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Temperature and Thermal Energy
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States of matter
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Gaseous state Liquid state solid state
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solid state Liquid state Gaseous state
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Temperature : the average amount of kinetic energy of an object’s atoms or molecules

3alall ) A g iy 3l AS ja AU Jas gia 2 By)ad) da
What happens to a solid when thermal energy or heat is added to it?
e The particles on the surface of the solid vibrate faster.

e These particles collide with and transfer energy to other particles.

e Soon the particles have enough kinetic energy to overcome the attractive forces.
¢ el 5, all o 4 ) jad) A8Uall Al vie Aulial) salall chasy 13k
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Hot object
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Particles in a hot object have greater kinetic and potential energies than particles in a cold

object do

After Thermal Equilibrium

Before Thermal Equilibrium
Hot object (A) Cold object (B)

Thermal equilibrium : The state of two or more objects or substances in thermal contact

when they have reached a common temperature
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Heat transfer : The heat travels from the upper object at the temperature to the object

at the lowest temperature until thermal equilibrium occurs

Eaany i bylal A o 8 IV auall D5l all da a8 e W) sl (pas el Jai ¢ B ) gad) JUEL)

Types of liquid Thermometers
ALl il sia g il & 53
Celsius Fahrenheit Kelvin
(C) e (F) leed (K)eas
Liquid used Mercury Mercury
sl Jilul) R\ R\
Scientific basis Extend the liquid Extend the liquid
Jasll 3 S Sl aags Sl aads
Starting point
Lol A 0 32 273.15
End point
Ll A 100 212 373.15
Snow melting 0 32 273.15
point
Boiling point
of water 100 212 373.5
slall lale 4 )
Number of
umber o 100 180 100
grades
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Temperature conversion laws :

2 Blad) il )3 Jogad ¢yl 68

(1) Conversion from Celsius to Kelvin
CAIS () 4 als A )3 (e Jy 53
T, = T.+ 273.15
(2) Conversion from Kelvin to Celsius
4 ke Aa 0 () QIS e Jy sl
T.= T, —273.15
Convert the following Kelvin temperatures to Celsius temperatures.
4 b da )3 I GAIS e AU il Sl J
(D) 120 K & e
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(B) B350 K & et
Convert the following Celsius temperatures to Kelvin

CAS (4 sl A 50 (e Al Gl pall J s
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Het and Thermal Energy Transfer
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The amount of heat depends on the mass of the material, the specific heat of the material

and the temperature difference .
ol oall cila jn 58 g okl due gill 5 ) jadl g saladl ABS e 5 ) jal) dueS ) b g
To calculate the amount of heat that a substance acquires or loses, follow the following law

S 0 A iy La i ) 5ol LgansiSS ) 851 jal) £y ilasal

Specific heat

Quantity of de gl 5 ) al)
thermal energy

Quantity of thermal enerqy :

The amount of thermal energy transferred from or to the material
« Bl all duas

salall 1 gf (e il Ay ) jal) ALYl

Specific heat :

The energy gained by a 1kg mass material to raise its temperature one degree in the

international temperature measurement system .
s A 5il) B ) ad)
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Specific temperature measurement unit :

s doe ol B ) el (b Bas g

J/kg.K

Unit of measuring the amount of heat :

2 Boloal) daS (bl Bas g

Specific heat, ¢ Molar heat capacity
Substance  J/kg-C° cal/g-C* J/mol-C*
TiemrenTtSotns

Aluminum 900 0.215 24.3

13 PO | . 190 0N 176 1A R



(1) A 5.10kg cast-iron skillet is heated on the stove from 295 K to 373 K. How much heat

had to be transferred to the iron?

e s L (373 K ) a0 ) (295 K ) Aoy (e S50 e (5,10 Kg ) Ll snll (pe 53 (i o3
¢ aaall ) Lelas camy Al &) yal) A8

.................................................................................................................................................

.................................................................................................................................................

(2) When you turn on the hot water to wash dishes, the water pipes have to heat up. How
much heat is absorbed by a copper water pipe with a mass of 2.3 kg when its temperature is
raised from 20.0°C to 80.0°C ?

oo il LgansiSy A1 A 5l a) AU y)aie a8 elyal) o) 5 ya a0 i 55 (3l Jukd Al ela gt e
.(80.0 °C) A1 (20.0°C ) o 4ilsa da ) adil yi Ladie (2.3 KQ ) 43LS sl

(3) Electric power companies sell electricity by the kWh, where 1 kWh = 3.6x10 © J.
Suppose that it costs AED 0.15 per kWh to run an electric water heater in your
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neighborhood. How much does it cost to heat 75 kg of water from 15°C to 43°C to fill a
bathtub ?

(1KWh =3.6% 100 ) of um el 5 5Ll s g Ay o 20U gl (3 oo 4802 s
) (15°C) o elall (a (75 KQ ) cpdnsi IS5 oS8 (10,15 AED ) (& el il 5L A5 (5f yal il
cebeaiu¥) Gasa el (43°C)

(4) The cooling system of a car engine contains 20.0 L of water (1 L of water has a mass of
1 kg).

(1 kg slall e il aal 5 1S &l ) elall 3 (20 L) (Ao 3k el a2y il ol (5 ging

a ) What is the change in the temperature of the water if the engine operates until 836.0 kJ
of heat is added ?

QJ\)AS\MLH\UA(836 KJ);h.uS\ \J\;Ld\o)\ﬁﬁ)ﬂ&mgﬂ\)uﬂ\u

.................................................................................................................................................

b ) Suppose that it is winter, and the car’s cooling system is filled with methanol. The density
of methanol is 0.80 g/cm3. What would be the increase in temperature of the methanol if it
absorbed 836.0 kJ of heat ?

Gaanin il Al 33k 3 e (1080 g/ om 3 ) Jsibinall 4S5 J giline o slen 3 bl b il alas o (2 )
LJ\);J\I\.BLH\UA(836 K\])u.alo\ \J\d).a\_\:\.cj\c)\);bjd‘ss

C ) Which is the better coolant, water or methanol? Explain.

il b € Jsilinall o) elall oy il ks b aladiu DU Juadl il g

.................................................................................................................................................

.................................................................................................................................................

Measuring Specific Heat
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A simple calorimeter, such as the one shown in Figure Stirer | Thermometer
. . i Insulated outer | 74 po i
is a device used to measure changes in thermal energy s B

A calorimeter provides an isolated, closed system in

which to measure energy transfer. ‘

ey J‘-@A}AM\@@A}A\ el + Javeall Lﬁ)‘)éj‘ ol \/ L water
(AR Lﬁ)‘)ﬁj‘ M\ _)Sﬁ :\:\J\Jﬂ\ PEBAY L.é t_t\)..u_“\ L).n\:\ﬂ co"']‘t';?r"e[ A‘ 7 - -J ‘ ’
) ﬁu‘ dg:‘ w\ﬁﬁ L'ZL-A g"‘}u R ~ TJest substance

Conservation of Energy

In an isolated, closed system, the thermal energy of object A plus the thermal energy of

object B is constant.
d3Ual) Jads
Gl laia (B ) paendl s (A ) el £y ) jall A8l ) &5 3l J g e allai b
E, + Eg = constant

From the previous equation

i) oladdl (e
EA - - EB
To compensate for the value of energy on both sides
Okl A8l dad e Gy el
mACA(Tf_TA) = — Mg CB(Tf_ TB)

(1) A calorimeter contains 0.50 kg of water at 15°C. A 0.10 kg block of an unknown
substance at 62°C is placed in the water. the final temperature of the system 16 ° C what is
the substance .
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53l (0.10 Kg ) W laie A€ s oy (150 C ) 5l_a A die elall (o (0.50 Kg ) sl srse 55y
?aJLAJ\GALA(160C)‘;§6ML3L@S\DJ\)AJ\3AJJJ;LAM‘“_Q(GZ OC):\AJJM:\AJIMJ:\Q

(2) A 1.00x10%g aluminum block at 100.0°C is placed in 1.00x102 g of water at 10.0°C. The

final temperature of the mixture is 26.0°C. What is the specific heat of the aluminum?

Aoy Cand ol 50 (1.0 % 102) (8 (100° C ) Leinln Ea s (1.0 % 102 ) bl g o AU ia
¢ asmia sl due 6l 3 ) all 8 L (126.0°C ) Lalall ddileill 5 ) jallds 0 i (110.0°C ) 3~

-------------------------------------------------------------------------------------------------------------------------------------------------

(3) Three lead fishing weights, each with a mass of 1.00x102 g and at a temperature of
100.0°C, are placed in 1.00x10? g of water at 35.0°C. The final temperature of the mixture
is 45.0°C. What is the specific heat of the lead in the weights?

@ 25 5 (100.0° C ) 5ol —aia,s a5 (100 x 102 g ) Leie IS ALS Ay 3l JUEH &30
b i (45 © C ) daglall Aileill 551 jall a0 cuilS (350 C ) 5,0 a0 die Wl (50 (1.00 x 102 g )
¢ QY] 8 aadivall A i 5ill 50l

(4) A 2.00x10%g sample of water at 80.0°C is mixed with 2.00x10? g of water at 10.0°C.

Assume that there is no heat loss to the surroundings. What is the final temperature of the

mixture?

2 (10°C) 2ie clall 50 (12.00%10%g ) &= (80 ° C ) 2ie ( 2.00%10%g ) LAl slall (e Ae Ll o3
QM@L@.\S\oJ\)ﬂ\:\AJJ@LﬂM\

.................................................................................................................................................

.................................................................................................................................................
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(5) A 4.00x10%g sample of methanol at 15.0°C is mixed with 4.00x10? g of water at 85.0°C.
after the system reaches thermal equilibrium 4.00x10% g of methanol at 15.0°C ia added
Assume that there is no thermal energy lost to the surroundings . What is the final

temperature of the mixture?

a5l A oLl e (4.00%107 g ) e ((15.0°C ) 45 om Ao sl a ( 4,00x10%g ) bl 5
4l s )y Jsilial e (14.00%10% g ) ddla) o ()l ) o) 39 ) alail) Jsm g 2005 (85° C)
¢ Lalall 4leill 3l jall da 3 o4 Lo ddapsal) A3l ) 45 ) s d8Us (88 axe ) yiéls (115.0°C)

-------------------------------------------------------------------------------------------------------------------------------------------------

Changes of State and Thermodynamics

&) ad) Labial) g Adlad) e s
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Changes of State :
The three most common states of matter on Earth are :
1- Solid 2- liquid 3- gas
s Adlall Gl pes
Sadi—3 Jildi— 2 clall ] P ot Lo sl SV cYlal)

e As the temperature of a solid rises, that solid usually changes to a liquid. At even

higher temperatures, it becomes a gas
e ¢ Aol B cila o gL il sl el iy ¢ Abiall 3alall ) jall da o adii 5 Ledie

e |f the gas cools, it returns to the liquid state If the cooling continues, the liquid will

return to the solid state.

CAlall A ) o g JiLad) (8 ¢ il i 1) ADLG) A ) 0 gan adld ¢ 0y Sladl K1)

373

323

Temperature (K)

273

lce + Water

/\/

’ 61,700 395,700 813,700 "3,073,000

Melting point: The temperature at which a substance changes states from a solid to a liquid

Sl ) Abeall Alal) pe sl L s il 5l adl Ay sl da

Boiling point: The temperature at which a substance changes states from a liquid to a gas .
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Freezing Point: The temperature at which a substance changes from a liquid to a solid .

i I il (e Balall Lgd s i) 5 ) el s el as

Condensation: Physical change in matter from a gas to a liquid .

Jlas I 5le e malall s - Casisall

Evaporating: Physical change from liquid to a gas

e (N il (e kel yuas Al

Heat of fusion and heat of vaporization

A0 3 ) a g i) 3 )

Heat of fusion: ( Hs) The amount of thermal energy required for smelting (1 kg) of material

EJ\A&\UA(]_kg)M@M\:\_})\)ﬂ\:\ﬁu\@S(Hf)J\.@.sa.\‘}“'&)\);

Heat of vaporization: (Hy ) The amount of thermal energy required to vaporize 1 kg of

material

salall e (1 Kg ) il 4 sllaall 4, ) jal) A8l A0S (H ) ¢ il 50 s

Table Heats of Fusion and Vaporization of Common Substances
Material Heat of Fusion Hf (J/kg) Heat of Vaporization Hv
Copper 2.05x%<105 507x106
Mercury 1.15 > 104 2.72>x105
Gold 6.30x< 104 1.64x<106
Methano 1.09>x 105 8.78>x105
Iron 2.66x<105 6.29x106
Silver 1.04< 105 2.36>x106
Lead 2.04x<104 8.64>x<105
Water 3 34105 2.26>x106

HEAT REQUIRED TO MELT A SOLID:

The heat required to melt a solid is equal to the mass of the solid times the heat of fusion of
the solid
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Q =m He

HEAT REQUIRED TO VAPORIZE A LIQUID

The heat required to vaporize a liquid is equal to the mass of the liquid times the heat of

vaporization of the liquid.
ol 3l a (A Ay piaa Balal) ALK (g gLt leaaiD da 33U 5 ) jall dues

(1) 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?

(o deai (S 4333 365 (10.0° C ) Buls A s (8 lall e ((1.50Kg ) il Jladl (b s il (o
lgabiag 4 ) al) 48Ul ot Lad | cale g S Jae (e oSl K1 (70.0°C ) da 0

-------------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------------

.................................................................................................................................................

(2) How much thermal energy is absorbed by 1.00x1 0 2 g of ice at -20.0°C to become water
at 0.0°C?

elo ) Jsali in (-20.0°C ) o lall 5o (1.00%1 02 ) IV (e Lpnabiial (s 201 AL 2eS L

?(O.OOC)BJ\P:\._AJJJ}S‘—

.................................................................................................................................................

.................................................................................................................................................

(3) A 2.00x1 02 g sample of water at 60.0°C is heated to water vapor at 140.0°C. How much

thermal energy is absorbed ?

3ol ada e A s il 23 (60.0°C ) sl da 0 A eldl (10 (200102 g) Lo laie die
¢ L€l oy i) 3 ) yall A8l laie L (140.0°C)
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(4) Use the graph in Figure to calculate the heat of 73
fusion and heat of vaporization of water in joules per | =
n
kilogram. 3 429
5
Al Jleail 5 a clual | slaall JSEI 8 bl ane )l a2iial E:.;n
ce. 5
PlonshS / doalls slall suisslns | 236CHE S BTSS0S0
eat

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

(5) A steel plant operator wishes to change 100 kg of 25°C iron into molten iron (melting

point = 1538°C). How much thermal energy must be added?

Aa0) Dgraie 3 ) (25°C ) 300a a0 (8 waall e (1100 Kg ) Issa O liall gian Jadia 2y
¢ MJM\ 4..))\)33\ PN J\Js.a Lad | ( 1538 ° C J.JA;J\ JL@...AJ\

.................................................................................................................................................

(6) How much thermal energy is needed to change 3.00x1 0 2 g of ice at - 30.0°C to water
vapor at 130.0°C ?

;\AJ\AJ‘_A;\(—BOOOC)SJ\);‘KAJJJLJ,)u\UA(BOOX]_OZg)ng;ﬂ:\AJM\:\gJ\);M:\ELH\ J\ﬁ.abq

(130.0°C ) 5,)ya da 2 i

.................................................................................................................................................

.................................................................................................................................................

The First Law of Thermodynamics

A ) ad) Saaliall J oY) ¢ 53l
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THE FIRST LAW OF THERMODYNAMICS : The change in thermal energy of an object

Is equal to the heat added to the object minus the work done by the object

pmnl) Leani€s ) 31l (5 gl Lo pasnd sl 8D 3 sl o 51l Sl 3 0531 30
el 4y 3 Jal) e s yhae

AU=Q-W

(1) A gas balloon absorbs 75 J of thermal energy. The balloon expands but stays at the same

temperature. How much work did the balloon do in expanding?

S Jrl) e e, o LS5l Ao 015 (05 ¢ Il 2y iyl G875 0) Sl sl cnsiSs
¢ anaill sie Sl Al

(2) A drill bores a small hole in a 0.40-kg block of aluminum and heats the aluminum by
5.0°C. How much work did the drill do in boring the hole ?

Dldia L (5,00C ) Jhiar asia V1 s (10,40 Kg ) ke o st ol &S 6 e (i Gl Jang
¢ il 13 Jard Q& (e J saall Jail

.................................................................................................................................................

(3) How many times would you have to drop a 0.50-kg bag of lead shot from a height of 1.5
m to heat the shot by 1.0°C

oaba )l padl (11,50 m ) gl (e (1.50 Kg ) LaliS Gaboa 1 (g dyia Jaliuly Lad o g8 0 cang 33 oS
(1°C) i

.................................................................................................................................................

.................................................................................................................................................

Heat engines : is a device that is able to continuously convert thermal energy to mechanical

energy.
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ASlSae Aila ) ) ey Ayl sl A8l i gt e 8 Slea e 5 ke (8 ¢ Ayl al) cils )

[ oA doadd ahds an

)
/lEnergy Diagram of a Heat Engine

Ty 2e Alusag
[ T tw]>> Hot reservoir at Ty

[ sl &yl | e

engine

[ T e )b gasiue

QH=W+QC

The thermal engine requires

¢ A high temperature source to absorb heat from it
e A low-temperature receptacle, called a sink

e A way to convert the thermal energy into work.

: g Il d aal) alidlia

(Q&M\tJM\)@EBJ\P:\;JJJSJM °
d)md\jiu'a)ﬂ\ng(JJ\.}S\&JM\)M&ASJ\P:\;JJ}.J;;LGJ °
Dt ) ) L i e e

The idea of working the internal combustion enqgine

Transforming thermal energy into mechanical energy and expelling hot air
;Q&\.\J\dbﬁa‘ihﬂyd&ﬁﬂ

CAludl o sgdl 3 jha 5 ASlSe ABla ) 4y ) ad) A8l s
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How the internal combustion engine works

: SR (g aY) & Jo Al b

Jsadl e ;\}@_\\,3}5}1\@5] [dmy\@/ﬁ
——a Internal Combustion Engine
Intak yg

Fuel-air mixture Spark pl

o

\ N\

Cool gas enters the cylinder The piston compresses The spark plug ignites the gas. The piston moves up, which

when the piston moves the gas. The hot gas expands, pushing forces the exhaust out of the
downward. the piston down. cylinder.

Adahy g Sl Jledl

e &) ghuyl )
oSl & jas
Jiul )

Doray g AL )
il Y el e

(1) In the engine, input heat (Q H ) is transferred from a high temperature flame to a mixture

of air and gas vapor in the cylinder.
m\}L““X\L;de\ J\.;.a}c\ﬂ\w@hé\@bﬁj\ﬁh‘)d&bww(QH )@J\Jﬂ\i\éu\wﬁ\%sdﬁﬁ

(2) Outside air passes through the radiator and becomes warmer. All of this energy (Q C)
transferred out of the automobile engine is called waste heat When the engine is working

continuously, its internal energy does not change

E)\,}.\J\AJMGJB‘;‘\@‘Fﬂ\(QC)&UA\Q&dsjﬁj\);:\.;)dcﬁ)ﬁé.)),\d\dﬁi@)&\;\)@\ﬂ
)..33_13‘}1éM@;\J\ﬁu\uD#\@ﬂM\MDMJc'é‘)A@_AMB)\‘);“LsA.\ﬁ
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AU=0=0Q—-W
(3) The net heat going into the engine is

EROURVI I R E RPN CIAT
Q=0Qg— Qc=W

Efficiency : the amount of the input heat (Q H ) that is turned into useful work (W).The

actual efficiency of an engine is given by the ratio

Al A8l et (W) A 33N (S i ) S 0 ((Q ) Al &y sl 8Ll 2 ; Bl

. w
Efficiency = —
H
Applications: 1- Refrigerators 2- Heat pumps
Lyl cldadl -2 Gl — : Clylail)

The Second Law of Thermodynamics: states that whenever there is an opportunity for

energy dispersal, the energy always spreads out

iy A8 )l ¢ dBUal) HLEEY A 8 @l il LS Al e 4 ) el Saalall 5B ) glal Gaiy
ENtropy : Is a property of the system properties . It is a measure of energy dispersion .
(S)

CHANGE IN ENTROPY: For a reversible process, the change in entropy of a system is
equal to the heat added to the system divided by the temperature of the system in kelvins

AUl 1 5F pa i 5l Al Z8UAD (5 gl L allail g S55Y) g yuiil) () 55 A sSmall Aalanll 1 (g Y 8 puail
usmbew\ﬁj\ﬁﬁ))ésuw

AS = =
T
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Notes on entropy :

(1) A system that concentrates on thermal energy in one place is considered a low-entropy

system

(2) The system in which thermal energy is deployed is a high-entropy system

s 29 AN Ao clliadla

oY) pmddie ol yriag aal g S 84 ) all A8l 8 5K 5E A ol (1)
oY) e alai ey 4y ) ad) d8Ual) 4 i 53 Sl (2)

Problem :

(1) Entropy has some interesting properties. 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.

e Heating 1.0 kg of water from 273 K to 274 K.
e Heating 1.0 kg of water from 353 K to 354 K.
e Heating 1.0 kg of lead from 273 K to 274 K.
e Completely melting 1.0 kg of ice at 273 K.

L (5 o3 (oY) i i T3l g (oS oy A VA 3 g Y] 3 Caolall il
. pandl

(274 K) G (273K ) o elall e (1O K ) csnss @
(354K )l (353 K ) cse slall (30 (1.0 Kg ) ¢
(274 K ) ) (273 K ) ¢y saball 00 (1.0 KQ ) crinss

(273 K ) 2ie L il (50 (1.0 K ) e

.................................................................................................................................................




(2) Heat of Fusion How much thermal energy is needed to change 50.0 g of ice at -20.0°C
to water at 10.0°C?

ianrie el A (-20°9C)am e 2 4dall (6 (50.0 g ) Jasail A 30U A i all 2 8Ual jla e L
(10°C)

-------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------

(3) Heat of Vaporization How much energy is needed to heat 1.0 kg of mercury metal from
10.0°C to its boiling point (357°C) and vaporize it completely? For mercury, C = 140
J/kg-°C and H v = 3.06x1 0 5 J/Kkg.

&I (10.0°C ) 30 s da o (e 35330 3 (e (1.0 Kg ) 3000 Ao ad ) da 30U Ay ) pal) ddlall laie e
Hv=3.06x105JKkg) . (C =140 J/kg-°C ) G 0 Al | JalSIL a iy ( 357°C ) ol a3

.................................................................................................................................................

(4) Mechanical Energy and Thermal Energy A man uses a 320kg hammer moving at 5.0
m/s to smash a 3.0kg block of lead against a 450kg rock. When he measured the temperature

of the lead block he found that it had increased by 5.0°C. Explain how this happened.

(3.0kg ) LS Gabia )l (je ABS oS (5,0 /S ) de mn & a5 ( 320Kg ) aliS 48 jlae aadion Ja
o (5.0°C ) sy caal ) Ll aa g abia 1) ALS 350 a A )3 (a6 Ladie (450KQ ) LS 5 3a Jlo

JJaa dhas e

.................................................................................................................................................
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