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> NATINQNNH (thermometer)

> Sguun = meawmammu
(m+ Wude = 00C m+vl,am =100°0)
> o1 9 = wmasluines
] 'S [y} a I3
@owwian luve wasludwidla lulsfine?)
> SUU A = SSUUFIDYN



> el (waldoa (1°0) whiisulad (0F))
0°C = 32°F, 100°C = 212°F — t¢ = g(tp - 32)

> asuaain (Kelvin (T(K)) mnﬂgﬁamaﬂé PxT

P fn

u

\ =
Liquid e

" Mercury -
b 1~

et/ 273.15 y )

T =0K = tc = —273.15°C — Tx = tc +273.15

— 0°C = 273.15K, 27°C(room) ~ 300K
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Water Boils 212 °F 100 °C l 373K
T

Water Freezes | 32 °F 0°C 273K
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Absolute Zero ‘ -459 °F
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Fahrenheit Celsius Kelvin
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LY

Water Boils 212 °F 100 °C 373 K

Water Freezes 32 °F |0°C 273 K

Absolute Zero *-458 *'F |-273°C ‘D K
Fahrenheit Celsius Kelvin

> ANNANNTOU (heat capacity: C) #O9dE1T = ANNAINITD
Twmafiuanudon

> Munalid AQ AsanuSouimdnliaas uasviliaanyd
QuUNNNGITN At

AQ x At - AQ = CAt

[Q] = calorie : cal, [t] =°C — [C] = cal /°C



> ANHAANNTOUANNNIE (specific heat capacity: ¢) =
ANHIANNTOUNMILADNUITNIA (g) UID ganniulna (mol)

C C
m=— |cal/g-°C], cn=— [cal/mol -°
c - [cal/g-"C], ¢ - [cal/mol - 7 C]

— AR = mc, At = nc,At

mMsulaaniiiy 1.0cal = 4.2J,1.0°C = 1.0K, 1000g = 1.0kG

Specific heat capacity

Material (J/kg K)
Water 4186
Ice 2090
Steam 2010
Aluminium 900
Iron 448
Glass 837
Copper 387
Mercury 138

Gold 129



> danuFouun (latent heat: L) lumsulaouamug

AQ=mL, [L] =cal/g

Latent heat of
sublimation

‘ SOLID %L‘:Z% LIQUID %Z‘:‘ZlLVAPOUR ‘

Latent heat of Latent heat of
fusion vaporization

Latent Heats of Selected Materials

Material L. (kJ/kg) | Melting L, (kJ/kg) | Boiling
Point (°C) Point (°C)

Aluminum 399 659 10,500 2327

Helium N/A N/A 21 -269

Hydrogen 58 -259 455 -253

Lead 25 327 871 1750

Water 334 0 2260 100




> NMINUMANNTIN = NI (conduction) N19W1 (convection)
LAYMTUANSIE (radiations)

Conduction

Convection

@53?

> MIANNTOU - ﬂ’JTNﬂW‘JOiHﬂTiﬁWﬂ]WN%E]u‘lla\‘lﬁ’d"li k

Radiation

ATA
H _
<L

ATA
H= k22
L

[H] = Watt, [k] = Watt/m-©



> (oY NAMIUWIANNSOUIDIF AT

Material Thermal conductivity
(K],
{unit : W/m-K]
Diamond 2300
Silver 429
Cooper 401
Aluminum 237
Human skin 0.37
Wood 0.17
Air 0.026




> (oY NAMIUWIANNSOUIDIF AT

Material Thermal conductivity
(K],
{unit : W/m-K]
Diamond 2300
Silver 429
Cooper 401
Aluminum 237
Human skin 0.37
Wood 0.17
Air 0.026

> NMIWNANNTOU -Newton’s law of cooling

W T H=hAAT, AT =T,—T;

——>  (ambient)

—_—

H . .
— G h = convection coefficient
e
"

ATs (surface)

[h] = Watt/m? - K



> eyl dild mywiannsau h

Convection Heat Transfer Coefficient

Fluid w/m? K
Air, free convection 6-30
Superheated steam or air, forced convection 30-300
0il, forced convection 60-1,800
Water, forced convection 300-18,000

Water, boiling
Steam, condensing

3,000-60,000
6,000-120,000




> Grogn dla NMIwIaNIau h

Convection Heat Transfer Coefficient

Fluid w/m? K
Air, free convection 6-30
Superheated steam or air, forced convection 30-300

0il, forced convection 60-1,800
Water, forced convection 300-18,000
Water, boiling 3,000-60,000
Steam, condensing 6,000-120,000

> MSUATIEANNTaU = MIUKTIEI9TAgM (black body
radiations) - NHIOIAAUIU

H=eocA(T - T, 0 =567 x1078W/m?. K*

& ! Ly & T
o fomaimineedaarn uay e € [0,1] Ao alla MIUKSE
7997 (e=1 Ad black body) (@MuHN T deailiaainiiiiu)



> NIMPYIN MILKSIAANNS o U9 NeITIAD
(T, = 6000 K, T, =0 K,e =1)

H
lo=—=1x5.67x10"8 x (6 x 103)* ~ 10¥ W /m?

A
1018 w/m” e
= : ®

RSE

Rs

Rs ~7x108m, Rsg ~ 1.5 x 10 m
R2
lo4nR2 = I'47R2z — I = /ORTS ~0.44 x 102W/m> (1)
SE

faliilddamgngadunazasitounduSedlasiuussomanaalan
— 1" =1.36 x 103W /m?



> N3Nt MIuKSIEANNFounEITNMYNY D
(Ts =37°C = 310K, T, =27°C = 300K,e = 1,A = 1.5m?)

H=1x15 x5.67 x 107%(310* — 300*) = 9.65W = 9.65J/s
lday — Atigs, = 24 x 60 x 60 = 8.64 x 10*s

Quday(J) = HAt14zy = 9.65 x 8.64 x 10% = 8.34 x 10°J/day

4
Quday(cal) = % x 10° = 1986 x 103cal = 1986kcal



> msgadvanuioulasnnnesiumenyd (by Rodin)

Evaporation
Loss of heat by
evaporation of water

Radiation
Convection Emission of
Moving air removes electromagnetic

radiation

radiated heat

Conduction
Direct transfer
by contact



> M5I918@BIaNNTon - did Msawu@ndadn / 189150y

3t

AL < Ly)AT — AL = alyAT, [o] =1/°C
V=01=AV=(L+AL?> -3 x AT
AV ~3al3AT = BVBAT, B =3«

Approximate Coefficients of Thermal Expansion at 20°C

Material a (10¢/°C) B (10¢/°C)
Aluminum 23 69
Concrete 12 36
Diamond 1 3
Glass 9 27
Stainless Steel 1.7 51
Water” 69 207

2

3)



Thermostat control

Elecirical

connection Bi-metallic strip

. | -— Higher Meta Strip
Electrical Contacts | a— Lower Metal Strip

Closed

-

Electrical
connection

Electrical
Contacts

Contact
Movement
QOpen circuit
T‘ ‘T Iﬁ'_. condtion
Fxed

Point HEAT

Electrical Contacts
open due to Heat



» Thermostat control

Elecirical
connection Bi-metallic strip

. | -— Higher Meta Strip
Electrical Contacts | a— Lower Metal Strip

Closed —

Electrical
Contacts

Contact
Movement
QOpen circuit
T‘ ‘T Iﬁ'_. condtion
Fxed

Point HEAT

Electrical
connection

Electrical Contacts
open due to Heat
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> SEUUMBYANAR dULBITEUY =(p, V, T, N) anNmsaoiug
pV = NkgT = nRT, R=N/Ny

kg = 1.38 x 10723J/K, Ny = 6.02 x 10234 /mol
R = Nakg = 8.31J/mol - K



> UHIMN p-V lunsdl N,T agin

T2>T1
T1




> UHIMN p-V lunsdl N,T agin

T2>T1
T1

P (3 o
> N YIAUUINT

V= L3, v =(Vx, vy, vz)

2L

Apy = —2mvy, At = —
Vi

Apy mv?

F = = — X
T T At 2L
Fo mv?

P~ 3

“



> nouiIal (@o)

m N mv2 1 N
2 2 2
VZ Xn: erS’ Vx,rms:N;Vx,n
1
2 2 2 2
v = V + V + V - VX rms — Vy,rms = Vz,rms = gvrms
1 3
pnV = gva,ms = Nkg T — Emvfms = SkeT (5
1

3 1 1
KE = —kgT = —kgT + —kgT + —kg T
S KB > kB +2B +2B

1
1 molecule : — KE = NdofEkBT (6)

KEpmon(lin) = gkg T

2-rot

\Y
3-lin
& =Y . 5
O () o KEaallintrot) =5 ka7
monatomic 3-dof diatomic 5-dof

NIWIBEN He, Ny, Os,
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> NtiedN @Wi?ti)TﬂLﬂﬂﬂﬂaﬁﬂVﬁ N9 RIAZEA N1199 300K

3kgT 3RT
Vims = \/ B , M = Nam — molar mass

m M
_ 3(8.31)(300)
_ _ 3 _
M(Ny) =28g =28 x 107 kg — Vims = 28 % 10=3
=516.8m/s (7)
_ 3(8.31)(300)
_ — 3 — -/
M(0,) =32g =32 x 10" °kg — Vyms = 39 % 10=3

= 483.4m/s (8)
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> Munald U dendenuwmeluiaunaneessun msulasuuilag
wFwMole AU 1Han Mysuannsew AQ wnysu
wagssuwvnam AW ldfudanadon nnngmysusn
WANNY WU
AU=AQ - AW
> S3UUMTBYANARA (monatomic)
3 3
AU = ENkBAT = EnRAT,AQ =ncAT
F
AW = FAx = ZAAX = pAV

AX

NTV

AV=AAX

V. V+Av



> NILUIUMIANNTOUBBITLVUMNTYANAR
> ANNAWANGD (isobaric) CB
> JS11a5a961 (isochoric) AC
g ammumm (isothermal) AB
> Tiuanudouanuion (adiabatic) AD
> 39591 (cyclic) ABCA

P A

isothermal

isochoric adiabatic

v
_|

&

. . D
isobaric g [




> Nnngien o
> 1JFuATANm

AW =0— gnRAT =ncyAT, cy = gR

> ANNAUANG
gnRAT =ncpAT — pAV = ncp AT — nRAT

3
—>CP:§R+R:C\/+R
> QuuNNANI
AU =0— AQ = pAV Ideal heat engine

AQ = nRTA—VV =nRTAInV

Q1*>2 = nRT|n(V2/V1)

NNAMANIA In A —In B =1In(A/B)



> NNngioN o (A0)
» liuanuasuanuson

AQ =0,AU = ncy AT = ncy(pAV + vAP)

ney VAp + n(cy + R)pAV =0
AV

Ap
npf\/X...‘)CVT‘FCPT—O

VZZ—PﬁAInp+’yA|nV:0%A|n(pV7):0
Vv

InpV7 = C aidabatic equation — p; V] = po V)
T
=C

prt

- TV =,
> 159U

AU =0 — AQyc = AW, Practical heat engine






Meyc = +Q

out

\

> aFevuufanuFon - Ussdnimu (efficiency) (%)

return
path

WC (o}
e(%) = Q—y x 100%

. Qin + Qout

Vo T

x 100%
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p AB-isothermal €xXp
BC-adiabtic exp
CD-isothermal comp
DA-adiabatic comp
QL c
\
Vg Vp V.
Qy = nRTHIn— 7 Q. =nRT; In V—C = —nRT; In &
.y Ve Vc Qu+ QL
Adiabatic ~— ~2 = — e(%) = ———— x 1009
iabatic Vi~ Vo e(%) on %o
Ty —T
=" L 100%
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p_ QL _ QL
chc QH + QL
v & IS ¢
@Lﬂ%ﬂ"ﬁiu@l

A AD-adiabatic
DC-isothermal
CB-adiabatic

BD-isothermal
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> myhaueuaiessud-guiumsiug saniu

Q

Engine Refr\'gérator
Q ‘ QL
7
Ty—Tp Ty
%) = L x100%, P= —"—
e(%) =~ —E X 100%, P =t

T, —0e(%)—0, P—=0

agldansadnde 7, = 0 K léae



> mynesdassaosidlwssunladen V — 2V
Watwluiamador ldasnsodwnauld

= |
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> mynesdassaosidlwssunladen V — 2V
Watwluiamador ldasnsodwnauld

= |

< |

\ \ 2V

> msaswulaudulngi AS

a [y

fﬂﬂl818@7356331%53UUI@L§8] = PIHUNNANNN

LY

AQ = nRTIn% =nRTIn2

AS=nRIn2>0



> ngiioi b weslulawing
AamNgavnssIRmMInNanTauravszuulag insanlian
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AS=0 reversible process

AS >0 irreversible process 9)

MINsenidase WniunuueanseuIwmIn i ay



> ngiioi b weslulawing
AamNgavnssIRmMInNanTauravszuulag insanlian

v
Yo

msilaenuilay ulnsl lia

AS=0 reversible process

AS >0 irreversible process 9)

MINsenidase WniunuueanseuIwmIn i ay

> msaswutlaudulnsilzenesouaslue

V V
As=9n Q& _ o1, VB Vo)
T TL Va Ve
nssinumInsoudlwunwaosnszinwmsiwnau la

> doaql ngiie o MuaFmamdsnuiinmieu
NILUIUMINNANNTOU NYTN b UFTNYRANNMILAG
NILIIUMIANNTOU



