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Example (3) a grninded and polished Pyrex glass column was 10 cm long when the room
temperature was 20 “C. If the temperature of this column is raised to 420 “C, calculate
a) The amount of elongation. B) The new length of the wire after raising its
temperature from 20 °C to 420 °C? Knowing that a = 3 x 10-%°C-1
Solution
AL=al,(T,—T,)=3x%x10"%x 10 x (420 — 20) = 0.012 cm
L,=L{1+a(T,—T,)}=10{1+3 x107° (420 — 20)} = 10.012cm
Also, Ly = Ly + AL =10+ 0.012 = 10.012cm
Example (4) a rod made of silver is exactly S0cm long at a temperature of 200°C Calculate
its length when the temperature is 400°C, given that the coefficient of longitudinal expansion
of silver is a=18x10° °C", and then compule the elongation caused by this temperature
change.

Solutioin:

_— e ————— — — —  e— - —,————— e ————
SPagel

Ch1: Temperature and Thermal Energy

AL=aL [T, -T,]=18x10"" x 50x (400-200)
AL=0.18cm —» L, =L + AL=50+0.18=50.18cm

Talsla A
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1 hermal 1on of the Macki Brid

Example (5) The main span of the Mackinac Bridge (see the
Figure) has a length of 1158 m. The bridge is built of steel.
Assume that the lowest possible temperature experienced by
the bridge is -50 °C and the highest possible temperature is

50 °“C. How much room must be made available for thermal

expansion of the cenler span of the Mackinac Bridge?

Solution: The linear expansion coefficient of steel is @ = 13 x 10" “C~', Thus, the total
linear expansion of the center span of the bridge that must be allowed for is given by AL =
alAT =13 x 107% x 1158 % (50 = (=50)) = 1.5m
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Example 6: You pull your car inio a gas sitation on a hot summer day, when the air
temperature 1s 40 °C. You fill your empty 55-L. gas tank with gasoline thal comes from an
underground storage tank where the temperature 15 12 °C. After paying for the gas, you

decide 10 walk 1o the restaurant next door and have lunch. Two hours later, you come back

to your car and discover that gasoline has spilled out of the gas tank onto the ground.

Problem: How much gasoline has spilled?

Solation: We know the following: The temperature of the gasoline you put in the tank
starts out at 12 °C. The gasoline warms up 1o the outside air temperature of 40 °C. The
volume expansion coefficient of gasoline is 950 x 10°°°C"'.

While you were gone, the temperature of the gasoline changed from 12 °C 1o 40 °C. We
can find the change in volume of the gasoline as the temperature increases using the

equation: AV = VAT =(950x10°°°C ") (55L)(40°C-12°C)=1.5L.
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Example (7) what is the amount of heat required to converte a piece of ice of mass 720gm

at a temperature of -10 °C 1o a liguid state at a temperature of 15 °C.

Knowing that S, =2220/ /kgk®,L=333x10'J/ Kg JS..,., =41907 /kgk®?

Wil

The solution

First stage: from ice at -10°C to ice at zero °C
Q =msAT =ms(Ty-T). T, =-10°C.T,=0°C ~
Q, = 0.72 x 2220(0 — (—10)) = 15984
Phase 2: Change from ice at zero °C to water at zero °C

Q, =mL =0.72 x 333 x 103 = 239760

The third slugc: from water at zero °C to waterat 15 °C
13Page

Chl: Temperature and Thermal Energy

Qs = msAT = ms(T; - )., = 0°C, Ty = 15 °C
Q; = 0.72 x 4190 (15 — 0) = 45252/
Q =0Q, +(Q; + Q; = 300996/
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/ Exampe@)y X A 1ol (E‘@ v)

mass m=7/5gm is heated to a temperature_L T—312°C The ball is dropped
=220 gm, the heat capacrcy of the beaker is C= 45

A copper ball of
o % %o

into a beaker containing water of mass m
| temperature of the water and glass is T=12 °C. Find the final

cal/k and the initia e
temperature 1 Tr of the ci?{]iper ball, the beaker, and the water at thermal equil_ibr;l:n:,
knowing
i) 5 =0.092 cal gk,sw=1cal g’k
X Meger = 19815 Toopper = 312¢
:' My ater = 220g7n vae_slkc-'1 _ 45ﬂ/k0 T“’ =12 AR
< —= — am———— el "O' ] Ll
L Ued he tion i
| e a.»—éo e gogte

The amount of heat gained = the amount of heat lost
BS R
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<2</ )
"h1: Temperature and Thermal Energy -
Oeonver = Qi + Do M S0
m.s (T, = T,) =m,s, (T, —T,) + ciT -T) Cy
75%0.092(312-7,) = 220x (7, —12)+@;T -12) TF=
2152.8 - 6.9T, = 220T, — 2640+ 45T, — 540

5332.8=27197f - T, =19.61°c x=2-4
-— ta F e ‘5 .
Transmission of heat o)J’:“ ol L iy Te 6
There are three different ways in which heat is transferred from one place to another: '
] (}e) I &Lty - ¢
con uction, convectmn and radlatlon y Jn ’gm i o
e UPL_9 < J
Conduction J,’..-o_y” Y 9 ’Lfﬂu}g oy (197 J"E o) L=l

' 1f you hold a metal rod at one end and then place the other end in a flame, you will soon :
feel the metal rod getting hot, indicating that heat has been transferred through it. On the ]
other hand, if you hold a slice of wood by one end and then place the other end in the fire,
the heat will not be transferred even a little bit, even if the end in the fire starts to ignite. In |

other words, metal is a good conductor of heat, while wood is a poor conductor of heat. The

word "conduction" is used to mean heat transfer in solids.
—_— e

-—

Thermal conductivity is fiefmed as follows: It is the - process by which heat is tragsferred

e P caw—e

from one point to another through solids without moving the molecules of the material

=

its

-

In the previous example, we find that when the end of the d—— |
SIA— 5 = T dQ— | T-dT
metal rod tha}' is) exposed to the flame is heated, the dQo——

molecules of this end will vibrate capacitively from one |*—dx—4'{
molecule to another neighboring molecule, and so the process Figure (4)
—_— —

—4 )
continues until the heat is transferred from the@ end to the cold end. <

—

Suppose we have a section of a metal rod with thickness dx, cross-sectional area A,

temperature at one end T and the other end(]“/ dT as shown in

figure (4). The heat flow rate (the amount of heat flowing in a unit T*(‘\

of time) is directly proportional to the _gross—section@of the

———

M@ the difference in the temperatures between the two
sides of the rod

——

)aA (=dT), T z

MECionira il'-‘ 1
CamScanner = Wigs d>guaall
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1l to the thickness dx 1.¢

ag A

And inversely proportion

do 1 LSk
E ';"—[" dx dt dx
/}/D AT =T
/ e -(}_t. = —_—dx —~ {

s unit is cal/cm sec °C

r Cis the i the i
Where K is the coefficient of t to distanc
—

ge of temperature with respec

The quantity dJ/dx represents the rate of chan -
< om the hot end of the rod increases, i

when the temperature decreases as the distance fr

1 Sec 1 ure 5)-
quantity d I /dx iS ncgalivc a“d iS Ca”Cd the telllperature gl‘adlen[: See I g (
cc bc W I | I e OSS t S
lhc dl“chIl t ccn 2 aﬂd | rcmﬂ“ls constant 0 prevent thel‘mal en l'gy l 1 1

necessary to isolate the rod from the external medium. The amount of heatR_a_ssmg thl:gf’gl

Ty =T;
the rod during time t can be  calculated as Lt:ollows; —\K}A( i=lo) A
u..kSoC\D:j_: - A
Example (9) a metal slide is 0.2 cm thick and has a surface area of 200 cm?” If t

DT
temperature difference between the two opposite surfaces is 100°C, find the amount of he

that will transferred through the slide in a time of one minute, given that k = 0.2 ca
® 9 B . et

sec.cm.c® T += 403
‘__ —

| he solution: PA- 2 :
659 cal o
. k=02———,A=200cm?x =0.2cm,t = 1min = 60, T1—T2__1000C

sec.cm.c®’ S
A(Ty—T,)  0.2x200x 100X 60
0 =K L -2 t = 200 =12 x 10%cal - 19 x)&.
I }\'ol-"”x__ 0-:'2- Wi

CamScanner 2 Ligs d>guaall
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Ch1: Temperature and Thermal Energy |

alting fr “gravity an !
Free convection currents: It is a phenomenon resulting from the effect Offsf‘i“f__y and this

transfer process is governed by the following law:

= aAht(T, = T2) ,
PP e tively. In additi
: ; ; respectively. 0
Where T and T are the temperatures of the hot and cold reglons, respectively — %

: - i : : ' of the hot
o is the convection coefficient, h is the thickness of the hot medium, A area of the h -

meduim and t is the heat transfer time.
Forced convection currents: |

In this type of conduction, the'.__-f}gi_d. is forcibly moved by fans or pumps.

Newton's Law of Cooling g

: AQ
Newton's Law of Cooling states, "The rate of heat loss from a hot object == to the

b S

surrounding medium is proportional to the difference between the temperature of the hot

object T and the temperature of the medium _Tr. "’-’C Wiap | W r_P_/‘
e o;_leQg)-lﬂ o W) r;.m)\o}"f

p o5 s ,9_97: K (1-1) e
JLJ(‘/"I L (_,_.DOJU: Il

.- ~/ Exam ple (12) If we make a flat vertical wall with a_rrr_ area of 6 m” at a constant temperature of
i bl et BAoh i

NV 116°C while the air on its sides at a temperature of 35°C, what is the heat lost from the wall in
| T A= =SS LKfes IS

an hour due to natural convection. Knowing that the wall thickness is 1 1 m and the conveetlon

|
) —_— —_———

coefficient in this case a = 1.27 X 10~3 cal/m?2s °C

Assume that the amount of heat transferred from each side can be found from the relationship:
Q = aAht(T, — T,) = 1.27 x 10~ 3><6><1x60><60><(116 35) = 2222 cal

SU
t"ﬁ[_&“ Radiation heat transfer: w Cds Ao >ho Y 'mﬂ_‘*’ SWOSTIRES

In this type of heat transfer method, heat is transferred without the need for a means of

| transportation as thermal radiation is electromagnetic waves and the relationship between the
-'_-__'“-\—-

amount of heat transferred by radiation and temperature is described by Stefan-Boltzmann's
”—‘--_._\_‘_-‘

‘ law, which states that ((t}}e amount of heat radiated by a black body per unit area per unit time
———

is proportional to the fourth power of the absolute temperature)),

: : A

5 F . e f ll‘ .
Black body: Ahlzl_e‘e_k,body is an object that absorbs all the Mn energy falling op Ei o

radiates energy continuously, and the best example of a black body is a gap in a wa]], When,

enters, it sg.ffer;\ftom several r jﬂgc;mn&@e the_gap, so itloses all itg eney

f an)’@mt_loﬂ

18Page
: 5 y
L—-(T“é:ﬂﬁ g= 8. 1Y
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thi: Temperature and Thermal Energy

during successive reflections inside the gap, and this indicates that the black body's absorption
coefficient is equal to one and therefore its reflection coefficient is equal to zero .

The radiative power of a black body:

It is known that hot objects lose heat at greater rates than cold objects. This s phenomenon was
demonstrated by the two scientists Steifen and Boltzmann after series of gxperiments in what
is known :1;5;‘ Stephen's law of radiation, which states that “the total radiation rate emitted from

the unit area of the black body is proportional to the fourth exponent of its absolute

-

temperature”.

That is, E=0T", where g is a constant known as Stephen's constant and is equal to (5.672x10*

J/m?sk). For any body ( which is not quite black), another amount is added called the degree

of blackness & which gives the amount of blackness in the ratio between the radiation emitted |

by the object to the radiation emitted by the black body at the same temperature.

For a non-black body, we write the Stephen-Boltzmanfi lay as follows3 E=eoT?, 'so the
amount of heat transferred by radiation from a hot object to the surrounding medium can be_
written as E=Ago (T*-T\*) where T and T, are the temperatures of the hot object and the
ambient medium, respectively.

Absorptive capacity and Kirchhoff's law : ﬂ

The radiation capacity () is the ratio between the amount of radiation absorbed by an object
to the amount of radiation falling on it, and Kirchhoff's law expresses the relationship between
radiation capacity and absorption capacity. This law states that the ratio between the radiant

pawer of a natural object and its absorptive capacity is a constant amount.

“ it e

Example (13) a black sphg:cal object has diameter of 10 om 315 stationary at a constant !
= GJ

temperature of 327°C and the temperature of the medium is 27°C What is the power radiated?

: 107°W o q_gl.é)‘
Consider e=1 knowing that 0 = 5.67 X ——=. \ QLR
m2K i//

The solution - oo s
E =GAT* = T#) = (5.67 x 1078)(4r(0.05)1){ (327 + 273)* - (27 + 273)4}
= (5.67 X 1078)(4m(0.05)%){ (600)* — (300)*} = 21643 W
uAie

19Pag e

CamScanner 2 Ligs d>guaall


https://v3.camscanner.com/user/download

Lecture:

By:
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- o

Al\ll—.l ) Vika 7N b 7
f=—=—Ft=——0>
e SR i

and a cross- sectional area equal to Scm w

Example (10) a rod with a length of 30cm

of two parts of equal length. Part AB is made of copper ¢ and part BC 18 made of uon
their point of connection is point B. As shown in the figure, the end A is kf‘&“ W
1.

temperature of 200 °C and thejngCQ}at ﬁmpeiﬁe of 0 °C. If the sides of the mt\a

thermally isolated, calculate_the \rate of h
i, et i of et o s e enghof e 1o
0. cal o cw
o5 Kz = Kiron = 0 12 7% ec.ﬂ" i

éteady state ig-.';rreached. Given that Kl — Kcopp =
e SeC.om.co !

CamScanner 2 Ligs d>guwaall
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¥h1: Temperatyre and Thermal Energy

Solution:

] 5 CIN e o] 5 T e

. = B J.;J"\_J.-" C
L
xl—x2—15cmﬂ—5cm2 AT, =200=T,AT, =T =0

Smce steady state has been reached, the rate of heat flow through first part AB is equal to

' the rate of heat flow through second part BC, so
(200-=T A(T =0
= (§), - m
K,(200 —T) = Ko(T —0) - 0.09(200-T) = 0.12T
18 — 0.097 = 0.12T » 0.21T =18 - T = 85.71°C
A(200-T) 5(200 — 85.71)

, dQ _ e
’A A (E)l = KlT = 009>< T —343 .cal/sec B

—
& |

B i Q-}/LC"M . ‘
/Example (11) a sheet o‘fj:_;_@__restp_s_paper with a thickness of 2 mm is used as a_barrier

_ between two brass plates. The temperature on one plate is equal to_1000°C and the other

plate has a temperature of 200°C. What is the amount of heat - passing through an area of 50

!
' cm2 from one plate to the other during the time t=20 ﬁl !? Note that the thcrmal F
;, conductmty coefficient of asbestos is k=5x10 cal/cm sec “C

.- The solution

e e .

T, 000 -200
(/=5><10“4><50 ——-——x20x60
xL/J“ = 02 t

Q = 1.2 x 10°cal HApoesh 1220 €

-
‘ Q—kﬁ

- Convective heat transferg

\?Vhen heat is transferred in a physical medium by the transfer of some of its parts, the heat
115 said to be transferred by convection. This is due to the fact that in this scenario, eerlain
portions of the medium carry heat with them as they are being transported. This kind of
. heat transfer takes place in fluids (including liquids and gases), and we refer to the heat
. iransfer as being caused by convection currents, which can be broken down into two

ldistinct categories.LJ'élle ‘:Ec—jj )!A.E—o Je JJ:[L J Luddl @

| 17Page
|
[
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. 4

Chapter 2 "““l and the First Law of Thermodynamics

Heat ang the First Law of Thermodynamics
.-,' "r focus in this

chapter will be on the concept of internal energy, the first law of
j_§' rmml\ namics, and s applications of this law. The first law of thermodynamics expresses
,- gun.ral principle of conservation of energy. According to this law, an energy transfer to or

fr .'l asystem by cither heat or work can change the internal energy of the system.

F, tand Thermal Energy

Iti§ important to make g major distinction between heat and internal energy (thermal energy). |

fernal energy is all the energy of a system that is associated with its microscopic constituents.

rnal energy includes kinetic energy of random translational, rotational, and vibrational motion |

IUItCUICS, potential energy of molecules and between molecules.

[eat is defined as the transfer of energy from one system to another due to a temperature {

rence between them.

o’

\ » 5 ) ,ﬁ} |
nits of Heat, The Mechanical Equivalent of Heat ) ) ggl“é‘)l ° | !

feviously, heat was measured in terms of its ability to raise the temperature of water. Thus, the

lorie (cal), in cgs units, was defined as the amount of heat required to raise the temperature of

tocalorie (1Cal=1 kcal=10? cal),
§ s w2~
The British Thermal Unit (Btu) was also defined
a8 the amount of hcat required to raise thc

A {u—- \G ‘:__,; ;
témperature of 1 lb ﬂgf water from 63 to 64 °F. h Thermal

‘Since heat is now known as transferred energy, the ___lnsulator e

Q: rhSQ-l

> 13
= 4yhs\y xlx3

Btuw = %22* |
‘81 unit for it is the joule (J). féﬁnﬁ;‘?i ?lgmmiﬁzms::ﬁmw

h a famous experiment, see Fig. 1; Joule measured the calorie (cal) by converting mechamcal

@nergy into heat energy, expressed as an increase in water temperature. Joule found that the loss

mechanical energy is proportional to lhe increase in temperature of the water. The
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Chapter 2 Heat and the First Law of Thermodynamics .

vom 14.5t0 15.5 °C. One kilom :

energy will raise the temperature of 1 kg of water f

ating of substance. Thug:
is now defined to be exactly 4,186 J without reference to the heating . hus

| keal = 4,186 J.

Heat and Work

ot ilibrium i ly, we describe:
In thermodynamics, when an isolated system is in 1hcr111{1‘1h_e§]'{[!_’brl_un1M? we describg; |
macroscopic state with the variables P, ¥, and T to represent pressure, volume and temperaty,

For such a system, we describe its microscopic state of

; . . 1 = Load
internal energy with the variable E, (some other 4 N
textbooks use the symbol U). mﬂg Insulation

Let us assume our system consists of gas confined to a

. Control
knob

cylinder with insulated walls and a movable frictionless

piston of area 4, as shown in F ig. 2. The cylinder rests :
Fig.2 Gas confined to a cylinder with 3
movable frictionless piston. The gas ‘

. ilibri can do work F¥ to raise or lower the
by a knob. At equilibrium, the upward force on the piston. By regulating the temperature
piston due to the pressure of the confined gas is equal  of the thermal reservoir, by means of
control knob, a quantity of heat O can
be added or removed from the gas

on a heat reservoir whose temperature T is controlled

to the weight of the load on the top of the piston.

Consider that we start at an initial state i, where the system is described to have pressure P
volume V; and temperature T. We then change the system to a final state f, described to have
pressure Py, volume ¥y, and temperature T}, The process of changing the system from the initial
state to the final state is a thermodynamic process. During such a process, work is done by the

system to raise the piston (positive work) or lower it (negative work). In addition, heat may be

transferred into the system from the thermal reservoir (positive heat) or vice versa, We assume

that the state of the gas changes quasi-statically, i.e. slowly enough to allow the System to ren;min

essentially in a thermodynamic equilibrium at all times.

Now, assume we reduce the load from the piston in such a way that the piston will move upward

through a differential displacement ds with almost constant upward force F, as shown i Fig. 3.

From the definition of pressure, we have F =P4, where 4 is the area of the piston. The differenjyy :

2|Page
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CamScanner = Ligs d>guaall


https://v3.camscanner.com/user/download

.r 2 Heat and the First Law of Thermodynamics

done by the gas during the displacement is: dW = F. ds = F ds=P A ds, Since A ds i

. zrential change in the volume of the gas dV (i.e.dV = Ads), we can express the work done

e - _"_.:: as fO]JO\\S: . d\'l‘? =P d\?___s ‘- ry | |

- § ; AT ~—~ Reduced i
A _-""\: ?,_1 ~ Load - f,P . _d:‘md |
Tr 1
v V+dV
pe—"h e :
Before After |

Fig. 3 A confined gas in a cylinder at pressure P does work dW on a free piston as the gas expands
mlm V1o volume V +dV because of a decreased load

gas expands, as in Fig. 4, then dV is positive and the work done by the gas is positive,

.,,h

is negative, indicating that the work done by the gas is

+ ereas if the gas is compressed, dV'i
ork done on the gas). When we remove an appreciable

_.iive (which can be interpreted as W

.....

-mount of load from the piston, the volume of the gas changes from V; to ¥, and the total work

V
W= j:r AW Ivifw

..,_n.lr-«f*" _}:’I A M S

3one by the gas is:

B p .
Expansion : Compression
3 \
‘-\ i Pf ------ : der the curve
Pi ————— W=+ Areaunder the curve W= - Area under the curv

ot bao e T

-

(a) (b)

i Fig. 4 | The figurc shows a gas that goes from an initial state i to 2 final state £ by means of a
thermodynamic process. (2) When the gas expands, the work done by the gas is positive and equals the

area under the PV curve. (b) Similar to (a), except that the gas is compressed and the work done by the

o ol Ty dgiell SR

J|Page
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Chapter 2 Heat and the First Law of Thermodynamics
—-—-—_.______-__‘__-___-—_ _‘_.___——-—'-'_'-_ i
As seen from Fj g. 4, the total work done during the expansion or compression of the gas depeng

on the specific path taken from the initial state i to the final state . In Fig. 5, we illusirate thig
important point further by considering several different paths for the gas along the PV curve, frop,

State 1 to state f, regardless of how we achieve each path.

Path a: The gas expands from Vito Py while the pressure decreases from P; to Pr. The work
done by the gas along this path is positive and represented by the colored area under the curve

between i and f.

Path b: The gas first expands from Vi to V;at constant pressure P; (ir}d then its pressure is

reduced to Prat constant volume ;. The work done along this path is P; (V¢ = Vj).

Palh ¢: The pressure of the gas is first reduced from P; to P by cooling at a constant volume 7,
and then allowmg the gas to expand from ¥; to V;at constant pressure Py. The work done along

this path is Pr (Vi= V.
—

Path d: The gas is compressed from Vito ¥y while the pressure increases from P; to Py. The

work done along this path is the negative of the colored area under the curve. Qg; .
.:'—-—-:.‘\— -

g m Pa (’{'eu’lf__v

i f
Fig.3 The gas of Fig. 2 goes from an initial state i to a final state f by
means of several different thermodynamic processes

Path e: The net work done by the system during a closed cycle is the sum of the positive work

done during the expansion and the negative work done during the compression. Here, the net
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¢ hapter p) |||-“| P
and )y, First Law of Thermoadynmmivs

vork done by 1he

FRS I8 positive and is represented by the enclosed aren btween the two curves

1l i
From the graphs of | TS, we nee thiat W could be smnll or arge depending on the thermudy e

path between § ppg L Thus:
\-‘F\n”th‘

Ihe net work done by a system W depends on the thermodynamle process (or the path) chosen

between its initin) and final states,

l‘ Membrane nsutatlon ,
Very _ 1 A
slow 1
motion I 1 Vacuum
Insulation 1
\
|
lnltlnl } ! Flunl
) F . : (a) Final 1nitial ( (h) \
I‘ ) /’ " LR 'f)}“wﬁ.\’J.'Df,

=ty

Fig 5,) (a) An ideal gas m temperature Tj expands slowly while abrotbing heat energy Q from &

" reservoir in order to maintain its constant temperature Tj. (b) An iden! gas expands rapldly Ino an \
evacuated chamb
er after a membrane is broken

In a similar manner, we also find that the heat energy transfer Q into or out of & system depends

on the thermodynamic process. This can be demonstrated for an ideal gay as shown in Fig, 6.

In Fig. 6 a, the piston is held at a position where the gas is at its initial pressure Py, volume WA,

and temperature T, When the force holding the piston 18 reduced slightly, the piston rises very

slowly to a final pressure Py and final volume Vi, e the gas 18 doing work W on the piston,

During this expansion process, heat energy Qs transferred from the reservoir 10 the gos o
maintain a constant temperature 7T,

In Fig. @1 the thermally insulated gas has the same initial state as in Tig, 64, but with a

-

membrane replacing the piston. When the membrane is broken, the gas expands rapidly into the

vacuum until it acquires a pressure I’ and volume Vy. In this case, the gas does no work, i.¢.
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