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HEAT AND THERMODYNAMICS
TEMPERATURE SCALES
T 7 " Numerical value equations EQUATKON OF STATES FOR IDEAL GASES
: |
X °cC % % {T)x = {t}c +27315 1 i pV=nRT P = pressure [p]=Pa
5 ! 3
37134100 6724212 T = 5({'F}°F -32)+27315 2 n=2 V = volume [V]=m
5 M T = thermodynamic temperature
e = §({fF}°C - 32) 3 _pM n = number of moles [1] = mol
Tt L 460 4 = RT m = mass
{Tr }og = {tr}op +459,67 ~ {tp}op + = " ety
P IPSTO Is T = thermodynamic temperature, [7]=K ‘ ﬂT_l = pZTZ_ | P — [M]= kg / mol
1o a6 FO Ty=273,15K (~273K) | i 4
+ 47 t = celsius temperature, [t]=°C | ] dm>bar kpm
T = =8,3145———=0,083145———— (= 0,8479———
tf = fahrenheit temperature, [1g]="F R=molar gas constant =8, molK ™~ 8 mol K =0 molK)
Ty = rankine temperature, [IR]="R
THERMAL EXPANSION QUANTITY OF HEAT @ [0]=1 1 calyp = 4,1868 1
The change in length Al=1] -} ) ) ]
5 1 Q=mcAT ¢ = specific heat (capacity) [c]=——
v Al'=alj At 5 i kg°C
T : . i _ Q=CAT Ceh . _J
1 Al o = linear expansion coefficient, [a]=1/°C=1/K C = mycy +myeph.. = heat capacity [C]l= i
ll 4y = initial length . | Q=ms s = heat of fusion [s]=7/kg
2 At=1, —1 = the change in temperature ‘ Q=mr r = heat of vapourization ~ [r]=1J/kg
The change in volume AV=T; -V Specific heat capacities of a gas at constant volume and at constant pressure
AV =y M ' 6 o i | ap=a LY
p 2 : m\ dT )y, m\dT
7 = cubic expansion coefficient, [y]=1/°C=1/K o P
W = initial volume Molar heat capacities of a gas at constant volume and at constant pressure
- J
At =ty — 1 = the change in temperature Guv =Mcy Crp =Mcp [Cul= =
. io of the specific ¢p _ Cnp
Forsolids 7 =3a 7 fabio orbie;sp) =—-=—- pgasconstant R=Cp,—Cpy
heat capacities ¢y Cay ‘mp
Monatomic gases ¥ ~ 1,67 Diatomic gases y ~ 1,40
Thermal stress ' HUMIDITY OF AIR
- 8 .
o=-Ealt _ - p=100-Prg @ = relative humidity
B i [o]= N _ Pa : Dys py = partial pressure of water vapour
7= 4 =B " m? | M Pys = saturated vapour pressure
= = | py =" Ve
The change in length E= Young’s modulus,  [E]=Pa | RT py = density of water vapour, [py]=kg/ m?
s preyenicd M=18-107 kg /mol (water)
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IDEAL GAS PROCESSES HEAT AND THERMODYNAMICS
;
» Work done to 7 Technical work
N the gas d i
Process Equations of states for Heat absorbed in § 2 ore fo thz g Change in entropy
the process the process Q (Wo)ip = ~[pav (W), =[vdp AS = ?@
1 1 1T
. 14 v
Isechoric 4 ; -
(volume = ¥, = constant) 7 = . Q=mey (T - 1) 1 >
- T
(Wm)u =0 (Wt)u = Vc(PZ -p1) AS=m CVIHTZ
Isobaric %_5 1
(pressure = p = constant) %5 Q=mep(B-1) 2
(Wo)ip =pc (Vi — W) (W), =0 AS:mcplnj;_—z
=1 puy i
Tsothermic Ve 5y % Q_MR]émpz ' !
(temperature = T, = constant) AN=nn - v 3 AS= ’"R]npl
=p1iln—= =i
Y (W), =-0 (W) =-2 nh PZV
45=ln 2
Isentropic (e s
adiaha(gé o W =nW T %
(if no heat transfer, A ( B ]% 2=0 4
then n =y) === mR
% \p (Wo)yy = M- D (% - 1) . AS=0
e el ’
Polytropic 1 Q=m v (B -1) _ M(ﬁ_ 1)
L _(p)n SN ——
n = polytropic index T \p, —merl[22) _ills n-1 (Wi =2(Wio)sy
or exponent -1 11 | __MmRE |(p2|n _ . 7
L_(W» 1 AS =mcy In2
4L_(n M(n-1)|{ p B |
1 <n <y N i
e, MPA(B ‘ _y
"R \7 ‘ ARy
n-1\{% 5
P, V-diagrams of processes }
1 isochoric NOTES
g isobaric Heat absorbed by the gas is positive.
4 §soﬂi:zm.uc diabati ‘Work done by the gas is negative. !
lsentropic (adiabatic) Technical work done by the gas is negative
5 polytropic ; - R J
Specific gas constant Ry =— ; [Re]=——.
My kg K
: Specific values of quantities are obtained by dividing the above values by mass.
Vv J 7—-n . . i
= rE— - ¢y =polytropic specific heat capacity (< 0).
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LAWS OF THERMODYNAMICS
1 LAW (ENERGY IS CONSERVED) or (ENERGY PRINCIPLE)
AU=0+ W,y The change of internal energy is the sum of heat | 1
absorbed by the system and work done to the
ENVIRONMENT . e
5 » o] AU = mcy AT = the change of internal energy
QO = heat absorbed
2
W, = —IpdV = work done to the system
1
Al'=mcp AT = change in enthalpy 2
Using the pV term
Al =AU +(pyVa — piVi) 3
II LAW (ENTROPY PRINCIPLE)
There is a tendency on the part of nature to proceed toward 4
a state of greater disorder.
The total entropy S of the system plus environment increases
in any natural process. [s] = JK
11 LAW (ABSOLUTE ZERO PRINCIPLE)
1t is impossible by any procedure to reduce any system
to the absolute zero of temperature.
KINETIC THEORY OF GASES
IRT 35 Vms = Toot mean square speed g
Vs Sy~ = of gas molecules
M P = effective speed
E= %kT E = energy per degree of freedom 6
;= 10723 J
k 1,3807-10 X - (molecule)
= Boltzmann’s constant
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HEAT ENGINES
Heat engine: thermal efficiency
(hot reservoir)
heat source - 01 -0, Jjﬂ
4P 9 a .
_o- |2 _ il
? 2
0Oy, @] = absorbed heat or heat flow
= 0y, @y = rejected heat or heat flow
N W,P = delivered work or power
Q). or @,
heat sink
(cold reservoir)
heat (hot) Refrigerator or heat pump
sink /\Ql'(pl coefficient of performance (COP) in refrigeration
z . N D
. GG 2
engin \ ¥, P
S ] coefficient of performance (COP) in heating
- lol_ lol _lo
== =1l=g - +1 3
heat W I Ql| =0 P refr
heat
source  (cold)
IDEAL CARNOT CYCLES (CONSTANT TEMPERATURE CYCLES)
Heat engine: 1 >2—53—>4—>1
\ Carnot efficiency 77¢
Pl \3 5-1
s = A1y 4
c pr
. Refrigerator and heat pump:
adialatics 15453521
\\ Carnot COP in refrigeration
Z 4
- & = 5
g C,rofr -5
7, Carnot COP in heating
1'==
= EC heat = 1 6
v ’ vm h-0
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HEAT TRANSFER

o=0 = % = heat flow rate. [@]=
g:= = density of heat flow rate la="
CONVECTION

d @ = g,y cAT

qn = mass flow rate

Q

O=A4—=—
d R
A = thermal conductivity
6 = temperature difference
d = thickness of the layer

d _ thermal resistance
2 of the layer

h = coefficient of heat transfer

|| outside

6=1-T,

p=22

distance

U-coefficient and thermal resistance Ry of the wall

RADIATION
Stefan-Boltzmann law

O=coAT*
&= emissivity of the surface

0 =56705-108
m2 K4

surface (area 4)

to its surroundings (%)

O=codG -14)

R=— .

D=l AT ~Ty) = h A(Ty —

[gn]=ke/s

A CONDUCTION THROUGH A WALL

w
[i]=ﬁ

TRANSFER AT A SURFACE
%)

w
m?-K

[h] =

1 ‘
Rse TRANSFER THROUGH A COMPOSITE WALL

1 dy  d.
R Rp=—=R +-L+224¢ R
J T U Ree M Ay si

W _ Stefan-Boltz-
mann constant
T = absolute temperature of the radiating

The heat flow rate from a surface %)
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OTTO CYCLE (constant volume cycle)

y-1

adiabatics n=1- ‘1 : :1_(1’_1) v i
&7~ 3 ")

"

1 72

=

wv

DIESEL CYCLE

N . g1 L @1
adiabatics Z 71 7 (¢ — 1)

14] .
=—==cut - off ratio
14 7

[N

adiabatics
1
=l-

4
1 W=

P2
nv

¥=t

D 3 adiabatics
2
77:1_[17_1] L 1_£
P2 5L
p 4

COMPRESSOR CYCLE

¥

W= _

t 7_1(1?2"2 piv)
y-1

)

=1 |\p

W; = actual work done
n = number of gas moles

_rn% [p_z]7_1

& = — = compression ratio

DUAL COMBUSTION CYCLE

L we'-1
e/l w—1+yy(p-1)

GAS TURBINE CYCLE (constant pressure cycle)
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ELECTRICITY AND MAGNETISM
ELECTRIC FIELD
=L E=X-Y 1
q As m
F = force exerted on a charge g
by an electric field £
At the outer surface of a solid conductor
a2 2
o2 N
o = surface charge density [a] = As/m?
r = radius of curvature of the surface
Immmediately outside a charged conductor
=2 3
Er &g
2.2
&p = permittivity of vacuum ~ 8,8542 - 10712 %
m

&; = relative permittivity

Inside the conductor E=0

POTENTIAL V
is constant inside a solid conductor = at the surface|

ELECTRIC FLUX through the area A
w=[,D-dd [#]= As
D = g, E = electric flux density, [D] = A—;
m
Gauss’s law
¥=¢ D-dd=0
0 = charge inside a closed surface 4

POTENTIAL DIFFERENCE V) - W i.e.

VOLTAGE Upp
% Uap=Va-¥
’/7/ B—? =
T B oy jF-ds
. :JE~ds= A>B _ A
/’ )
V=[

U]:V:L
As
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CAPACITORS

Capacitance

-8 _As_
c=3 [cl=5=F

Parallel-plate capacitor

C=5r50‘g

Cylindrical capacitor

I

C=2meg, S0~ T
In2 In2
n n

Capacitors in series T~
Cll ~=

()
I | .

a3 Eﬁljﬁq rj] kg VL LS
U - U=Uy+Up+.4U,

Capacitors in parailel
C=C+CG+.4C,
0=0)+Q+.+0,

Energy stored in the capacitor
2
12 1, 10°
W= ECU _EQU“i z
Energy density of the electric field

w:%ersoE2 = %DE

Induced surface charge by polarization
1

op=|1-—|o
P &

Electric field within the dielectric

"y
&y

external field Ey = e
£o

oo
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Coulomb’s law

0. = 0, The force between two point
< 51 beig = ( ) charges is

-~ ' T Fe_Ll 00

dreeq 12
0>0 0<0 Point charge
o 0 E-—1 2
4mergg 7
E V= 1 0 reference potential
\, dneey r V=0 at r=oo.
E

Between two large parallel planes is
a uniform electric field

E=-Z

&r &

52 In a uniform electric field

Ups =E-Sap=Esy

Line charge
T .
2mergy 1
2 B

AB=
2merEy  Tp

A= linear charge density, [l] = E
m
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DIRECT CURRENT

I -9 instantaneous current and I :—?—, if I'is constant [M=A
OHM’ S LAW U=IR
Resistance R= p—l—
A

p=resistivity, [p]=Qmm? /m, Om
Resistivity and temperature (given temperature interval)
Metal conductor NTC-resistor
p=po-(1+agAT) p=pac®T
ap =temperature coefficient of resistivity
[ax]=1/K
AT =T-T,

P and B constants for the material
T = absolute temperature

DIRECT CURRENT CIRCUIT
Source of energy (emf source)”

E=U+IR

E = electromotive force
U = terminal voltage
R; = internal resistance

Power

2
p-vr-Pr=-2L
R

Kirchhoff’s rules

L Junction rule: The sum of the currents entering any
I 13 Jjunction must be equal to the sum of the currents
— leaving that junction. .

The junction shown in the figure
Lh+h=hB+Ii+I
Loop rule: Around any closed loop the algebraic sum|

of emfs is equal to the algebraic sum of all the
potential drops in the resistances of that loop.

The loop shown in the figure
E| —Fy = BRy + IyBo + 1R — [y

co
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Resistors in series
R=R +Ry+.+R,

U=U1+Up+.4U, and U;=IR;

Resistors in parallel
1 1 1 1
+

e
R R R R

I=L+h+.+l, and I= %

POTENTIAL DIVIDER, potentiometer
RRy-RR__
RyRy+RRy— R}
jo R
Ry+R—-Ry
If R>> Ry, then U:%-Uo and I=0.

U= o

WHEATSTONE BRIDGE CIRCUIT
In balance I=0. Then

& _A

Ry Ry

Dividing current

R

Uy=er—3 .U
R1+R2+R3
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ELECTROMAGNETIC INDUCTION
Faraday’s law of induction

d® _ the time rate change

do
E=-N— — =
y dr ~ of magnetic flux

©dt

A straight conductor moves in magnetic field B =
E=vIB V1B
A coil rotating in magnetic field = sinusoidal voltage
e= NABosinot
@ = angular velocity
o= 2nf (f = frequency)

N = number of turns
A =coil area

Mutual inductance M => emf in coil 2

g8
M]=H= A

Self inductance L of a coil = self induced emf

=

dr| Vi

AL} o= Ys

|B|=L2 [Z]=H==3
5 2

For a solenoid L:%zw

Energy stored
in the inductor

Energy density in 1 1
the magnetic field 2 2

W = %LIZ

IT\\\
closing // t

time constant 7= RC

= U
Uc=U(l-e?7) ja 1=ZLe 7
c=U( )ia1=5

{ removing

closing

Temoving t

RL-circuit time constantt =L /R RC-circuit

Closing I= %(I - e—t/r) I? closing,

if Ugg =0

Removing  I=Iye /"

)
Removing Ug = Ugpe /7 ja 1= —Uhc"e"”T
R

ELECTRICITY AND MAGNETISM

MAGNETIC FIELD
o= [B-dd
A
If Bis constant and // Z, then @ = B4

@ = magpetic flux, [@]=Vs=Wb

B = magnetic flux density, Vs _
= magnetic field (= =T

- -

B=prpoH

= permeability of vacuum = 47-107 NS
Ho=P y = yen
My = 1elative permeability

A
H = magnetic field strength, [H] = =

Biot-Savart’s law

=0
df= 1 .deZr
4n r

I dising

dH LFAdH Ld]

dH =

4n 2
I ,f?.i ..... s '
o, Ampére’s law

§H-ds=x1

5
Inthe figure ) I=h-h+1h

Field of a long Along the axis of a solenoid

straight wire

At the centre of
a circular ring

H= %(cosgl —cosf)

At the centre of a long solenoid
NI

H="2
I

2R 2nr
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MAGNETIC FORCES

On a moving chargs

R

F=qvxB FLVAFLB

F=|glvBsina
x kX 5 = . my
3 If vl B=> circular orbit with r = q_B

On a current-carrying conductor
F=IIxB FLIAFLB
F=1IIlBsina

[
If /ILB= F=IIB

The force between two parallel wires
_tarmehihl
2nd
QOn a current-carrying loop
M=NIAxB
M=NIABsina
Magnetic moment of the loop

m=NIA [m]=Am?

On 2 bar magnet
M=mxB

M =mBsina
m = magnetic moment of the magnet

THE HALL VOLTAGE
IBa
Ug=——r0, I=nedy,
B ed d
n = density of charge carriers, [n]=1/ m3
A = cross - sectional area, [4]= m?
Vg = drift velocity, [vg]=m/s
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ALTERNATING CURRENT (Sinusoidal)
U=1/2
I=1/42

1= fisinwt

i=isin(wt— @)

Ohm’s law in the AC circuit
U=1IZ
u,i = istantaneous values of voltage and current
i1, = maximum values
U,I = effective values (rms values)
® =27 f = angular ﬁequency
f=1/T = frequency
T' = period
@ = phase difference between voltage and current
Z=AR*+X?* = impedance
R = resistance
X = X; — X = reactance

X;, = @ L = inductive reactance

Xc= ! = capacitive reactance
¢ wcC

R
— = power factor
Zz

Up=IR, Uc=I1X¢c, Up=IXp
U=IZ

N

U* = Ug +(U, - Uc)
U=Up+U; +Uc

=

Powers in the AC circuits
Active power
P=Ulcosp=I*R
Apparent power
s S=UI=PZ

[Pl=W

[s]=VA

Reactive power
Q0=Ulsinp=I’X

[Q] = var

Power triangle
s2=pPr1+0? ja cos;a:%

ELECTRICITY AND MAGNETISM

Resonance means that the phase difference between voltage and current is zero.

Series (voltage) resonamee occurs in a

RLC-circuit when Z = R, then
Up,=Xp1=XcI=Ugc.

The current I reaches its maximum value

The resonance frequency f= 215‘1/17

The situation in the phase diagram
Xy =Xc=2R

: QL
+90° 1
YU,
TRANSFORMER

Parallel (current) ressnance occurs in a
parallel connected circuit when

R* +4n? f2 1 =%.
The current / is in its minimum value
I- UR
R? +4n? 212
The resonance frequency
2
fe . - R*C
2nJLC L

N/l

~/[
I~

’I,vtj Q
lI_(Q

In an ideal transformer
Up I M
Uns Twp D

Sn=Unslns = Unp[np

Sy = nominal power
n = nominal values
p = primary values

s = secondary values




PHYSICAL CONSTANTS, GREEK ALPHABET

Fundamental physical constauts

Speed of light (in vacium) c 2,9979 - 10% m-s7!
Gravitational constant G 6,6726 - 107! Nm? -kg_2
Charge of electron e 1,6022 <107 C
Electron rest mass m, 9,1094 -107' kg
Proton rest mass m, 1,6726 -10™ kg
Neutron rest mass m, 1,6749 -107 kg
Planck’s constant h 6,6261 107" J.s =
4,1357 -107" Vs
Rydberg constant R, '1,0974 -107 m™!
Avogadro’s number N, 6,0221 -10% mol™!
Boltzmann’s constant k 1,3807 - 1072 5.x !
Molar gas constant R 8,3145  T/(mol-K)
Permittivity of free space & 8,8542 - 10712 CZ/(NmZ)
Permeability of free space Ho 1,2566 -107° Vs/Am
Wien displacement constant 2,8978 +10° m-K
Stefan-Boltzmann’s constant o 5,6705 - 107 W/ (m2 K“)
Atomic mass unit u 1,6605 107 kg
Energy equivalent of
atomic mass unit uc? 931,49 MeV
The Greek Alphabet
alpha A o A « nu N v N v
beta B B B B xi EE g ¢
gamma I vy Iy omicron O o 0 o
delta A B 4 6 pi nrne HOrno
epsilon E g, € E ge€ rho P pop P op
zeta VAN Z 6 sigma X © Z o
eta H 7 H 7 tau T 1 T
theta @ U,8 e 0,0 upsilon Y v Y v
iota I I phi @ 9,0 @ g¢
keappa K x,x K s« chi X % X x-
lambda A A A2 psi Y v ¥ v
mu M p M pn omega Q o 2 o
Q OeEQw o
FREEEE 5
g ¢ g Basg E.
& e =E°§
o
2B oa oy T |<
@ = N & & & 5 ":’_ =~ SSeU TR[OTAL
g le
—
©c OB 9B o« Bw'&y;':lb Do 0T+ 12 A1suaq
O L & VO O 3
W © O O o =
S s S 1U2101J209
B8~ EP e uoisuedxa STUMOA
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