Test solutions
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Derivations (1, 2 & 11):
1) -.5 for each blank (10%)
2) -.33 for each blank (10%)

11) 
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          (worth 5%)
Fill in the blank (3):
(credit was given for either “7”, and no points were deducted for not using “9”) worth 10%
_1__Isolated system

____Open system

_2__Non-equilibrium system

_7__Heat capacity

_11_”Fundamental Equation”

____Reduced variable

_8__Extensive variable

____Intensive variable

_10_Zeroth Law

_7__Specific Heat

_3__Latent Heat

_6__Critical Temperature

_9__Reduced Temperature

 1.  Does not exchange energy or matter

2.  Temperature defined locally, not globally
3.  Energy absorbed by a substance during phase change
4.  PV=NRT
5.  A form of energy that can convert to other forms
6.  Above this value the P-V curve is always single valued
7.  Energy required to change a substance’s temperature by 1K
8.  Nk
9.  Measure of particulate motion
10. Transitivity of state of equilibrium
11. dU=TdS-PdV

12. V, T
13. Exchanges energy, but not matter

Short answers (4-10, 12-15):

4) Why do CO2 molecules exert the same pressure on the inside walls of a container that He exerts, at the same temperature and moles per liter, even though CO2 is heavier than He?

(worth 5%)

Like problem 1.1.  4/5 for cogent discussion of pV=nRT, 5/5 for dealing with mass and velocity.

5) A 1 ton car going 55 mph slams on its brakes, how much 20˚C water can be boiled using energy transferred as heat from the brakes?  What if the brakes lock up and the car skids?

(worth 10%)

Like problem 2.2.  4 pts for obtaining 302,265 J.  2 pts for converting to grams or moles of H2O raised to boiling point, 3 more pts for discussing the latent heat needed to boil the H2O, 1 pt for discussion of locked brakes.

6) Use ΔHf(gasoline) (1:1:1 heptane, octane and nonane, -224.2, -250.1 and -274.7 kJ/mol respectively) and its ΔHcombust (-4700.0 kJ/mol) to find the ΔHf(O2)/ ΔHf(CO2)?

(worth 5%)

Trick question.  5/5 for remembering that ΔHf(O2=0, 4/5 for doing the work and forgetting about elements having a zero heat of formation.
7) A refrigerator operating reversibly extracts 45 kJ of heat from a thermal reservoir, R, and delivers 60 kJ as heat to a reservoir at 300K.  What is the temperature of R?

(worth 5%)

Like problem 3.2.  5/5 for getting 225K.

8) What is the difference between heat and temperature

(worth 5%)

5/5 for heat: transfer of energy, temperature: measure of energy (4/5 for saying “measure of heat“ and giving no details about how heat can change the internal kinetic energy)

9) Why does water cool as it evaporates?

(worth 5%)

4/5 for discussing only the macroscopic description (latent heat, etc.) 5/5 for discussing the molecular picture (fast molecules break free into the gas phase, slow molecules are left behind, etc.)
10) Which part of the van der Waals equation deals with excluded volume?

(worth 5%)

5/5 for “b”
12) Write out the individual reactions that comprise the overall formation of NaCl(s) from Na(s) and Cl2(g).

(worth 5%)

Na(s) ( Na(g)

Na(g) ( Na+(g) + e–
½Cl2(g) ( Cl(g)

Cl(g) + e– ( Cl–(g)

Na+(g) + Cl–(g) ( NaCl (s)

1 pt for each correct step
13) Draw the carnot engine’s cycle on a P versus V graph.  Label the parts of the cycle according to what is happening.  Write an equation for the net work done.

(worth 10%)

5 pts for the diagram, 5 pts for w=
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(only 3 pts for w=area inside “parallelogram” area or w=w1+w3, etc.)

14) What is the entropy of mixing, ΔSmix, for 1 mole of N2 added to 1 mole of O2?

(worth 5%)

ΔSmix = Ntot R(XalnXa+XblnXb)=11.53 J/K

5/5 for getting fairly close, 4/5 for having ln(0.5) somewhere, 1/5 for using S=klnΩ

15) How does Gibbs free energy differ from Helmholtz free energy?
(worth 5%)

5/5 for Gibbs: enthalpy (or const. P), Helmholtz: internal energy (or const. V)

� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





(not required to show this step)





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





but since:





� EMBED Equation.DSMT4  ���





then:





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





(not required to show this step)








[image: image3.wmf]V

VTT

UUU

dUdTdVCdTdV

TVV

¶¶¶

æöæöæö

=+=+

ç÷ç÷ç÷

¶¶¶

èøèøèø

[image: image4.wmf]1

P

dSdUdV

TT

æöæö

=+

ç÷ç÷

èøèø

[image: image5.wmf]22

11

lnln

V

TV

SCnR

TV

D=+

[image: image6.wmf]PV

TP

UV

CCP

VT

¶¶

éù

æöæö

Þ-=+

ç÷ç÷

êú

¶¶

èøèø

ëû

[image: image7.wmf](

)

21

1

ln/

T

P

SdVnRdV

TV

nRVV

D==

=

òò

[image: image8.wmf]1

TT

SU

P

VTV

éù

¶¶

æöæö

=+

ç÷ç÷

êú

¶¶

èøèø

ëû

[image: image9.wmf]V

V

C

SdT

T

D=

ò

[image: image10.wmf]V

V

C

S

TT

¶

æö

=

ç÷

¶

èø

[image: image11.wmf]VT

SS

dSdTdV

TV

¶¶

æöæö

=+

ç÷ç÷

¶¶

èøèø

[image: image12.wmf]1

V

T

C

U

dSdTPdV

TTV

¶

éù

æö

=++

ç÷

êú

¶

èø

ëû

[image: image13.wmf]PV

TPP

UVV

CCP

VTT

¶¶¶

æöæöæö

Þ-=+

ç÷ç÷ç÷

¶¶¶

èøèøèø

[image: image14.wmf]VT

PVTP

UU

dUdTdV

TV

UUUV

TTVT

¶¶

æöæö

=+

ç÷ç÷

¶¶

èøèø

¶¶¶¶

æöæöæöæö

=+

ç÷ç÷ç÷ç÷

¶¶¶¶

èøèøèøèø

[image: image15.wmf]PV

PV

PPV

HU

CC

TT

UVU

P

TTT

¶¶

æöæö

-=-

ç÷ç÷

¶¶

èøèø

¶¶¶

æöæöæö

=+-

ç÷ç÷ç÷

¶¶¶

èøèøèø

[image: image16.wmf]1

V

T

C

U

dSdTPdV

TTV

¶

éù

æö

=++

ç÷

êú

¶

èø

ëû

[image: image17.wmf]VT

SS

dSdTdV

TV

¶¶

æöæö

=+

ç÷ç÷

¶¶

èøèø

[image: image18.wmf]V

V

C

S

TT

¶

æö

=

ç÷

¶

èø

[image: image19.wmf]V

V

C

SdT

T

D=

ò

[image: image20.wmf]1

TT

SU

P

VTV

éù

¶¶

æöæö

=+

ç÷ç÷

êú

¶¶

èøèø

ëû

[image: image21.wmf](

)

21

1

ln/

T

P

SdVnRdV

TV

nRVV

D==

=

òò

[image: image22.wmf]22

11

lnln

V

TV

SCnR

TV

D=+

[image: image23.wmf]1

P

dSdUdV

TT

æöæö

=+

ç÷ç÷

èøèø

[image: image24.wmf]V

VTT

UUU

dUdTdVCdTdV

TVV

¶¶¶

æöæöæö

=+=+

ç÷ç÷ç÷

¶¶¶

èøèøèø

[image: image25.wmf]PV

PV

PPV

HU

CC

TT

UVU

P

TTT

¶¶

æöæö

-=-

ç÷ç÷

¶¶

èøèø

¶¶¶

æöæöæö

=+-

ç÷ç÷ç÷

¶¶¶

èøèøèø

[image: image26.wmf]VT

PVTP

UU

dUdTdV

TV

UUUV

TTVT

¶¶

æöæö

=+

ç÷ç÷

¶¶

èøèø

¶¶¶¶

æöæöæöæö

=+

ç÷ç÷ç÷ç÷

¶¶¶¶

èøèøèøèø

[image: image27.wmf]PV

TPP

UVV

CCP

VTT

¶¶¶

æöæöæö

Þ-=+

ç÷ç÷ç÷

¶¶¶

èøèøèø

_1220683756.unknown

_1220683758.unknown

_1220684596.unknown

_1220687010.unknown

_1220684293.unknown

_1220684595.unknown

_1220684292.unknown

_1220683757.unknown

_1220683754.unknown

_1220683755.unknown

_1220683752.unknown

_1220683753.unknown

_1220683750.unknown

_1220683751.unknown

_1088623121.unknown

