jgdiq 51 againll ahwginll acpull
When the position-time graph is closer to the y-axis than to the x-axis, like line B in the previous
exercise, the average velocity is greater, and we say the line is more inclined (closer to the y-

axis).
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oxaiwo ha cle 6jluw a5yl (gojl - adgoll) cninio jglaoll cpilll powl Jioy
L8y a5jal) caogall olaill jlicly
agaioll dbuwginll dcpull jggh pudg .againll dhwginll lgicpwg dyoaell dhuwgioll lgicw cuuol
Adlw éjLunly
The graph represents a curve (position - time) of a car moving along a straight line. Considering the
positive direction of the motion is east.
find its average speed and its average velocity and explain the appearance of the average velocity

with a negative sign.

1500+ e

3 100.0 -

50.0 -

{m) =2

0.0

=350.0 -

Remember J54i =Y

a5l cluwdl olaill (na owall dpaliy boadce .adlw 6juwl agaioll ahwgioll acpull
The average velocity has a negative sign when the object is moving in the negative direction of

motion.

64

mawhiba.org

02009




| - /T = @

amgo

Exercise: figure shows four paths along which lglgb cnle dpaii ailjluwo deyl JAuill angy icuyjad
objects move from a starting point to a final Llgl5q .aulgi abdi (| &ladl abdi o dlowo
point, all in the same time period. The paths pass o a5l pie Gljlwoll joi .auiopl 6piall yuai (na
over a grid of equally spaced straight lines. Rank aljlwoll i) .2aclill digluwio dordimo bghs
the paths according to (a) the average velocity againll ilowwall dcpw hingio (1) by loJ Llaag
of the objects and (b) the average speed of the Jgl lopsi .ausaall alowwnll acpw buwgio (Q)

objects, greatest first

Loubimo ha nle airaw asyal (gopl — g2agoll) (inio (ULl bl pawpl Jiog
Jgiallgo 450l cngoll olailll jlicl
againll dhuwginll lgicpwg dpaall dbugioll lgicp cuuol
The graph represents a curve (position - time) of a ship moving along a straight line. Considering the

positive direction of the motion is south.

find its average speed and its average velocity,
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Important Note dolo abhollo @‘%
cuwnj At duiojépia JUb lgohdy cpilladlwoallgla v ahl dcpung pudiwo hd cnle pwo djaiy boaic
S=VAt :yqilaJu

When an object moves in a straight line at a constant speed v , the distance it travels during a

period time At is calculated by the law: s =V At

Exercise <Jjaj o

Syinll 6209y 180 minutes JUb lgaha) (nil Aolwoll (ne o, 200 km/h dcpuy jlhd ¢Jpai)

A train is moving at speed of 200 km/h, what is the distance it travels in 180 minutes in unit of meter?

Exercise <Jjaj o

4.00 m/s aicpw A claell. 500.0 m guuwdl Jgb s 13| .aboll yuai aicq diladl ahdi yuai go lalhil gleloe
Algill bs aic B elaall A clao)l ara phiiw (pal gopl cuwol . 3.00 m/s aicpw B claollg

Two runners run from the same starting point and at the same moment, if the races lengthis

500.0 m .Runner A runs with a speed of 4.00 m/s and runner B runs with a speed of 3.00 m/s.

How long does runner A wait at the end line before the runner B arrives?

Velocity — Time Graph (uojl - acyull) (ninio 4 _7

acpw bl aenig .goplg againll acpull gy adllell Juioi ySoy .(Uojl-gdgoll) cninio na lilea oS

y ragooll jganll cnle owall

Llgangg owall 450 pga (nd 21do (niniolllie Jio

As we did in the (position-time) curve, the relationship between velocity and time can be represented,
We put the velocity values on the vertical y axis.

Such a curve is useful in understanding and describing an object motion.
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Irregular motion
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aolg 20y (na a5pall glg.ii

Sk ioll 450l

Regular Motion

EY

anhiiall jué aspall

Irregular motion

L4414

uo o dobiioll jég dohiiall 4540l g 8

Regular Motion

ariofl aljiall (no pwall lgehd) (nil alalwoll
:auqlusioll
The distances that the object moved in equal

periods of time:

‘i Wi ounall dcpw
The velocity of the object during its motion:

ariofl aljiall (no pwall lgehdy (nil alaluoll
:Qyqluioll
The distances that the object moved in equal

periods of time:

‘i Wi ounall acpw
The velocity of the object during its motion:

Exercise <)o

olal ayll pgwl (na los aaliao Gpby alopws doyl dyaii

(ladoll yuaiy aul J5 (na alaji) olbiil ulji acpuu(b)

AUU acpw(a) : dai alouuall 0d® gf

(1auililg 0 aulil g aio p5i1aulillg 2 aulill gu acpull 65Uj) abhiio j1é Jaeoy uljii acpu(c)

05w ol pan = acpuy (d)

four particles move in different ways as in the diagrams below.

Which of these particles move: (a) at a constant velocity. (b) at a constantly increasing velocity

(increasing every second by the same value).

(c) with a velocity that increases at anirregular rate (the increase in velocity between second 2 and

second 1is greater than between second 0 and second 1)

(d) at a velocity = zero so the object static.
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Exercise <Jjaj o

Joply agalollaicpw adlle (pilll pwpl angyg oraio b cle dpaiy oo
An object moves in a straight line, the graph shows the relationship of its velocity with time.
Sopaio ol 4l aicyw Jo
ac A 20 Jai gl alaji y® 215 .6peio aicpw cils 13]
Velocity oill jgs0
Udy of alajy &uli U5 nb lopai Jaeo Jo
Determine: if its velocity is constant or variable?

If its velocity is variable, determine whether it is

> increasing or decreasing with time. Does the rate

of change in velocity constant or variable?
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Using of the (Velocity - Time) curve (gopl - acpull) (ninio olaaiwl
lging ablwall yo aaell (na (gopl — acpull) (ninio Jo apaiu
(oo gojaic pwall dcpw ddjoo
Aieo dnrd) acpull oaic ygsi (pdl yopl oo 2
aspll ablajl cang .3
Qireo aioj 6jia JUb acgbaoll asljlil olws .4
AQohiio pé gl dohiio 452l J® yanj .5
(... cadgi (nio — aispo olajl puwnll yube (nio) :Jio Glaoll yhes cqdq goj yaai 6
We benefit from the (velocity-time) curve in many calculations, including:
1) Knowing the velocity of an object at a specific time.
2) finding out the time at which the velocity is at a certain value..
3) Describing the directions of motion.
4) Determining the displacement traveled during a certain period.
5) Determining whether the motion is regular or irregular.
6) Determine the time of occurrence of some events, such as: (when does the object reverse its
direction of motion - when does it stop..)
Remember Jak ] 3@'

Do gl i pl ciogoll olaill (na ¢paiy pwall :a1ogo agaioll acpull 6jlis] ygai loaic
Ugio gl Upe opl el olaill (na eljaiy oauall :aulw agaioll acpull 6jub] ygsi boaic
When the velocity sign is positive: the object is moving in the positive direction: east or north.

When the velocity sign is negative: the object is moving in the negative direction: west or south.

Exercise <yjai o

Wl e aol bpb 452l angall olaill el .aylge &5 50 (bl puwl Jioy
The graph represents an air bicycle motion, assuming the positive direction of motion is east, answer

the following:

A v, (m/s) : | |
R e

i i i | i

1 1 1 I 1

1 1 1 I 1
o

1 1 1 I 1

1 1 1 I 1

200 b _ | | | | [

10.0 ! i N

e ————

L L,
L S O
T

—20.0~
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Slaph djpais aslall cuils atiopl aliiall (ol cpa (a)

Qe ¢yaii aslall culs ayiopl aliiall (i (na (b)

Slgisyo olail asljall cunse agiojll aalball (pi aic (c)
(a) At what time interval was the bicycle moving east?
(b) At what time periods was the bicycle moving west?

(c) At what time did the bicycle reverse its direction of motion?

) . 7

il auhall dgaioll dcpull poi hugio  caypoill
uo il
o (M/s?) 6a0gy yuldyg .agaio 4105 gag
Ulangl) (pdgall pladll
The average change of instantaneous velocity
with respect to time
It is a vector quantity, and it is measured in
m/s? in the International System of Units.
AV V-V yqilall

(agall ¢l L) a=—-=
Jgall alangly At AL

:auhall acpull (né gglwill ity

aepull aji acpull olail (ua gludll ls 1]

If the acceleration is in the direction of velocity: the velocity increases.

Vf (L A\ Vf
- —_— e —
@ @ & [

«— —
a a
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acpul Jai acpul olail yuse gjlwil gls 13]

If the acceleration is opposite to the velocity, the velocity decreases.

A
'y
¥
Y

@
na 360 km/h e8I Jué lgicpw puni duo . oud e b (na dyaiig ygsull go Glhii gjanll cnle 6)ilb
m/s? 6a0qy 6)ilhll gjlui sl . 0.5 min

A plane on the runway moves from rest in a straight line, where its speed before take-off becomes

360 km/h in 0.5 min, find the acceleration of the plane in m/s?

T &

.m/s 6a5q 30 min Jgio 20y aicjw cuwsl . a1diuo hs (nle 2 m/s® 0jad o)l yo Sl Jo oo dlhiy

An object moves from rest in a straight line with an acceleration of 2 m/s?. find its velocity after 30

min in unit of m/s.
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Exercise U)o o

oo b cnle dpady awal gopb agaiall acpull adile (puibdl owpl abgy
o]l oyl cuwol

The graph shows the relationship of velocity to time for an object moving in a straight line. find the

acceleration of the object.

25.0

20.01--------==-=-=r-=-

15.04--——————————-

10.0

(M/S) Agail) Ae yul

5.00

0.00 ™7700 2.00 3.00 4.00 5.00
(8) a3t

R T

Al pqul pladiwl &leio ad)hy dcpullg asljllg ddlwoll cuuai cals gl aleii cagu

You will now learn how to calculate distance, displacement, velocity in an amazing way by using graphs.

Distance aalwoll Displacement aoljil
inio gy &) Il &l U aalholl dnsall inio g &) Il &l U &yl dosdll
ol jgang (yojll -againll dcpull) ol jganqg (gojll -againll acpull)
The absolute value of the area between the Algebraic value of the area between the (velocity-
(velocity-time) curve and the time axis. time) curve and the time axis.
-8 A v, (m/s)
depull 40.0
(m/S) 30.0
(s) ol 20.0
5 0 15 20
10.0
; \ | ®
0.0 1.0 2.0 30 4.0 5.0
8 —-10.0 \
—-20.0
15sg0 yudistance acghdaonll aalwall 4 s 90 yudisplacement acghdanll asljll
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Average Velocity againll dhwgioll aGepull Average Speed dyaaoll dhwginll dcpwll
(uofl -avgall) adllel (bl ball Jio (uoil -angall) adllel (bl ball Jio wogo
Slope of the line in (position-time) graph Positive slope of the line in (position-time) graph
x (m) x (m)
10""7" n athenthy nialin adbeti: siinath: ;ioadhy: | 10'_T' maTTT e .Ten
1y T 15 S R N P 8-+ +:+T++4
o3 I AT, N S OF -4 +-+N\g-t-+-+-A
v’} Y SR N Y 4} -p-d -t AN
/O A A PN 2N T e
s ta a3 M T2 4 6\ 58
—2--4——%—;—%—4——6+ 4'—8—1 | It St B St S W
SE5) 05 W IO SR ). b o dndimposhinsd oo\
al.i b i 4 L x K ~6l-L_1_ R
average velocity dgaionll abuwqioll acpull average speed dJoaell abuwgioll dcpull
2sq 0gw 2sg Oy
4592s U 4sg2s gy
8597 sy 8s97sJu
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Check Concepts poagaoll yo gaaill %
g Jol .Jsuidl (o angall (il ol §og aws ¢y
:opall (no pwall acpw
b b An object moves according to the graph shown in the
y figure, the minimum velocity of the object is between the
a ‘ period: L
B-C (u A (
DE O cD G
Check Concepts 09ganll yo gaaill &
eyl b Jaul (na abgoll (bl ol Gag ows ¢paiy
(m/s) - . . L5
:opall (no pwall ojlui (nndl
C An object moves according to the graph shown in the
2 figure, the maximum acceleration of the object is object
4 is between the period:
(8) Groi B (g A
D (O c (o

70 km/s abuwgio acpuy aljio cpll sle o, 80 km/h abuwgio dcpu aypall (] aljio go ajjluw 1001 jalw
alols aloll agaioll ahwgioll dcpul cuwnl

Ahmed traveled in his car from his home to the village at an average speed of 80 km/h, then returned

home at an average speed of 70 km/s. Calculate the average velocity for the entire trip.
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Introduction To fluids ailgoll (nd aoado

-Eurekal

oUWl go =lgiill ai loaieg il BU ginyd weill go lreo ljad Wap jguslpw ello (nhel :gpue ellall ol
caylsi i .cllall cale Jlislg oLl dors ras (il .anall e ill go &ios Jaudwl (ol gl aclib] apgh
U ol Al Al go oW1 LS 13] o ayaniy yuagas)l

-aloloall qul aed ol (no 154y yuaues)i gls laiy andll aigiits (uilogyl (pjloeall yuaigoll gy
.6Jg00 0]l oouus aros) Ayglwo cils aspll ojb adaaioll ol oS gl ol ploaiwll oo | Jj baice
JHall (] aleg auwall go ja6 .oy dpad o bl o) .alSudiall o aupb qul il aa1aall o cuils Lalg
Lgiang lgiang (pl ILayg)! 15y)gy. :huall aic ¢iay gls o a9g ail Jle cigny png Dl

110 (b cajeii caguw .“ywatos)l lao” aowl uouwnlly .aolgll @ilgall ¢nalo 201 (] yuaros)i Jogi 24l
2ilgoll (na eyl guilgdg enaliog puslan cle Jnall

the crown of King Hiero:

the king of Syracuse had given a craftsman a certain amount of gold to be made into an exquisite
crown. When the project was completed, a rumor surfaced that the craftsman had substituted a
quantity of silver for an equivalent amount of gold, thereby devaluing the crown and defrauding the
king. Archimedes was tasked with determining if the crown was pure gold or not. The Roman architect
Vitruvius relates the story:

While Archimedes was considering the matter, he happened to go to the baths. When he went down
into the bathing pool, he observed that the amount of water which flowed outside the pool was equal
to the amount of his body that was immersed. Since this fact indicated the method of explaining the
case, he did not linger, but moved with delight, he leapt out of the pool, and going home naked, cried

aloud that he had found exactly what he was seeking. for as he ran, he shoutedin Greek: Eurekal Eurekal

Archimedes came up with one of the important fluid principles, which is named: “Archimedes’ principle”.

In this chapter, you will learn about other concepts, principles and laws in fluids.
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What is fluids? Q ailgoll nolo 5 - 1

aljlellg Yilgudl o ¢llay (nog . jluiill 9l Goaill aunls lgJ 60lo U5 (nle ailgoll anls Glhi

Gas

<yl Jauly blaisyl pac Wibjie (ueg .dcgunll go gilo dals Jolig
‘o aljlellg Wlgudl ju a5iite]l apwbw il gpilnAll

Llgnie) ge 6aclio lgiliyjo (2 <yl Jau gl yuy (1

Ay cpail lgiliyjo (3

Ll oo gap aglaiil a5 alijall dyadi gilgull cné

o) oliy a2 (ol (nd a0l ayay alijjall djaii aljlell (na

The word fluids refers to every substance that has the property of flowing or diffusion, and thus
includes: liquids and gases.
The origin of the word fluid is from fluidity, which is physically: not maintaining a constant shape.
The basic properties common to liquids and gases are:
1 It has no constant shape. 2) Its particles are far apart.
3) Its molecules move freely:
In liquids: molecules move translationally within the volume of the liquid.

In gases: molecules move freely, In any size available.

£

Quick Test 2 sl (%

Saljlallg Jlgudl plg gy dogo dapa 1535 ol uhny Jo
Can you name important differences between the properties of liquids and gases?

2
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Mass, Volume And Density aalisllg poallg alisll 5 -2

lgiilanl Tﬁup.o Ugad Ui jao o0g0ll yog.6olo o dire @D 6j100 plgd (o aaliallg paallg aliall

Mass, volume, and density are from distinctive properties of any sample of matter, and it is very

important to be aware of their meaning.

Density aaliall Volume o200l Mass aliall
02lo]l yo pganll 6a0g alis alomy (pall slall go jall | .aiell (na 63gogall 6slall aros
kg/ m® 6a0qy yuldig .6ololl yo airell kg 620qy yuldig
m® 6a0qy yuldiq
Mass of a unit volume of a The portion of space that The amount of matterina
sample a sample of matter occupies. | sample of it.
It is measured in kg/m® It is measured in m® It is measured in kg
Important Note dol® abolo (‘H\)

aalis jisl aiils isi aylaio 8alodl ailigjs cuils lols

If the particles of a substance more closer of each others. it is more density.

Which of the two substances has a greater density? caalis HE)T el (:pi

The Law of Density aalis)l glwo ggild
p:vm aalloll yo aoliall cwnj
(kg/m®) density 6alall aalis: p (m*) volume aitoll pao V (Kg) mass aitall alis :m

.. cwoallg yulaillg yaall:Jio lgy anbd aalis 6alall o egi J4 g\i &y 6olo (nl djioo aunld aalisllg

Al

:algoll yroy alals Jgaall angy

Densityis a characteristic of any pure substance, that is, each type of substance has its own density,
such as iron, copper, gold, etc.

The table shows the densities of some substances:
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Densities of Some Common Substances at Standard

Temperature (0°C) and Pressure (Atmospheric)

Substance p(kg/ m?) Substance p(kg/ m?)
Air 1.29 Ice 0.917 X 10°
Aluminum 2.70 X 103 Iron 7.86 X 10°
Benzene 0.879 X 10° Lead 11.3 X 109
Copper 892 X 10° Mercury 18.6 X 10°
Ethyl alcohol 0.806 X 107 Oak 0.710 X 103
Fresh water 1.00 X 103 Oxygen gas 1.43
Glycerin 1.26 X 107 Pine 0.87% X 103
Gold 19.5 X 10° Platinum 21.4 X 10°
Helium gas 1.79 X 107! Seawater 1.08 X 10°
Hydrogen gas 8.99 X 1072 Silver 10.5 X 109

-l

(125 kg/m® aialis) guogpiyill go 5.0 m® alis yuaial (pall ( 0.179 kg/m® aialis) pgilie 000 golo

What is the volume of helium (density 0.179 kg/m®) that has the same mass as 5.0 m® of nitrogen (density
1.25 kg/m®)

Check Concepts poagaoll yo Gaaill
caalis psi ol ayaall go adlill dianoll sl ol
Which of the following iron solids has the greatest density?

rlopha caniéls (u raolp Jgb wueso (i
A ball of raduis r cube of side length r
05 raclajjlg 2r avjeg ralgb alubiuwo pjlgio (0 r lophd canigr lgelajjl ailghwl (o
A cuboid of length r, width 2r, and height 0.5r A cylinder of height r and radius r
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Exercise <yjaj o

Salis _|.!5| o) wanll o adlll dinnoll plwsdl <,P|

Which of the following iron solids has the greatest mass?

rlopha caniéls (U raolp Jgb uean (i
A ball of raduis r cube of side length r
05 raclajjlg 2r avyeq ralgb alubiuwo pjlgio (o r loyhd canig r lgeladjl ajlghuwl (o
A cuboid of length r, width 2r, and height 0.5r A cylinder of height r and radius r
Pressure bonll 5 -3

.Ub 420 1925 (na 6yilhll gjg jlball 9jao cnle Jaull (na aangoll opilhll caas

g0 1m? asluo 6209 U5 cnle pdall lgijg g0 sjall (rowig .o)janll aslwo (nle gjoiy gjgll 1am glo gy
bhonil ojaoll

The plane shown in the figure is standing on a runway of an airport, the weight of the plane is within
420 tons. Intuitively, this weight is distributed over the runway area, and we call the part of its weight

affecting on each unit area (1 m?) of the runway: pressure.
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The Law of Pressure bhonll ubwo Jgild
o hap Jau 6gall gi Jgai liila .bo abuw (nle 694 13§ boaic

ablwo 8309 cnle Uogac 1igy (pall 6gall go jladoll go Liljis henllg

Pare gt

P = :adlloll yo cuuny aila ¢llalg

>|T

Area (M?)aslwoll:A  force (N) égall:F
Pascal Jlwl (nowi Pa  Pressure (N /m =Pa) hanll:P

When a force acts on a surface, we say that the force exerts pressure.

Physical pressure: It is the amount of force that acts perpendicularly to a unit surface area.

So it is calculated from the equation: P :%

Check Concept oggaall 1o GAAil %

33lalg Syanylo Jal Susoylo psT wlill Jué go willl (nle honll ygsy aglill sl (ol (nd
In which of the following cases is the pressure on the ground by the boy the greatest?the least? And
why?

Explain Hud -
Il palell alanll ge Uay b clan ggaljioll paAiny

Skaters use special shoes instead of regular shoes!!
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Explain Hua *‘Q‘
solwall o adih cnle 0320 0y (paly U Jahll.Jsuidl (né

In the figure, the child is not harmed despite being stretched out on a layer of nails.

%) 4

v “~ _________________________________________________

bt i S e e Ry PR

L \lJ,u\.M\ml.HlH;,IHLU_}_L\‘H

Exercise <

o] cle Lwl) cadi, 25 em® lguilgi o J5 aolwog 2.0 m lglgbg 80.0 kg Lgilis atireo ailghul
awil (e ailgbwil ay 1585 (pall hanll go bo .guilg il

A metal cylinder with a mass of 80.0 kg and a length of 2.0 m with an area of 25 cm® at each end, standing

vertically at one end, what is the pressure exerted by the cylinder on the floor.

Pressure gilgall (na hanll 5 -/

dacl ple lols ey ojgeil 2lajg .01 eljsl @10 (nle cloll hany plgall paiiy Sypaall cupo Jo
Have you tried scuba diving? The diver feels that water exert pressure on all parts of his body, and

his feeling of pressure increases as he dives deeper.

6j9.08 0l plundl cnle thes Jaui (aljlallg Jilgudl) ailgall J5 gélgll (né
.a1a jgoooll owall (nle alelajll groo (na gy gilall hang

In fact, all fluids (liquids and gases) exert pressure on objects immersed

in them. The pressure of the fluid affects in all directions on an object

that immersedinit.
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T U0 J5 6oUp olop P abdiaie giloll hev gl dupaill aog
5 ailall aalis (u h gilall abw cnj ahaill Gae (1
+3&Z alolenll ahaj aic giloll han cuway cllalg
! 7 b P =p hg

! Pressure of £luid (N/m*=Pa) oilall han: P

The depth of the point below the surface of the fluid h (m) aila)l abuw ciajahaill gac :h
the density of the fluid (kg/m®) ailall aalis : p;

Experimentally, it was found that the pressure of a fluid at a point increase with the increase of:
1) The depth of the point below the surface of the fluid h.

b) the density of the fluid

Therefore, the fluid pressure at a point is calculated by the equation: P, = p; hg

The fluid exposed to the atmosphere gall Hrooll ajiloll

P ahaill aic (Glholl) (sl hanll ol 48
Calculate the total (absolute) pressure at the point P

g2l preo pe gilall gall prao pé gilall g2l a0 gilall
P)0 adga clggll hang P =0adqa honllg fluid exposed to the atmosphere
fluid is not exposed to the fluid is not exposed to the
atmosphere and pressure above atmosphere and pressure above
it: P)0 it: P=0
P)0 P=0 T
Nl N h
h P h \l P +_\:l£
+ Y jL A gh 1{,
o F . F z
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Think 154 %
Sabhajaic @iloll hen ulwn (na (ngall heall pili Jagi cnio
When do we neglect the effect of atmospheric pressure in calculating the fluid pressure at a point?

Important Note dolo abolo M

latm = pgo han anlg Yalayg P, =1.013x10°Pa ~10°Pa :ayjlienll cagihll (na (pgall bonll anid
1 bar =10°Pa ;jlWwl 6259 hanll yulid cilang o

The value of atmospheric pressure under standard conditions: P, =1.013x10°Pa ~10°Pa

It is equivalent to one atmospheric pressure = Tatm

Among the units of pressure measurement are the bar unit: 1 bar =10°Pa

Sanhw cnle pigoll pusll (gl hoall Joad glwill auws erhiug <ais
How can the human body withstand the great atmospheric pressure affecting its surface?
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Think a0 €
i

sl ahw §go 6laa clelai)l aic elysl (o dedpa) poiis 13l

.Why do you feel a popping sound in your ears when you suddenly rise above the earth surface

Check Concept 0gga0ll 1o Gaaill %‘:
il
<yl 6egloo loran Lgil lale Jaull (nd aangall cilgll na h dac (nle bgenll gy gjla

Compare the pressures at a depth hin the vessels shown in the figure, noting that they are all filled
with ail.

Remember Jak ] =Y

elegdl o g phill oy honll yuai lgd ygay ailoll ysls aolg Goce cnle g4 cnill blaill
Points located at the same depth inside a fluid have the same pressure regardless of the shape of

the vessel.

Exercise <Jjaj o

SJaull aangoll grengoll aic (nlall honll gu adllell bo . Jaudl (na los Jilu .gloo yrgo
A basin filled with a liquid, as shown in the figure. What is the relationship between the total pressure

at the two positions shown in the figure?

1. P <P, (u P>P,
40 em P,=2P, (5 P=P, (O
____________ i40cm
> <>V
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Check Concept 0080l 1o Gaaill %
ail lole .Jsuidl (né apgoll pgianll yitogilall (napb cale 85Gall P> § Py bgaall g glai cays
<yl 2gloo

How do you compare the pressures P;and Practing on both ends of the open manometer shown in the

figure, knowing that it is filled with oil
Pll PZ!

Exercise i
100 m @oc cnle 1025X10°kg/m® aialis (pall jaul elo (né pgaianlge
Goellae aic (o)l henll (a) :cuwol
P, =1.013x10° Pa ;jicl 4.0 m® aislung (pralell anlgall wb Lol preiy cnill 6gall (b)
A submarine immerses in sea water with a density of 1.025 x 10° kg/m®at a depth of 100 m. find:
(a) The total pressure at this depth. (b) The force that the upper door of the submarine

(its areais 4.0 m%) is exposed to, Consider atmospheric pressure: P, =1.013x10° Pa
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Exercise U)o o

gl hanll Jliol auns Glholl haenll yga) 612y (nd §oc g\l aic
1.025X10° kg/m® 6paul <o aalis
At what depth in a lake, the absolute pressure is five times the atmospheric pressure.
Lake water density: 1.025X10° kg/m®

Exercise <Jjaj o

gac cale ol §9o eloll aayii 30l dlib cale 1ig7 (pill 6g.all quuol. Tem® (ligo gl alib abuw dsluo
gl hanll lupai crgluwy Uadl Usls bhenllg . 1.00X10° kg/m® gl puwoll elo aalis culs 13], 5.0 m

The surface area of the eardrum is about 1cm® Estimate the force acting on the eardrum due to

water over a swimmer at a depth of 5.0 m, if the pool water has a density of 1.00 x 10°kg/m®, and the

pressure inside the ear is approximately equal to atmospheric pressure.
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Exercise U)o o
Uliil @69 (na yuanllg A aisluog m ailis guwiSall gls 13] . Julaall Jauill (nd
epgluy P, dyglall 5o jgnanll jloll han (P, = (pgall banll)

In the corresponding figure, if the piston has a mass m and an area A and the piston is in equilibrium

(P, = atmospheric pressure ). The pressure of the gas confined inside the container P, is:

_mg G Foimg @ p .M (u P,
° A A ° A

:gall Yreo yweo abuwi cnle Jilwl lgy bany il 6gall

The force which a liquid pressing on the surfaces of a basin exposed to the

atmosphere:
Pk
H
>
<« B —»l" e
The force acting on the base : :6aclall (nle 6p340ll 6gall
The force acting on the front wall : :gmLoiJI jlanll (nle 65§ 0]l dgall
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The force acting on the side wall : uilall jlandl cnle 517600 604l
Check Concept 00040l 4o Ganil %

Suanylo 5l 6aclall (nle 69.all ygsi lgio cpl (nd .eloll 6.gloo Juidl aaliso plgol aayji

four differently shaped basins filled with water, in which of them is the force on the base greatest?

I —T ©

gl ool elo aalis ¢uils 13, 10.0 m lgely Jgb daypo aiacladg 4.00 m adoc auuo ciyjad
g =9.80 m/s*  auwoll cuilall lanl cnleg auwoall 6acld cale eloll 696 cuwol 1.010x10° kg/m®
A swimming pool whose depth is 4.00 m and its base is square with side length 10.0 m. If the density of
the pool water is 1.010x10° kg/m?, find the force of the water on the base of the pool and on the

side wall of the pool.
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Check Concept poagaoll yo gaaill \7;;
B awll caer A sl cals Lol alaiol gl lode .ol cnle honll huwgio gjlai caus

How do you compare the average pressure on the two dams, knowing that the extension of water
behind dam A is twice that of dam B?

Pressure Gauges honll yulia ojgal  H-5H

angiaall auguilll 93 Jitogiloll - alluijgi jiog)l :lgin gog Gib 6201 hanll yulay

Pressure is measured in several ways, including: Torricelli barometer - an open-tube manometer.

Torricelli Barometer (nllubygi yiogyl) cnauipl yiogyull
(<—pP=0 Jiog)l Jol aip cliyg 01643 plall (alluiygi (il (ibjrall ayaill (ool

T N wngall hanll gulial
The experiment was conducted by the Italian physicist Torricelliin 1643, thus

\.

h making the first barometer to measure atmospheric pressure.
Q l Po -
A B ‘il 6450
oo Lgulai o 2ol aiall 4994 i (1l calb §o 45giao gl lloj
claijl cnio dyguilll cno gupl Yplaail hsllia . gl Jyjig . §upl =gloo yrgo
k sanil (pgluy asgull ysla guijll cnlel elggll han

The idea of the experiment:

We fill a tube open at one end with mercury, close the opening end by a finger, then turn overitina
basin filled with mercury, remove the finger, and notice that the mercury in the tube has decreased
to a certain height.

The air pressure above the mercury inside the tube is zero.
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Considering : pressures at points A and B is equal : : B 9A wibhail cnle bgonll (pglu jlicl
PB :PA Po = pmgh
5
h—_fo _ 1013x10 h=0.76 m=76 cm

p.0  (13600)(9.8)

abuw aic (niei STP dyjlieoll cagibll) :dyjlenll cagihll aic (pgall honll doid l JadJl ySoy ¢llagg
(yuguflw jan &)l &ojag jaull
Thus, it can be said that the value of atmospheric pressure at standard conditions: (Standard

conditions STP mean at sea surface and a temperature of zero degrees Celsius)
P, =76 cm Hg

Exercise i

ol abuw (pgiwo aic clggll déjpan dano (nd wioll .:LoJIo__ngLJ.D,gufuﬁ_o__chLc’\J'Jl il golo
1.00x10° kg/m® clodl aalis

What is the maximum height that fresh water can reach in a vacuum pump at sea level?

Open-Tube Manometer dogiaoll &yguiill g3 jitogilall
Aigl cna hanll . pall han .jgnao ailo hov yulid) pasiuy
Lol ol GUijLS Yilwy logg
Used to measure: confined fluid pressure, blood pressure, pressure in the lung. It is filled with a liquid
such as mercury or water.
i |dea Of Measurement :yulall 6450
tlevel 2 aic yuieill (na bganll (pglud juicl

—Level 1
o Considering that the pressures is equal in the two branches at
level 2:
h Gas pressure (absolute pressure):  : (Glboll hanll) jloll hen
Pg = I:,o +pf gh
. daoy oS .6ole yuldaoll gogq yulidoll hov (powi P — P, awosll
—Level 2 g o
Tank U Aol bep yuld aic ilio
Manometer
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Check Concept og9paonll yo ganill %
:roluy ayglall sl jgpanlljlell hen . o aialis Jilw pasiuwy dnqian o_Jg_uI g3 Jiiogilo

An open-tube manometer using a liquid whose density o, the pressure of the gas confined inside the
container is equal to:

P, =P, +pgh (v P,=P,
/i'o P,=0 (0 P,=P,—pgh (o

Tank

-
e

Manometer

Exercise <Jjaj o

agoce elajjl: cuwnl 0.800x10° kg/m’aialisg L=10 cm cyjll agoc elajjl gls 13] . ulaall jitogilall cna
1.00x10° kg/m® =laJl aalis . A ahaill §ga «loll
In the corresponding manometer, if the height of the oil columnis L =10 cm, and its density is
0.800 x 103 kg/m®, £IND: the height of the water column above point A,
the density of the water is 1.00 x 10° kg/m3

water
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<uj2J o

3.0 cm jladoy dpndall arowll (na Guipl ypraaila jgnao ailo @o jiiogilo Jungi oj
13.6x10° kg/m® guijll aalis . ailall glholl henll cuuol

A manometer was connected to a confined fluid, so the mercury decreased in the short section by

3.0 cm. find the absolute pressure of the fluid, the density of mercury: 13.6x10° kg/m?

/

Manometer

Exercise <Jjaj o

0.6 gm/cm® aialis cuj aaly| coi.aac cloy 6-q9loog aohiio ghdo aslwo als U capd Jaw (nle o_Jg_ul
<yl agoe Jgb cuwsl, 8 cm jlado) p5Il caphll (na cloll gajjla

A U-shaped tube of regular cross-sectional area filled with fresh water. Oil of density 0.6 gm/cm® was

added, and the water rose at the other end by 3 cm. find the length of the oil column.

water
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Pascal’s Principle JBuwl [EYT) 5 - 6

anad gilgoll 1a4ilao (né Tawo 9o (Lilqudl hew Jladil Tauo gl Jlswl T Iyl cnouyg) JBuwl ygils
gilall pe Jail hoenll Jls pé jgnao gilo (uo ahai ol (o beall pei ol cile i (allg Jlawl by
0180 5 (nd il guai dany dyay
1663 ple itig 1653 ple J1Suwb juby cuipall syl alle ggilall uuwl
Pascal’s law (also: Pascal’s principle or the principle of transmission of fluid-pressure) was established
by Blaise Pascal .It states that any change in pressure within a confined incompressible fluid is
transmitted throughout the fluid , causing the same change to occur everywhere..

The low was established by french mathematician Blaise Pascal in 1653 and published in 1663.

for example :JUoJl Juw (nle
sl cnle @iholl hanll gi cnle Jay 130, ogaill g1oo go (rqlwill elodl Goaiy .quisoll @as o boaic
elodl U5 (pglutio JSuiu aldj of 268
When the piston is pushed in, the water squirts
equally from all the holes.
This shows that the pressure applied to the

piston has been transmitted uniformly

throughout the water

a10o (no jladall yuais slap ggJwl abuw cnle bhonll gla .clggll =gloo Jyglu cnle clainl bonilaic lagl
Jlelajiyl
Also: when you press by your finger on a balloon filled with air, the pressure on the surface of the

balloon increases by the same value in all directions
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hydraulic Press nSulgjaugll ywsoll
deal) Jio :auogul Lo cna (naygyargll ywsoll asbi JBwl o cile (nadgjargll ywsoll Yoo
Al aoas alboao (nd daoasiwall Gl

The hydraulic press works by using the principle of Pascal, we see it in our daily life such as:

car lift used in a service station.

- hony guwaoll Pl penll gwaoll (ale £, 668 J2u aic
When a force f;is applied to the small piston, the pistonis affected by pressure: AP = %
1

:honll yuai pustl yuisoll (na Jigig .aealfl (na giloll e honll e Jaiiy
This pressure is transmitted through the fluid in the lever, and exerts the same pressure on the large
piston: AP =i
AZ

F,=F, =2 : note yihoU R.E

A1 Al AZ

F,>>F :soygla A,>>A :as (lloyg

alluls aliai plusl ) cnle 6)al8 ggaig pusll yuiSoll cnle 1§i 65 6ga Wit : g3l

So: A large force is created that affects on the large piston, and it is capable of lifting heavy objects

:so (Jlilug

such as cars.

06gall caclni Joleo gi nSdg)augll ywsoll gl 6ailall cnouwi % = % aLnall
1 1

F, A
The quantity —2 = —2 is called: mechanical advantage or force multiplication coefficient
1 1
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Check Concepts 09ga0ll yo §aaill &
AL
adl ywaollg pondl yuisall cnle hoall gu auuill .cnsdgyaugll ywSoll (na

In a hydraulic press, the ratio between the pressure on the small piston and the large piston:

equal 0.5 (pglwi (o equal 1 (nglwi (o less than 1 yo Jal (u greater than 1 go psi (i

Exercise JjaJj

Juso (e honll (na bgoenoll :lggll pasiny . aljludl doas alhao (nd aoasiwall aljludl deadly (na
OJb.ﬁLd.oJ}bfuu;io(_nJldjhudlbu_okLéii;b_é_lelimg 5.00 cmojhd cani (pyily gbhdoal jon

han go log 1.33 x 10* N yji 6)luw oo bgarall clggll lgy hary ol uay il 6gdll (no loa 15.0 cm
69dll oa® aiiy (pall clggll
(6gall caclai Joleo) arayilaunll 6ajlall cuuol
Inacarlift usedinaservice station, compressed air is used to exert a force on a small piston that has
a circular cross section and a radius of 5.00 cm. This pressure is transmitted by a liquid to a piston that
has a radius of 15.0 cm. What force must the compressed air exert to lift a car weighing 13 300 N? What

air pressure produces this force? find force multiplication coefficient.

Check Concepts poagaoll yo Gaaill

auuill (nolo .(nagjaue olhi cnuubo cple glady duos 200N aijg Jab ao 800N aijg @b Joj gl 13l
If an adult man of weight 800 N and a child of weight 200 N are balanced as they stand on two pistons

of a hydraulic system, what is the ratio of the cross-sectional areas of the two pistons:
8:1 4:1 (2 3:1 (@ 2.1 @
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Check Concepts p9gaonll yo ganill ©

A
aap aojllll 6gall .6penll dilgbuwll dslwo ge Jlioi 10 wji 6pusll adilghuwl aslwo (nSUgjaue ywso
gl sl ailgbuwll abuw (nle cgHgo m ailis oo
Hydraulic press, the area of the large cylinder is 10 times greater than the area of the small cylinder.

The force required to lift a body of mass m placed on the surface of the large cylinder is :

10mg (O 2mg (@ mg (u mg (i

Exercise <Jjaj 0

2000 kg ailis Jai gay aojlll 6gall cuwnl . 200 aJ arayilaroll 6ailall (naugjate ywso
A hydraulic press has a mechanical advantage of 200. Calculate the force required to lift a weight of
2000 kg

Archimedes’s Principle yuans)l 6acld 5 -7

abuw cnle go &Lai 8340 ) litle ciany lias lall and ljg casi gaud plws il glo auog ! Wilho Lo (o
o J1a cnlel (] 694y ol cale Jay 1aog Lelall ini 6)gnao ciils o) dlgguy ¢l Joa liSoy loiy .yl
F, :jopU lgJ jopg Buoyant force gahll 6g4 (nowig lgijg
2ol Jué (287-212) ywawns)l (] 6aclall calitis! (pjoy

from our daily observations, objects appear to be less weight under water, for example, it is difficult
for us to lift a heavy rock from the surface of the earth, while we can do so easily if it is submerged
under water, and this indicates that it is affected by an upward force that reduces its weight and is
called the Buoyant force and symbolizes By : F,
The discovery of the base is attributed to Archimedes (212-287) BC.

Small portion of

boulder submerged.
Small buoyant force.
Big portion of

boulder submerged.
Bia buovant force.
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waras)l 6acld §raadl ayaj
Experiment to verify Archimedes’ Principle:

.iab (| elall cqloo ypaall
W =5N : (litoll 62116) elggll (no ouall Jji

Honll §jgall (nd eloll oljy .eloll (nb6 pwall joé aic

W, =3 N :(Uljroll 6:148) cloJl J51a owwall Jjg auny

F, =W -W_, =5-3=2N: nqlwi gahll 69é gl cnioylieg

gahll 698 ¢pgluy plioll elall yjg ul Boul

Iol5 pwall 025 (rgluy pljoll clall aang

ol go jgoéall ejall oao (pgluy @ilall go 020 Jjg Ladla plinl @ilall andj ¢lialg

The basin is filled to the edge with water

We weigh the object in the air (reading of the scale): W =5N

When the object is immersed in water, Water flows into the trough.

The weight of the object inside the water (reading of the scale):w, =3 N

This means that the buoyant forceis: F =W -W_ =5-3=2N

We can see that the weight of the displaced water is equal to the buoyant force.

The volume of the displaced water is equal to the volume of the whole object,
therefore, by the displaced fluid we always mean: the weight of a volume of the fluid

equal to the volume of the immersed part of the object.
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:‘Archimedes’s Principle uua._!.o_")ﬂ o6acla

(@a2l) gahll 698 cnowi calel (] 8gay ayle 134y gilol ylo . ailo (no WS g Wjo awo poe 15 yaill
.ol abuwlg) oljoll @ilall yjg (rgluig

Any object, totally or partially immersed in a fluid or liquid, is affected by an upward force called

buoyant force, and its equal to to the weight of the fluid displaced by the object.

R =p 9V, sl §jlell
density of the fluid (kg/m®) gilall aalis: p, (N) Buoyant force gahlléga:F,
The volume of fluid displaced by the object (m?) auwall dhulgy pljnll gilall 005 v,

Apparent weight of the object inside the fluid : ailall Ul ppolll cuuall gjg
W, =W —F,

:aialisg ailis yo owall yjg wlwo dayb
How to calculate the weight of an object from its mass and density:

W =V pg

mass of the object (Kg)jgooall owall alis: m Real weight (N) ndrdanll gjgll W
density of the object (kg/m®) awnll aalis:p
full volume of the object (M®) ilols awall panV

Important Note &ole® ahollo é‘%

p puwall a6lisg oy @ilall a6lis gy Jilwall no joill aoy

A distinction must be made in questions between the density of a fluid p; and the density of an
object p
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Check Concepts 09ga0oll yo §anill %

: W, - W, Suuiljoll cndelpd gylai cais
The same weight has been immersed on two different levels in the same

W (o Jsiaslas Jilul gudi o (i0li%0 Gugiuo le Jadl yudijat o]

’ liquid as in the figure. How do you compare the readings of the two

Check Concepts 09gaoll yo §anill ’

_ 3 Jolb yauw haclajjlg r opha cani cnilgbuwl oo yuoe 15] . Joléaoll Jaull (na
e Sayle 6)igoll gahll 8gé jlado loa . p aislis Jlw o
ro In the corresponding figure, if a cylindrical object of radius I and height h is

Ej $ completely immersed in a liquid of its density p, what is the magnitude of the

buoyant force acting on it?

7t pgh®(5 zr?pgh (o r?pgh (u r pgh?(i
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asalbll oo dlg 6jg0e0ll plwsdl cnle yuaros)i 6acld Guhi

Apply Archimedes’ principle to submerged and floating objects

floating objects aialhll pluol

Jiludl aalis go Jal oauall aalis
The density of the object is less than the
density of the liquid.

ounll yo jgooall sjall poo = v,
The volume of the submerged part of the
object

W=F W, =0

app

F =p gV,
yanll cpgluy cnpolall gjgll

The apparent weight equal to zero

Check Concepts

submerged objects 6)jgndoll olwoil

Ll aalis go pal pannll aalis
The density of the object is greater than the
density of the liquid.

o5 puall pon =V,

full volume of the object

<W

app

F, =0 9V, w
néuanll gjgll go Joi crpolbll gjgll

The apparent weight is less than the real weight

‘onle Jilw Josla WS jgneo owo cple 6)igall gabhll 696 aniaj

Jiwdl alis (d)

bonll(c)

Jiwdl aalis (b) Jidl aan(a)

The buoyant force acting on an object completely immersed in a liquid depends on:

(a) volume of the liquid (b) density of the liquid

mawhiba.org

02009

(c) pressure

(d) mass of the liquid
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Check Concepts poagaoll yo gaaill é
5302 1o} ale gahll 65 gld Jilw 5l 1S jgasall puall
ounll alis (d) ol acpw (c) ouuall oan (b) ouuall aalis(a)
for an object completely immersed in a liquid, the buoyant force on it increases with increasing of :

(a) the density of the object  (b) the volume of the object

(c) the velocity of the object  (d) the mass of the object

Check Concepts 09gaoll yo gaail &
151 .6aclall 5l elo ay cleg (nd duinen 635 blaw| aj .jodll abw (nle éaclé s o1 e dl Judiwall (né
«crolu lgule 8pigall gahll 896 gla .yl cnle apslall alacl/6 Jaled pndll cnle apslall dlac gl cole
In the distant future, a base is being built on the surface of the Moon. A metal ball is dropped into a
container of water inside the base. If you know that the gravitational acceleration on the Moon is
equivalent 1/ 6 to the gravitational acceleration on Earth, then the buoyant force acting on it is

equal to:
618l gjg (o 6191 gjgl/6 (o oliol elodl gjg (w0 oljodl elodl gjg /6 (i

Check Concepts paganll go ganill &

61540l (202ll) gahll 6ga) ¢any 13lo .anglo 4isT adhio (] JAil af.asic oy ahw §go gaby qlé
:anJloll adbhioll (] &dell adhioll (jo dJlaiil aic atle
A boat floats on the surface of a fresh lake, then moved to a more salty region. What happens to the
buoyant force (push) acting on it when it moves from the fresh region to the salty region:
aw los . (o o o Jai (o obhji (v Jaji a

(a) decrease (b) increase (c) decrease then increase (c)stay the same
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Exercise )ad o

13] .cnilo yhgo na clerng 3000 kg/m® ngluli Lgiolo aalisg 1.3X10° m® lgnao 65lo yo dehs
Lgule 61idoll gahll 6968 <ol , 1000 kg/m?® clodl aalis culs
A piece of material with a volume of 1.3X10° m3 and its density is 3000 kg/m?® placed in a basin of
water. If the density of water is 1000 kg/m®, calculate the buoyant force acting on it.

Exercise i

300N lgijg puny .aall loll (no lwync 20y, 400N clggll (no lgijg dinno dinaeo c'j_ilgb.l.ui
Ailghuwll oo ol
A solid metal cylinder weighs 400 N in air, after immersing it in fresh water, its weight is

300 N .Calculate the volume of the cylinder.
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Exercise U)o o

300 N lgijg punia cuyj (no loloj J0ai. 400N clggll cna lgijgg 2000 kg/m® lgialis dinno ailghuwl
cupl aals cuwol

A solid cylinder with a density of 2000 kg/m3 and a weight of 400 N in air, we immersed it in ail, so its
weight become 300 N. find the density of the ail.

Check Concepts 09gaall go Ganill €

;U gadll cnle Lgilalis aiell elodl go gljd cna ool ajij doeb,
Three objects placed in a tank of fresh water have the following densities:
1200 kg/m® = C woe50ll 1100 kg/m® = B weaoll 900 kg/m® = A weaall

The correct locations for them are: HEr Wigi lgJ aatanll adlgoll
59449 2(u 3241
6964920 63591 (o
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Lol go p5i aialis (pall yanll o degino lgil pép =loll oo dirawll gahilslol ()94 éﬁi;j
Why does the ship float above the water, even though it is made of iron, which its density is

greater than water’s?

Exercise <Jjaj o

.aule 6p5goll gahll 698 cuwnl.aiell cloll yo 85 liter oy 17 kg ailis owo

An object with mass 17 kg displaces 85 liters of fresh water. find the buoyant force acting onit.

Important equation (especially for floating objects)  (awalbll plusil anld) dolo aloleo

Fo = oV 8 ol lgijg UgSug . awall yjg (rgli gahll 6.6 yla aralbll plwsil
.ij_d_o
for the floating objects, the buoyant force is equal to the weight of

the object, and its apparent weight is zero.
R =W 9oV =gV, PV =pV,
ol puunll 0ao Xowall aalis = jgaaall cjall aas X @ilall aslis : gl ool

mg = pahpg
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Exercise U)o o

ol oo o jgooeoll ejall ooo ol . wdell lodl §ga 600 N aijg oluw gabhy
A swimmer weighing 600 N floats in fresh water. Calculate the volume of the swimmer’'s body submerged

Exercise &1k o

(1000 kg/m® cloll &alis) cloll (né crang 13] lgoan ¢l pooiy cuith dohd
S cypl aalis jlado b .<uj cna deng 13 lgoan cani pnoiy laiy
A piece of wood would immerse one-third of its volume in water (water’s density

1000 kg/m® ) , While if we put it in oil, half of its volume would immerse, find the density of oil's?
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Exercise U)o o

1200 kg/m; aialis Jilw (na aio «jo cnab 6 cm aclajjlg 800 kg/m® aialis weso

Sl cne aesall yo jgoooll sjall Jgb ol

A cube has a density of 800 kg/m® and a height of 6 cm. Part of it floats in a liquid whose density is
1200 kg/m®. Calculate the length of the submerged part of the cube in the liquid.

eday ,oi woeqoll yo jgnaoll sjall Jab alajy Jo :Jlwdl aals clé g daay lalo 194 "
What happens if the density of the liquid decreases: Does the length of the immersed part of the '

cube increase or decrease?
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