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States of matter dalall e¥la
States of matter ’ dalall a‘s’l_nl

T o

1- Gas State Sad s g
Gases do not have a fixed volume or shape. Leiay SN, alld JRE Y 5 il s LD G il 3100
Therefore, they can spread far apart or A8 a5 ol ele gl e dad e gl 1agmy s o

contract to fill the container that they are in

2- Liquid state Al A -2

b Laa J8 A AU 210 ANAY 8 Cilae) olliad

Jaf A A 8 el ¢S5 AL A Slal) Ala)
Sulati L CMaill g g8 e calail) e 5,

Particles in the liquid state have less kinetic
energy than in the gas state. Thus, the
particles in the liquid state are less able to

overcome their attractions to each other. The Clats LU Laas (B3l sual) iy Lae elae lasuall
particles cling together, giving liquids a geasyt Las ‘u‘“ﬂ" Lguany o GY 3V lapuall
definite volume. The particles can slide past A aa 3 gdll ele I JSG 3ad) 5 gl ey i) sl

each other, allowing liquids to flow and take
the shape of their container

3- Solid State dalall ddall -3

The type of geometric arrangement formed by
a solid is important. Chemical and physical
properties of solids often can be attributed to
the type of geometric arrangement that the
solid forms

323 Clall puan) 0385 (g3 asnigl) i il g 53

A il 5 Aal pailaill (a5 Laga |
mnigl) i S g 5 M leels Jf (e Agluall o pall
calall 5385y (g3l
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Compare between: Solid, Liquid and gas Joall 8 Las Sl — Jiledl — qabeall g o 10
as in the table _

Solid Liquid Gas

shape

volume

flow

Forces between particles

compress

Kinetic energy

Which state of matter is the most common in the universe?

1008l A e gudi Balall Dl ST 4 L

| What are the four stages of matter in order from least kinetic energy to most
Kinetic energy?

TN A A ja ABUa JBY) (e A5 e ao Y Bl c¥la A La

Plasma, gas, liquid, solid . Solid, llquld gas, plasma
Plasma, solid , gas, liquid El Solid, llquld plasma, gas
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|SECTION 1 : Properties of Fluids ol sall pailad 'll

Fluids are materials that can flow and have no s J<G L a5 Glall LeiSay ol ga a0 adl gall

definite shape of their own (gas or a liquid). Yile o 15 il o) i
> Both liquids and gases are considered , P :N) oo
fluids because they can flow and LY @l sall e il 3lall 5 J gull (e JS 22) 3
change shape R R PR
» Liquids have a definite volume; gases ’ s ol g
do no Led (pud &l Sl ey ol ans Ll (B0 gl 3

Lo b Ao 3 5l 3 g8l A ganll ALK yall g2 habuall

Pressure is the perpendicular component of a
force on a surface divided by the area of the
surface

Pressure is a scalar.
the unit of pressure is the pascal (Pa) which is

1N
m

s s ¢ (Pa)dﬂ.m\.ﬁ'l < Laallzan;

1N

1(Pa) = W

Lle aaaiig SlAl (as 3 jiia saa s JSUWL
1000 s 55 ¢ (KPa)JSuly sl
Jsl

52l w6 sl die (gl basll
1.01 x 10° Pa

One pascal is a very small amount of pressure
thus the kilopascal (kPa), equal to 1000 Pa, 1s
usually used
Atmospheric pressure at sea level is

1.01 X 10° Pa

Some Typical Pressures l
Pressure (kPa)

The center of Earth | 4x10°

The deepest ocean trench 1.1x10°

Standard atmosphere 1.01325% 102

Blood pressure | 1.6x10"

Air pressure on top of Mt. Everest 3x10?

| The best vacuum 1x10-1°

. - —— = —
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][ LaiZatl g Sl geadl g MTI
Pressure: Created by your weight spread over L bida o g5 sall dlawa ()35 00 @iy ; Jaidll
your shoes. I T L

! 8 A5 0, i Sl o el ) caal
Solid (Ice): Molecules are locked in a grid; i ( )
they push back to support you
Liquid (Water): Molecules slide past each Dl clgamay Cailay 3135 culiy el ; (slall ) Jilead)
other; the structure "breaks," and you sink.

Force: In water, molecules still push against
you, but from all sides (buoyancy/fluid aren (o O8N5 eclaant iy 5all J1 55 Le celall 32 8 681

pressure).
(Y ) Jas i/ alall) il LSy

Solids, liquids, and pressure

™ W 1

. lac il alat) (e @iy daliiia

a5 el

Solid Liquid Gas

Fixed Structure Sliding Molecules Random Collisions

f
Support/

Weight/Force |
Pressure

ie

o
I

=
A
@1}36
Sk
&,

@
.
i3
B

Pressure = Sum of Collision
Impulses
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Gases and pressure il g e jladl

Gas pressure comes from fast-moving oy day juadf il Jadf afabaal e Jlad) Jakda Ly

particles colliding with surfaces. The ideal-gas g e G, CPTE O P,
model assumes particles have no volume and 9 paa S il Of (Al S 73 gad g2 Rl

no attractions, yet it accurately describes real A8 8alf of Judt & gl Cuay Gl aa g cdlad (5 68
gases in most conditions. s Procsure = iy 3 8 gﬂ B,

/ Sum of Impulses
@

Impulse from
Collisions

*__ Impulse from
' Collisions
- 1

L ~ " Impulse from
/ Collisions

Pressure is measures as
t,ahi...':ﬁ'l JJ.'I.J
L I
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| [ 51 I
A child weighs 364 N and sits on a three- O cJal ADE mia o ulay 364 N 44y Jik
legged stool, which weighs 41 N. The dalieay g Y1 dalall ol 301 g8 uadl 41 N 2iall
bottoms of the stool’s legs touch the ground 19.3 cm? W ik 408
over a total area of 19.3 cm?.

a. What is the average pressure that the child and the stool exert on the ground?
fua N o miadl g Jihall dy s ol bl Ja gia La

b. How does the pressure change when the child leans over so that only two legs of

the stool touches the floor??
Saaialf Ja f cra Ja8d e ) G2 Y Queadld duay Jihl) e Ladis hiddall i (i

[ 6]

The atmospheric pressure at sea level is W s (g st sl o (g sl die (g sall Dzl
about 1.0x10° Pa. 1.0 X 10°Pa
What is the force at sea level that air exerts

on the top of a desk that is 152 cm long and rhi (6 st die o) sell Ly 5iy Al 3 galf laka La

76 cm wide? 76 cm 4 5152 cm 4 sh e mha e )

Luav Bani Ata Page | 6 0505369567
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L 7] |
A lead brick, 5.0 cm x 10.0 cm x 20.0 cm, 5.0cm x 10.0 cm x  Wwalayl Galia ) (e 4y 5h
rests on the ground on its smallest face. K Ldas s jaal e (2 V) ) atiud 20.0 em
Lead has a density of 11.8 g/cm?. .11.8 g/cm?®. ol )
What pressure does the brick exert on the
ground? o ¥ Lo dyghll 4y 5i5 oAl haall ke L

A car tire makes contact with the ground on alhiue dalue o g V18 jludl U] el
a rectangular area of 12 cm by 18 cm. If the 925 3 )Ll A il 1) 18 cm X 12 cm Wbl
car’s mass is 925 kg, ke Bl dy 255 g2 Bkl oLl < kg
what pres:iure does the car e)fert on the Chas M LY e 585 5 Laxie i )
ground as it rests on all four tires?

Luav Bani Ata Page |7 0505369567
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| [ 91 l

Suppose that during a storm, the EIS sl hivdall (adds) ddale el Adf (s
atmospheric pressure suddenly drops by 5 sall Aasall 3 6811 la8a La 159 Aswds J3all
15% outside. 195 cm A4S ) ¢S 131 Jjiall ale¥) ) e
What net force would be exerted on a front 5680 oM _figius sladl o 45991 cm
door to a house that is 195 cm high and 91 i

cm wide? In what direction would this force

be exerted? l

In industrial buildings, large pieces of e 3 8l Glarall iy iy e liiall Ll 4
equipment must be placed on wide steel oS Clalis e iy a0 358 Ay jo 403V 8 milaa
plates that spread the weight of the 454 kg K jlea (€ yil hadazy quaigall IS 13
equipment over larger areas. If an engineer o fska galash i JaatlAfns o f e
plans to install a 454 kg device on a floor :

that is rated to withstand additional 5.0 x 10? Pa
pressure of 5.0 x 10* Pa, How large should

the steel support plate be? e 1Al AglY odl) Aasiual) Aol ()5S0 (O uay a5

Luav Bani Ata Page | 8 0505369567
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‘ The Gas Laws —l‘ —ll

Boyle’s law: states that for a fixed sample of gas at constant temperature, the volume of
the gas varies inversely with the pressure. Boyle’s law can be written

OR

OR

PV = Costant

P.Vy =PV,

| |
8l Aa s aie Jlall e 4008 Al il adf o gal: digs Qo
AN s ) geall e dyse o508 S (Sayy

PV = Costant |
PV, =P,V,

Charles’s law: state that under constant pressure, the volume of a sample of gas varies
directly with its Kelvin temperature, Charles’s law can be written

Or

(CAISIL AlBall LS ) s A o ga Ua ke

v tant
— = costan
T

Vi V,
T, T,

DBl (e e ana 5y« daria a3 4l e galy: JLG G gild
A3 pall e LS o518 A0S (S

vV
— = costant
T 1
Or
vV, V;
T, T,
Luav Bani Ata Page |9 0505369567
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| COMBINED GAS LAW II < Jladl aladl & gilal) ‘II

For a fixed amount of an ideal gas, the pressure times the volume, divided by the Kelvin

temperature equals a constant

PV, PV,
T, T
PV, P,V;

= cosyant

If temperature is constant If pressure is constant

V, V;

P1V1=P2V2 T__T_
1 2

Boyle’s law Charles’s law

Ideal Gas Law: For an ideal gas, the pressure times the volume 1s equal to the number of
moles multiplied by the constant R and the Kelvin temperature

PV = nRT
o8 Us a0 sall ane (4 sy a8 isall o puia ol o o M A0 Al LAY AN ¢y 038
Al B ) sl ds a5 R )

PV = nRT

states that the volume of a sample of gas varies directly as its Kelvin temperature.

uﬂSﬁhL«MMﬁJiﬁ&JJ@GJﬁJﬁjﬁﬂuAmfauuiu.bua.h

L e
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[12] \

Gas with a volume of 10.0 L is trapped in an expandable cylinder. If the pressure is
tripled and the temperature is increased by 80.0 percent (as measured in Kelvin
scale), what will be the new volume of the gas?

Biad) da o cudlajl g el pa &5 Jakidall oo bt 13) | daaill AL A5) ghacal JAN  geasa il 31 10.0 dena &
€Ul waad) anal) Lad ¢(GAIS (ulias Alia) 780 Ay

2.70 L 16.7 L
8.00 L 54.0 L

Nitrogen gas at standard atmospheric pressure, 101.3 kPa, has a volume of 0.080
m3. If there are 3.6 mol of the gas, what is the temperature?

3.6 mol dua JS 13, 0.080 m3 51484 paa 41 (101.3 kPa) bl (5 gl bival) die (a9 5000 18
50 ad) daya Lad ¢ Al 138 (e

The figure below shows two canisters filled with different gases. Each container
has the same number of gas particles. What is the temperature of the second gas?

a_wm,;,mw%@wmwbmwsgﬁu AR el iy (e plaa (il ghad oL JSAY il o

i €AY S B ) e

V1-—200L =100L
= 100.0 kPa Pz— 160.0 kPa
T1—282K T,=1?

Luav Bani Ata Page | 11 0505369567 |




PHYSYCS (12 ADVA =2025:2026 = STATES OF MATTER -2 ade—ta 12 - sl il

[15]
A 20.0 L sample of argon gas at 273 K is at Bols Ao die GeaLll Sl e 20.0 L e Ae .
atmospheric pressure (101.3 kPa). The Al (101.3 kPa) sl hiall wald ¢85 273 K
temperature is lowered to 120 K, and the A Bl Mg ¢ 120 K (A 30 adl da ja add
pressure is increased to 145 kPa 145 kPa.
|
2 E 4 |
Tie273 K T,=120K
P,=101.3kPa P, =145 kPa
V,=20.0L V,=?

——,,
1-What is the new volume of the argon sample?

2-Find the number of moles of argon atoms in the argon sample
N dde o Yl @il d e e 23 Cuaal

3-Find the mass of the argon sample. The molar mass (M) of argon is 39.9 g/mol.
39.9 g/mol & G5 Y saind(M) 4 salt ALSY, ¢ g2 8 Al ALS Caia]

_________________________________________________________________________________________

Luav Bani Ata Page | 12 0505369567
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| [ 16 ] I

A tank of helium gas used to inflate toy GsSs cadll i gl il andiag o gabigdl SIS e G134
balloons is at a pressure of 15.5 x 10° Pa and Bula da g JSuls 15.5X10° o ik i Xic
a temperature of 293 K. The tank’s volume is | ¢ glldf aaa Le. 0.020 m3 52 OIJAd aaa . 293 K

3 i H o & x X x * = >
0.020 m*. How large a balloon would it fill at da 0y 592 iia 1,00 Jaia 36 o'sla (S 5
1.00 atmosphere and 323 K? ¢ 323 K5 in

What is the mass of the helium gas? The molar mass of helium gas is 4.00 g/mol

4.00 g/mol. & eg,gl,g@'l Sl 3\,313.4.“ PR T a sl e Ak La

Luav Bani Ata Page | 13 0505369567 |
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[17] |

A tank containing 200.0 L of hydrogen gas at die cpa el e (0 200.0 L e g sin oo
0.0°C is kept at 156 kPa. The temperatureis || ~i. 156 kPa ban Ciails sése 0.0°C3 )~ 4a )0
raised to 95°C, and the volume is decreased o paall S5 &35 ¢ 95°C ()5 )yl A o
to 175 L. What is the new pressure of the ¢ Al yaal) bhiuall g La, 175 L
gas?

& duall) o gl il g8al A gal) ALY Jay gia
Alon 98 (AU G gl S 5 ALY Cpaaas)
biall e o) g¢dl (0 1.0 kg 22> W .29 g/mol
€20.0°C 3,a 42 g g5l

The average molar mass of the components
of air (mainly diatomic oxygen gas
anddiatomic nitrogen gas) is about 29 g/mol.
What is the volume of 1.0 kg of air at
atmospheric pressure and 20.0°C?

Luav Bani Ata Page | 14 0505369567 |
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Thermal Expansion @) adl aaail)

a3l JISET ppen LSl dpals 5o (o) jall anaill
Leiad sie LK paladl 5 salall aaad ) gap Cua
Jie el calanaill e maell (o ) =l saaill

Aaall Jaly o el i a sac Ll

Thermal expansion is a property of all forms
of matter that causes the matter to expand,
becoming less dense, when heated. Thermal
expansion has many useful applications, such

as circulating air in a room. |

Convection Currents Il Jaadl & Jl:tsl
Convection currents are the circular Cany a3 3N i QA sl :“—Jﬁ'{r‘sﬁ w5
movements of fluids (liquids or gases) caused G Laxie, 3 il 5 ol e C-’L’M A8Lel) Bl
by differences in temperature and density. 3w Ll e 8 438U i3 Slall 51 Jiad) e 6 0 |
Warm, less dense fluid rises, while cooler, AS s Bl Lee sy 5 S s yid J';}” & )
denser fluid sinks, creating a continuous | Jaadl Gl Ll e B jatine
cycle.

Cold air
;:ﬂ sinks.
It

(o L 41l S (353 caday 5 elall 3y Laic
ST saclie Ledaat g 5 5l Ay

AR a5 Ml 5 cadad) pn 350 20l

Al ¥l (358 alai Aa B alua V) Y5 e
slall (358 salay sl ol daliK eV

o When water freezes, its molecules
arrange themselves in a crystal structure
that spreads them farther apart.

o This spacing makes solid water (ice)
less dense than liquid water.

« Since objects with lower density float
on substances with higher density, ice
stays on the surface.

It’s a small detail of physics with huge
importance — it helps lakes and oceans freeze
from the top down, protecting life under water

LY el jumall y slall 3 slall s Aage Analall oda
i) a calall elall i Lain adahy wdaiall Jand
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|_Plasma I Lo Skl

Plasma is the fourth state of matter, formed Lovie (5385 salall ¥ (o da) j Alla o L 330
when extremely high temperatures cause 3 5 i ) il HAl) SIS 15085 ) all @Jj
atoms to lose their electrons, creating a asadll Jia oS0 a3 S0 La 3D aa 53, A e U gl

mixture of free electrons and positive ions. It Jia s ety JL"“ e JL}‘”J “—"'J-“{" onpladl ;
is the most common state of matter in the gl sy g gl e Lf:'ﬂ“l' G, LSl
universe, found in stars and in the space A5 gbadl

between galaxies. Plasma conducts
electricity, unlike ordinary gases. Examples on
Earth include lightning, neon signs, and

fluorescent lamps

When air is a conductor, it is in the ___ state.

&u@mu@ cs b Sl Sia g o st (595 Lanic

Which of the following is an example of plasma?

Tla Bl Ao Ve dad A L &

' Lightning during a storm ' Steam from boiling water
= 7 veea
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Forces within Liquids 5l gudt 10 (59l

3l

| Forces within Liquids Sl guudt S0 (5981
Cohesive Forces is the tendency of the surface || 2300 GilaSY) ) Jiad) daws oo o AsSilatlf 5 8}
of a liquid to contract to the smallest possible. A dalue yual

» Cohesive forces pull liquid molecules At Jiladl il ja Jaa dsSdail) g o8 @
toward each other Jiudd il ()5 cahadl ie | 5 iy |
o At the surface, molecules are pulled chaud) oy At j5gs Uit Jadd cpailadl g
downward and sideways, creating sl ad<
surface tension. Cagisll dawall il pdall ey o Liall s @
o Surface tension makes the liquid sl e l
surface act like a tight film, allowing 58 USG5 2a ol kil Jaay akadl gl e
light insects to stand on water. s dalie Jaf éllay (o 5 <1 JSED oY
o It also causes droplets to form spheres, SUA oLl e Jof Sl olliay 3630 o
the shape with the smallest surface area. Aoy S KT 4 ks

o Mercury has stronger cohesive forces
than water, so its droplets are even

more perfectly spherical,

Viscosity: the property of resistance to flow in Al 3ale (o 8 Gl G e dpala 1da g 3
any material with fluid properties Ac giall pailiad
Adhesive Forces: are electromagnetic D5 Apunbaline 5 568 Qa5 8 o AR (5 68
attractive forces that act between particles of Adlise 3 go Oilayus G
different substances .

Evaporation and Condensation: sl 5 aal |

Evaporation: Physical change from liquid to || Al Al ) A8l ALl e Sl 58 st : Al
a gas

A 30 ANl (e 5oLl A g il a8 s sl
Condensation: Physical change in matter AL Al )
from a gas to a liquid

Luav Bani Ata Page | 17 0505369567 |
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Evaporative cooling: is a device that cools air || 38 M3 e el sell 3 n Jlea o g uaill & )
through the evaporation of water sl
Adhesive CAPIL&:;\\F?Y Tuces Cohesive
B | T | A
i .
MERCURY
Hzili 1
In the past, when a baby had a high fever, Jadall an priney () aaaly L pludal) ¢S 3Ll
the doctor might have suggested gently fJ Sl Bl ey Ll
sponging off the baby with rubbing alcohol.
Why would this help?
----------------------------------------------------------------------------------------- L]
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[ 22 ]
A paper clip, which has a density greater dBUS o AZ8US 0 35 o M) (30l adia Jra (S
than that of water, can be made to stay on G Al s adl b slall mha o A celal)

the surface of water. What procedures must M1k Tl gdant o)
you follow for this to happen? Explain.

| [23] |

In terms of adhesion and cohesion, explain Goaily 13l i celuladll y (3LaiV (o 8 G (e

why alcohol clings to the surface of a glass A 33l Jaiy ¥ Ly ala ) sl oy J gasl)
rod but mercury does not."
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Solids dalal) 3 gall

Solids dalall 3 gall
o Lalai LS La Ji)pud) e Galoall o al) Calias
S Sl Y 5 il suall 3T Lty elgiaDlm 5 LIS
Uany b Leghy Suaill Cumaay o8 cllh a5

a0 aie Ga )3 b aie grla 3l Jle )
658 A 3 Ll el € ) 2alall (jaes i 0 sl
A5 A8 8 iy jall s i ) 6950 Lee bl |
el LG D ERUAUI I W B e

3 gally (o a5 cdadaiia 2 55l Ay 0385 38 la N 5
o 3 Ol Lons 5 SIS cllias a5 iy ) 510 2l

sl il Qe

Solids differ from liquids in that they retain
their shape and rigidity, while liquids flow
and do not maintain a fixed form. However,
distinguishing between them can be difficult
in certain cases, such as glass when it is
gradually heated. As a liquid cools, it particles
lose kinetic energy, allowing cohesive forces
to organize them into a fixed crystal lattice
where they vibrate in place. Some materials,
like butter and glass, do not form a regular

crystalline structure. These are called

amorphous solids, which have definite shape
and volume despite lacking an ordered
internal arrangement.

abara 2aad aadi ad 5 ) Sole Jabudal) BaL 5 g2

Jest Las Lgmmy (e o i wa iy 3l Y ¢ J0) gl
3L ) o) A e elall ad 5 Aliall Al o583

Increasing pressure generally raises the
freezing point of most liquids because the
particles are forced closer together, making
solid formation easier. Water is an exception,
as increasing pressure actually lowers its Lend ) (e Yoy 022 At (yaish bapaall
freezing point.

Effect of Increasing Pressure Density of Solid Vs Liquid Substance Type l
daaill da i o Jabual) Babj 8l Jilallys A5 lha alual) A8LES Balall g g
Freezing point increases Solid is denser Most liquids
il da o il 3 Al i bl ) paal) alans
Freezing point decreases Solid 1s /ess dense Water
2eall Aa 53 (a8 A Jal aliall( gakay 1) Lol
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Define crystalline solid

particles are arranged in a regular,
repeating, and orderly three-dimensional

pattern called a crystal lattice. ¢ ¢ o & o

e _o e o e o e o e
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U oW WeWaw,
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L sl Adaal) okl Gise

A crystalline solid is a solid in which the 8 A e L ja 0 5ST80ke o Ay ) Sl Apliall 3alal)
S0l i (i ey S 5 aliiie alag) U Jaad

RSN

Define an amorphous solid

its ability to return to its original shape or

force.

¢ e § P S
o % 0as” b o ®

Ao el dlall 3alall e

Unai 5 Ladaiie Wlahy i 53 ol Y dlia 3ala 8
form after being deformed by an external 28 JS e ga Ll ja S8 i ol 580 U 5

_O#GPJ{LS.LL.J:}SJAJ‘M K| Liu.‘ﬁ CAJ Ga.]:ﬂ.ln”“

form after being deformed by an external

force.

Define the elasticity of a solid material | dlal) Balall 43 g pe i e l

its ability to return to its original shape or O amy laY Lt f WIS ) 83 el e salall 3 508

"_%JBBﬁdﬂgoJﬂL}bﬂ
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Describe malleability and ductility as
properties that depend on the structure and
elasticity of a substance, giving examples
from metallic substances.

Gl 448 g (malleability) ikl 448 cia
i) o Glaaied (iald Laa el (ductility)
Ao MY 2 gal) (e Aia] plae) aa Balall 8 Adg all g

Malleability is the ability of a substance—
especially a metal—to be hammered, pressed,
or rolled into thin sheets without breaking.
Why does this happen
e In metals, the positive ions are arranged
in layers surrounded by a “sea” of
delocalized electrons.
e When a compressive force is applied,

these layers can slide over one another
without breaking the metallic bond.

e This elastic and structural flexibility
allows metals to be shaped into thin
sheets.

Examples:

® Gold: One of the most malleable
metals; it can be hammered into
extremely thin sheets.

¢ Aluminum: Highly malleable and
commonly used to make aluminum foil.

—salall 338 & (Malleability) Gkl 448
Gl et S 35k of Je el sl dals
ST o () 52 488 ) milia
D Gy 13al
(A0 e Dpa gl L V) (580 ) ) 8 o
J._].{:‘. LL‘UJJBS]}”L‘}A"H"_JEJQB.AQG%}Q
_BJSJA:LA.“
o il o3¢l Say cdaria 3 68 sulisie

A Sl Aol Sl uSE G (50 Lgummy (358 (3158

Ol ) 8l e A€ il A0l 5405 yall 028 o
AiE ) pilia ) JSi

oSy ¢kl s ¢l lall ST e cadl)
Jasdig ) milin ) as ke

sole axaiudy 3okl dglle LG (5; agiagll o
ostia ) 38y delua 3

Ductility is the ability of a material to be
drawn into thin wires without breaking
Why does this happen?

e The same metallic structure allows
atoms to move gradually under the
effect of tensile force.

® As long as the deformation remains
within the limits of elasticity, the metal
continues to elongate without cracking

Examples:

Ol e salall 5 )38 s (Ductility) el 4lid

Tl duany 1l
a5 o Al s Lk 230 Al o
Al 8 i cand Loy
Dlall paiig s pell apa e s Fidll Aol @

B
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e Copper: One of the most ductile
metals, which is why it is used in
electrical wires.

e Tron: It can be drawn into strong wires dlee (8 arsiui 4 8 BBl ) 4 Sy 1)

used in construction. sl
| Thermal Expansion of Solids || dalal) alwall Ja.a‘.’a]
The expansion of solid bodies is the increase dalua Y sh) salall alagl 33 5 58 daliall alua) M‘I
in a material’s dimensions (length, area, or 28U 3 5 Lew gyl m a0 p Ui Aoy (Ln;; §f
volume) as a result of a rise in temperature, ;
which increases the kinetic energy of its Oe Baelfie HiSH Ao puy Jigh lebanyy el Sl 45 5]
particles and causes them to vibrate more ol jladl 3l gually 43 )lia Jihuza 20l Ra Lgiansy |
rapidly, moving slightly farther apart. This Lilas (it ohes ol sl s o Balal} & 5 Glo adiay
expansion is sn'lall compared to that of liquids 38l e
and gases, and it depends on the type of

material and the temperature. It is calculated
linearly using the appropriate thermal
expansion relationship.

AL = Lya AT

: dalal) 3 gall B aaadl) g il

Types of expansion in solid materials:

o Linear Expansion: Occurs in long
ek (Linear Expansion): (Jehll sl o

(LY 5 il Jie 2l dall AluaY)

objects such as rods and wires, and
appears as an increase in length.

AL = Ly a AT (obllahy o,
e Volume Expansion: Occurs in (Volume Expansion): gl Al -
three-dimensional objects (such as o(laSall Jia) 21 A3 Alual) 8 Caasy
f:ubes), where the total volume L sl
1mncreases. 1 i
AV =V, B AT
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coefficient of linear expansion I\ (aadl il d-ﬂ‘-u]l
physical constant that measures how much Loxie salall Jsha Jiad ke e jiay (AL 58 <l 5a
the length of a material changes when its Baal g da 50 Hhaae L)) ja da j e

temperature changes by one degree.

AL
"~ L{AT

coefficient of volume expansion I aaadl aaail) dﬁl-ul

physical constant that measures how much || a8 Lexic salall aas 5133 it ity A 508 Ul ga
Baadgda )y e L) s da

(74

the volume of a material changes when its
temperature increases by one degree.

AV
B= VAT
I
Coefficients of Thermal Expansion at 20°C
Material Cuefﬁci_enl of Linear Coefficient of Volume
Expansion, o (°C—) Expansion, 3 (°C—)
Solids
Aluminum 23x10-8 69x10-¢
Glass (soff) 9x10-6 27x10~8
Glass (ovenproof) 3x10-6 9x10-%
Concrete 12x10-8 36x10-¢
Copper 17x10-8 51x10—%8
Liquids
Methanol Not Applicable 1200x 105 l
Gasoline Not Applicable 950x 108
! Water Not Applicable 210x 108 )
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48 a1 5 ) s dad Aic 1.60 m Algh Adre cuuid

da i i (Ay 08 (B udddl) gy (21°C)
Sy 21a3) 38 gl ¢ dagh ud A 84°C 30a
3Ll odgd dadd) daail) Julaa dad Lo, 1.7 mm

A metal bar is 1.60 m long at room
temperature (21°C). The bar is put into an
oven and heated to a temperature of 84°C.
It is then measured and found to be 1.7 mm
longer. What is the coefficient of linear
expansion of this material?

[29] |

A piece of aluminum house siding is 3.66 m Jobadl Agdaas 8 daddieea) a glal) il e Ml
long on a cold winter day of -28°C. How ) Ao L g 58 ags 2 3.66 m sk
much longer is it on the hot summer day
shown in Figure

0L g g g 3 8 28°C
UAYA LA “,é T g4

_TTEE‘“F WML =—20C [ AL=7 |l=30C

Winter Summer
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[ 30]

A piece of steel is 11.5 cm long at 22°C. It is Bylada, 115 om Lok M sd (ha daki |
heated to 1221°C, close to its melting duBda 0 a5 1221°C (A isdus & 220C
temperature. How long is it? il day el oh La A jleall Ao d (e

‘ [ 31] I

A 400 mL glass beaker at room

temperature is filled to the brim with cold
water at 4.4°C. When the water warms up
to 30.0°C, how much water will spill from
the beaker?

48 4l 8 ) a da pa e, 400 4w ks ulS
Ladis 4.4°C 4aa die b el ddlad) ia
plal) das aS ¢ 30.0°C (A slall 30 o da 3 adl 5
Sl (S A

A steel ruler is marked in millimeters so Guas ol laslially da jaa g 58l (e de gluae 5 lausa
that the ruler is absolutely correct at “30.0°C EJ'UA da ) e Lalal daaua Lgie 8 (eSS
30.0°C. By what percentage would the ruler || 433 35 4aaia & 5 hall 5ol B ¢ g8 oS dauidy
be incorrect at -30.0°C? €-30.0°C 3\~
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[33] |
A tank truck takes on a load of 45,725 L of (045,725 L ke dad Jaa o e ddald |
gasoline in Houston, where the temperature Buloadl dad Al Gun ¢l gat Addada A G )
is 28.0°C. The truck delivers its load in Aana 8 Ll gan anledy Laldd) 4685 28.0°C
Minneapolis, where the temperature is 212.0°C 30l da 3 A dua ¢l pililaa
-12.0°C
How many liters of gasoline does the truck deliver? Saaaludiy AdaLil) a g cp ) Ga 1530 oS
What happened to the gasoline? T O il &aa ala I

a0 die (.85 cm ok iy L0V gh dasiua cull

Cra quudad aa Lalad Y cauiliy <30.0°C 30~
dadaall G £18Y ke La, doceds bl 4l o guia oY
90.0°C (A Lo i die canialll g

A hole with a diameter of 0.85 cm is drilled
into a steel plate. At 30.0°C, the hole
exactly accommodates an aluminum rod of
the same diameter. What is the spacing
between the plate and the rod when they
are cooled to 0.0°C?
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