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Thermal engine

How it works :

·

. + W 1. Working medium , gas
x

7

:
2. Relation TP : Ideal gas lau

I
3. Heat capacity
4. Mechanical work (W)

gas
5. Efficiencyn

Thermodynamic observables - Ideal gas Law

proportionalities
↑: pressure [Pa] PxT NT
T: temperature [K] PV = nRT --

%. volume [m3] Pc]pxN = nR

D : amount of substance (mol]
R : Universal gas constant [5/mol . k]

=
8

,3143/molk

Mole

Na = 6,02 . 10 mol- n =

N

NA

Ideal gesses considerations

· The molecules are point masses ,
no volume of their own

· There are no attractive forces between the molecules

=> Ideal gas law is a good approximation as long as gas
is

sufficiently dilute



Variation of the ideal gas lour

PV = nRT = ART= RMmol

P = mRT=

Roughly air density

Air =80% 12 ,
20% 02

Mmol
,
air

= 0
,
8 . Mmol

, N2
+ 0

,2 · Mmol
, 02

= 0
,02849/mol + 0,03249/ma = 0

,0288k9/mol
=> 28

,
8 g/mol

Heat capacity

Q = m . c .T[J] Water : (p = 1 cal = 4187J/Igle

Oil : Cp = 1970 J/ugk

Heat capacity of gases

↑ = n . [(n) &T where(in)= moles heat capacity

= n #DOFRT
2



Kinetic energy of gases

Ekin=min.
↑ = &En

, ges
= EnRAT(Q = n . C(n)

: &T = w

I
C(n)= R = 12

, 473/molk

↳
True for all mono-atomic gases
[He ,

Xe
,

Ne, ...)

Diatomic gases
-Z

N

x

1 y C(n=
5 R = 20

,
7853/malk

&

Poliatomic gases

Egas = V =

# DF nRT
2

where #DF : degrees of freedom
[in = #BFR

2

Molecules speed les point masses) - RMS /Root - Mean-Square)

(v) =
& Dun

i Vins =
InPurn

= (+) =
In in

n Enn N

<x =

2nvn
= 3UBT3RM

Boltzmann constant ki

kB= = 1, 38 .1023



Equipartition principle

At temperatureT, the thermal energy Eas = n. c,&T

is distributed equally among the DoF in average :

#DoFParTim
W = F .dx = w =

p
.A .dx = - pd

SWo , if do - the gas "loses" work
WO , if do - the gasgains" work

Real Volume changes+ > pe const pa

w = - fa i in
M YX2

Xy

First law of thermodynamics :

Internal energY

DV
(V2 - Un) => Q - W Q = AV - W = 0

=> &V = WSO - expansion
-&V = di dW = da-pd &V < O - cooling of the gas



Stirling process Diesel engine

px PX isobar

Y
isothermal

N expansion isotherm
Y

isochoric X

isochoric Y
cooling

~
isschoric

heating T
T

isothermal isotherm

compression
& -
Y y

Blue area :(Whet = 14x - Yw/

Specific heat capacity

Molar heat capacity Adiabatic index

Cp = Cy + 1 V = (P =
C + R

=

#DoF + 2

&y
# Bot

=#DOF = 2
- 1

Heat capacity at constant pressure

Disochoric = DVisochoric-Wiscia
=> DW isochoric = UC ,

XT

& isobaria = LVisobaris - Wisobaric

= nCAT - ( - pay) = na-T + px

= naT(c + R)
↓
given by the

work for expending
the gas



Thermal efficiency

n = /Whet = 1- IQui-Q-Q* in

& in = IWnet1 + /Qout = /Whet = Qin-IQouil

How to calculate thermal efficiency

1. Identify the heat flow

2. Choose a formule for n

Adiabatic process of the ideal gas

Th(-1) = T22(2-1) (isobaric) Adiabatic index

V=
P = PYY Lisothermall

512R
= 1 , 67 ,

for 1-atomic gas3/2RS↑(1)T Lisochric)
↓
R = 1 , 4

, for 2-atomic ass

Adiabatic energy

D
= nC(Tz - T)= (P- Ph) = Wadiabatic

Coefficient of operative performance (CP)

CoPrefrigerator=
Quold

Whet

CoPheatpump = Oho-QudtWnet = 1 +Qld
Whet



Carnot cycle

Phase diagram (p-T diagram)

freeting-To
melting
·

vapour pressure

Condensation

Y
resublimation vaporization
(deposition)
-

-
I
sublimation

Boiling

Vaporizing



Evaporation
Is vaporization below the boiling point , where

water molecules from the Liquid phase go into gas phase

&

-

* X
-

z X : N2-molecules -> Prz : partial pressure of N2
8. X&. ·: O2-molecules -> Po: partial pressure of 02

..

-
X Ar

· H20-molecules - Po : partial pressure of H20
↑

X ·To .

-

P(t) =2 Pa + Po+ Poo

Equilibrium :

In order for a water surface to be in equilibrium with
humid air ,

the partial pressure Pho Must be equal to
the Japour pressure :

PH20 = Pp(t)

With this
, the saturation of the air has reached 100% RH

Relativity humidity

RH =
PH2

BJt)



i)

Latent heat

Tx

Condensation
S

I

Freezing Vaporization
S

Melting
solid latent heat liquid latentaddedgas

heat

&
l+ g

= * lat-m



Physics 2 Notes

OSCILLATIONS



Motion

Simple harmonic Oscillation (SHM)

Fx = Fnet

[ Fk= - k . X

i m m
Fret = m .x ]mx + kx = 0

X8 X

x+ x =W = #
M

Dynamics

X(t) = A - cos(wt + 4)

- (t)= wAsin(wt +y) = =wa - x2

alt)= - w"Acos(w+ + y) = - w-x(t)

Energy of SHM

Etot = EHooke + Erin = [RX*+m

for turning points : 10 , X = A ,

hence: Etot = &A + 0 =1 ESAM



Simple pendulum

11/1 Equation of motion
Fnet =Fgmx = - mgsino

8= Y =
-gsin( */)

/ 0 + x+gsin(*2)

Axt m point mass For small Sind=
-Y &

masino Macoso
Hence :" + g

.x =0

* + xw2 = 8

mg

w = g/ ,
T= 2π4g

Phase shift

#O if the mass starts oscillating from a rest position
& fo if we have an initial velocity or displacement

Damped oscillations

D M

=

*

Enet
= Flooke + Falamp (mx = - kX -

b(x
=X

Foamp = Estores = GTRH) = by

D

=> x + kx+ x =0NSH



Decay constant & Decay constant Amplitude
B= (57) T =

1
=

zm A(t)= A
-Bt

=
At

B b

=> x+ wax + 23x = 0

↓verdamped system

B(w = x(+)= e-Bt((yet + est)
* -X

g
t

with 1 turning point : *
t

Damped system
BLW = X(t)= APTcS(Wdamp t + 4) ,

where Wat whh , was w

· /Alt) = Aest

Mat

Limiting case/ Critical damping system
p= w = X(t) = Eft((y - + + 2)

Case of a car shock absorbers

↓
crit

=2m = 4km = GπR

Energy loss due to damping Quality factor

2πE(t)<E(t)Y = qkA?
24/4

= Eye 24 P
=(t)+D

=A et = Eget



Driven oscillations

Resonance frequency Quality factor

fr = wi - 22 = w( -up) &=.
I

↑ is only defined when B<W

Amplitude in resonance (Maximum in resonance curve)

Ar = A(r) =
k . H =Q -HE Q . As

b wa - B

Position of a driven oscillation

y(t) = Apeitcos(wat + y) + A(r(cos(r+ - q(x))
transient response stationary oscillation

↓
transient response

#
stationaryoscination



WAYES



Definition

A wave is an oscillation that propagates through space

Mechanical wave

Mass elements oscillating ,
with mechanical coupling

leg. ropes ,
soundwaves

,... )

Transverse wave Longitudinal Water were

Wave speed
Rope wave Sound waves Light waves

C =
URTc =t mmd -Mo

where where :

Es : Rope tension [11] Eo : Dielectric constant

M : Length density [Kg/m/ Mo : Magnetic constant

& : Volume density [Kg/m3]

S: cross-sectional area [m2]

Harmonic waves

Displacement Properties
y(X ,t) = Aws(2(x - (t) + 4) w =2 ,

k =2

=
Aeik(X-ct)

,
i = -1 c = xf = y = Y



Sound weve as a pressure wave

↑(x ,t) = Patm + Pws(kx-wt + y) [Pa]

Sound pressure amplitude

P = gwAA=
P

-

~
max

gws

Energy flux /Power) of an harmonic wave

PA

P=MWS

Intensity of a wave Sound level

IXA2 = 10 log() (aB]

- = <P) [W/m2] where Io = 10-12 /wmil

Doppler effect

freceiver- Fender=receiver

x

Frequency shift

fr = fs ↑

Cr

[IYS

fres = Es .c , fres

fresfs. I forests



Beat frequency

fi = (f, - f2) = m

Standing Waves (Stationary oscillations)

Hard reflection Soft reflection

Mmedium Mboundary Mmedium (Mboundary

YTot
(x , +) = y ,w(X ,t) + You(X ,Y) YTot

(x , +) = y ,w(X ,t) + You(X ,Y)

=

>2Asin(wt) · sin(kx) = ZAsin(wt) · cos(kX)

common phase common phase

Standing weve's nodes

n= number of nodes
,
ne IN

Node position Wavelength Frequency

Xn= n XToT xn= 2 = x En== =+
2


