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Temperature : the average amount of kinetic
encrgy of an object’s atoms or molecules

Whal makes an object hot?

wall and cause the balloon to expand.

Ll )

CPHYSYCS ‘l;.';- ARV = 20252020 =THERMAL ENERGY =

Temperature, Heat, and Thermal Energy

When vou fill up a balloon with helium, Helium atoms 1n a balloon collide with the rubber

3 Lea Blnall jlang adbeeas & oIl JA0Y agalagll i 3 G cp gl & ol Shal Latics

oy el Al ALY das i s B ad A 0

\f__..—"’f .-" II

>
H\'.
)

(2=
-

What happens to a solid when thermal

ol B A Gl Lasie liall aatl e Jila

* Spon the particles have enocugh kinetic
energy to overcome the attractive
forces.

Particles in a hot ohject have greater kinetic
and potential energies than particles in a cold
| object do

energy or heat is added to it? 75 )
» The particles on the surface of the solid | 4 e B clal acadl mha o Siljall
vibrate faster. _ : _,...ill
* These particles collide with and Jadlg s AN Clbjady ackeat Sl jadl 528
transfer energy to other particles. Adidal) L)

LS A o il iy o) A La (A joe @
Mg Aglladl g 8 e il

il 5 3 g il ol Al sl 3 cilapantl
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Thermal energy 15 transferred from a hot
object to a cold object.

When thermal equilibrium is reached, the
transter of energy between objects 15 equal.

What is thermal energy

The sum of the kinetic energy + the
Eutcntin! energy of the Erl‘idcs.

is the total energy of a material’s particles,

including kinetic—vibrations and movement

within and between the particles—and

potential—resulting from forces that act

within or between particles. (The sum of the
KE and PE of the molecules in an object)

What is Heat

Al iy vohall eaguind ZlSH BN £ pana

Jil 5 ) a0

Thermal equilibrium

Heat is thermal energ}r that flows from highﬂl’ tempe;amw to Jower temperatme

C 2 e ) s e (e 4y ) padh A8 RIS
e T L5 = Ly LS (SN PR L TR
03 e alea Y e D s

d ) yadt AELRN b La

hauindl g g Jata 35 5adl b 51 Y KRl
Jals 59 Al g gl e A0 dnalsl) asliall y
Akl g 48 jall A8kl & pans) Lot ol Tlaneall
sl L S TR GISH

31l A L

M e 55l Ba s e JIBE A 1 e Ailda o 50 sl

At

The state of two or more objects or substances in thermal contact when they have reached a

commeon emperaimre.,

MAS ke B e da g A Jual Ledie g ) e elad B 31 ge gl S gl Cpaea Al 8

Before Tharmal Eguilibrium Thermal Equilibrium
ot aibect { &) Gl bt [56)
\ - ,,If’ b "ﬂ”{'
\ f v B | | .»'F '\ o
N
KEs > Kfm l MEy = KEg
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Thermometers

Every thermometer relies on a property that
changes with temperature. In homes, colored
alcohol 15 used, which expands when heated,
while crystal thermometers depend on color
changes. Medical thermometers and those
used in car engines use small,
temperature-sensitive electronic circuits to
measure emperature guickly.

CPHYSYCS (13 ANV = 20252026~ THERMAT, ENERGY = Sdeiion 12 - 5 b ekl

in:i_;i_;:d] u.uﬂu.lJi

:‘I-?F_'J--'I_'}_-:IL-'IE |_-:-i.-'l--r'-"-.;.n-.ﬂl-.=="' 'u-l-f-.'.'-.q.ﬂ:il- EJ]JLLJHI:TE#LE
st anady e Jgas aaadig 30 4 B padl
0 e g 5 gl 8 g el Guglie adia Laigs o)
b lalh S e dala N I gl L o 1

_iI-JJ.LJ'Ld_L!'I__lil:I;JlJbJJi_uILu& ;_'_I_"AJJE]-] _.:31_;;:-,'.1._‘.:'-3....:@

Temperature limits

Temperatures in the universe vary widely.
Some places, like the Sun’s core and
supernova explosions, are extremely hot,
while certain materials can be cooled to very
low temperatures, such as liquid helium,
However, there is a minimum possible
lemperature called absolute zero (273.15°C),
where atoms stop moving completely and
temperature cannot go any lower

Bl adl Cila 3 Jgds

ian tha S (S alias ) & a5 ) jadl Sl
A el Bagads U gl g geall y el 38 3e e ALY
Kin Aumdn e Sl g0 Mol gl |y i (8 Ly
Bl adl o s aa g ol ey Bl bl e

A5 s LT e 027315 Ahall dall e
5 e 5815 gl paia ol cSa Yy Likad a3

W Tomperataric of B i e =

Sirinee i fhe San

Suba e ity
o baiow Hhin
Errpahiluie

LSRN
[ea s

Kiiclear bomt

e @icae
Hmoaas

Hefam
ko
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Temperature Scales: Celsius and Kelvin ORI g g gadacd] 3 1 jad) da 54 pasiliia
The Kelvin and Celsius scales are used by b cebalall (8 G e gridai y IS | paadia 032905

scientists. In the United States ’ _ / | ;
' i o £ e e e i) dEaa il il
the Fahrenheit scale is often used for weather 2 B A

reports and cooking gl y bl w455

Conversion Formulas .-'h.n:ﬁh ot s

. 2 K "G F

o Celsius to Fahrenheit: on L.':.:!.!-mqp:, g
9 1 1 g
F=—-C+32 1 =
5 % =
« Fahrenheit to Celsius: %

o : Y

C 2 F—32 m' y
. =

« Celsius to Kelvin: B L i5 | =ds50.67

K=C+273.15

Convert each of the following:

1= O s P A I B s v v svan it das b e s & o R A A B TR TR S 5 50 R P s i £ S R e S

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

e O I, s s s i e i P i s e i R A o P e B £ S SR e R S e
B DS 10 QOIS ——emmeeeemee e eeeeemeeneemeeeeeeeeeeemeeeeee e eeeeeeeeeeeeeereeeeemmoeeeeeeeenn
PP T R g i il
S- 32315 K 10 Cel8ils: ~roc oo s e e e e st e o

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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‘What is the value of 5°C in kelvins?

eoaklly 8O0 5 b all da yadag s

A 278 K B 80 K

‘ cl 7T K I D I 2TIK

Pl i) da ol 34 K 5 ) =l s 0 A La

fAISIL TROF B jadl da 5 dad La

£y IS
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Heat and Thermal Energy Transfer

When two objects come in contact with each
other, they transfer energy. This encrey that 15
transterred between the objects 15 called heat

Heat edways flows from warmer (hotter) to
cooler objects

L‘_Jua..iiiﬂ.hlld.iﬂ_gi_;bﬂ

(ol Lag s o lanal) Loguines Glassa pally Lanic
Cpeneall o dlBiali Al ohe Sy Legh ad )
B ad)

o) {35y SN LAl a1 e LS 5 )yl S
r-:l_\_H;.:lll Ij"-l-ﬂhhll

o @l

iﬂ-.} I
‘\jlf
S

Cup gets cooler while hand gets warmer

L ) st Laly 8l i S e

lce gets warmer while hand gets cooler

The symbol € is used to represent an amount
of heat, which, like other forms of energy, is
measured in joules.

If O has a negative value, heat has left the

Al st Ladug Ul el sy

Jaadly pelad il 6 ) pad) 48 i) QN paainy]
Adall sl il B

S 5 ) ey Vigs Al el IS 1)

1- Conduction: When heat transters from
objects that are touching.
2- Convection: A hot liguid or air that

expands, becomes less dense, and nses
or becomes denser, and sinks.

3- Radiation: When heat is transferred
from ohjects like rays of light or
electromagnetically.

object; POPEN)
i’ © has a positive value, heat has been kel poanll e Vagh R e ) e IS T
absorbed by the object ' R BT
Heat flows in three ways: S B T R RN e

Rocadlis alieal fp gl jall (B0 Lavie - Juus 530 g
'.l_j_'u.Lm.IiL dl‘_-;‘ll _,i el Araly Larie s i_qu__;:Inﬂ Jaadl 2
u.dq}i::ﬂufli. J:'Iii E'u_:l_l_ - J-I 'l"‘:ﬁ.,uh"..! erﬂ,._ji:l L!'LI.._.:LI:I .-

IS5 e alua Y (e ) el R Lazie: pladil-3
Spalalibe 368 Doy gl A4S gaa Bl
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5

Specific Heat

* Some things heat up or cool down
faster than others.
* Specific heat is the amount of heat

required to raise the temperature of 1

Tha specific heat of a material is the amount
of energy that must be added to the
material to raise the temperature of a unit
mass by one temperature unit

Q = mC,AT =mC, (Ty—T,)

kg of a material by one degree (C or K.

Age gill 31 gad)
La gt ap g 358 ) e S oy @
bl e E el jlie s A gl 3 el e
Jiay Ladda Ga pl 2 plil] 3] a2
{l_';i]E. _’l I:"I:lj 5.'!.‘;.]_5 i:..\_:.'l

oy Ll A8 G jhda o4 Ladald doe 30 g sall
i ALEY 2an 98 ) pa e 0 pb Jf Balalh U9 1 15000}

Q@ = mC,AT =mC, (Ty —T;)

Specific Heat

Matenal

{A{kg-K))
Aluminum agr
Brass 376
Carbon 710
Coppar 385
Glass 840
lce 2060
lron 4350

Specific Heat of Common Substances

. Specific Heat
Matenal ﬁ."{ug- K))
Lead 130
Methanol 2450
Silver 235
Wiater Vapor 2020
Water 4180
Zinc 388

Luav Bani Ata

Page |7

0505369567




PHYSYCS (12 ADV = 2025-2026~ THERMAL ENERGY = - adeaiiin 17 - £l bl

| A5.10 kg cast-iron skillet is heated on the 5. 10 kg YALS A 30 Jdall fu * Lol e-"

stove from 295 K to 450 K, dusls 450 K J1295 Hi_,ﬁ;:-ﬂ.pﬁg.n B gali
How much heat had to be transferred to the Tadadl J) JB5 ) e 201 5 1 adi
iron?

(6]
| How much heat is required to raise the temperature of 2 kg of water from 20°Cto
30°C? (Given ¢ = 4186 ] /(kg - K))
Ao il iyl padt dandd) i Lale( £30°C ) 20°C S plall Ga 2 Keg u1m S s g8 A 3151l sl e
{C= 4156”‘[.&:£ - K) #lall
41,860 J | B 83,7200

I
I i I —
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[7 ]

Electric power companies sell electricity by ol g Lif B g sl Sl AR gl sl S S ad
the kWh, where 1 kWh = 3.6%10° ). Suppose | .1 kWh = 3.6 x 10° J i dus « (kWh)ds

5

that it costs 50.15 per kWh to run an electric U_g S plall Chds Sl A o o )
water heater in your neighborhood. How 4RI 15 S W h JS! N 3 0,15 b il
much does it cost to heat 75 kg of water eJal 43°C M15°C Ga #lall G4 75 kg (pied
from 15°C to 43°C to fill a bathtub? Sabantiudt) i on
[8]

When you turn on the hot water to wash Gl (3l i o gl S Gl ¢ Lall il Ledic
dishes, the water pipes have to heat up. Fla cagadl Ly 3 5 jad) 3zaf La, sbsall il
How much heat is absorbed by a copper O G A ) ady e 2, 3 g A0l ulad
water pipe with a mass of 2.3 kg when its 80.0°C A 20.0°C
temperature is raised from 20.0°C to 80.0°C?

Luav Bani Ata Page |9 0505369567
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[9]
The cooling system of a car engine contains | (e 20. 0 L /& 8l & 2 b S Al g ey
20.0L of water (1 L of water has a mass of 1 (1 kg ARS8 A eladl S L &) Sun) plall

kg).

1-What is the change in the temperature of the water if the engine operates until 836.0 kJ
of heat is added?
5 ladl e B36. 0 k) Al i da el Jas 1) plall e A s A padl) ke Le

2-Suppose that it is winter, and the car's cooling system s filled with methanol. The
density of methancl is 0.80 g/cm?®, What would be the increase in temperature of the
methanol if it absorbed 836.0 k! of heat?

J&mu_nhaugﬁ;m:“ b Jiteall A5 el ;e B el A alBY g (e 10N ,J...aiq,.iu'l L
Bl e B36. 0 Kj paial 13 Jpitaall 31 a da 3 A 34050

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

Luav Bani Ata Page| 10 0505369567




CPHYSYCS (13 ANV = 20252026~ THERMAT, ENERGY = Sdeiior 12 - p b ekl

Calorimetry: (Measuring Specific Heat) (A 01 B at) ol ) Ay peaal)

A simple calorimeter, such as the one shown S TENTTS ST TCCPPUNE Ly cogs T B

in Figure 15 a device used to measure changes , : . : i s
; jrsal] Cay gl ARkl B adll | lal anaiig
in thermal energy At Al . i

A calorimeter provides an isolated, closed Al I al laay Yy e Lalad
system in which to measure energy transfer

Calorimater

Conservation of Energy Adlkhll Jada

In an isolated, closed system. the thermal energy of object (A) plus the thermal energy of
object (B) is constant.

Al (B) pesall 1l 23U ] Wliaa (A) posa] 2yt A8 (553 650 5 g s il
AEy + AEg =0
AE, = —AEg
M C4AT, = —myCyg AT g

€. — —mzCh ATy
ol Hi:‘ql‘:lqﬂqu
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[10]

A calorimeter contains 0.50 kg of water at Le pladl 2 0.50 kg (5 il peadl g han

15°C. A 0.10-kg block of an unknown 0. 10 kg L ks il pday &, 15°C bla da

substance at 62°C is placed in the water. elall B 62°C 5 0 da s dlggas 5ika (e

The final temperature of the system is e 167 C P Ayl 5. ad) A 8 7S

16°C. What is the substance? £410.16°C pill Ll Bl uall a8 o8
Yodlall

[11]

A calorimeter contains 0.50 kg of water at Lo plal 5 0,50 kg A5 goladl ) o oy
15°C. A 0.040-kg block of zinc at 115°C is | 0. 040 kg W /e 488 pdas 3, 15°C 5l a da 0
placed in the water. What is the final ot b, slall A 11570 8,0 da 0 38 & e
temperature of the system? FalBil duilg il 51 ad da

_________________________________________________________________________________________
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[12]

A 2.00%10% 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?

da o e plall ha 2,00 x 107 g b like L
(42,00 x 10% g g 4hls 2380.0°C 31
da g Y Al g Sl 10, 0°F B s da pd die plall

50 adl Aa b e, Jsaall o gl ) 3 ) el )38
Tlaudall duilg 2

[13]

A 1.00x10° g alominum block at 100.0°C is
placed in 1.00%10° 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?

a0 L 1,00 x 10% g W lia ppula p1) e ALS
G+ 1.00 x 10% g 2 aa 100.0°C 50
5l adl ds 3 ilS, 10, 0°C o da i X glall
i) adl Al 4 L 26, 07C Jalddl Sl

Pa gia g5 (s g2 B 4 adl) A gl

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
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[14]
Three metal fishing weights, each with a ALDS Lpdy dal g JS laall dueal Addea JUESS 4355
mass of 1.00%10° g and at a temperature of A00.0°Cilmia 031,00 x 10% ¢
100.0°C, are placed in 1.00x10° g of water Baida i e elall Ba 1,00 X 107 g A o
at 35.0°C. The final temperature of the I dah Al il B 1 jall da pd kS 35.0°C
mixture is 45.0°C. What is the specific heat Byluadl) i il iy ) ol dacdl 2 L 45.0°C
of the metal in the weights? TR adh A fanall (A o)

[ 15]

A 4.00=11Pg sample of methanol at 16.0°C | a2 2 Jpduall Ga 4. 00 x 107 g b _ldka ER
is mixed with 4.00x10% g of water at 85.0°C, S 4 00 % 10% gaa Whld S516,0°C 5, a

Assume that there is no heat loss to the da o A3l O, 85 0°C Bl dayd e el
surroundings. What is the final Bt adlda 3 b La | dhaaaltdac gl U3 1 el oyl
temperature of the mixture? Thaulall 4.l

Luav Bani Ata Page| 14 BE0E369567
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[ 16 ]
A 1.50x10%g piece of glass at a temperature da e de 1.50 x 102 g 4 il (e dakd
of 70.0°C is placed in a container with L (5 ﬂL‘F_j,,‘ri el g T0.0°C 30
1.00x10° g of water initially at a Al G 55 ja A 3 e plall 2 1,00 % 10% ¢
temperature of 16.0°C. What is the Gl A ) Al B ) adl s 3 A La 16.0°C
equilibrinm temperatare of the water? Tplall (g1 ad)
[18]

A 4.lfl'l]x1l]1-g sample of water at 15.0°C is da s 2s eladl e 4,00 x 107 g Lh_}'l.ﬁ.ni.'i'.‘ﬂ-
mixed with 4.00x10° g of water at 85.0°C. 4,00 x 107 g pe GRS 5 15.0°C 3L
After the system reaches thermal A Loay &) ey B85 0°C B s da 0 ie plal)
equilibrium, 4.00%10" g of methanol at 044,00 % 10% g :.i.g.:ﬁ v Jladl G dda )
15°C is added. Assume there is no thermal da g i il 15°C Bl da die gl
energy lost to the surroundings. oyl a b, badibad A4 ) el i a6
What is the final temperature of the vhadatl dailg 9 3 ) al)
mixture?

Luav Bani Ata Page| 15 0505369567
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Animals and Thermal Energy Aoy padi Adial) y ) gand
Animals are divided into two groups based on RSP e T SIS S | BV ot BTN
how they control body temperature: R

Cold-blooded animals: Their body
temperature depends on the environment.
They regulate heat by behavior, like hiding in
shade to cool down or basking in the sun to
warin up,

Warm-blooded animals: They keep a stable
internal body temperature regardless of the
environment. For example, humans maintain
about 37°C, Their bodies respond
automatically—like shivering when cold or
sweating when hot—ito regulate temperature,

aaiad oSl Jle: 4l adll 3 Sl gaad) ]
Pk B RN | - | S O I -5 VR
a3 il I (b elia 1 Jie S glasy 163 1
kil [_pq.ill- |__|.=J.-l:|.1| gt L gad

Ll el sl adl) i3 Sl gual)
s (370 M=) Lo pm 3B 5 ) e

e Blakas el auall abiy A3 e )
aie Gonally ool e Ade ) e Gl

P

ok

[19]

Which of the following statements about specific heat capacity is correct

il Il e 2l e st e 0 5 ) palh 38
It is the amount of heat required (o raise the temperature of 1 kg of a substance by 1°C

Baal g Ap o ke okall S &S ] B0 e A ad ) A U1 B ) el Gaal o6

7€ | 1t is the total heat stored in the body

[ Tt does not depend on the type of substance

Pile il a1 gl Al (e dmga o A ol el e ]
It is the amount of heat required to change a substance from solid to liquid

peanll 823 30 2SN 5 ) gl SaS

sl g i Lo audes Y

Luav Bani Ata
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The three most common states of matter on
Earth are:

1- Solid

2- hLiguid

- Gias

# As the temperature of a solid rises,

that solid usually changes to a liquid.
At even higher temperatures, it

becomes a gas

= If the gas cools, it returns to the
liguid state If the cooling continues,
the liguid will return to the solid
state.

k|

Changes of 5tate and Thermodynamics Ay 5l el eyl g Aladl <l i
Changes of State ddadl ol el

s e e sl Al e S

cila -]
e <2
M -3

Lﬂuhl_.i -:-EM B ;-‘}'LP E.*_"J E,"i:wJI EA }-'
Bl cila 26 g Jile ) J gl L Sals
13 Adibaadl Adladl 1 3 gag Adk ¢ JWd1 3 131

Aladl A1 3 g Jibaad) 1 02y 00 )
e

fidding Thermal Energy To Water

- |

Temperatura {K)

zra |,

Bea 4 W\Eter

243
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Figure shows: Thermal energy added to a substance can raise the temperature or cause a
change in state. Note that the scale is broken between points D and E
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Melting point: The temperature at which | sdall baaic ] D13 5l jall da j0 ;0 jlgealid) 4 4
a substance changes states from a solid to a ALl Al N Aol alall
liguid )
Boiling poini: The temperature at which a sllilacie s 18 ) el fa o s Gllill A e
substance changes states from a liguid to a A el allall Jballuli alladl e
gas

Freezing Point: The temperature at which
a substance changes from a liquid to a solid
Condensation: Physical change in matter
from a gas to a liguid

e 2l Lasie (W 5 gl el B pu: death da g
Ageall alladl 0 Al ala)

B ) ) o sl 3 ik S

Evaporation: Physical change from liquid A

o ion all I AL A0l sl S b 55 3 el
iy 4l

Heat of fusion and heat of vaporization

Heat of fusion: ( H; ) amount of heat aie dbTall B ) el dueS o Hy ) Ageali) Bl s

transferred when 1g of a substance melts or A e gl gt ] 2aad i lgal

freezes :
Heat of vaporization: (H. | amount of heat # ol e Al 5 1l agaS (Hy ) 0 aEE )

transferred when 1g of a substance boil or Bala e gl 1R

condenses
Heats of Fusion and Vaporization of Common Substance
Heat of Fusion #, (Mg} Heat of Vaporization M. [J/kg)
Copper 205=10M 507w« 10%
Mareury L5100 2.73:10%
Godd B30 10° .64 108
Mathanol 1.0 1058 878108
Iron 2E8 %107 B.29% 10
Silver 1.04 % 107 2.36% 10"
Lead et R iy .84 70°
| Watar (ica) 334108 2.2 108 |

—— T T el §
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HEAT REQUIRED TO MELT A S0OLID

The heat required to melt a solid is equal to
the mass of the solid times the heat of fusion
of the solid

Q =mH;

Mida Bila [ hgeaall) duldy da 2 B jadin
Bolall ALS ¢ ghesd dubua Babla 413 Al 3301 3 0 sl
T et AN Bl A A g e ALal)

Q=IHH}*

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 hguid.

Q =mH,

"l il s U B padive

laall AZES 5 gl Jihors adeii] Ao J21 3 1 jadi
"o ] ASaNK) 51 jadl A dy g ine

Q =mH,

[20]

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?

Tgaliaiu
_______________ =r
Loky
............... — il
4 Setla Hr
"""""""" T rawc T = feoc

1.50 kg &) ) gliad Juad) & alis o] i i)
70.0°C s 4idudd 25 0,0°C dp ) Lo plill e
il Bl adl e a8 AL SISH auaadl
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[ 21 ]

How much thermal energy is absorbed by
1.00 * 1 0* g of ice at -20.0°C to become
water at 0.0°C?

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

1.00 X 107 g Lpatas Al A1 al) A8kl jidka L
U 0.0°C 28 pla paeal -20.0°C 48 2dadi (e

[ 22 ]

A 2.00x10% g sample of water at 60.0°C is
heated to water vapor at 140.0°C. How
much thermal energy is absorbed?

o e e plall e sl 2200 x 107 ke e
s ple iy A Jsadi | Aa lgidat 5 60,0°C
i all Al pad) Al jla8s oS | 140.0°C da 4

Tlpalaaia)
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Use the graph in Figure to calculate the heat
of fusion and heat of vaporization of water
in joules per kilogram.

[ 23]

A28 5 et ciboad JEEI b ) a1 padsa)
JE Jea Bda g elall HAGN dLalSY B 1 adl y lgealsll
2l s

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?

[24]

Ga100 kg Jusad b olall alias Jada oy

da ) peaia wia JI25°C da gl e waall

el Al pad) Adal) i oS | ( 1538°C = Jlgeal¥l
g
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[25]
How much thermal energy is needed to i geatd e S A ) ] AR ol a8
change 3.00x1 0 * g of ice at -30.0°C to water I
vapor at 130,0°C? A -30.0°C & ulad) 0w al £3 00 x 107

130.0°C & sla Jliu

The First Law of Thermodynamics gl pad) aaliatt B 0 5% o g3

The change in thermal energy of an objectis | 2, ‘i-.‘-ﬁgij-'-“ La st 1 i ALY 4.-" |
equal to the heat added to the object minus 8yl sl JRll g Lo g s awsadl | ) Adlaaall

the work done by the object .
AU=Q-W AU=Q-W
[26] |
A gas balloon absorbs 75 J of thermal aadly i ) adh AR (e 75 ) g8 Gtk iy
energy. The balloon expands but stays at the Jha a5 B jadl A ) i 20 SRy 4SS Gy gl

same temperature. How much work did the Saall el 0y sl 0 ] g} il

balloon do in expanding?
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[ 27 ]

A drill bores a small hole in a 0.40-kg block pasia g (o A8 i B ey i gl
of aluminum and heats the aluminum by W, 5.0°C JMhay p glaglt) (Aesy 0.40-kg LS
5.0°C. How much work did the drill do in el LN RS A g TN 0N
boring the hole?

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

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?

(34 0.50-Kg AP 5 95 Losa IR )] iy 530 o5
waball (il 1.5 M EUS;1 e gl ) ) S
1.0°C e
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Heat engines Energy Diagram of o Heat Engine
e

is a device thatis able to

Hiok rasarvit 61 T

Akl Jigad o 45 Glen s

continuously convert thermal
energy to mechanical energy

|:'|-|=“I'l-|' G’;

A N e (KA A ) el

The thermal engine requires
# a high temperature source to absorb

heat from it;

# alow-temperature receptacle, called
a sink, and a way to convert the
thermal energy into work,

Heat engines transform thermal energy into mechanical energy and waste heat. This
schematic shows the energy transfers and transformations.

Ll b g g 2 e 200 5 A0S0 AL I 35 50 el BN gt g ) ) SIS el o it

——

Ailall 1y gad y (] Cilglas

g M 5 Ul adl & paall ol

Bl pebialay Au0e B e A 1) | jluas o
LE

a9l | e Aaldla 5 0 o da 3 13 llens o
S

Intermnal combustion engines: In the engine,
input heat [ @ » ) is transferred from a high-
temperature flame to a mixture of air and
gas vapor in the cylinder

SR o el AR F) SN D S el
e Bl pm s b o3 gl e () 050 B 1 )
) gl SR D gy elagd e dadd )

Waste heat : Outside air passes through the
radiator and becomes warmer. All of this
energy | Q ¢ ) transferred out of the
automobile Hﬂgiﬂ-& is called waste heat

Bl e g J 51 agd) s 1B gdgeall B510ad)
() 28Ul sy 8 by f€) oy y ;_i.:gal_,n]
B B lua e B olundl e g LA A i)
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When the engine is working continuously, its

internal energy does not change.
AU=0=Q-W

The net heat going into the engine is:

AU=0=0Q—-W

Lt S pa Sl Adleal) 3 ) jal)

useful work by the engine, the engine would
have an efficiency of 100 percent

Applications:

1- Refrigerators 2- Heat pumps

Eii“:ﬂﬂc Q=Qu-Qc
A¥§ W=Qu-Qec
Efficiency: the amount of the input heat o dgas Al (@) AR B et 1k :_5FL'i_55!'
(Q u) that is turned into useful work (W). (W). 2 Jodi
JRB s Ay Apadlly | aa o paall dta i) 318800
The actual Hfﬁciﬂﬁl:ll'jfvﬂf an engine is given by [L'I-ﬂﬁl il -‘lgi-l.'ii
theraio 1= g~ W
L
if all the input heat could be turned into Qi

Al o e Jaad N 318D 5 g adh 08 (L gad 5l 1)
A100 (8 o aall 318 (8 o] ol
RS

Bl all iy 3 P |

The Second Law of Thermodynamics

states that whenewver there is an opportunity
for energy dispersal, the energy always
spreads out

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

divided h‘," the te mperature of the sy'stem in
kelvins

8505 Al Blem o g A1 b A

i)l Waaliaal) 3 SN 5 2181

i il Sl ds e J LK AN e Gl
Ladls i A bl

L g V)

ALl Al 5 1 el L glis alIaill Ly 53
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[29]

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.

1. Heating 1.0 kg of water from 273 K to 274 K.
2. Heating 1.0 kg of water from 353 K 1o 354 K.
3. Heating 1.0 kg of lead from 273 K to 274 K.
4. Completely melting 1.0 kg of ice at 273 K.

i pll g AN cflall Ly g 21 B R cual)
Mt 06 L g T (b al Sl pda Al 13laly
A3 b B iall i1 a0l a2 dpeilly sl
iy Aalea B 1 padl A 40 aladi) diSay o3 1 jad)
L AN Al

OAS 274 ) IS 273 e olall (301.0 kg Cpdeade]
CAS 354 A LAlS 353 e clall e 1.0 kg Cuiediaa
274 (M GHE 2T o ol 1 e 1.0 kg O20-3
s

CAIS 273 sio ol e 1.0 kg L JelSN Slpatig

_________________________________________________________________________________________

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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[ STANDARDIZED TEST PRACTICE ]

[ 1]

Which temperature conversion is incorrect? T e Byl ad) A dl g !

. 273°C =0 K “ 298 K = 571°C
NG TN

Sl g ) lan g A La |

How much heat is reguired to heat 87 g of ice at 14 K to water vapor at 140°C

¢ 140°C 1= 2la j:..iE.TI 14 K 1= '"‘*5’-"“‘;""375‘;'55“'“55‘1'-‘-‘&"“ Bl el dsal La

‘ X |‘ 45 kJ I"ﬂ'l 315 kJ
3 S8kJ D 280 kJ
- . -
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Tq}u do 0.050 J of work on the coffee in vour cup each fime you stir it. What is the
increase in entropy in 125 mL of coffee at 65°C when you stir it 85 times?

125 mlL 8 laa i A Sl 30 Jlake La \g8 a5 8 pa JS B g8 B3 gl Jo SRl 0 0,050 F JAs <)
5 s 85 S ad Ladle G500 Bl a Ao pd Lo 5 ggdll O

[ In the figure below, 81 g of ice melts and warms to 10°C. How much thermal energy is

absorbed from the surroundings when this occurs

Jusacall Juu gl pa Avsiaall Ay ) jadl Bl shala e 1090 . s Sy o8 dladl 5a B1 g gy solial S50
Yl & gda i

0.34 kJ

30 ld
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Which statement about two objects in thermal equilibrium is false?
s (6 A 015 Al A e 05 B |
Al Energy exchange between the objects continues to occur
Aypanll 8 bt cppa A8 NS jaiig

B | The net flow of energy between the objects is zero
Nopios (5 gty a1 (s A8 Gaid il

.\ | The objects are at the same temperature

. ,3jJaJl3-a_.._J;¢__g.ni¢J;‘:-?Lu+‘f1
D, | There is a net flow of energy from one object to the other
ATl e o BB L 3005 2

| Which statement about entropy and energy is true?

#e s 3l Ly YL e 3 e 5

A When ice freezes, it gives off energy and its entropy increases

31438 4 ) 8 eds (3l 4dl8 eaylall send L

When ice freczes, it gives off energy and 1ts entropy decreases,
gy 30 Jag A8 gl Al cadall ety Lasie

| When ice freezes, it absorbs energy and its enfropy increases

iy g gk ks 3y Aile  peieg Al caalad! i Leic

D | When ice freezes, it absorbs energy and itz entropy decreases.

o Wi 5518 iy Al saling 43l pladl gy Laaie
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