U)ol uzs thermodynamics and state of Changes (oW )3l iz o
i) ) Bueligall

igi) oY) zalial) 5o (o cilal) J3a Jsaxi o3

Calal) = degiie wlals & wl) Juadll = el = paiial] jie o] cauddl & dul LYl meliall & maliall 2850

14:00:10 2026-01-30 :zalial] 2350 e Caladl d8La) 5l

Jac Gl | g g oogse | Jobo | ol i) | aig Sl el lst | ) S | alaal) S | lile
oaall | gl Glomia¥l | Aging ol Sao | iy clasele | (s juloni) zgie

8ale (ro .3.1)4.”
¢L').\-9

fl.ua RV DY Ial_u:l

paiial] jac abd) Cauall sy e laix V) Jalgil)

L) e asl Ly
&l dall) du ) axl) dre M) d il plali (e algal

Al sl b o0 3alally patial) jae ool Ciall Cavo colalall (e a5l

il zgie A Juatl) (5 Ggllasl) (g jally lamgll ) o 1
101-C abasd) zau 0 zgie (858 ouitd] Ll Gloel) alin] musas Juds 2
9] i) 5 5gl) ISl 389 dnx e 3

#58) paaid] (5 58] Sagl) 389 dxz o0 > 4

Bl bisg 2o gl Bl tiwald] sagl) (g duny ja5 ali] 5



https://t.me/ae_news
https://t.me/ae_news
https://almanahj.com/ae/id=38240
https://almanahj.com/ae/id=38240
https://almanahj.com/ae/14physics2/misc
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/14physics
https://almanahj.com/ae/14
https://almanahj.com/ae
https://almanahj.com
https://almanahj.com/files_by_day?country_code=ae&date=2026-01-30
https://almanahj.com/ae/14physics2/sheets
https://almanahj.com/ae/14physics2/slides
https://almanahj.com/ae/14physics2/keys
https://almanahj.com/ae/14physics2/exams
https://almanahj.com/ae/14physics2/quizzes
https://almanahj.com/ae/14physics2/book
https://almanahj.com/ae/14physics2/guide
https://almanahj.com/ae/14physics2/files
https://almanahj.com/ae/14physics2/files
https://almanahj.com/ae/14physics2/final
https://almanahj.com/ae/14physics2/notes
https://almanahj.com/ae/14physics2/reports
https://almanahj.com/ae/14physics2/english
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/teacher_id=1494
https://almanahj.com/ae/network14
https://t.me/almanahj_bot
https://www.facebook.com/groups/grade14uae
https://www.facebook.com/grade14uae
https://t.me/grade14ae
https://t.me/almanahj_bot
https://facebook.com/almanahjae
https://facebook.com/almanahjae
https://facebook.com/almanahjae
https://almanahj.com/s/85cbbc
https://almanahj.com/s/0f35c2
https://almanahj.com/s/9da84f
https://almanahj.com/s/b05fe6
https://t.me/ae_news
https://almanahj.com/ae/14physics2
https://almanahj.com/ae/id=37739
https://almanahj.com/ae/id=31967
https://almanahj.com/ae/id=31846
https://almanahj.com/ae/id=31845
https://almanahj.com/ae/id=31832
http://www.tcpdf.org

o

|

‘é‘l\” (UL \

|

'\ll\'\ll i
o0
sl

\“'\

1Y
S

j

Electron Plus

@ +972592267315



+972 59-226-7315 :Unlgill ol 2020 :ALiwl] alac]

™~ »

-
LESSON (2) : Changes of state and thermodynamics
A Al alial) g Adlad) el s

Changes of state Ul ol pad

Causladls abiladls adall: A o mlas (e ol oYL

The states of matter on the Earth's surface are: solid, liquid, and gas.

e
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LRIl ol Lty By kS IS (pa Bale ) &Ll &yl et ABUATI 085 o)1 (1 SCasg

The added thermal energy to a material can be increased by changing its temperature or

changing its state.
Jle mad el Byl cilamys i, Jilao ) Bale Joomis Ll cAcbiall 5oUL1 8yl po Ay Lay| aa %°

As the temperature of a solid increases, it usually turns into a liquid, and at higher temperatures,

it becomes a gas.
L) (e 1.0kg ) syl 4Bl 2300 e Altl ol it Tabasel! i gy

This diagram illustrates the changes in state when thermal energy is added to 1.0kg of water.

elel) @yt po 23U ABLS! Adding Thermal Energy to Water
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Steps for changing the state of matter from solid to gas:

(leas!) s ailud! Al JI adball et oo ool Jgoms i .1
1. When a substance changes from a solid state to a liquid state, it is called (melting).
(p56) @ st Al S aliladl el e ool Jgms wie .2
2. When a substance changes from a liquid state to a gaseous state, it is called (evaporation).
(a3155) (s ALl ULl I A3 LatS Al e 05U Jgms wie .3
3. When a substance changes from a gaseous state to a liquid state, it is called (condensation).
(plud) o yiilin JSa A5 L0 AUltt I dliall Al (o ealll Jgoms e .4

4. When a substance changes directly from the solid state to the gaseous state, it is called

(sublimation).
(E51855) ol pdiles Sy Al Al Zt.p'Ud\ Ul oo ol Jgmi e .5
5. When a substance changes directly from a gaseous state to a solid state, it is called

(condensation).
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Melting point: At this point, the substance changes from a solid state to a liquid state. Its

temperature will not rise.

3 L Ao Le S5 o Gyl 317 ¥ 19 (ool elymtlly Bolbl olinson) rasd ALkl el Aalall o s 0
. adiall Al

The added thermal energy allows the particles of the substance to move, rotate, and vibrate in

ways that were not available to them in the solid state.

sy Aamys 25 s ALl Aot ) Al lad) Al e 8oL Jgmis &yl sila wies Lat| dmys

Boiling point: At this point, the substance changes from a liquid state to a gaseous state. Its

temperature will not rise.

Ul 3 L alie (0S5 o @play Alilaad| 83U cbisjar 38 5o (pa i Adliall syl pedl ABLI o] g %°
kil

The added thermal energy increases the movement of the liquid substance's molecules in ways

that were not available to them in the liquid state.

é“;@%
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Explanation of the scheme:- - kgl ok

Adding Thermal Energy to Water
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L61700) Laylude 5yl y> oaluwdS' aa (273K) ) (243K) coo il Byl &2y Lyl Jiay AB omid| v/

Curve AB represents the increase in the temperature of the ice from (243K) to (273K) with the

acquisition of heat amounting to 61700).
(3.957-0.617) x10°] Loyl e Byl y> sl a 273K 8yt Ay £ ae £la Jf ! 5Ll BC mik| v/

Curve BC: Melting of ice into water while maintaining a temperature of 273K with the

acquisition of heat amounting to = (3.957-0.617) x10° J.

Layludie 8ylp>r slasdST 2(373K) J1 273K) (pa elbl Bylpon Ay g Lty | Jiey €D gomidl v/
(8.13-3.957)x10°) =

Curve CD represents the increase in water temperature from 273 Kto 373 K, with a heat gain of
8.13-3.957x10°
((30.73-8.137)x10%) = &,/ y> LS| 2o ( 373K) 8, yoedl &3 el pa L) 55 Jios DE mill v/
The DE curve represents the evaporation of water at a constant temperature of 373 K, with heat
gain = (30.73 -8.137) x 10° |
Byly> LS aa (373K) (e bl 81y Azys Lty | Jias E gmik| v/

Curve E represents the rise in steam temperature from 373K)) with heat gain.

Very important note: -t | Ao ddasdle
cAuli Byt Ao ys A e W lde (Ll o) et jLuas! £ L

During the melting of ice or during the boiling of water, the temperature remains constant.
- ity uais Ayl ) ABUall (ST anyli Byl | Ay

The temperature is constant, but the thermal energy increases and decreases.
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Heat of fusion and heat of vaporization o yEecd| Byl yom 9 sl 8,y
cAdall Bl (e Thg paad gllall Ayl ol Z3UAT 2eS A1 Hyoluai¥l 5yl 40
Heat of fusion Hf: is the amount of thermal energy required to melt 1 kg of solid material.
bl 3oL e Thg pdecd Agllall Ayl pod| Z3UATI 2aS 21 H,, jieiid] 5yl %

Heat of vaporization Hv: is the amount of thermal energy required to vaporize 1kg of liquid

material.

J/KG) p sl o) sLaailll o)1y ulid oy 4

The unit of measurement for heat of fusion or vaporization is (J/Kg).

FREEZNG

Solid Liquid
E -
(Energy and changes of state) Ul ol padg adlall

-~ ndewd! Jalaes) sy g1 Taladel!l 1a gikss , §5lp> sutsane Jisol i) (o Aalad Alin of (bl

Assume there is a piece of ice under a heat source; this diagram, called a heating diagram, will be

roduced: . R
P nmental Heati Curve for Water
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The slope of the graph in areas where the temperature is high is inversely proportional to the

specific heat of the substance.
A5y

Water has a lower melting point than ice or steam because water has a higher specific heat

capacity, which means it needs more energy to raise its temperature.

Jiad (29« (8005 93005 (ry) 8ylypmetl &y (§ 8305 95 el Lipd roiiasd Bolie Siled| oa gl (§ plas X
(100 C. wie oLid) Jie) Wt pis 5,5
The graph shows regions where heating continues without an increase in temperature (between

300s and 800s, for example), which represent a period of change of state (such as boiling at 100 C

-+ AL AN M e (B> olaadS) - yLsmil) Ao 21yl A 8yl pell oluaed 4

To calculate the heat required to melt a solid mass (melting - heat gain) using the following

relationship:
Q = mHy
- AL M) IS e (Bl po a8 - dazes) Abils AES ez AU 8y poed| coluw 0%

To calculate the heat required to freeze a liquid mass (freezing - heat loss) using the following

relationship:
Q = —mH;
- AL M) IS e (Bl por o luadST - i) Ay AiS piecd I 3yl pmed| olued %

To calculate the heat required to evaporate a mass of liquid (evaporation - heat gain) using the

following relationship:

Q = mHy
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To calculate the heat required for the condensation of a gaseous mass (condensation - heat loss)

using the following relationship:

Q = —mHy

gLl Jamll ) iall e il 2yl ABUT) o as AL 5,La¥1 : dlasdle

Note: A negative sign means that the thermal energy has been transferred from the sample to

the external environment.

(The First Law of Thermodynamics) Wyt 18 ligudd Jo¥ 1 (gslall

Introduction ol
2lalls Shlhall Juidd cudkinl udy, ool @ s Jo¥f dledl SiSimll oy

Steam engines were first built in the past and were used to power trains and factories.
S5 @Bl J) ot ABUATI gy p oS Sl pme (21 ALl SISyl

Steam engines: These are engines that convert thermal energy into mechanical energy.

The study of how thermal energy is converted into other forms of energy is called

thermodynamics.

Sl ymag o Osleud | D€ mmag el Adle S pglas é o o Sl 4|y LDy ETRY) pRiwd X
oyl

Thermodynamics is used very importantly in the development of high-performance refrigerators,

car engines, and aircraft engines.
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(The First Law of Thermodynamics) Lyt Sealigld Jo¥1 (g5t
1 a5¥gms BBUAL gl JSATT a1 ol gs opets o) KISl 9,8 o 9 2 51l Kaalisd]
(3l azgl

Thermodynamics: It is a branch of mechanics that studies the properties of heat transfer of

energy and its transformations into other forms.

(Bl & yma) WSl A8l ) Ayl yoed! ABUATI Joms %

Conversion of thermal energy into mechanical energy (combustion engine).
- o s s - /
The science of thermodynamics is based on three experimental laws.

(ABUat| Lado (19303) oyl ot Scaliould JoM1 (ygilall

The first law of thermodynamics (the law of conservation of energy)

Bylyoedl JLan Jie Badall § ooizes aado yal5ls yaw oLl (s g9 oyl poed| Kaalinuld SUI1 Ggslal]
S5 (O POWPS [

The second law of thermodynamics, which shows the direction of natural phenomena that occur

in nature, such as the transfer of heat from a hot body to a cold one.

Byl Aoy BULI paiall $ols auie dShs gag &)l el el ol EIEIN ¢y g3lalf %

The third law of thermodynamics confirms that absolute zero temperature cannot be reached.

Types of systems:- - dalas¥ &‘ 3..31

AUt Jobdy ot ST Lol g pllaid] (s Bobeld Jolids o ¥ g U allaill g ¢ 3lall allaill 1

1. A closed system: It is a system that does not allow the exchange of matter between the system

and its surroundings, but it does allow the exchange of energy.

ozl AUALI (o BB 9 Balell Jals oy gl pllaill 4 @ poiall alladl] .2
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2. Open system: This is a system in which there is an exchange of matter and energy between the

SLII'I’Ol.II‘IdiI’Ig system.
ozl g pUadl o ABUAT 5 BaLedl Jalily rrasay ¥ (g1 AUaL g 1 Jjall pllacll 3

3. Isolated system: This is a system that does not allow the exchange of matter and energy

between the system and its surroundings.

(The First Law of Thermodynamics) Wyt 18 ligudd Jo¥ 1 (gslal!
o5 o 58 ol Sy )yl A8 ualo 7 iy Ayl pord| SaLiglll S5 Oogilall 0

The first law of thermodynamics explains what thermal energy is and where it can go.
(A ym3) dade Jad Jds @apb o ol didend Boybo (o sleld &yl pedl ABLI Balsy LiSay %
You can increase the thermal energy of water by heating it or by doing work on it (moving it).

(Q) 3, 5=t Sobua L M.‘;JAUZQJBJJ d3laltl ‘zgjg.a.ﬁl ol e &.pb:dl o bt Jo¥ Ol Lok o
ol i @) (W) Jiidf L Do s el J)f 23 Ll
The first law of thermodynamics states that the change in thermal energy AU ofa body is equal

to the heat (Q) added to the body less the work (W) done by the body.
AU=0Q—W
¥ GBI G e gai Sy alall lads Ogilal Abluo Bale] 320 3o Lyl pd| Kealivul Je¥l galall o
-l ST ) Jgeis (589 (a5 Y9 puadl (0 Siizmiud

The first law of thermodynamics is simply a reformulation of the law of conservation of energy,
which states that energy is neither created nor destroyed, but rather transformed into other

forms.
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a4l gl
An example of a change in the amount of heat energy in a system is the hand pump used to

inflate a bicycle tire..

Very important notes on the law - Oglal) e lus Ao llasdle
01650 Byl yzedl Ay o313 131 (cdle) ARl (390 Byl el mys s 131, (0) yhill 19K dials Bylyoedl Amys i 131 AU v/
(e ge) il

AU If the temperature is constant, the change is (0), if the temperature decreases, the change is (negative), if
the temperature increases, the change is (positive).
131 i (398009 , Byl iy AUALIT (8 13) cllw (39509, Byl yr sy AUALIT OIS 131 o (Q) syl pedl BBM1 01985
(e 4y ¥) gyne pllsall o6
The thermal energy (Q)is positive if the system is gaining heat, negative if the system is losing heat, and zero
if the system is insulated (neither losing nor gaining heat).
-l ezl QS 131 ydie 09509, plaill o B 13) cdlu (9509, allaidl paes 813 131 L g (W) Jiadidl 00550 v
The work (W) is positive if the size of the system increases, negative if the size of the system decreases, and

zero if the size is constant.

§ gl Ll ‘3 Byl yed| doS iis a4 7y
Explain how the amount of heat changes in a hand pump?

outSA 3 OIS ABUAY| Jomis G, gl | ially elgd| (e ially (adeddl ooy Losis *
.l Wyl WGl J) &yl
When a person pumps, the air and the hand pump heat up, as the mechanical energy in the

A A b
moving piston is converted into thermal energy of the gas. x

|y A8l J) AU 0 JISCAT Joomi (e alin

Examples of forms of energy being converted into thermal energy:

819819 el mazmag Oyall s 4ylyo ) Al SII A3 LaSl Jgms ¥V
Converting electrical energy into heat: oven, toaster, and iron.
el daal s dylys Jf Asginll ALl Jgms v

Conversion of light energy into heat: sunlight.
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(Heat engines) COYPES ALY
Ayl Wl ) 48yl ABUTI g5 ild Assutl) aa ) Lnay pe oty cyds gds Leic
When you rub your hands together to warm them up, you convert kinetic energy into thermal

energy.
Sin 23l paianly ylyl) 43Ul Jagind he 5318 3 50 65yl el e
A heat engine is a device capable of continuously converting thermal energy into mechanical
energy.
M m 5)‘_)} b}u\-‘&-}-&-‘i—&«.ﬂj GMLQ 5)‘_)} 74.79.&.‘ T).\.;a.n ‘é)baj‘ ﬂ)&“ %i.ua.'ii ‘*'
Sl " (o gl
A heat engine requires a high-temperature source and a low-temperature receiver called the

"drain".

JI Jaih Qe 5¥1 pandly W ik Silus aieiad Qpsesall o Bysbiall dylpll 43Uall jany
g@j&d‘

Some of the heat energy released from the source QH is used to do work W, and the rest QC is

transferred to the sink.

=SS inge g LeS (i J) syl poed! ABUS Jugomtl dislo e

A method for converting thermal energy into work, as shown in the figure:

@) W) laass g

Hot reservoir at Ty

™3

W
Heat \} _—
ine
eng /

| |oc

TH LEDSPE S LS

Cold reservoir at T¢
Ou=W+ 0Oc
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(Internal combustion engines) J 1l Bl Bl pema
LGl yma e Bylee Bybudd s 1udl Bl elpme 40
The internal combustion engine of a car is a heat engine.

How a car engine work:- - Byl | yma Jory diS

A glasedl J5 13 3L )Ly gl oo arls I Adle Bylyo A2y3 95 cud o0 (QH) s 11 8yl Janis .1
1. The incoming heat (QH) is transferred from a high-temperature flame to a mixture of air and gas vapor inside

the cylinder.
ASEK sl 4yl el latl Jez=is d.!.'\eg cwaSLI aé.\.p oladl clgldl aney .2

2. The hot air expands and pushes the piston, thus converting thermal energy into mechanical energy.
1 glasdll pe goladl ¢ sl ) uaSE T 3gang (o Ludl o lgdl 2yl @iy .3
3. The hot air is expelled, and the piston returns to the top of the cylinder.
Byleadl 285 J| 6359 Lo Al @l J) ol (e Azl &yl et | 23T Jexiz 4

4. The thermal energy produced by the flame is converted into mechanical energy, which propels the car.

which forces the exhaust
out of the cylinder.

1ot 31 S W1 D e B

abgda B0 ) a0 G Jaa, JUtl JLtP) daet agss L L% D
St ey L Ll LA saaz, L 50a0 e gorsdl e asbadl o
Jai Jas¥ S e Ualo alpla L1 J
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(Efficiency) 8¢ Lasdl
$3989d1 (e 8yleud! i cllzud oS o pall el JLud o) iz, 85k oy e

When buying a car, you should ask the showroom owner how much fuel this car consumes.

i Jids ) Ldsgms oy A1 (QH) A1l Byt 5l g lybd | ilSyma 3 39891 IVl 5oLaS %
Aw).

Fuel efficiency in car engines is the amount of incoming heat (QH) that is converted into useful

work (W).
- J8T 398 p i IS AU ¢ L JBT any BeLaS ASYT Syl o) 1da oy %
This means that a more efficient engine means less energy loss, therefore it uses less fuel.
A | AUt s L) Jidd) (goluad 5o LaSTI
Efficiency equals work done divided by energy input

w

eff=Q—H

- Qe Anilatl A8Uall i L de 450 LS Byl pmma e ¥ 4

No car engine is 100% efficient due to energy loss (QC).

. (Refrigerators) < Lo

- LAl U 3k e ] ¢ B i (e Ayl pd ! ABLAT Janis %
Thermal energy is transferred from a warm body to a cold body automatically.
wdls g JI 35l pnz oo Aylyll Bl S5 o Sy Jad Jou w3 1315
If work is done, we can transfer thermal energy from a cold body to a warm body.
283 ST g 1 LedLiols syl o (0 Byl A3 s g Sleed il Jlie (SN
A refrigerator is a common example of a device that draws heat energy from a colder object and
adds it to a warmer object.
g 31 e Jid S gag 2N eyme a5 (5935L1) Ay A3UaTT
The electrical energy (motor) powers the refrigerator motor, which does work on the gas and

compresses it.
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When work is done in the refrigerator, thermal energy is transferred from the cold tank to the hot

tank
Energy Diagram of a Refrigerator
T s ioR e Ul Hot reservoir at Ty
I |oc
| ColdreservoiratTc |
Q=W+ 0¢
Heat pumps L JES AT MY

- onalmi] § dany durler p 2 Ldl dnal)

Heat pump: It is a cooling device that works in two directions.

(o3 Ladl eladl 2 1,51) bay59 JALN @ &yl pmd!) &8I (oo palienlly Bl a9 a5 caall § %

In the summer, the pump gets rid of the heat energy in the house and cools it down (expelling hot

air).

+972 59-226-7315 :Unlgill  olb 2030 :3liwll alac]




+972 59-226-7315 :Unlgill ol 2020 :ALiwl] alac]
JAkl Jsls Uids AT o150 ) dlgzmis ambied! elad! oo Byl ot ABUall oo palieilly pgds slisdl Gg
(o3l £lga JLsa1)

In winter, it gets rid of the thermal energy from the outside air and converts it into warmer air

inside the house (introducing hot air).

315 ozl 3k o oo Ayl AT Jad Augllag (Jiddl) 2SSl 28U o6 (il | LIS 39

In both cases, mechanical energy (work) is required to transfer thermal energy from a cold body

to a warm body. R kel et
B
o sty
ek
24 alaa
2 (_ﬂ E \ ¢
> L.j LR
L
(The Second Law of Thermodynamics) Lyl poed| Keolipuld LI Ggilall

oo Byl JUET o« gl § ouoms Fmards yal sl o oLl oy Fuylel) golipulld UM ogilal)
Llals 3L ) oo L) oo

The second law of thermodynamics shows the direction of natural phenomena that occur in

nature, such as the spontaneous transfer of heat from a hot body to a cold one.
At sucd Ao 8 g LolS pS:;ZUJg.E. ‘aUé.iJl ‘3 P T El.pb::l‘ (o L ! gﬂiﬂ Ol Loty o
Tyl AST Ao g B5155 AST 395 gms Ladls bk a8l 13

The second law of thermodynamics states that in an uncontrolled system, whenever there is an
opportunity for energy to dissipate, the energy always disperses towards a more balanced

distribution and a more stable state.

g Byl ABL3) o ed Bylyo id elgedl g agibed s lgrdl (oo uylyo BBl CudSs il cuaSla 0

An ice cube absorbs heat from the air and melts, while the air loses heat and cools down. (The

heat lost cools down.)

ey Byl coiSa) odemntd Byl oSy Jogmll sl 5 2488 8yl a5 5]

The pizza loses heat and cools down, while the surrounding air gains heat and heats up (the heat

gained heat heats up).

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




)yl Sa iyl L 0og3LatT o1 g lall ey 3yl

The difference between the first and second laws of thermodynamics

(Aelead! slemsl) GLI G gslal!
gy LY g sl Lasls Jes 4311
Tyl iae! ST Wlmg U193 AST asig3
Energy always tends to disperse and
spread towards a more balanced

.distribution and a more stable state

REN PRI S ‘3 Slloal! Eoms 13U s
S IS LewSe Eumi ¥y Jadd
This explains why processes occur
only in one direction and do not

.automatically reverse

G lis as b mad o (0 28alll piey
Lolals 1391 8 yhall §Tua 3)by iyl
AU LA Tie wSlay 13 oY
It prevents the spoon from
automatically becoming too hot at
one end and too cold at the other,
because this goes against the

.principle of energy diffusion

(BUat Laas) Jo¥I (ygslatl a,Lall ax
§azmag i Vg As gaza 48] RPN (R RV Y
ol glall alaidl § adslall asla]l Basic principle
Energy is conserved and cannot be
destroyed, and the total energy
exchanged in a closed system is
.constant
S ddead) col€ 18] Lo sy ¥ aslald
Jasl Ly.lm o 98, Y fi Lslaks Spontaneity
plabe o Ludd 5Ll (e 8yl
Lol paazell
It does not specify whether the
process will occur automatically
or not; it theoretically allows heat

to transfer from cold to hot as

long as the sum remains constant

Byl gigg Adalll dylo ydewn daalll Jia
b gdme 4Tl A8lall A Example of a spoon

The tip of the spoon heats up and

the heat is distributed, while the

.overall energy remains conserved

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




+972 59-226-7315 :Unlgill ol 2020 :ALiwl] alac]
(Entropy) Lo ¥

Bl cdliéd wldega:S g’jjﬁ!l X
Entropy (S): is a measure of energy dispersion
L o AN padsis allas dsl e dd) jLi asly e § &yl ! ABUT) 4 3855 gl allaidl 3

A system in which thermal energy is concentrated in one place is referred to as a low-entropy

system.
L 291 e allas al el Hlag 2,1yl 23U agd il gl allacdl
The system in which thermal energy is dissipated is referred to as a high-entropy system.
OsSU ST g 501 Babss ol e Lolamtl slomily o Beacdall cliloall
Natural processes work towards maintaining or increasing the total entropy of the universe.

SLal5 (e g Y Aindteie Al Jf 350 0 el fpad g 01 Al Wl 3 pllasl) iy Lotic 0
c gl Jale J) zlimy Jy danis

When a system reaches a high-entropy state, it is unlikely to return to a low-entropy state on its

own. Rather, it needs an external factor.

AR (ol g Y1 Led dus 15ed] a0 il dakad sLpasl %

Melting the ice cube and cooling the pizza increases the system's entropy.

g il
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The relationship between the second law of thermodynamics and entropy

31535 (9 7Y b (B gSian 1) Aenrds Abanll 0985 Lo v/
When the process is normal (not reversible), entropy increases.

s 9 Y1 OB (AuesSian) Ards sl Aekonll (09S5 Lavie v/

When the process is abnormal (reversed), the entropy decreases.

Entropy and heat engines Lyl yoed| 282l g Loy A

undy Lo Ly, Aailis A8l 5929 a4 Kan A8l (I Ayl pond| EBUATI gy a3 Ayl pondl Syl %
- Keolipald Sl Jodl sgslatl
Heat engines convert thermal energy into mechanical energy, with some energy being wasted,
and this explains the first and second laws of dynamics.

S 3975 kb paladl Bylyon L, i g 61 L OIS 3530 o o5 eyl Ly Lisgy 1 25Lall 5
The energy supplied to the engine by the fuel had a low entropy, while the exhaust heat had a
high entropy.

a8y i i v ST 5 g oyl UL Uil g 5 L 3] 31335 g 561 2o o
The value of entropy increases if we supply the system with thermal energy, or the entropy
decreases when heat is withdrawn from it.
01 9] cabils o eSall AL b 3s L isbas sd (s byl Jspas wssSd e Slie 4 g 0
Ay A did ala3s
For example, in a thermally insulated cup where an irreversible mixing process takes place

between two liquids, the entropy in it will increase.
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Changes in entropy G9! @ Slmadll
C o AN Jad allaild sl el ABUATI Cyadil 1319, 9 U1 alajs plaill Ayl B3l i 13] %

If thermal energy is added to the system, the entropy increases. If the thermal energy of the

system is reduced, the entropy decreases.
o) i M3 Ayl e A8l JLaH (gl gy Aagzell Aakail| e Tuga allacdl Jdy 13) %

If the system exerts effort on the surrounding area without any transfer of heat energy,

the entropy does not change.
-+ AL Al IS (e (29 0Y) §adidl ol Sy

The change in entropy can be calculated using the following relationship:

Q
AS = —
T

WK) R ‘gjﬂY‘ Qﬂ.ﬂ.’n’." obed 8oy X

The unit of measurement for change in entropy is (J/K)

Very important note:-  -: i deao alasdle

sl Lud i sl (ye Lol et Alads Jumd Lyl 13] Lol «Lonedo ming o sl sl dlads Iodlis| o v/
A A

The mixing of the ink drop with water is easy and happens naturally, but if we want to separate

the ink drop from the water again, we will have pure water and pure ink.

Al e A Lty (S Lo 5] &) Togliell Ao o Jgdid . Jid Jobs ¥ o35 ¥y Lo Ales ells v/
Anddia L@ggﬂi O Ul g8 Al azdly

This is a difficult process and requires work to complete. We say that the state of a mixture has

high entropy, while the state of pure water and pure ink has low entropy.
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Entropy and the energy crisis. AUl 23l 9!
eyl e Byl po A8l g 8ybeand | &y A8 ABlls ) 58501 Jomiy

The fuel is converted into kinetic energy that moves the car and thermal energy that heats the

engine.
- 29 A58 Aaad g Apagadall 3yl sk Adiuey calailanll Bl 4

Burning gasoline depletes natural resources and increases the entropy ratio.

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




+972 59-226-7315 :Unlgill

ol 1010 :ALiwll alac)

(MSQ) &, Liisll aliwd| 2 Yo

(1) 5l

The temperature at which a substance changes from a

solid state to a liquid state:

Jdl adiall Al e 8ol Lacie s &1 8yl padl days
Al Ll Ul

A3 Ay beai¥l dsy
Degree of condensation melting point

Olla s el Ay

Boiling point Freezing point

(2) 3l

The temperature at which a substance changes from a

liquid state to a gaseous state:

J1 ALl WLl B3 Lautie pdiss 1 8,1yt Ay

a3l x|
A3 Ay beai¥l dsys
Degree of condensation melting point
Ll 2y NOSTTEVN
Boiling point Freezing point

(3) Jlsead

During the melting process of a solid, the temperature

1 -
IS

1Byl el Ay Al Bl ylani! ko ¢LiST

Al A

remain constant

alas

It increases

Ae uaga ¥ V- V¥
There is no relationship Decrease
(4) Jlgud!
After the solid has completely turned into a liquid, the | &,l,=)l a8latl 18 Bl J) LIS alall sl Jgomi day
heat energy gained leads to the............. kinetic energy Sluj) 48,2l Bl ... dl 255 Ludst|
of the liquid molecules. Jslad
old Babs3
stability more
A g ¥ WRV-V-E]
There is no relationship Decrease
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(5) Jl3l

The energy added after the substance has completely

Jl g5 5l J) LIS Balll Jgoms cay A8Lal| 45Ul

turned into steam leads to the ............... temperature oBdl Byl Ays s
of the steam.
bl Babs3
stability more
AMe g Y gy v-ixl
There is no relationship Decrease

(6) Jlzl

The unit of measurement for latent heat of fusion is:

J/kg K kg/]

J/kg J

(7) Jlsead

If you know that the heat of fusion of silver
Lf =1.05 x 105 J/kg and its mass is 2 kg, then the
amount of thermal energy required to melt it without

a change in its temperature:

LF=1.05 x 10° J/kg 2aall yLgail 8yl of cuole 13]
Lyt 2o 2y youd! A8Lntl 24eS (115 « kg2 LSy
L@ly> d2ps § sl Ogo

30 x 10* 12 x 10*

21 x 10* 25 x 10*

(8) J1d

As ice turns into liquid water, it:

ais 5L sl J) i) Jgoes <Lt

Al a5yly> Ay Ay Byl iy

It loses heat but its temperature remains constant

Al a5yl Azps Ay Byl por Sy

Jdt gains heat and its temperature remains constant

.‘G)‘J—”' a-’?")é u'a-a-‘.auj 5)‘)# ..\.5.5..!

It loses heat and its temperature drops

A5y g Ay pudyig Byl endSy

Jt gains heat and its temperature rises

(9) Jlzl

As liquid water turns into ice, it:

el el ) S5l oLl Jgous oLt

Ayl Ay (el Byl CndSy

It gains heat and its temperature drops

AUl Ay 8yl e Addy

It loses heat but its temperature remains constant

Al 5y Ay (A9 Byl cendSy

It gains heat and its temperature remains constant

Ayl Ay (bl byl il

It loses heat and its temperature drops

+972 59-226-7315 :d.l:\lg.'l'll

olb 21020 :ALiwl alac|




+972 59-226-7315 :Unlgill

ol 1010 :ALiwll alac)

(10) 1zl

15 oo 15ke oLl By ) Jsad Leld Bale cdend o]
Lebels oLl cpdeadd) paiae!

Eazm 15k LRI Ay I s Liald ke e ¢l
Lobee ¢ LT e paias! 13

padseis Balel) &yl yd| A3 Uall

The thermal energy of the material decreases

.}ﬁiﬁ'y 3ol E)‘)} ZL‘."J.)

The temperature of the substance does not change

Balll 8yl po Ay addeis

The temperature of the substance decreases

Balll Byl p dmys sla3s

The temperature of the substance increases

(11) Izl

A metal with a mass of 9.75 kg requires

6.14 x 102 kJ of thermal energy to change from a solid

AUall (e 6.14x7102%k) cdlaty 9.75kg ALliS (yune
Aads e Ablad! Jf Adiadl Ul oo pdald 4yl el

to a liquid state at its melting point. What is the metal? Souall g2 Lo . slail
Heat of Heat of
Fusion Vaporization
Material H, U/kg) H, (J/kg)
Gold 6.30x10% 1.84x10%
Iron 266x10° 6.29x10°
Lead 2.04x10% 8.64x10°
Methanol 1.09x10° 8.78x10°
Silver 1.04x10° 2.36x10°
R Lad oele; cad
iron silver bullets gold
(12) Jlgead
The heat energy required to vaporize 1 kg of liquid is oS3l o0 Thg sed Ao &yl yoed| A8 Uatl (o
called.
- e i Byl o) 8515 beaidl 5> CObdad! Aads
specific heat Heat of evaporation Heat of fusion boiling point
(13) Jlgad

When a gas in a balloon is heated, it absorbs
(150 kJ) of heat and expands, performing (30 kJ) of
work. What is the change in the thermal energy of the

gas

o= (150 k) paies 4518 Ol $5L (dend oy Lotie
Gaid) Lo (30 kj). o)l uda Sid jmiced ey 9 3yl px|
BESIEB e HIN

+180kj -180kij

+120kj -120k;
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(14) Jlsd!
Which device does the diagram shown in the figure ¢ JSCadL el Jadasddl oo ol Jiay sl L.gi
represent?
1-" s el Prgnn
o| 8
. é)‘)a” ol eS| . @b.z" =l REPNY
Thermal generator The refrigerator Thermal engine The pump

(15) Jlzad!

Which of the following relationships is correct and
represents the relationship between the two

temperatures (T1, T2)?

G293 O A8l el Ampeso AL LML i
(T1,T2) 51,1

o|%

T1 - ZTZ T1 < Tz

T,>T,

T1=T2

(16) 13l

A gas balloon (85)) gains thermal energy. The balloon
expands, but the temperature remains the same. How

much work does the balloon do when it expands?

Sukaly , Ayl pedl ABlUatl oye (85)) 3Latl 09Il cusdSy
Jaddlylie Lo, 2 LS 8y pmedl aamys JIas oK1y 0gIL
S saded e Ol dlig é.’dl

+85i -85j

0

170j
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(17) Izl

A solid substance is heated at a constant rate until it
becomes a gas. The temperature changes over time as

shown in the adjacent figure. Which part of the curve

e cemmel G coli Jiae Ladeud o5 2o o3l
S g0 9o LeS (31 59 0 Byl paxdl Amys s
Al § 8ol yelay qmidl el3] éi YL

shows the substance in the (solid - liquid) state? § (bl - o)
¥
T E
B
A time
DE DC BC AB

(18) Jlz-ul

The figure shows the changes in state when thermal
energy is added to a piece of ice at a temperature of
(243K). Between which two points is the entire mass in

the liquid state (water)?

4ylyoe) a8 lall Als| wie Wl ol pad ST i g
oidads g1 o (243K). 8y Amya § el (e Zalad ]
$( 1) Aslandl Wl § alalS ARSI (95

eleld Gyl ABUe ABLG!
Adding Thermal Energy to Water

373

W
N

(K)§)l,3! &
Temperature (K)

Heat (J)
D) Al 13U

D.E B.C

A.B C.D

(19) Izl

A gasis placed in a solid container and supplied with
(100)) of thermal energy. What work is done by the

gas? What is the change in thermal energy of this gas?

LBUatl (50 (100)) sug3s iy cibio sleg § SLat) mings
Ul § sl Lo, 3l Jocakl Jitdl L, Aplyme
BPERLIN

(100f) 2elsn |1 ZlLal) 3 pill (100)) Jgiek! Jiil
Work done (100)) and change in internal energy (100))

(V) EEARTPEI I BEIPY () RPN SA]
Work done (0)) and change in internal energy (0))

(100)) als ol @8Uatl § wscdls (0)) Jodek! Jaid!
Work done (0)) and change in internal energy (100))

(0)) ads 1l adlatl § aiidls (100)) Jodekl il
Work done (100)) and change in internal energy 0J
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(20) Izl

What happens when liquid water turns into ice

without any change in temperature?

éi Ggo ol I ilad! e W) Jomiy Loctie ooy 13La
S 8yl Ay (§

JL@A—'&” 5)‘)& el
It absorbs the heat of

fusion

beai¥ 8yl Zauds

Heat of fusion is emitted

It absorbs specific heat

g gl Byl adds

Specific heat is emitted

(21) Jlzal

A solid has a melting point of 90°C. What is the heat

energy required to melt 2 kg of this solid at 30°C? The

heat of fusion is 4000 J/kg, and the specific heat is 390

J/kgK.

a8lkaltlylude Le, (90C) Laylail doys Ao sale
é i (30C) 4y sda o (2Kg) alisT 4|l
550521, (4000)/Kg) 5oLell yLpas¥ 5yl § Al >

(390)/Kg.K) 2 9!

5.5 x 104

5.9 x 104

1 x 10Y

4.9 x 10%J

(22) Jlzad

The diagram below shows the changes of state when thermal energy is added to (1.0 kg) of ice starting at (243K)
and continuing until it becomes water vapor. What is the specific heat of water?

(Use data on the diagram)

9 Sl 3k 8 A Ala galudS) $USIK) 243) 3 e A 0 is .;,l,.llc,.k:)1_o)isu_‘_;s by o3 LA ool kil o
Telall 4 oJ i‘|);‘1 L sle Gy JI Jal
(akiad 3 a gl Clggly Caasl)

4180 J/ kg.K
2060 J/ kg.K
3.34x10°

1/ kg.K

2.26x10° )/ kg.K

cleld o ABle ABLS!

373

323

Temperature (K)
(K) i) 0

P T SEE TS

Heat (J)

700

3073000

(23) Jlzad

The thermal energy required to dissolve 1 kg of a

substance is called

B3le 0 Tkg A13¥ oI Ayl yl A3Uall

e 53 Byl

specific heat

2| By

Hear of evaporation

.JLQ-anY‘ 5)').‘:-

Heat of fusion

LOldadl Aags

boiling point

(24) Jlzdl

If the final temperature of the system is greater than

the initial temperature, ATis:

.i‘.&.’i)‘

torise

Loolazs!

decrease

el )
negative positive
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(25) Izl

Heat energy is supplied at the same rate to the same amount of oil and water in similar

containers. Which of the following explains why the temperature of the oil rises more

quickly than water?

Laa o) Oualiaba Cuile § 8 0006 g ga shall g Cu 3l Coe Ol gdia OS] Janall edds 45 ) A8 A8LD) o5
Tolall Soa B ol Janay S 30 30 A9 53 PUG ) G ey L

Oil has a smaller specific heat than water
el e il A 935 50 e Al oy 30

Oil has a greater specific heat than water
Sl e S e S5 e Aoy

Qil has a greater heat of vaporization than water
oLl e LSl 30253 ) ja ad 2y 3

Oil has a smaller heat of vaporization than water
Al G S8l aSs ) e s N

(26) Jlzad!

A (1.0 kg) of ice at (0.0 °C) is heated until it changes into steam at (100.0 °C’) as shown in
the diagram below. Why the temperature at processes .1 and C is not changing even
though heat is absorbed?

hhiall 3 mdase 58 Las (100.0°C) 350 s I Jsads Ao (0.0°0) 350 B Sa (1.0kg) Obed als

el elall olatal Ga a8 ) e € 9 4 Cutalaadl 8 AS0S 5 _ad) Aa o AS 13lal U
1 kg ice - r1k°w S T!k ter Q. 1 kg st
g wa g steam
at o °C - at o “C _— at 100 *C - at 100 *C
A | O B A - 2 C

The heat is used to overcome the forces of attraction between the molecules
Sl ) O il s 98 e uladll 5 el aadis

The heat is used to increase the forces of attraction between the molecules
Sy 3l O edad) 5 98 3350 5 ad) aldiS
The heat is lost in the external environment
SN Jasaadl B Waakd a3y 50

The heatisnotuse_clﬁolncrease temperature unless the mass of the material is very
hmh.ﬁwﬂmﬂmijﬂﬁyéjijﬂiwﬂ

(27) Jlzad

What is the amount of thermal energy needed to change the state of (1kg) of
a substance from liquid to gas?
A, Al Adlad) A ALLL Al e alall e kg 1 )zl AU 45 ) ) A3l des La

Heat of Fusion
gD 4SSl 50 )

Heat of Vaporization
adngall A0S 5 sad)

Specific Heat
e il 3 el

Melting Point
e Adad
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(28) Izl

A block of metal of mass (Skg) requires (3.15x10%)) of thermal energy to change its state from a solid

lo a liquid at its melting point. Which of the metals listed in the below table is this metal?
Aokl e ALLLY A ) Adall el e Jeadll 315 x10°5) ) W_B 4 e Al kg5) WES Ganae (e dadad callals
TOMmall 134 g4 2L Jeandl & 583l Cdaall G ) LA _Agual)

Heats of Fusion and Vaporization of Common Substances
asSlid) gl L)) 5, o9 HleaaV) 5, >

Material Heat of Fusion M, (J/kg) Heat of Vaporization H. (J/kg)

2l ged! Hy (J7kQ) Ligaid) 5,0 o Hv (J/7KQ) eI 3,0 o
Gold ——ailt 6.30 x<10* 1.64<10°

Silver aaal) 1.04 <10°% 2.36 x<10°%
Lead ela ) 2.04 x<10° 8.64x<10°%

Mercury 5.3 115104 2.72>x10%

Gold
*.u;;l\
Lead
u;a\...‘)“
Mercury
35

Silver
Aadll

(29) Jlzad

The thermal energy required to convert 1kilogramofa | (e 85le (0 alya ¢S T Logomi &M 4yl pd| d8Uat
substance from solid to liquid or vice versa without a | 5,/ 5l &a 5 43 G5 Sl of alilud! JI dliall Wl

change in temperature is called Fs
Ayl 4Bk e gl &yl ol da i sl A1 5,1yt ] LalS1 By et
Thermal energy Specific heat capacity latent heat of fusion Larent hear of
vaporization

(30) Jlzal

The following graph shows the relationship between &yl yzed) ABlall o A8t ) o JW led! i)

thermal energy and temperature for a body of mass S e 5yl ol A a9
m = 0.001 kg that is heated; the latent heat of fusionis | L)l &) 8, yd! L6 disewsd o3 m=0.001kg
equal to Jolas
373 |
i
3 323
e B
213 | A8
243 ML :
5 /S 617 395.7 813.7 = 3073
(J) 31yt AsaS
Hf=6.28x104j/kg Hf=3.34x105j/kg Hf=6.67x104j/kg Hf=5.264x105j/kg
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(31) Izl

How much energy is required to melt a mass of ice

(m=0.5kg) at 0°C? Given that Hf = 3.34 x 10° )/kg

delzed! oo AES pgad daU) A8t ik Lo
Ob Lele Sagia yiyo Byl &5 i m=0.5kg

Hf=3.34x105jKg

Q=4.25x105j

Q=6.68x105j

Q=1.67x105j Q=5.34x105i

(32) Izl

A substance requires a quantity of thermal energy
Q=0.8x 108 ) to convert a mass of m =3 kg from the
solid state to the liquid state. Using a table of latent

heats of some substances, the substance is...

Jssi) Q=0.8x106) Laylude &yl y> 23l I 53ke 7 s
ALl ULd! J) Al ULl oo m=3kg Layluda 28
P BN L8 slgll and AialSI Byl ptl Jguzms Laiuns

Hf=2.66x105j/kgus.=]!

Hf=1.09x105j/kgJ oL |

Hf=6.3x104j/kg !

Hf=1.15x104j/kg 33!

(33) Jlsal

A piece of ice with amass of m=0.02 kg and a
temperature T =-400°C is to be converted into water
with a temperature T =400°C. The thermal energy
required to complete this process is equal to:
Given that Hf =3.34 x 10° | kg, CPT" ice = 2000
kg~C-1, CPTTH™22=4200) kg'C-1

T=-400C L, y> dxy39 m=0.02Kg LaliS zlid| (o dakad
A8Uall L8 T=400C a5yl >~ &3 sLa ] Lebsgxs a1y
Jolad dleall sia ales¥ &l &yl ydl
Hf=3.34x105jKg, CP-ice=2000jkg.c0 oL Lole

,CP-H20=4200jkg.c0

Q=11640j Q=14520j

Q=54722j

Q=12463j

(34) Jlz-al

The first law of thermodynamics is another

formulation of the law of:

Qj.il.&'.l 6).>-i Llyo 3\.9b.‘:d| &_I.-AL&..!-\.U Jgi” Qj.il.&'." ..\.a,’\'

.5)')::." s P”'J'" Las
Heat preservation Conservation of

momentum

A8l s

Save energy

."|. l»" 1~ b3

Save the shipment
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(35) Izl

Two samples of the same mass in the solid state and
at the same temperature were subjected to thermal
energy. A graph was plotted showing the energy and
temperature of both substances, and their specific
heat capacity and latent heat of fusion were
compared. One of the following answers confirms

the information in the graph.

s iy Al Al § RSN s o) e
o el kel ey 3 1y 23Ls Lasllac| o3 5yl
daud! cr 45,01 @39 sl I ST 5y et Aoy 48U
ol oleld sLsaidl) AealSI 551yl B il syl
Sl Tzl Slaglae 3ams 2Ll Loyl

T &
X
/ !
=
Q( J)
CPY>CPX,HfX>HfY CPX>CPY,HfX>HfY CPY>CPX,HfY>HfX CPX>CPY, HfY>HfX

(36) 13

The following graph shows the relationship between
thermal energy and temperature of a body.
Whichever part of the graph shows that the thermal
energy required to convert the substance

from a solid to a liquid state is equal to Q = m.Hf

iy Ayl AUl oy 233Ma) (o JI et JSCEN
ped 82!
a1 Ayl AU T o el okl a5 61
Balll gt
Q=m.Hf Jslas Ll Jf dubiall 2Ll e

373 F D
- it
& : :
3 33| : :
= B c : 5
273 [ A :
1 '
243 : ’\, .
61.7 395.7 813.7 = 3073
A
(J) 3505001 ApaS
D-E C-D B-C A-B
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(37) Izl

A hand pump converts the mechanical energy in the

il S 3 AL 481 Jgmes 2ugadl asall

piston into:
al Et.yl.wﬁl 43l Sl asSoiKe Bl
Gas electric energy Mechanical energy of gas

Kinetic energy of gas

Sl aalb

Gas thermal energy

(38) I3l

When heat is added to a body, the entropy:

(298 O el 1 8yl 28Ls| e

There is no relationship

i Y

Doesn't change

It decreases

o

It increases

(39) Jlzal

When heat is removed from a body, the entropy:

:Qgﬂ?‘ old "u«.'.x_“ o Byl g L

There is no relationship

i Y

Doesn't change

It decreases

o

It increases

(40) 13l

When the body does work and its temperature does

OIS el 551y dmy 45 el i pacnl] Sy Lo

not change, the entropy: 19 Y
Ae ur g ¥ i Y iy KK
There is no relationship Doesn't change It decreases It increases

(41) I3l

A system that does not allow energy exchange with

the surrounding environment is a system

Al

58 Tagel| Josugl ae 25U Jalily o ¥ g1 sl

&l

Thermal

5 C}"ml |
.Open

Joyall

Isolated

3l

closed

(42) Jlzad

The mathematical formula for the first law of

thermodynamics:

250yl Sa izl 3 Jo¥1 093 Lal) Ayl Aipall

U=Q+W

w=Q+U

Q=Q-Ww

Q=U +W

(43) Jlzad

Which of the following statements represents a low-

entropy system?

S o AN padsia Gllad Jied ALl &l ybadl 6

>y gz § Ayl A3l 33

Thermal energy is concentrated in one body

26,al) 3 laall does! , ,LALSI

The scent of perfume permeates the room

Byleudl L yzma § 398511 31 A

Fuel combustion in a car engine

(BLal Jyadll cabls e il Lodlis|

Mixing of two non-separable liquids automatically
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(44) 13l

Which of the following processes leads to an increase

in the entropy of the system?

SAUA o AUY1 B35 J) (6355 ALl oleboall 5]

.‘aUé.’y o Byl e IRV eS|
Removing heat from a system The water froze
Byly Jawl 9o Jad Jd ks lal

Work performed without heat transfer

Melting of an ice cube

(45) Izl

According to the second law of thermodynamics,

natural processes:

Slebeall o8 (| Kealpuld GLII ¢ g5lal LD
gl

S Lails 0SS

Itis always reversed

g8 ST g Y1 a5

Reduces the total entropy of the universe

s allail) g ) JUas

System entropy only reduces

.a.\.;}Sji gg;\".’s?| e Jadl=s

Maintain or increase entropy

(46) Jl3-ul

When two liquids are irreversibly mixed in a thermally

insulated container, then

s st lals Byl Jopae 198 § bl bals wic
Ok sl

2133 (9 Y Lol A e A
Entropy increases Entropy remains constant
Oniladl s e uainy S 9 A

It depends on the type of liquids

Entro Py decreases

(47) Jlzad

In which of the following cases does entropy not

change?

S 29 AN Led ity ¥ L) ¥ L) g

e allas g il Ldls |

Mixing of two liquids in an isolated system

Byl Jaml Og Jad Jdo

Work performed without heat transfer

Thermal energy is drawn from the system

Al &), 351 als)

Adding thermal energy to the system

(48) 13l

In a fuel-powered heat engine: 139990l Jory (65ly> Hypma 3
Aorsellg allaild AT 9 AN 51035 paddia 9 ey 3984]!

The total entropy of the system and surroundings

increases

Fuels have low entropy

it )yl 81 S Jgomis

All thermal energy is converted into work

.‘EJLc. ggj;! llias ?;La.ﬂ 8|y
Exhaust heat has high entropy
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(49) 13

To increase the efficiency of a thermal machine, the

following must be done:

Sz Tduo cnesgiad| gz o 354l
The difference in size between the two warehouses is

.very small

ju\? Tj}i-@ CJ’}‘J‘M‘ S)b} .4?).5 C;l.) é)é."
The difference in temperature between the two

.warehouses is very small

Tam TS cneogiad | 551y Ay o Byl
The difference in temperature between the two

.warehouses is very large

Juz TS cnesgiad | 5yl 2eaS cry 3yl
The difference in heat quantity between the two

.storage units is very Iarge

(50) Izl

If the volume and temperature of a gaseous system at
equilibrium increase when a quantity of heat (Q) is
added to it, then according to the first law of

thermodynamics:

s ¢ A5yl Aays s lig OFe (3L allas e 515 13)
s e L8 ¢ 4] (Q) Byl (pe ApeS AL
: 0985 uyl yod | Saligadd Jg¥1 g5 Lall

Azga (W) Aizga (U) Asd

The value of (U) is positive, (w) is positive

Adle (W) c&ge (Q) dasd

The value of (Q) is positive, and (w) is negative.

Al (W) c&zge (U) 2

.The value of (U) is positive, and (w) is negative

Adle (w) c3adlu (Q) 4esd

The value of (Q) is negative, (w) is negative

(51) Izl

When applying the first law of thermodynamics, the
following relationships must be considered, with the

exception of one:

Blelye cuzmy oy ol il Jo¥1 (g5lall Gadas i
Ry Lo By A8l e Al wladadl

eLB.iJ‘wJ&.;LA.\.LGQJLm(w)Q}Q

(w) is negative when the system size decreases

55 S sl a1 13) g ( Q) el 0555
The value of (Q) is positive if the system gains a

.quantity of heat

(w) is positive when the system size increases

Byl p> oS allaid) CewdST 3] Adlan (Q) Aesd 19SS

The value of (Q) is negative if the system gains a

.quantity of heat

(52) Izl

A system that absorbs (100 ) of heat and
simultaneously experiences a voltage of (500 )) W,
then the value of the internal energy of this system is

equal to:

I sl A8Uatl 2eud (L6« uslg T 3 () 500)
:‘:'5_9‘.««3 eUé.i.”

+600) -400)

+400|

-600])
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(53) Izl

A system on which W exerts an energy of (1500 )

and loses energy of (400 )) has an internal energy

Layut5 43l idng « () 1500 ) 658 JW dele Jib L allas
(Sl pUAL) 1] Al 1) A3lat) 23 L5 < () 400)

value equal to

-1.9kJ

+1.9kJ

+1100)

-1100

(54) Jlzdl

A system that expends (2.5 kJ) in external heat (W),
and whose internal energy decreases by (700 J), then
the magnitude of the change in the thermal energy

of this system is equal to

s 1) il Jis « s W § (k) 2.5) i Le pllas
] 2yl yoed) A8t (§ il lde 18 ¢ () 700 ) ludios
‘.sgl_w.\. ‘sUé.L"

-1800 |

+1800 )

+3200) -3200]

(55) Jlzal

A gaseous system in equilibrium exerts a heat energy
(W) of (0.3 kJ) on the surrounding medium, and at
the same time its internal energy increases by (0.7

k]). The magnitude of the change in heat energy (Q)

of this system is:

G« (K) 0.7 ) 5l ey Akl diills sl il puds 3
: gl AU 10 (Q) Ayl ymedl ASlLall 3 il e

+400) +1000 )

-1000] +0.40 kJ

(56) Jlz-al

A gaseous system in equilibrium absorbs an amount
of thermal energy of (1.4 kJ). If the volume of this
system does not change, then the change in its

internal energy is equal to:

Gl Gl AlA 1 e i o 1305« (K 1.4)
SPRONERVR PEETA

Jaded! JWJI K.

-1.4k) +1.4K)

(57) Jlzad

A gaseous system in equilibrium exerts a force of
(800]J) on the surrounding medium. If its
temperature does not change, then the magnitude of

the change in its thermal energy is equal to:

Tkl Ll e (1800 5,5 YW s oy 5L pllas
Mj&‘jﬂiﬁbl.\.&» QLJ: ¢ ‘Gj‘):- b)éﬂiﬁ'pj ‘.SLJZ ¢
+ Sl e

-800) +400|

+800)
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(58) Izl

If a system in equilibrium gains a quantity of heat

while maintaining a constant volume, then:

LLazoY1 ae Bylypaell (po AeS (33le allas ST 13]

2Ol ¢ cull dazxy

s a3 allail) s ) 43Ul

The system's internal energy remains constant.

o b Jpoal | Jiid!

Work done equals zero.

The kinetic energy of its molecules decreases

.3.7.)‘3 43)')." a.?v.b dJéJ

Its temperature remains constant

(59) Izl

The thermal machine works on

e 2yl Y Joas

Jaadl J1 syl agns

Converting heat into work

Byly> JI Jaad) Jugas

Converting work into heat

Byl I Als 1) Alal) Jagens

Converting internal energy into heat

el ls 35l J) By lpetl Jagaes

Converting heat into internal energy

(60) Izl

Which of the following statements is incorrect?

: P AN Slylall o Bl 4 3yleal]

)yl AU sSadl lontly copill By 2yl ol liegall g

.Heat pumps and refrigeration units perform the reverse process of a heat engine

3l Sl 0135 8 Bylnll (o0 a8 o liataly syl B3y Al lizinl gt

.Heat pumps and refrigeration units absorb heat from a cold thermal reservoir

Lo @3l 0135 ] Byl 0 2a by apdll 83Ty Aplynll Coliniall pgs

Heat pumps and refrigeration units expel a quantity of heat into a heated heat reservoir.

b g JI 3 Lo g (00 Byl yedl (0 20S S ey o) B3 Ayl olieall 8

.In heat pumps and refrigeration systems, heat is transferred from a hot body to a cold body

(61) Jlzad

The incorrect statement from the following, which
describes what happens during the ignition and

expansion stroke in a gasoline engine, is:

e Jus §ls « adlll alleall (e Amemiall 42 8Ll
o3ttt Al 8 suedlly Jlana¥l bgd S Sy Lo
A

=

g3l ey S JLari¥) Bt glad (o HuslipS Byl ookons Iag 21 1iia 2l 3

.At the beginning of this stroke, an electrical spark occurs between the electrodes of the spark plug, igniting the gasoline vapor

ool @Sk 8T 093 Byl (50 58 A JLaZANI Ao y2 U515 352 5L 5Ll S,

.The gas inside the combustion chamber gains a large amount of heat with little change in volume

oadinie Lk dadieia bylyo Ay 13 JLaid¥) A8, S 15 3La01 098y « Jlars¥l Al aay

.After the end of combustion, the gas inside the combustion chamber is at a low temperature and low pressure

- il J S Ay Jf (652 Y W Jiiaag 31 gla sl (313 31 siaty JLazd| 4L any

After combustion ends, the gas expands inside the cylinder and exerts pressure that does not cause the piston to move

.downwards
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(62) Izl

The incorrect statement from the following, which

describes what happens during the exhaust stroke in a

gasoline engine, is:

e i @ls Al Sllaadl (e Amezsall 48 §leall
: P o3l AT 3 aslall g I35 Sootms e

gl 1l 3 pslall alese 3liy

The exhaust valve closes at the beginning of this

.stroke

el J1 6l glasl S35 S &ty

The piston moves upwards inside the cylinder

.‘aal.a.ﬂ el.«a i

The exhaust valve opens

bl Bygls J) 1Y 51 g3 35k

Combustion products are expelled into the exhaust

(63) J1gad
The work produced by a motor with an efficiency of | (4 &S (atess (% 25) 432168 & yma oo bl Sl
(25%) and absorbing an amount of heat of (800 ) is sl () 800) Layui 5,1 ozl
equal to
3.125x10-2) 32) 600 ) 200)
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(FRQ) 48,0t dlindl : Lals

o cuale 130 (50°C). 3yly omguty il Jf Lebiginis Lok 3lys9 (130°C) Ll Amyag (Skg) LRliS sl Ly cro 2eaS -1
b Lo oo Jagems JSI Aallnil | 28Ul 2uaS s « (2020 )/kg.K) p sLincll e il 5y,

(100°C) 5,y &z yuis eba 1 (130°C) oo £ LU 5Liey s -1
(50°C) 5,1y &zyuts £bo 31 (100°C) o bl s -2
(50°C).5,l s &y sle I (130°C) cpo el 5liey s -3

5) A quantity of water vapor has a mass of (5kg) and a temperature of (130°C). It is intended to be cooled and
converted into a liquid at a temperature of (50°C). If you know that the specific heat of steam is (2020 )/kg.K),

calculate the amount of energy released for each of the following conversions:

1- Cooling the water vapor from (130°C) to water at a temperature of (100°C).
2- Cooling the water from (100°C) to water at a temperature of (50°C).

3- Cooling the water vapor from (130°C) to water at a temperature of (50°C).

ik Lo Jagams ST Ao U d8lal! A€ s | . S| o0 )6 A (2Kg) LaliS ael =leass sLas| JSad) ings -2
The figure shows the melting of ice cubes with a mass of (2 kg) through three stages. Calculate the amount of

energy required for each transformation from the following:

Melting the ice in stages Ato B BUIAUS L § ! pgo -1
Raising the water temperature from stage B to stage C CJI B>yl cya sl 8yl Ao ys 28, -2

Calol1  sle I A Al Ll oo elind] 5l s gy -3

Raising the temperature of ice from stage A to water in stage C

loc | 20°C
‘] .
S _ M
A B C
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sl Aiwd| e 2oloM Hsleedl JSadl § LS 25 g LaliS diead (nseadd] (omin putdeiwl -3

Use the heating curve for a sample with a mass of 25 g as shown in the adjacent figure to answer the following

questions:
.Determine the state of matter at a temperature of 90 °C 90 °C 8,y dzys wice 35Ul Ul> 50> 1
Determine the melting point of the substance. Balll jlmas! 8yl o Aoy du> .2
Find the latent heat of vaporization of the substance. Bl e Lol Byl yoedl gl .3
‘; 750§ -
X 2 . S (-
4 450 - -
2 ]
300 Nt
1 I
150 t +—
i ' A Ay E 5
O 183 120 165 = 865 869
5 (kJ)

Sleall ggzdl lnanll Cems diseud cL51 —240C Aoy 1 50 0.010 kg 8,1 > dys Sl sgloel) Gl pe | yilas -4
ik Les el (Jad e 13laiel,
The adjacent graph shows the temperature changes of 0.010 kg of ice at -240C as it is heated under standard
atmospheric pressure. Based on the figure, answer the following:
1000C. dayus sl J] 00C axys (oo @lidl gt AU &)yl ABUat) csis | 1

Calculate the heat energy required to convert ice from 0°C to water at 100°C.

Calculate the latent heat of fusion of ice. Ly &l 8yl yxd| w2
Calculate the specific heat capacity of ice. ) Ao o) 4yl prd| dniid) ! 3
T(C)
1000 .
:
i g :
1
]
'
o |* B ;
' ) H
W : N
et 0.522 3.85 8.04

L)ad AN x 10%)
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$110.00C 5yly> &y i yLiey J) 80.00C 3yl y> Azys i sl (50 50.0 g ogmtd A 5l el 5l Lo -5

How much heat is required to convert 50.0 g of water at 80.00C to steam at 110.00C?

LIS 6 yse59 OLlatl Aya 31 10.00C 5yly Aomys e 33l oo 1.0 kg cndend Al 28Ul ida Ls -6
How much energy is required to heat 1.0 kg of mercury at 10.00C to boiling point and completely evaporate it?
oblede o
140 )/kg-0C 3550 g5l 3yl
3.06x105 J/kga i) 2ialKIl 5yl el
3570C 3isll Gkt dmys

Note that:
Specific heat of mercury: 140 J/kg-©oC
Latent heat of vaporization: 3.06 x 10° )/kg

Boiling point of mercury: 3570C

5)‘).‘:- 3\.?).5 R <L O (m) PA | M' S=a M)i N &A}.”j 5)‘)2.” a.?).) o8 (S=ia @b}g ,”L'g.ll M‘ -7
-2 (100C) < Lt! 5L JI (-20c)

The adjacent figure shows a curve relating temperature and time. Draw the heating curve for a mass (m) of

water from a temperature of -20°C to steam (100°C):

T°C
A

100

0 > S
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A0 Aoy g1 @ T=400C 5yl 225 sLa ) Lbigxs 315 m=0.02kg T=-400C L¢:ylpo dznys g LaliS glid] (10 dakad -8
Al (e Bole Jogmmtd da Ul &yl poedl AUatl sia (ouid 13Le Bolel) &yl g Al clnc (p0 o2 ) (e AU ol B,y
dcloatl oda alesy A 4yl paed| d8Uatl o, LIMiiwl @3 (nl @yl o § d8Latl o g Aliludd! Jiadal
Hf=3.34x105jKg, CP-ice=2000jkg.c0,CP-H20=4200jkg.c0 s Lols
A piece of ice with a mass of 0.02 kg and a temperature of -400°C (T) is to be converted into water with a
temperature of 400°C (T). At what stage does the temperature remain constant despite the introduction of
thermal energy into the substance? What is the name of this thermal energy required to convert a substance
from a solid to a liquid state? Specify the energy used at this stage and where it is utilized. Calculate the

thermal energy required to complete this process.

SI(70C) Azys I Juas G s 395 (0C) Bylp Ay § addl oo (1.5Kg) chood, Jlezdl § s il (281 -9

¢ L lizes (@1 @yl A8latl jlude Led , o5 Ladl 9SITN (1o 98 S (10 (505
Suppose you are camping in the mountains, you have (1.5Kg) of ice at a temperature of (0C) and you want to
heat it to a temperature of (70C) in order to be able to make a cup of hot cocoa, how much thermal energy do

you need?

Byl Hmys ie sle JI il (-20€) § slendl 0 (1 X 102,g) I35 (50 Lsobiatal (SCas 1 23lIal e Ls -10
s (0C)

How much energy can be absorbed by (1x10/2 g) of ice at (-20C) to turn into water at a temperature of (C0)?
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lkdie Led (140C) 8yly> Ay i yieis G Liwdend o (60C) Byly> Ao 3 sl 50 (2 X 102 g) Laylois e 11
¢ LeludST iy Q1 syt l a8l
A sample of (2x10/2 g) of water at a temperature of (60C) is heated until it evaporates at a temperature of

(140C). What is the amount of thermal energy gained?

sAall 3Salpe ¢S US Joatls oLl pdess Bylyo g, sl sluas®¥ 5y o ol J3Lall JSCATT 3 il poaa 1l sl 12
(B-C) (D-E)
Use the graph in the figure opposite to calculate the heat of fusion of ice and the heat of vaporization of water

in joules per kilogram in the period (D-E) (B-C).

Adding Thermal Energy to Water

D

373

323

Temperature (K)

N
.
w

243

61700
<

A>y3) peaio dads 1 (25C) 8yl dzys § el (4 (100Kg) Jgo=s ol clal puas Jade by -13
T I &yl peed) 48UaTI 5luda Lod (1538C wyid ! jlail
A steel plant operator wants to convert (100Kg) of iron ata temperature of (25C) into molten

iron (the melting point of iron is 1538C). What is the amount of thermal energy required?
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ayly> Ay slo J1 (-30C) i1y Ay 030 (3 X 102 ) aaleS sl gl 2a3dl) 2yl pnl 48U ke oS -14
€ (130C)
How much thermal energy is required to convert ice with a mass of (3x10/2 g) from a temperature of (-30C) to

water with a temperature of (130C)?

dideud 03 (8510.0° 5ylp> Ay @ KYEINY @L‘dl o :=51.50 (213]) oo J) A lxy ol . Jled! Q PES] el a8l -15
S L Lizmiw g"dl 8yl y2dl deS P Lo .oy Lud! ST C“"“" 49170.0° J Jhad
HEAT Suppose that you are camping in the mountains. You need to melt 1.50 kg of snow at 0.0°C and heat it to

70.0°C to make hot cocoa. How much heat will you need?

15 kg
Snow

—
@ He

A\ — A

T, = 0.00C T = 70.00C.
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i @M Jaddlslade Lo, (2 LS oyl danys Jas (STs, ol sty , oyl poedl @8UaTI ea (75)) 3L Ol cendSS -16
§ 0oLl
A gas balloon (75]) gains thermal energy, the balloon expands, but the temperature remains the same. How

much work does the balloon do?

oo Joded | Jadd! yluda L, (5C) sluday pgus k¥l pdeung (0.4Kg) Loyl pguid ¥l (o LS 3 o Lids latll Joay-17
§ il da Jeat it
The drill makes a small hole in a block of aluminum weighing (0.4Kg) and heats the aluminum to (5C). What is

the amount of work done by the drill to make this hole?

§(10) sluday yobio I g (1.5m) ¢ Lasyl oo (0.50Kg)LeliS olio I (o dcdi Joliusly Ld 0945 O iy 030 05 -18
How many times must you drop a bag of lead with a mass of (0.50Kg) from a height of (1.5m) to heat the lead

by (1C)?

830 05, 098Il § Ayl ASy> Aalall Led yomi oy JS (§(0.050)) oyl e Micd Jus 2lild gLl oo LigS & yoes |tie -19
9 (2C) 14 (0.15Kg) ailiS (sLadl (o 29 Cndeudd Aalall Lpd & pmes ()] comy
When you stir a cup of tea, you do work of (0.050)) each time you move the spoon in a circular motion in the

cup. How many times must you stir the spoon to heat a cup of tea with a mass of (0.15Kg) by (2C)?
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J1(90C) 5ty Ay i o) gt Jpiell il g moiass, Jsyne plasl, el o (10g) e b i i 20
Wl e Jodud ) Jaddl 5lude Led (110C) 3yl po dzyo e £ U1 5l
Work is done on (10g) of water. The system is insulated, and all the work done is used to convert water ata
temperature of (90C) to water vapor at a temperature of (110C). What is the amount of work done on the

water?
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Calculate the change in entropy for the following situations. Explain how and why these changes in entropy are
different from each other. For these small temperature changes,you can use the original temperature to find
the change in entropy.
OIS 274 J) 418 273 ¢y sl e S 1.0 G .1
Heating 1.0 kg of water from 273 K to 274 K

IS 354 J| 54l 353 (e sl (e 0mS 1.0 (deud .2
Heating 1.0 kg of water from 353 K to 354 K

A 274 J) 52273 e poliayl e 028 1.0 (desd .3
Heating 1.0 kg of lead from 273 K to 274 K

a8 273 8yly> Aoy i Loled el (00 0228 1.0 o 4
Completely melting 1.0 kg of ice at 273 K
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Describe the energy transformations and transfers made by a heat engine, and explain why operating a heat

engine causes an increase in entropy.
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Old heating systems sent water vapor into radiators in each room of a house. In the radiators, the water vapor

condensed to water. Analyze this process and explain how it heated a room.
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How much thermal energy is needed to change 50.0 g of ice at —20.00C to water at 10.00C?
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( Hv=3.06x105 ]/kg).g: C=140 ]/kg'°C G
How much energy is needed to heat 1.0 kg of mercury metal from 10.00C to its boiling point (357°C) and

vaporize it completely? For mercury, C=140 J/kg*°C and Hv=3.06x105 J/kg.
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A man uses a 320-kg hammer moving at 5.0 m/s to smash a 3.0-kg block of lead against a 450-kg rock. When he
measured the temperature of the lead block, he found that it had increased by 5.0C. Explain how this

happened.

+972 59-226-7315 :Unlgill  olib 1020 ALl alac|




+972 59-226-7315 :Unlgill ol 2020 :ALLwII alac]
T30 3929 adg5 13U A8y il IO § LBy Aed wie el 5yl y> A2 ps 3 Bydll ulids "9 uesa" plB 27
James Joule carefully measured the difference in temperature of water at the top and the bottom of a waterfall.

Why did he expect a difference?
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For the waterfall in Figure 22, calculate the temperature difference between the water at the top and the

bottom of the fall. Assume that the potential energy of the water is all converted to thermal energy. (Figure 22

height: 125.0 m).

1250 m
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A thermal machine has a hot tank temperature of 100 °C and a cold tank temperature of 13 °C. Calculate:
(18000 ) Layluin 5yl petl oo 2 (AL5 Losie WY biin damtis g Ja i)yl ude — |

The amount of work produced by this machine when it receives an amount of heat of (8000 J)

Ul ska G 5Ll o331 Jf B3gylall 8yl AeeS — o

The amount of heat discharged to the cold tank in this case
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A reversible heat engine has a hot tank temperature of 100 °C and a cold tank temperature of 20 °C. It absorbs

4000 J of heat. Calculate the amount of heat transferred to the cold tank.

350k wic ¢ ogiue 11400 Laylade 8yly> 74y 500 K wie 5yl p> siuan (02000]) Layladae 5yl paiel gyl &y -31

31- A thermodynamic kinetic absorbs 2000 J of heat from a heat source at 500 K and releases 1400 ) of heat to a

reservoir at 350 K.
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a) Calculate the change in entropy of the heat source.

b) Calculate the change in entropy of the reservoir.

c) Calculate the change in total entropy.
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Years ago, a block of ice with a mass of about 20.0 kg was used daily in a home icebox. The

temperature of the ice was 0.0°C when it was delivered. As it melted, how much heat did the
block of ice absorb? (Level 1)

Q= mH, = (20.0 kg)(3.34x10° J/kg) = 6.68x10° J

40.0-g sample of chloroform is condensed from a vapor at 61.6°C to a liquid at 61.6°C. It releases
9870 J of heat. What is the heat of vaporization of chloroform? (Level 1)

Q=mH,
; _Q_ 9810 _, 45,100 Jikg
m 0.0400 kg
How much heat is added to 10.0 g of ice at —20.0°C to convert it to water vapor at 120.0°C? (Level
2)
Amount of heat needed to heat ice to 0.0°C:
Q = mCAT
= (0.0100 kg)(2060 J/kg-°C)(0.0°C — (-20.0°C))
= 412
Amount of heat to melt ice:
Q=mH,

= (0.0100 kg)(3.34x10° Jlkg)

=3.34x10° J

Amount of heat to heat water to 100.0°C:

Q = mCAT
= (0.0100 kg)(4180 J/kg-°C)(100.0 °C — 0.0°C)
= 4.18x10° J

Amount of heat to boil water:

Q=mH,

= (0.0100 kg)(2.26x10° Jikg)

=2.26x10" J
Amount of heat to heat steam to 120.0°C:
Q = mCAT
= (0.0100 kg)(2020 J/kg-°C)(120.0 °C — 100.0°C)
=404 )
The total heat is
Q=412 J+3.34x10% J + 4.18x10° J + 2.26x10* J + 404 J = 3.09x10° J
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What is the efficiency of an engine that
outputs 1800 J/s while burning gasoline to
produce 5300 J/s? How much waste heat
does the engine produce per second?
(Level 1)

Efficiency = w x 100 = 1800 J 100

Q. 5300 J
= 34%
The waste heat is
5300 J/s —1800 J/s = 3500 J/s
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Iced Tea To make iced tea, you brew the
tea with hot water and then add ice. If you
start with 1.0 L of 90°C tea, how much ice is
needed to cool it to 0°C? Would it be better
to let the tea cool to room temperature
before adding the ice? (Level 2)
Heat lost by the tea
Q = mCAT
= (1.0 kg}{4180 J/kg-K)(90°C)
=376 kJ
Amount of ice melted
Q
H,
_ 376 kJ
T 334 kJ
Thus, you need slightly more ice than
tea, but this ratio would make watery
tea. Let the tea cool to room
temperature before adding the ice.

m =

=1.1kg
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