College Physics I: 1511

Mechanics & Thermodynamics

Professor Jasper Halekas
Van Allen Lecture Room 1
MWEF 8:30-9:20 Lecture




Announcements

Final Equation sheet and sample Final (from last
year) posted on "Notes” page

Final will be in this room 8:00-10:00 pm on
Monday 12/12

Schedule for rest of semester
This week: Thermodynamics
Next Monday: Intro to Waves
Next Wed: Detailed review of post-midterm material
Next Friday: Full semester top-level review



ldeal Gas Thermo Processes
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W, Q, and U along different paths

AU only depends on
end points
P
W depends on path
Q depends on path ®
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Work Done by Isothermal Gas

ldeal gas means PV = nRT
Constantn & T => PV = constant

A




Work Done by Isothermal Gas

Since the temperature is constant, the pressure P in the work integral
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Work Done by Isothermal Gas

V>V,
In (V{/V,) >0
Work done by gas is positive

Vi<V,
In (V/V) <0
Work done by gas is negative






Heat Transferred to/from

Isothermal Gas

AU =Q-W =0 (since AT =0)
Q=W =nRT In(V{/V))

All heat added to gas is used to do work

Or, vice versa, if converting work to heat



Definition: Adiabatic

"Adiabatic” = a process during which no heat

is transferred to/from a system
P

Adiabatic process

Work done 4



Work Done by Adiabatic Gas

AU =Q-W =-W
For monatomic gas U =3/2 nRT
If n constant, AU =3/2 nRAT

W=-AU=-3/2 nRAT






Adiabatic Condition

A
Adiabatic Processes .
. Isobaric
PV’ =const., y = Ce i
C, l
Y,
P|3
For monatomic gas: S
y = (5/2)/(3/2) = 5/3 =




Concept Check

If a gas expands (increases volume)
adiabatically, what happens to its internal
energy’?

Goes up
Goes down
Stays constant



Concept Check

If a gas expands (increases volume)
adiabatically, what happens to its internal
energy’?
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Goes down
Stays constant



Isotherms
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Pressure, Volume, Temperature for

Adiabatic Process

y> 1 for any gas, so the adiabatic curve
(“adiabat”) on a PV diagram is steeper than an
isotherm

For a decrease in temperature, pressure goes
down, volume goes up, and positive work is
done by the gas

For an increase in temperature, pressure goes
up, volume goes down, and negative work is
done by the gas (positive work is done on the
gas)



ldeal Gas Thermo Processes

Process __AU______a W
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Volume
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Temperature
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(pVV =
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Work and Heat for Ideal Gas

Work done

9_) Dy gas
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Concept Check

undergoing five different cyclic
processes are shown to the right.
During which cycle does the gas

Q24) Pressure vs. volume \\‘
graphs for a certain gas \;‘l o H).\I
I
F
do the greatest positive work? I:I I:I
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Heat Engines

Heat Engine

T = Temperature (°K)
Q = Heat (J)

W= Work (J)

h = hot

c = cold

W work output

heat input heat output

(Te) Cold
Reservoir




Hero’s Engine

Works by heating water to produce steam
which is expelled and converted to
mechanical motion (which can do work)
Steam is lost

Not reversible!

Figure 2-1. Hero’s Aeolipile



Steam Engine

Steam cut off
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Steam is lost, must be replaced, not reversible



Stirling Engine

flywheel PA 1 Stirling Cycle

power piston

cooling heat exchanger

displacer piston

heating heat exchanger 3

<V

Stirling cycle is reversible in principle



Stirling Cycle

1. Power piston (dark grey)
has compressed the gas,
the displacer piston (light
grey) has moved so that
most of the gas is adjacent

to the hot heat exchanger.

2. The heated gas
increases in pressure and
pushes the power piston to
the farthest limit of the

power stroke.

3. The displacer piston
now moves, shunting the
gas to the cold end of the
cylinder.

4. The cooled gas is now
compressed by the
fhywheel momentum. This
takes less energy, since
when it is cooled its

pressure dropped.






Work Done In Stirling Cycle

W__ =nRT,In(V_,/V.)=Q
12 = NRTINV,/V,) HPA1
W,, =nRTIn(V,,/V,,) = Qc
Wtot=W12+W34= |QH|'|QC | 4 2
W,/ Qy = (1Q4- Q] )/Qy, ;
>
Vv

Wiot/ Qu= (Ty-T)/ Ty



