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What is internal energy?

Internal energy of a substance = the sum of the random distribution of kinetic and
potential energies within a system of molecules

The internal energy of a system is determined by:
1.Temperature
2.The random motion of molecules
3.The phase of matter: gases have the highest internal energy, solids have the lowest

Internal energy of a system can Internal energy of a system can decrease by:

Increase by: -losing heat to its surroundings
-doing work on it

-adding heat to it



Internal energy of an ideal gas equation:

*Note that molecules of all substances contain both kinetic and potential energies
because they are bound by the intermolecular forces*

However, ideal gas molecules are assumed to have no intermolecular forces. This
means there have only kinetic energy, but no potential energy

Therefore, internal energy of ideal gas = avarage(translational) kinetic energy

 The(changein)internal energy of anideal gasis equal to:

_ 3
AU = 5 kAT

e Therefore,thechangeininternalenergy is proportionalto the changeintemperature
AU « AT

e Where:
o AU =changeininternal energy (J)
o AT =changeintemperature (K)
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As the containeris heatedup, the gas molecules move faster with higher kinetic energy and
therefore higherinternal energy



Work Done by a Gas

When a gas expands, it does work on its surroundings by exerting pressure on the walls
of the container it’s in

Thework donewhen avolume of gas changes atconstant pressure is defined as:

W = pAV e Therefore, the gas does work on the piston

Where: FORCE EXERTED BY THE
' GAS ON THE PISTON
o W=workdone(J)
N

o p=external pressure (Pa)

o V=volumeofgas(m?) L
i |PRESSURE p

VOLUME V OF GAS
EXPANDED = Axs

Gas expands(V?™) = work is done by the gas
Gas compressed(V{) =work is done on the gas

» CROSS—-SECTIONAL AREA

The gas expansion pushes the pistonadistances



Derivation of work done (by a gas) equation

e Thevolumeof gasisatconstant pressure. This means the force F exerted by the gas onthe
pistonis equalto:

F:pr
o Where: (this equation assume that the

o p=pressureof the gas (Pa) : surrounding pressure p does not
o A=cross-sectionalarea of the cylinder (m<)
’ change as the gas expands)

+ The definition of work done s: -->This will be true if the gas is
W=Fxs expanding against the pressure
» Where of the atmosphere, which
: E:fd(ijsr(;?a(ye)mentinthe direction of force (m) changes very SlOle

 Thedisplacement of the gas dmultiplied by the cross-sectionalarea Ais theincreasein
volume AV of the gas:

W=pxAxs

» This gives the equation forthe work done when the volume of a gas changes at constant
pressure:

W:pAV

» Where:
o AV =increaseinthevolume of the gasin the piston when expanding (m?)



The First Law of Thermodynamics

-based on the principle of conservation of energy
-when energy is put into a gas by heating or doing work on it, its internal energy must

Increase
+AU:
P AU ¢
Thefirstlaw of thermodynamics is therefore definedas: | 4 peat g is added to the system
AU=q+W .« Work-W is done on the system(or by a
_ gas)=gas expands
Where: .................................................................................................
o AU =increaseininternal energy (J) -AU:
o g=energy suppliedto the system by heating(J) : AU ¢
o heat g is taken away to the system

o W=workdoneonthesystem(J) .
e Work+W is done by the system(or on a

(this equation applies to all situations, not gas)=gas compressed

just for gases)
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COMPRESSING THE GAS MEANS
WORK IS DONE ON THE GAS
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EXPANDING THE GAS MEANS
WORK IS DONE BY THE GAS
(ON THE SURROUNDINGS)

Positive or negative work done depends on whether the gas is compressed or expanded




Graph of Constant Pressure & Volume

Area under graph of pressure against volume = work done of the gas
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Volumet=expansion=work is done by the gas(-W)=internal energy‘
Volumelv=compress=work is done on the gas(+W)=internal energy



