Change of temperature and state

A change of temperature will ocosr when a subatance i2 hested or cooled, and, 2z
a result, the kinetic energy of the maoleculos will change and, therefore, so will
the internal energy.

Thie heat inpatted or removed from 2 system, §, i

| (2= mehd

m e s A6 = change in Lemperature, ¢ = specifle heat expasily

A subatance will change state when pravided with enough energy

During a change of state the temparatore doasn't change and, therefore, the
kinethe energy remalng constant. However, the potential energy of the
molecules changes and, therelare, 3o does the internal energy.

Thie changas s hest voquived for a change of state (s

I = gpecific latent heae

&

Jiguid

Iy Is the specific latent heat wlidl
of fusion, the specific latent 5"'"‘“'__.1- ]
heat for & change from s solid —— liguid . =
tora liguid, ar wice versa = Time i
I, b the specific heat of e
vaporisation, the specific Gaita Hyld
latent heat for a change froma  —— Hquid 3

Thesee /8

ligueid toa gas, or wloe versa ]

L

e Thermal energy transfer g

Internal energy: the sum of the andomly distribabed kinetic energies and
potential energies of particles in a system or body.

First law of thermodynamics

Thermal physics

Gas laws: a set of experimental laws that look at the

Ideal gas laws o

Absolute zero
At absolute zevo (273 ") an chject

relatinnship between pressure, voltme and temperature of a gas. will have minlnum bstornal ensrgy Lo L Ef::“is:;:hﬂ':z:m
Molay mass: the mass of one mals of substance in kg mal-® a3 the kinetic energy of the molocabes w 2 -
Molerulay mass: the mass of a maleculs bn u will have been brought dawn to zera. Pr A Bunsen burner allew:
5 gange the temperatir: wbe
A‘“M’Fmt[ﬂ'{] ks the aumber of atoms controlled and a plston
Ideal gas faw: #V =nfT | ! 1 allews the volume to be
In 12 g of carbon isotope ;. e
T I Ll An isotope’s or chemicals molecular moss desoribes
B PTERSUTD o . t et mach moass is in ¥, melecules of that chemical. Heat seurce By meaguring the .
tant volume|: - i canstan pressure and cantrofling
{ ki The Eoltamans constant (k) Iz relytéd to (0.g. Buneen bath temperatire and
barmer) vohume, prespare can als
Charles” law v Aiogadeas coprtant by K= & be kept constant.
[constant pressure): 7 = constant N, @
I = prexmure of the gas Thiznk of a balleon. By compretsing it, the volame
Boyle's law e opmartnt :::::::":E::F‘:’hﬁh decreases and thi preasure increases while tho
(constant temperature): |__" i = tasbi o Gt b temperature stays the same.

Ny = Ay
Wark done on o gas: W= pay i

i

The malecular kinetic theory applies the gas lws 1o individual
malecules. Moleooles n a flaid are in constant random motion.
The kinetic theory is based on mathematics.

Brownian motion describes the ermatc motien of 3 smasll p:m.';h
when placed oo the surface of a fuid. The malecules on the sorface of
thee fludd move randeanly on the surface and hitinwe the particls,
making the particle move andomly on the surface - this produces

W-miﬁan:onm{-w

Brownian mation, previding evidence for the malacular linetic theary.

1f we bcreacsed the temperature while Inldip@ the
vahiree constant, the presnare would incease.

dro's constant = 6.02 % 107 mel™®

R = gasconstant = 831 J K mol?
k = Botrrmann conatant = 138 5 1079 J 3

Molecular kinetic theory model

u

Molecular kinetic theory model representations of the gas laws
Preasure Livs

AsT is ncreased in a contalner with fixed ¥, the average speed of molecules
increases. This causes molecales to impact the walls of 2 container with greater
foree, anil pincreases, pe T

Charles' law:  As T bs increased in a flexible contalner, the faster moving molecules impact the
walls of the tantainer with greater force. [f the walls are movable, this increases V'
while p remains the same, F o T

Boyla®slaw:  Imacasewhere T is consrant, but ¥ s decreased, melecules lave less space to move
in between colllsions, This Increases the namber of collisions, so the total force
on the walls of the contabner increases, increasing p. p of 1,V

The change of internal energy of the object ks equal to the
tatal anergy transfer due to work done and heating,

Al = & & AW

Al = chasge in pemal enerpy, A0 sichange i beat, 8 = work done

Internal energy is constant when
*  noenergy transfer by heating and no work is done
O

energy transfor by heating and work done are equal and opposite
Internal energy can be increased by:

+  heating theobject ¢ Bam Tigh ———L,
! oR Keep track of direetion |
{ = doinguorkon the ohject of energy transfer. Heat |

i
Imagine an engire —§35 the aic i compresond, itheats up, o
B heat is being added, bus work is being dome = this
ralses the Internal energy, so bemperature increases. I

L

Dowing into an chject
meeans A0 is positive,
while heat flovwing out
af an object means 40} i
negative.
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Kinetic theory equation

Thee kinetic theory equation i derived by considering one malecule of mass 71 in a rectangular bey of

dimensions J 0,0, with speeds 1, v, W, in xpz disections,

1. The ferce of an impact of a
particle on a wall is the chagge in
mamentum ag it collides

each individual particle
P=pmtP

3. The total pressure on the box |2 the sum of pressure of

Average

moleculer —mfe,) Jpr o 28F

kinetic enargy: 2 N,
_—

Internal energy of
an ideal gos:

Tttt Ex

il m 3 s .
pim s =Rt et i+ i)
Wi Thie average squared velocity () Ix given by EIE}L:M Ty, A potential energy = 0
i H /,,al. ¥ Nmi®

£ X ey v Key assumptions
Z ",‘} O _.H! *  Gas molecules move randomby

e A --7 4. This is only for one dimension 5o add the other two *  Valume of gas molecales is negligihle

B L T Y ®  There are no |Intermelecelar forces between molecdes
L3 =F{u af el } = Time spent between collisions i significantly longer
2. pwmFfdse \ . than duratien of cellisions
Cxfhiayig dutmiis - E—-mﬂ-f.'r = Al collisfons are elastic
mul  mud together gives: Y rmE 4

£y ™ 1ot mean square velocity

© ZigZag Education, 017




