Chapter 9 : Thermal energy
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The difference between thermal energy and temperature

Al ad) ABUalL ey jall A,0<)) AUl pands
Thermal Energy : is the sum of the particles energy .
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Temperature depends only on the average kinetic energy of the particles in the object . It
does not depend on the number of particles .
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Thermal equilibrium : a state in which the rates of thermal energy transfer between two
objects are equal , and the objects are at the same temperature .
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Absolute zero Galhall Al ; GG
Temperatures do not appear to have an upper limit , while there can be no temperature
less than (- 273.15° C ) . We call this temperature Absolute zero . At this temperature no
heat energy remains in a substance , and the atoms become motionless .
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Temperature scales 31 ad) 4x )3 (ulla ;

Boiling Point [ B )
of Water 373K 100°C 212°F
Freezing Point
of Water 273 K 0°c 32 0F
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Conduction : It may takes place in all states of matter , when particles in contact transfer
energy to their neighbors .
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Convection : It takes place just in fluids ( liquids and gases ) . Warmer molecules ( less
dense ) floats to the top , while colder molecules ( more dense ) sinks to the bottom .
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Radiation : Doesn’t depend on the presence of matter . The transfer of energy by
electromagnetic waves , it occurs through the vacuum of space , as an example when Sun
warming Earth .
JUaS ¢ §1 AN oo JAID Cua ¢ dpalaliig g gl il gall oo 81 el QU Gy | gle gl gling ¥ ; plad)
. uadd) dad) Aol gy () Asdas Alth e
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The amount of energy that must be added to a unit mass of the material to raise its
temperature by one temperature unit . Its units in Sl systemis (J/ Kg.K)or JKg! K*
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What we mean when we say that the specific heat of copper is 385 J/ kg . K
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The amount of heat required to raise the temperature of 1 kg of copper 1 K°is 385 J

Low specific heat means that the substance cool quickly and heat up quickly
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Low specific heat substances can be used as conductors
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To measure the heat transferred or absorbed by an object we use the following relation :
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Q : measured in J, m: measured in kg, C : measured in J/ kg K, AT measured in K
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Calorimeter and measuring specific heat 4w sl 3 )l qilua g ) ad) jrial) ; Ll

The operation of a calorimeter depends on the conservation e

of energy in an isolated closed system . \
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Heat energy transferred from the test substance equal the
heat absorbed by water .
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Q1=-Q2 or(maCaATA=-mg Cg ATsg)

MACA(Tt=Ta)=-meCg (T¢—Ts)
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Ca=-mgCs(Ti—Te)/ MaA(Tt—Ta)
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Tt=(mMAaCaTA+meCeTe)/(MACA+meCg)
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Q =m Hy

A Q:me Heat (J)

Heat of fusion ( H¢) : The amount of thermal energy needed to melt ( 1 kg ) of a substance
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During melting , the temperature stays at melting point without change until the

substance melted completely .
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Heat of fusion : Q = m x Hy e el 3 ) adl x ALisl) = jleaaid da U0 5 ) jad) 43ag
Or Hr=Q/m Its measuring units J / kg




Heat of vaporization ( Hy) : The amount of thermal energy needed to vaporize (1 kg ) of a
liquid .
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During vaporization , the temperature stays at boiling point without change until the
liquid vaporized completely .
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Heat required to vaporize a liquid : Jibs Al da 3 3 ) jall
Heat of vaporization : Q = m x H, Al 4dalsl) 3 ) jald) x alisl) = Al da 33U 3 ) jadl dgas
Or Hy=Q/m Its measuring units J/ kg

Question : How much Heat needed to melt 1.5 kg snow at 0.0° C
then heat it to 70.0°C . (Hi=3.34 x10°J / kg ) (C =4180J/ kg . K ]9 15kg
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Q1 : Heat for melting : To change ice to water ( 0.0° ice to 0.0° water -
Q1 ( Heat of fusion)=m Hf =1.5x 3.34 x 10° =5.01 x 10° J

T=00¢ T.:700¢

Q2 : Heat required to increase temperature from 0.0° water to 70.0° water
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Thermodynamics : The study of how thermal energy is transformed into other forms of
energy . Al (e g AT JSEY 4 ) ad) AUl J gad Gupay oA alad) & ¢ 4y ) jad) Lulill

You can raise the temperature of an object by heating or by doing work on it .
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First law of thermodynamics: The change in thermal energy ( A U ) of an object is equal
to the heat ( Q) that is added to the object minus the work ( W ) done by the object .
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The first law of thermodynamics is merely a restatement of the law of conservation of
energy , which states that energy is neither created nor destroyed , but can be changed
into other forms .
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Heat engine : A device that is able to continuously convert thermal energy to mechanical
energy .
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Energy Diagram of a Refrigerator
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