APPENDIX A

Interview Protocol Thermodynamics Concept

Interview Protocol_Thermodynamics concept

Part 1. General information

NAME ...coovmiirimnnncereninsieisenensanias LAST NAME ....oovviinriiinnicncnnnicseneninens Code ...iiiiiiniinnnns
Level [] Bachelor degree [] Master degree [] Doctoral degree Year ........
Course ...

Part 2. Questions

Zero law

1. Given the definition of system and surrounding.

2. How many type of system and what is the difference for each system?

3. What is the causing of heat transfer between system and surrounding?

4. What is the factor of rate of heat transfer?

5. How does the direction of heat transfer? Explain. When does the system reach to the
equilibrium?

5. Please, answer the following questions.

5.1 Cup A contains 100 grams of water at 0°C but cup B contains 200 grams of water at
50°C. The contents of the two cups are mixed together in an insulated container (no heat transfer
occurs). When it reaches thermal equilibrium, what is the final temperature of the water in the
container?

A) Between 0°C and 25°C

B) 25°C

Q) Between 25°C and 50°C

D) 50°C

E) Higher than 50°C
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Please indicate the reason:
5.2 Cup A contains 2 liters of water and cup B contains 1 liter of water. The water in both

cups was initially at room temperature. Then both cups are placed on a hot plate and heated until

the water in the cup is boiling (100°C). Which statement is correct?
A) Water in both cups has the same heat transfer.

B) Water in cup A has more heat transfer.

C) Water in cup B has more heat transfer.

D) No heat transfer
Please indicate the reason:

5.3 If 100 grams of ice at 0°C and 100 grams of water at 0°C are put into a freezer, which
has a temperature below 0°C. After waiting until their temperature equals to the freezer
temperature, which one will eventually lose the greatest amount of heat?

A) The 100 grams of ice.

B) The 100 grams of water.

C) They both lose the same amount of heat because their initial temperatures are the
same.

D) There is no answer because ice does not contain any heat.

E) There is no answer because you cannot get water at a temperature of 0°C.

Please indicate the reason:

5.4 You want to melt ice at 0°C using hot blocks of metal as an energy source. One option
is to use one metal block at a temperature of 200°C and a second option is to use two metal
blocks each at a temperature of 100°C. All the metal blocks are made from the same material and
have the same weight and surface area. Which option will melt more ice?

A) Both 100°C blocks

B) The 200°C block

C) Both option

D) Not enough information
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Please indicate the reason:

First law
1. Given the relationship of the parameter in the 1° law of thermodynamics and indicate the sign of
parameter.

2. What is the factor that depend on the energy in 1° law of thermodynamics equation?

3. Please, answer the following questions.

3.1 This P-V diagram represents a system consisting of a fixed amount of ideal gas that can

undergo two different processes in going from state A to state B through Process #1 and Process #2.

Process #1 State B

g ;
2 i/
ﬂ #
2 _ b 4 Process #2
o State A ~--~
Volume
1. Work done by the system in Process # 1 is than Process # 2.
L] greater than
] less than
[ equal to
L] otherwise
Please indicate the reason:
2. The change in internal energy of all molecules in the system for Process #1 is than Process

#2.
[ ] greater than
[ less than
[l equal to

[] otherwise
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Please indicate the reason:

3. Heat transferred into the system in Process # 1 is than Process # 2.
L] greater than
] less than
[l equal to

[ otherwise
Please indicate the reason:

3.2 A syringe that contains an ideal gas and has a frictionless piston of mass M is moved
from a beaker of cold water to a beaker of hot water. Answer the following questions and consider

that the syringe reaches thermal equilibrium with hot water.

—

Coldwater Hot water

1. How does the gas temperature change?
A) Increase
B) Decrease
C) No change
Please indicate the reason:
2. How does the gas pressure change?
A) Increase
B) Decrease

) No change
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Please indicate the reason:

3. How does the gas volume change?
A) Increase
B) Decrease
C) No change

Please indicate the reason:

Second law
1. Given the relationship of the parameter in the 2™ law of thermodynamics and indicate the sign
of parameter.

2. What is the factor that depend on the change of entropy?

3. Please, answer the following questions.

3.1 Consider a system undergoing a naturally occurring (spontaneous) process. The system
can exchange energy with its surrounding
1. During this process, does the entropy of the system (Sy ) increase, decrease, remain the same
or this is not determinable with the given information

A) Increase

B) Decrease

Q) No change

D) Not determinable from the given information
Please indicate the reason:
2. During this process, does the entropy of the surroundings (S, ounding) iNCrease, decrease, remain
the same or this is not determinable with the given information

A) Increase

B) Decrease

Q) No change

D) Not determinable from the given information

Please indicate the reason:



3. During this process, does the entropy of the system plus the entropy of the surroundings

(Seysterm Ssurmounding) INCrease, decrease, remain the same or this is not determinable with the given

information

A) Increase

B) Decrease

C) No change

D) Not determinable from the given information
Please indicate the reason:

3.2 Consider an air in the room, the air can exchange energy with each other but can not
exchange with the wall.
1. During this process, does the entropy of the object in the room increase, decrease, remain the
same or this is not determinable with the given information

A) Increase

B) Decrease

Q) No change

D) Not determinable from the given information

Please indicate the reason:

2. During this process, does the entropy of the air increase, decrease, remain the same or this is not

determinable with the given information
A) Increase
B) Decrease
Q) No change
D) Not determinable from the given information

Please indicate the reason:
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3. During this process, does the entropy of the object plus the entropy of the air increase, decrease,
remain the same or this is not determinable with the given information

A) Increase

B) Decrease

C) No change

D) Not determinable from the given information
Please indicate the reason:
4. During this process, does the entropy of the universe increase, decrease, remain the same or this
is not determinable with the given information

A) Increase

B) Decrease

Q) No change

D) Not determinable from the given information
Please indicate the reason:

3.3 A subsystem A is in thermal contact with its environment B, which together comprises

an isolated system. Consider the following situation:
L Entropy of system increases by 5J/K; entropy of the environment decreases by 5 J/K.
I1. Entropy of system increases by 5J/K; entropy of the environment decreases by 3 J/K.
II1. Entropy of system increases by 3J/K; entropy of the environment decreases by 5 J/K.

IV. Entropy of system decreases by 3J/K; entropy of the environment increases by 5 J/K.

Which of the above four situations can actually occur in the real world
A T only
B) II only
o) 1T only

D) II and IVV only
Please indicate the reason:
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3.4 A subsystem A is in thermal contact with its environment B and they together comprise

an isolated system that is undergoing an irreversible process. Consider the following situation:
L. Entropy of system increases by 5J/K; entropy of the environment decreases by 5 J/K.
I Entropy of system increases by 5J/K; entropy of the environment decreases by 3 J/K.
111 Entropy of system increases by 3J/K; entropy of the environment decreases by 5 J/K.

IV. Entropy of system decreases by 3J/K; entropy of the environment increases by 5 J/K.

Which of the above four situations can actually occur
A T only
B) II only
o) I only
D) II and IV only

Please indicate the reason:
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APPENDIX B

Interview Protocol Thermodynamics Concept (Thai version)

Interview Protocol_Thermodynamics concept
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APPENDIX C

Thermodynamics conceptual survey: TCS

1. Cup A contains 100 grams of water at 0°C but cup B contains 200 grams of water at
50°C. The contents of the two cups are mixed together in an insulated container (no
heat transfer occurs). When it reaches thermal equilibrium, what is the final
temperature of the water in the container?

A) Between 0°C and 25°C

B) 25°C

C) Between 25°C and 50°C

D) 50°C

E) Higher than 50°C
2. Jim believes he must use boiling water to make a cup of tea. He tells his friends
that, “I couldn’t make tea if | was camping on a high mountain because water doesn’t
boil at high altitudes.” Which statement do you strongly agree with?

A) Joys says, “Yes it does, because the water boils below 100°C because the

pressure decreases.”

B) Tay says, “Jim is incorrect because water always boils at the same
temperature.”

C) Lou says, “The boiling point of the water decreases, but the water itself is
still at 100°C.”

D) Mai says, “I agree with Jim. The water never gets to its boiling point.”
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3. Cup A contains 100 grams of water and cup B contains twice as much water. The
water in both cups was initially at room temperature. Then the water in cup A was
heated to 75°C and the water in cup B was heated to 50°C. When the water in both

cups cooled down to room temperature, which cup had more heat transferred from it?

o Room e

) Temperature J
25°C

A) Cup A had more heat transferred out.

B) Cup B had more heat transferred out.

C) Both cups had the same amount of heat transferred.

D) Not enough information is given to determine the answer.
4. If 100 grams of ice at 0°C and 100 grams of water at 0°C are put into a freezer, which
has a temperature below 0°C. After waiting until their temperature equals to the
freezer temperature, which one will eventually lose the greatest amount of heat?

A) The 100 grams of ice.

B) The 100 grams of water.

C) They both lose the same amount of heat because their initial temperatures
are the same.

D) There is no answer because ice does not contain any heat.

E) There is no answer because you cannot get water at a temperature of 0°C.
5. Jan announces that she does not like sitting on the metal chairs in the room
because “when touching it, they are colder than the plastic ones.” Which statement

do you strongly agree with?
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A) Jim agrees and says, “The metal chairs feel colder because metal is naturally

colder than plastic.”

B) Kip says, “The metal chairs are not colder because they are at the same
temperature.”

C) Lou says, “The metal chairs are not colder, the metal ones just feel colder

because they are heavier.”

D) Mai says, “The metal chairs are colder because metal absorbs the heat from
body faster.”
6. Kim picks up two rulers, a metal one and a wooden one. He announces that the
metal one feels colder than the wooden one. What is your preferred explanation for
this situation to Kim?

A) Metal conducts heat faster than wood.

B) Wood is naturally a warmer substance than metal.

() Metals are better heat radiators than wood.

D) Cold flows more readily from a metal.
7. Cup A contains 2 liters of water and cup B contains 1 liter of water. The water in
both cups was initially at room temperature. Then both cups are placed on a hot plate

and heated until the water in the cup is boiling (100°C). Which statement is correct?

[I@@I] [|©©|]

A) Water in both cups has the same heat transfer.
B) Water in cup A has more heat transfer.
C) Water in cup B has more heat transfer.

Please use the following information to answer questions 8-10.
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A syringe that contains an ideal gas and has a frictionless piston of mass M is moved
from a beaker of cold water to a beaker of hot water. Answer the following questions

and consider that the syringe reaches thermal equilibrium with hot water.

=)

lce-water Hot water

8. How does the gas temperature change?
A) Increase
B) Decrease
Q) No change
9. How does the gas pressure change?
A) Increase
B) Decrease
C) No change
10. How does the gas volume change?
A) Increase
B) Decrease
() No change
Please use the following information to answer questions 11-12.
Three identical cylinders are filled with unknown quantities of ideal gases. The
cylinders are closed with identical frictionless pistons of mass M. Cylinder A and B are
in thermal equilibrium with the room at 20°C, and cylinder C is kept at a temperature

of 80°C. The piston of each cylinder is in mechanical equilibrium with the environment.
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Cylinder A Cylinder B Cylinder C

20°C 20°C 80°C
Nitrogen Hydrogen Hydrogen

Hot plate @

11. How does the pressure of nitrogen gas in cylinder A compare with the pressure of

hydrogen gas in cylinder B?

A) Greater

B) Less than

C) Same
12. How does the pressure of hydrogen gas in cylinder B compare with the pressure of
hydrogen gas in cylinder C?

A) Greater

B) Less than

C) Same
Please use the following information to answer questions 13-15.
An ideal gas is contained in a cylinder with a tightly-fitting piston so that no gas
escapes. Several small masses are on the piston. (Neglect friction between the piston
and the cylinder walls.) The cylinder is placed in an insulating jacket. A large number of

masses are quickly added to the piston.

13. How does the temperature of the gas change?
A) Increase
B) Decrease

C) Remains unchanged
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14. How does the pressure of the gas change?
A) Increase
B) Decrease
C) Remains unchanged
15. How does the volume of the gas change?
A) Increase
B) Decrease
C) Remains unchanged
Please use the following information to answer questions 16-19.
A cylindrical pump contains one mole of an ideal gas. The piston fits tightly so that no
gas escapes, and friction is negligible between the piston and the cylinder walls. The

piston is quickly pressed inward so the volume of gas reduces instantly.

16. How does the temperature of the gas change?
A) Increase
B) Decrease
() Remains unchanged
17. How does the total work done by the system (gas) change?
A) Increase
B) Decrease
() Remains unchanged
18. How does the heat transferred into the system (gas) change?
A) Increase
B) Decrease

() Remains unchanged
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19. How does the internal energy of the gas change?

A) Increase

B) Decrease

C) Remains unchanged
Please use the following information to answer questions 20-25.
A fixed quantity of ideal gas is contained within a metal cylinder that is sealed with a
movable, frictionless, insulating piston. (The piston can move up or down without the
slightest resistance from friction, but no gas can enter or leave the cylinder. The piston
is heavy, but there can be no heat transfer to or from the piston itself.) The cylinder is

surrounded by a large container of water with high walls as shown.

movable piston

Time A

Entire system at room temperature

water

Step 1. Start of Process # 1: The water container is gradually heated, and the piston
very slowly moves upward. At time B the heating of the water stops, and the piston

stops moving when it is in the position shown in the diagram below:

Time B

Piston in new position.
Temperature of system has changed.

Step 2. Now, empty containers are placed on top of the piston as shown. Small lead
weights are gradually placed in the containers, one by one, and the piston is observed
to move down slowly. While this happens, the temperature of the water is nearly
unchanged, and the gas temperature remains practically constant. (That is, it remains at

the temperature it reached at time B, after the water had been heated up.)
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containers

lead weight — @

weights being added

Piston moves down slowly.

Temperature remains same as at time B,

Step 3. At time C we stop adding lead weights to the container and the piston stops
moving. (The weights that were added until now are still in the containers.) The piston

is now found to be at exactly the same position it was at time A.

Time C
Weights in containers.
Piston in same position as at time A.

Temperature same as at time B.

Step 4. Now, the piston is locked into place so it cannot move; the weights are
removed from the piston. The system is left to sit in the room for many hours, and
eventually the entire system cools back down to the same room temperature it had at

time A. When this finally happens, it is time D.

Time D

Piston in same position as at time A,

Temperature same as at time A.

Step 5. Now let us begin Process # 2. The piston is unlocked so it is again free to
move. We start from the same initial situation as shown at time A and D (i.e., same
temperature and position of the piston). Just as before, the water is heated and we
watch as the piston rises. However, this time, heat transfers to the water for a longer
period of time. As a result, the piston ends up higher than it was at time B in Process #
1. The piston then continues from step 2 to step 4 and the final state when the

weights are removed occurs at time E.
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20. During the process that occurs from time A to time B, which following statement
about work is true?

A) Positive work is done on gas by the environment.

B) Positive work is done by the gas on the environment.

C) No net work is done on or by the gas.
21. During the process that occurs from time A to time B, the gas absorbs x Joules of
energy from the water. What happens to the total kinetic energy of all of the gas
molecules?

A) Increases by more than x Joules.

B) Increases by x Joules.

Q) Increases, but less than x Joules.

D) Remains unchanged.

E) Decreases by less than x Joules.

F) Decreases by x Joules.

G) Decreases by more x Joules.
22. During the process that occurs from time B to time C, what happens to the total
kinetic energy of all gas molecules?

A) Increase

B) Decrease

C) Remain unchanged
23. During the process that occurs from time B to time C, is there any net heat
transferred between the gas and the water?

A) There is the net heat transferred from gas to water.

B) There is the net heat transferred from water to gas.

C) There is no heat transferred.
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24. During the process that occurs from time C to time D, y Joules of heat transfer
occurs from the gas to the water. What happens to the total kinetic energy of all of the
gas molecules?

A) Increases by more than y Joules.

B) Increases by y Joules.

O) Increases, but by less than y Joules.

D) Remains unchanged.

E) Decreases by less than y Joules.

F) Decreases by y Joules.

G) Decreases by more than y Joules.

25. Which P-V diagram best describes the process that occurs from time A to time D?

A) Py
D C
A > B
v
B) P4
C
AD B
v
@)
Pa
C
AD B
v
D) p

AD
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For questions 26-28, please consider the process that occurs from time A to time
D, and then to time E.
26. What is the net work done by the gas on the environment during that process?

A) Equal to zero.

B) Less than zero.

C) Greater than zero.
27. What is the heat transfer from water to gas during the process?

A) Equal to zero.

B) Less than zero.

C) Greater than zero.
28. Consider the total kinetic energy of all the gas molecules at time A, D, and E; call
those KE,, KEp, and KEg. Rank these in order of magnitude of total kinetic energy
of the gas molecules at these times.

A) KE, > KEp > KEg

B) KE, <KEp < KEg

0) KE, =KEp = KE;

D) KE, = KEp < KEg
Please use the following information to answer questions 29-31.
A student performs an experiment with an ideal gas that is contained in a cylinder with
a piston. The P-V diagram below shows the values of pressure and volume of the gas

throughout the experiment, starting at point X, continuing to points Y and Z, and

returning to point X. Process Z—2 X is isothermal.
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r A

29. What is the total work done by the gas in the entire cycle (X — Y —> Z —> X)?
A) Positive
B) Negative
C) Zero
30. What is the total heat transfer for the entire cycle (X —> Y —> Z — X)?
A) Positive
B) Negative
C) Zero

31. What is the change of internal energy of the gas in the entire cycle

X—=>Y—>Z—>> X
A) Positive
B) Negative
C) Zero
Please use the following information to answer questions 32-34.
This P-V diagram represents a system consisting of a fixed amount of ideal gas that can
undergo two different processes in going from state A to state B through Process #1

and Process #2.
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Process #1 State B
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2 £

ﬂ #
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O | StateA™ ----
Volume

32. Work done by the system in Process # 1 is than Process # 2.

A) greater than
B) less than
C) equal to
33. The change in internal energy of all molecules in the system for Process #1 is
than Process # 2.
A) greater than
B) less than
C) equal to
34. Heat transferred into the system in Process # 1 is than Process # 2.
A) greater than
B) less than
Q) equal to
35. A student performs an experiment with an ideal gas that is confined to a cylinder
with a piston. The P-V diagram below shows the values of pressure and volume of the

gas throughout the experiment, starting at point X and ending at point Z. Compare the
absolute value of the work done during process X—>2—>Z (a dash line) and process

X—>1—>7 (a bold line). Which statement is correct?
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A) X—>2—>Zis greater than X—>1—>Z.
B) X—>2—>Zis less than X—>1—>~7.

Q) X—>2—>Zis equal to X—>1—>Z.
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APPENDIX D

Thermodynamics conceptual survey: TCS (Thai version)
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APPENDIX E

Thermodynamics diagnostic test: TDT

1. Cup A contains 100 grams of water at 0°C but cup B contains 200 grams of
water at 50°C. The contents of the two cups are mixed together in an insulated
container (no heat transfer occurs). When it reaches thermal equilibrium, what is
the final temperature of the water in the container?

A) Between 0°C and 25°C

B) 25°C

C) Between 25°C and 50°C

D) 50°C
Please indicate your reasoning:

E) From calculation Qlost = Qgain

F) From finding an average of temperature

G) Water at temperature 50 °C has more volume

H) Water at temperature 0 °C has less volume
2. Cup A contains 2 liters of water and cup B contains 1 liter of water. The water
in both cups was initially at room temperature. Then both cups are placed on a
hot plate and heated until the water in the cup is boiling (100°C). Which

statement is correct?
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A) Water in both cups has the same heat transfer

B) Water in cup A has more heat transfer

C) Water in cup B has more heat transfer

D) No heat transfer between cup A and cup B
Please indicate your reasoning:

E) From equation Q =mcAt , we find that cup A has more heat transfer than
cup B

F) Cup A has more mass than cup B

G) Cup A has a bigger volume than cup B

H) Cup A and cup B contain the same substance, water
3. If 100 grams of ice at 0°C and 100 grams of water at 0°C are put into a freezer
which has a temperature below 0°C. After waiting until their temperature equals
the freezer temperature, which one will eventually lose the greatest amount of
heat?

A) The 100 grams of ice

B) The 100 grams of water

C) They both lose the same amount of heat

D) There is no answer
Please indicate your reasoning:

E) Water must change to ice before it changes temperature

F) Both of them (water and ice) have the same initial temperature (0°C)

G) Ice does not contain any heat

H) Water cannot reach 0°C
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4. Cup A contains 100 grams of water and cup B contains twice as much water.
The water in both cups was initially at room temperature. Then the water in cup
A was heated to 75°C and the water in cup B was heated to 50°C. When the water
in both cups cooled down to room temperature, which cup had more heat

transferred from it?

Room
100 g Temperature 2009

50°C

A) Cup A had more heat transferred out.

B) Cup B had more heat transferred out.

C) Both cups had the same amount of heat transferred.

D) Not enough information is given to determine the answer.
Please indicate your reasoning:

E) Heat transfer depend on the mass of water

F) Heat transfer depend on the initial temperature of water

G) Heat transfer depend on the mass and the initial temperature of water

H) It must be known the heat capacity of water
This P-V diagram represents a system consisting of a fixed amount of ideal gas
that can undergo two different processes in going from state A to state B through

Process #1 and Process #2.

Process #1 State B

I

4
¢

s
_ ¥ Process #2

Pressure

- -

State A

Volume

194



5. Work done by the system in Process # 1 is than Process # 2.
A) greater than
B) less than
Q) equal to
D) None of the above
Please indicate your reasoning:
E) Work can be calculated from the area under the P-V curve
F) Work does not depend on the path between the initial and final state
G) Considering the state functions between the initial and final point, if the
initial and
final points of two processes are the same then the work done has to be the same.
H) More pressure is used in one process
6. The change in internal energy of all molecules in the system for Process #1 is
than Process # 2.
A) greater than
B) less than
C) equal to
D) None of the above
Please indicate your reasoning:
E) The initial and final point of the two paths are identical
F) The internal energy depends on temperature only

G) The temperature of process #1 is greater than process # 2

H) Because UzgnRT
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7. Heat transferred into the system in Process # 1 is than Process # 2.

A) greater than

B) less than

Q) equal to

D) None of the above
Please indicate your reasoning:

E) AQ =AU +AW when AU =0 (from equation 6), so AQ = AW

F) The initial and final points of the two paths are identical

G) Heat transfer does not depend on pressure or volume

H) Pressure is increasing
A syringe that contains an ideal gas and has a frictionless piston of mass M is
moved from a beaker of cold water to a beaker of hot water. Answer the
following questions and consider that the syringe reaches thermal equilibrium

with the hot water.

Cold water Hot water
8. How does the gas temperature change?

A) Increase

B) Decrease

Q) No change

D) Not enough information
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Please indicate your reasoning:
E) Energy is exchanged to reach the equilibrium
F) The heat is transferred from the cylinder to the gas
G) The heat is transferred from the gas to the cylinder
H) At thermal equilibrium, temperature does not change
9. How does the gas pressure change?
A) Increase
B) Decrease
Q) No change
D) Not enough information
Please indicate your reasoning:

E) Temperature does not affect the pressure

(-1
F) According to the equation T,/T,=[R,/R] »

G) Pressure is directly proportional to temperature

H) Heat makes volume increase but pressure is stable
10. How does the gas volume change?

A) Increase

B) Decrease

C) No change

D) Not enough information
Please indicate your reasoning:

E) Heat causes the gas to expand

(r-1)

1) 1)
F) According to the equation [R,/R] » =[V,/V,] 7
G) Temperature causes the gas to expand

H) Pressure causes the gas to expand
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For each of the following questions, consider a system undergoing a naturally
occurring (spontaneous) process. The system can exchange energy with its
surroundings
11. During this process, does the entropy of the system (Syem) increase,
decrease, remain the same or this is not determinable with the given information

A) Increase

B) Decrease

C) Remain the same

D) Not determinable from the given information
Please indicate your reasoning:

E) System can exchange energy with its surroundings

F) No information is provided about the entropy change of the surroundings

G) No information is provided of energy transfer between system and
surroundings increasing or decreasing

H) Temperature is increasing
12. During this process, does the entropy of the surroundings (Sqrounding) iNCrease,
decrease, remain the same or this is not determinable with the given information

A) Increase

B) Decrease

Q) No change

D) Not determinable from the given information
Please indicate your reasoning:

E) Temperature is decreasing

F) No information is provided of energy transfer between system and
surroundings increasing or decreasing

G) There is heat transfer to the surroundings
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H) The entropy of the surrounding may increase or decrease
13. During this process, does the entropy of the system plus the entropy of the
surroundings (Syystem*Ssurrounding) iNCrease, decrease, remain the same or this is not
determinable with the given information

A) Increase

B) Decrease

Q) No change

D) Not determinable from the given information
Please indicate your reasoning:

E) The entropy of the surrounding may increase or decrease

F) The sum of entropy must be zero

G) According to the law of conservation of energy

H) It is in thermal equilibrium
14. A subsystem A is in thermal contact with its surroundings B, which together

comprises an isolated system. Consider the following situation:

|. Entropy of system increases by 5J/K; entropy of the surroundings decreases by 5 J/K.

Il. Entropy of system increases by 5J/K; entropy of the surroundings t decreases by
3J/K.

[1l. Entropy of system increases by 3J/K; entropy of the surroundings decreases by
5J/K.

IV. Entropy of system decreases by 3J/K; entropy of the surroundings increases by 5J/K.

Which of the above four situations can actually occur in the real world?

A) | only
B) Il only
O Il only

D) Il and IV only
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Please indicate your reasoning:

E) The sum of entropy must be zero

F) The sum of entropy is more than 2J/K

G) The sum of entropy is less than 2J/K

H) The entropy of system is higher than the entropy of the surroundings
15. A subsystem A is in thermal contact with its surroundings B and they together
comprise an isolated system that is undergoing an irreversible process. Consider
the following situation:
|. Entropy of system increases by 5J/K; entropy of the surroundings decreases by 5 J/K.
[1. Entropy of system increases by 5J/K; entropy of the surroundings decreases by 3 J/K.
[11. Entropy of system increases by 3J/K; entropy of the surroundings decreases by 5
J/K.
IV. Entropy of system decreases by 3J/K; entropy of the surroundings increases by 5
J/K

Which of the above four situations can actually occur?

A) | only
B) Il only
O I only

D) Il and IV only
Please indicate your reasoning:
E) The sum of entropy must be zero
F) The sum of entropy is more than 2J/K
G) The sum of entropy is less than 2J/K

H) The entropy of system is higher than the entropy of the surroundings
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APPENDIX F

Thermodynamics diagnostic test: TDT (Thai version)
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APPENDIX G

Thermoelectric devices worksheet

NAME.....coiirtrintiinnterenenressessesteseeesnens LASTNAME......oioitiininenrenrentenienesienesnessssesessesseenes
CODE....oioteerercrereesrescreeseeseessaesnns DepartmMeENt. ... ettt n e e e
FACULLY wooeerereeiececereceecrece st e esnennenn DATE ettt esteses e ssaessesae s ssaesssesaesaasanes

Instruction: 1. Please write down Name, Last name, Code

2. Fill the information completely

3. 20 minutes for this demonstration
Demonstration: Connect the 25 cm of copper wire and Iron wire with No.16 (1.625 mm
of diameter) as shown in the figure. The one end of connection was submerge in the ice and
water and the other one was connect with the soldering iron. Measure the temperature of
the end of connections and collect the electric potential (AV ) between the end of the iron
wire.

Cu
TH Tc

Fe Fe

Prediction: Electric potential (AV )

is (L] greater than [J equal to L] less than) 0 (mV)

Demonstration: Electric potential (AV )

is (L] greater than [J equal to L] less than) 0 (mV)
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Collecting Data: Electric potential (AV), hot side temperature (T,,) and cold side temperature (T,)

for every 1 minute

AV
AT

AV (mV)

AT (K)

T O

T,(°C)

Time (min)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Graph between electric potential (AV) and temperature difference (AT )
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Discuss of result:

1) From the graph, indicate the linear equation and calculate the slope of the graph

2) What are the factors that concerning the result of demonstration? How to improve the result of

this demonstration?

3) If you change the size of the wire (bigger or smaller), what is the result of the demonstration?

4) From the results of two sizes of electric wire, 1.625 mm (No.16) and 1.061 mm (No.19) in the

table. Calculated the Seebeck effect coefficient and drawing a graph of electric potential (AV) and

temperature difference (AT ). Find the linear equation and calculate the slope of the graph.

No.16 No.19
Time
(min) T Te AT AV S= L'a - & 2 AV S = AV
©0) ©0) (K) (mV) AT | (0 ©c) ) mv) [T AT
0.0 28 0.3 28 0.3
1.0 47 0.5 52 1.9
2.0 79 0.8 67 2.2
3.0 122 1.1 94 3.4
4.0 132 1.2 122 4.2
5.0 138 1.2 142 4.7
6.0 173 1.3 157 5.2
7.0 175 1.4 163 5.5
8.0 180 1.5 170 5.8
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Part 2

1: General information of thermoelectric Devices (TEC)

Parameter Performance value
Hot Side Temperature (°C) 80
AT, O > 64
Qrax (W) >714
| (A) 8
Vi (VDO) 15.4
Renax (€)
Resistance at ambient temperature 25°C (ohm) 15+02
Width of the module (mm)
Length of the module (mm)
Thickness of the module (mm)

2: Thermoelectric heating and cooling of Thermoelectric Devices (TEC)

Fill the temperature of thermoelectric devices in the table

Time (min) | 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 | 10.0

T.(°0O)

T, 0O

Explain the answer:

3 : The Seebeck effect of the module of Thermoelectric Devices (TEC)
From the information in the table. Draw a graph Voltage (Volt) generated by the
thermoelectric module versus the temperature difference and calculate the Seebeck effect

coefficient
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AT

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
(K)
Vav

0.0 14.9 29.8 a4.7 59.9 74.8 89.7 | 104.7 | 119.5 | 134.5 | 149.5
(mV)

Calculated the Seebeck effect coefficient
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4: The Peltier coefficient of Thermoelectric Devices (TEC)
From the information in the table. Draw a graph between temperature difference versus the electric

current and

AT
© 0.00 | 17.93 | 20.54 | 26.72 | 30.48 | 32.70 | 33.60 | 34.63 | 35.57 | 39.40 | 40.02
K
|
" 00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09 | 10
A

Calculated the Peltier coefficient

5: Find the efficiency and the figure of merit [Z]of Thermoelectric Devices (TEC)
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APPENDIX H

Thermoelectric devices worksheet (Thai version)

LT UNENA SHATUNANY . cevvveeereererreenee
#1021 A1AYI DU e eeseeseeeeseseeea
FUNTINITEIDA oo

Adwas: 1. infnwideouw ¥e-uwana swaunfney) nieusigazidendus itaau
2. Wiin@nwnsendeyalulufanssulvasunnde
3. th@nwdnaitunisvillufianssy $1uau 20 il faewssdulufanssy ndawinnsase
mauil 1
a "y = Y aa ) ¢ Y
N38150: ABLAUAINNBILAY (Cu) wazadnian (Fe) dpdduniANgT 25 cm INU YUINLUDT 16 (WU

Hugugnans 1.625 mm ) dagu Ineuanesumils quadluthmauiiuds uaz Yanedunis sedu W

Y 9

o

Uan3 wielvianuseu vinisingamiiiuarensaesiuresduain wazanudndnd (AV ) ssnislany

YDUAUAINWEN

Cu
T Tc

Fe Fe

UNENE: ANPNUA1SANES (AV ) Ale

fien (LJunnndn Hwidu [ deend) gud (mv)

NaN15E5A: ANPUENSANE (AV ) Ala

a1

fien (LJunnndn Hwidu [ deendn) gud (mv)
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¥

£%

UnNIlEUAINAILTDU
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a
Y

(AV)

4

UuUNnua: AANNFANE

L=

S:AV
AT

AV (mV)

AT (K)

T (CO)

T,(°C)

=

1281 (W)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

sannsauunlduatn AT

g (AV) wa
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AUNUTIZNINNANAIUAINAN

o o

nsINAY
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aiUsenan1sagn:
1) MnnsAnuduius Wilndnw) Weuaunisanuduiusveins v luguuuureinsvldunss i vena

ANMUTUNANNFNNNT

v

2) tindnwAnd Yadeladiinasenanisasniila uae mnden1suTuugmanisanse Tanuu msinegals

3) mndsuruavesduain Tllnwalug Tu e Wnas nansveaesiils asduedials

4) MNKANTNARDY AMTULEUAIN 2 YUIA AiB VW IALFURILAUENA1 1.625 mm (27IALUBS 16) Uazuun
wusugudna1e 1.061 mm (@niues 19) Afmuali lumsneduans iindnw Auwdumien Seebeck
effect coefficient wiouiadeunsmanuduiussEninAnLiedng (AV) Laznasisgaumgiiduain

AT wag Weowaunisanuduiusransm luguuuurensmidunss udd venAnnuduilaainaunis

I AALUDS 16 adnwas 19
i) | T TeNN AT AV @UPETRETe A AT AV AV
©0) (©0) (K) (mV) AT ©0) ©0) ® (mv) S= "3
0.0 28 0.3 28 03
1.0 a7 0.5 52 o
2.0 79 0.8 67 »
3.0 122 1.1 94 "
4.0 132 1.2 122 -
5.0 138 1.2 142 e
6.0 173 1.3 157 5.2
7.0 175 1.4 163 55
8.0 180 15 170 ia
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naUN 2|

1: %’ayjaﬁ"?‘lﬂmaﬂ thermoelectric Devices (TEC)

AMENUR Afluana
Hot Side Temperature (°C) 80
AT, O > 64
Qrax (W) >714
lnax (A) 8
V, . (VDO) 15.4
R (€)
Resistance at ambient temperature 25°C (ohm) 15+ 02

Width of the module (mm)

Length of the module (mm)

Thickness of the module (mm)

2: Thermoelectric heating and cooling of Thermoelectric Devices (TEC)

Tdn@nwiindeyaannisadaadunisieiinvuali

Time (min) | 0.0 1.0 2.0 3.0 4.0

5.0

6.0

7.0

8.0

9.0

10.0

T.(°O)

T, 0

WeuaSuie naflaainnisaane:
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3 : The Seebeck effect of the module of Thermoelectric Devices (TEC)
ndayaiivualilunise Wideunsamanudunusszndne anudiednd (mv) Adinan

thermoelectric module wazauuinuaAnA1iy (K) wazAIUINMIA1 Seebeck effect coefficient

Y

AT

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
K
Vav

0.0 14.9 29.8 a4.7 59.9 74.8 89.7 | 104.7 | 119.5 | 134.5 | 149.5
(mV)

ATUIINAT Seebeck effect coefficient
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4: The Peltier coefficient of Thermoelectric Devices (TEC)
andayaivualinluniss Widsunsiwanudunusszndng sumginuanseiu (K) Ay nszudlnin

& (A) uazAUIMMNAN Peltier effect coefficient

AT
© 0.00 | 17.93 | 20.54 | 26.72 | 30.48 | 32.70 | 33.60 | 34.63 | 35.57 | 39.40 | 40.02
K
|
" 00 | 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09 | 10
A

| |
LLLL]

AUIUUNAT Peltier coefficient

5: AMUAUNNATUSEANSAIN wag figure of merit [Z] was TEC
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APPENDIX |

Thermoelectric devices conceptual test

UBereeeenrrnnnnenneseesesssssssssssssssssssssssssssen UNUBNRerrvvvvssssssssesssssssssssssseeesesssesseseeseeesceces SHATUNANY . cevvveeereererreenee
#1021 ANAIVA....... DU e eeseeseeeesesesea
FUNTINITEIDA oo

fdiuas: 1. uuunaaeuil TinqUszasd ouszliunrundila vesindnyiieafuaudinemiuiouas
IniihestandaduiugnluniadouauivTangeans

2. Wiindnneumaniiasuynte Teuaiiléiannisvuuuneaeunnutlavesindnwazliign
\Uawe

3. wuunadeumsdladivonnn 20 4o 1Hiamn 20 wit §

4. Tidsumnavasiunsemuinauiwseul iy

"y
a a a =

1. Wiovanilaamaiiinuduy asiianisinauoulnedidnasauaziadaunainusanilanudounse

9 9 v
aaungiigalugusnuniiauiounsogauugiinindi nell f1Ra15UINMARB9RIFU TNUTT NBIUAS

(laviz A) e azafilien (lavz B) Nazligaungiigendnnu
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APPENDIX J

Rubber band demonstration worksheet

Department FACULLY wveeveeeieerieenenneeneeeenneessennessesneennene

Part 1: Hysteresis of Rubber Bands

Objective of this experiment:
1) To observe the effect of force that concerning the elongation of rubber band
2) To analyze and calculate the energy of rubber band

3) To analyze and calculate the error of force and elongation measurement

Equipment of the experiment

1) The three sizes of rubber band with 3 difference lengths
1.1) Cross section area 0.92%0.18 cm? length 15 cm 3 bands
1.2) Cross section area 0.92X0.18 cm? length 30 cm 3 bands
1.3) Cross section area 0.92X0.18 cm? length 35 cm 3 bands
1.4) Cross section area 0.45X0.18 cm? length 25 cm 3 bands
1.5) Cross section area 0.45%0.18 cm? length 30 cm 3 bands
1.6) Cross section area 0.45X0.18 cm? length 35 cm 3 bands
1.7) Cross section area 0.285X0.18 cm? length 25 cm 3 bands
1.8) Cross section area 0.285X0.18 cm? length 30 cm 3 bands

1.9) Cross section area 0.285X0.18 cm? length 35 cm 3 bands
For total 27 bands
2) The stand and holder with meter scale
3) Several mass of metal 50g, 100g, 200g, 500¢g
Experimental set up
1) The rubber band was hung at the top of stand and a hook was hung at the bottom for allowed

additional mass to be suspended from the rubber band.
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2) Measured the distance between the hook to the base of stand then recorded to h, as shown in
the figure (a)
3) Mass was add to the rubber band and recorded to h as shown in the figure (b)

(a) (b)

[] urugsEniURduifadsu
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3) Mass was add to the rubber band in increment 50¢ and collect the length h in the table 1.1
4) Unloaded mass for every 50g and collect the length hin the table 1.2

Result
Elongation of rubber band
No. Mass: m(Kg) Weight: F=mg (N)
Load (m) Unload (m)
1 0X10° 0.00
2 50X107 0.49
3 100X107 0.98
a4 150X107 1.47
5 200%10 1.96
6 250%1072 2.45
7 300X 107 2.94
For this experiment: g = 9.8 m/s”
Analyze

1) From the result of this experiment. Use the force (N) and the elongation of rubber band (m) to

draw a graph
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2) Calculated the error from measure the force and the elongation of rubber band

Force: 10X[0.005/( ¥mass/Nn )] = e %
Elongation: 0.0005/( Sstretch/n ) = ..............

I
=S

3) Find the equation y = ax’+ bx*+ cx + d

Constant
Experiment Equation
a b C d
Load
Unload

# Use the spreads sheet program to fit the equation of the graph
4) Integrated the equation to find the area under the graph for represent the work in the rubber

band

Load Work J

Unload Work J
The work difference in the rubber band J
Conclusion
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Part 2: Thermodynamics of Rubber Band

Objective of this experiment:

1) To observe the temperature that concerned the force in the rubber band

2) To observe the length of rubber band that concerned the force in the rubber band

3) To analyze and calculated the relationship between the change of force and length of rubber
band (GT/GT )L, the change of Helmholtz free energy (AF ), the change of entropy (AS) and the
change of internal energy (AU)

Equipment of the experiment

1) The four sizes of rubber band with 3 difference lengths
1.1) Cross section area 0.62X0.36 cm? length 25 cm 3 bands
1.2) Cross section area 0.62X0.36 cm? length 30 cm 3 bands
1.3) Cross section area 0.62X0.36 cm? length 35 cm 3 bands
1.4) Cross section area 0.92X0.18 cm? length 25 cm 3 bands
1.5) Cross section area 0.92X0.18 cm?” length 30 cm 3 bands
1.6) Cross section area 0.92X0.18 cm? length 35 cm 3 bands
1.7) Cross section area 0.45X0.18 cm? length 25 cm 3 bands
1.8) Cross section area 0.45%0.18 cm? length 30 cm 3 bands
1.9) Cross section area 0.45%0.18 cm?” length 35 cm 3 bands
1.10) Cross section area 0.28X0.18 cm? length 25 cm 3 bands
1.11) Cross section area 0.28X0.18 cm? length 30 cm 3 bands

1.12) Cross section area 0.28X0.18 cm? length 35 cm 3 bands
For total 36 bands
2) Acrylic tube with a stopper and water with difference temperature: 5°C, 15°C, 25°C, 35°C, 45°C
and 55°C
3) Force sensor
4) Thermometer, IR thermometer
5) Stand with holder
6) Ice, Hot water and Room temperature water

7) 100 ml Beaker
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Experimental set up

1) Stretched a rubber band from a hook in a stopper at the bottom of acrylic tube to a chain
connected to a force sensor at the top of the tube

2) This setup allows the rubber band to be completely submerged when the tube is filled with
water

3) Collected the tension from the force sensor

4) Analyzed the data from force sensor with respect to the relation between tension and
temperature (62'/81' )L, the change of helmholtz free energy (AF ), the change of entropy (AS)
and the change of internal energy (AU)

Result
Cross Section area ........c.cccivveeeveeeinieenicnenens M? | Cross SeCtion area ........coooooooiooriereeeeveeeeveeroonnne m’
Average tension (N) Average tension (N)
Temp Temp
(°0) 0
5 115|125 (35]45 | 55 5 1525|3545 | 55
Length Length
(m) (m)
25cm 25cm
30cm 30cm
35cm 35cm
Analyze

1) Plot the graph between tension(T) and elongation( L)
2) Fid the equation between tension(T)and elongation( L)
3) Integrated the tension with respect to elongation to find the change of helmholtz free energy
(AF) by the equation
A = [zl
4) Plot the graph between tension (T) and temperature (°C)
5) Find the slope of the graph by Maxwell equation (65 /aL)T
6) Integrated Maxwell equation (83 /8L)T with respect to the length (dL) to find the change of
entropy (AS) by the equation
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AS

)

7) Calculated the change of internal energy (AU ) by the equation AF = AU —TAS

Conclusion
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APPENDIX K

Rubber band demonstration worksheet (Thai version)

UBereeeenrrnnnnenneseesesssssssssssssssssssssssssssen UNUBNRerrvvvvssssssssesssssssssssssseeesesssesseseeseeesceces SHATUNANY . cevvveeereererreenee
FVUNIY Ve eeeeeesesesseenemsens ANAIVA....... DU e eeseeseeeeseseeea
FUNTINITEISA oo

Part 1: Hysteresis of Rubber Bands

AUTEEIANITNARD:

1) iledunaravosussiifinonsinfuasuens

2) Inswinaziunumamdsuiigaydeluluusiueng

3) ALATERLALAMUIUIANANILARIALARBUIIN AT TALS LA ST o v Envasusuens

gunsaln1MAaag

1) WHUENNTIWIY 3 VUIN VUINAY 3 AIINETI ANNEIAY 3 LEU A
1.1) wweitufiviengin 0.92X0.18 cm? A1mB13 15 cm $1WIy 3 1y
1.2) wuefiufivengin 0.92X0.18 cm? MBI 30 cm $1uau 3 W&y
1.3) wweituiivengin 0.92X0.18 cm? A1NE13 35 cm $1WIY 3 1Eu
1.8) yuefiufivingn 0.45X0.18 cm? ANWETI 25 cm $1u 3 1y
1.5) awneituiivengin 0.45%0.18 cm? A1NE13 30 cm $1WIY 3 W&y
1.6) wunefiufivingn 0.45X0.18 cm? AIMETI 35 cm $1UU 3 1
1.7) suaituiiviiga 0.28X0.18 cm? AU 25 cm S 3 W&y
1.8) vunaiuTintige 0.28%0.18 crn? AIAIEN 30 cm §119Y 3 1y

1.9) uaituiivingn 0.28X0.18 cm? AMAE7 35 cm 1 3 &Y
Squvivun 27 (&

2) Mdameuiau

3) 1ad 1S UNNUHLENUUIA 50g, 100g, 200g, 5009

4) liussyindmsuinseey
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A5¥N1sNNasy

1) Mwsing1RARUNTUNRRRIULYIAEWIINTIRAT h, 3nliiussiadsgy ()

2) YrrananiuukugIwdwin1siae h anliiussiadsgy (b)

(a)

'
e

Y da v Sy

(b)

. . =
w o o £

urlugEniURduRBadsuu

A4

&

hy

¥

_ ¥

3) ¥MsiAsuLUaunUeaig 19gn 19N 2a Nnina 19 UkHLE1avn5InAT h 91nldussyialuwe

avALIaLA T UTINHAASUANSS 1.

1

4) ¥M5UAYULUAUINY09NNE_lRgn15aaNIa NnNuNa e ULIUEN9La13I1N5IRA h anlsussinlune

avAakaTUINKaadhuA1519 1.2

NANIINAADY

Y 4 v . s2einAIvasuHLENg

ATIN ua:m(Ke) UINUNA9: F=mg (N) ~
sWUE (M) anua(m)

1 0X10° 0.00

2 50%107 0.49

3 100%X10° 0.98

4 150%X107 1.47

5 200%107 1.96

6 250%10° 2.45

7 300%107 2.94

dusunsnaassiiuualilyan g =9.8 m/s’

N5ATITYNG

1) MNKANIINNAB LAY AU ILTINNTLYIF DAL LT BUNTINAMUAURUS AU T 8L TRvD AU AL

Ty fdu way sverdnuaaukuensldmiie wns
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2) AUIAIAMUARIALAZDUIINATTIALIILALAINUAAIALARDUTIAINNNTINTL UL TNV LU

WS9:  10X[0.005/( Smass/n )]
sewzda : 0.0005/( Sstretch/n )

I
=3

I
=S

3) dhdeayavnnmseniinnanidiasiemaANudNTuSnuaInT y = ax’+ bx*+ ox + d

AR IUENNS
NSNAADY sULUUENNS
a b C d
AR
An3Ia

# ldlusunsu plot nsmiagusagulunisilmnsmmarnsiluaunsiiasary
4) vhmsBuiinsnaunisiemaiuilans v ewanstanuigadeluluuiugsvagyinisdivavsean
178

NIBUTNIAEUNTINYELTNINA g 34

NsBuNIRLEUNIINYIEANLIA [GGRERIRTt 389
daudnsvesunuansnasnungydsluluuiuens IfiAneuwinfiu @
dyunan1Innay

237



Part 2: Thermodynamics of Rubber Band

AUsTAANITVIARLA:

1) edunaravasgamgliisireussdslunsiuen

2) ilodanANAYeINNNI VDI sTITTFBL TRl

3) JinnpilazduumAnsUasuameasaisluusugislusuuuuanudiiusfuaueniveusiuens

(6718T),, mawasuuas Helmholtz free energy AF , mstasuutasioulnst AS , msiasuuvag
nasuneluy AU

gunsaln1MAaag

1) WNUENTIWIU 4 UIN TUINAE 3 AIUE ANNENIEE 3 LEU AD
1.1) wnuintien 0.62X0.36 cm? AnNe2 25 cm Sauau 3 1
1.2) wwaitudivingn 0.62%0.36 cm? A1NET? 30 cm $1WIY 3 1
1.3) unuimtign 0.62X0.36 cm? ANB73 35 cm S1ua 3 14U
1.8) wweitudivingn 0.92X0.18 cm? AIuB3 25 cm $1uau 3 &y
1.5) uniiuiintign 0.92X0.18 cm? Antea 30 cm S1uan 3 1
1.6) wweituiivingin 0.92X0.18 cm? ATNET? 35 cm $1WIU 3 1
1.7) vwinfiuiivitdn 0.45X0.18 cm? Ane12 25 cm S1ua 3 1
1.8) wweitudiveigin 0.45%0.18 cm? ATNET3 30 cm $1WIL 3 (U
1.9) WIANUTMTER 0.45X0.18 crm? AINE12 35 cm §1uA 3 1
1.10) auniiuiintife 0.28X0.18 cm? A1 25 cm $1uAuU 3 W&y
1.11) aunitufiniinge 0.28X0.18 cm? A1 30 cm 1 3 1EY

1.12) Wueiufintinge 0.28X0.18 cm? Auena 35 cm $11au 3 1Y
Squvanun 36 (&
2) visazedanlandewanensDase dnsuussginiigamgivne fufle 5°C, 15°C, 25°C, 35°C, 45°C uay
55°C
3) Force sensor
4) Wasluimessssuan, IR thermometer
5) Mdaneuiau
6) duds, th¥eu uey vhguugives

7) nenasvune 100 ml 311U 2 du
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A5¥N1sNNasy

1) Ingnaunsainaaedlnesausuedniu Force sensor kagUanemuavaduiugnssiniuangaiitnviely

'
a

2) ¥maifuthlgamaniisine fu luluieuassiosnssasuliuniloiusiuesegluiviiedu uasdes
ATUAN

gumpfivesthilegluvieliasiivuzshnimeans

3) TufinNavuIAa9UIIARN Force sensor

4) I zvinaandeyadiléan Force sensor thanduammAnsasuuUasesussistuusiuesluguuuy
AudtusTunE VRIS (7 /8T ), , madsuudas Helmholtz free energy AF |, ns
Waguulaseulnst AS

Asildsundasnaanunigly AU

HANIINAADY
WAL ARUTITAGO oo m? | WA U ARUTMTG m?
VUIAVBINIUREY (N) VUIAVBINIUREY (N)
gaunnd gaunnll
O 0
5 15125 (35|45 | 55 5 15125135 |45 | 55
YUINAIY YUINAY
813 (M) 813 (M)
25cm 25cm
30cm 30cm
35cm 35cm
N5AATITINA

1) Plot N5 MSERINSIRAS (T) Auszezia (L)
2) @5198UNTANUEUNUSTEIING US9ha (T) Ausresde (L) #l9lUsunsy fit nsu
3) YINAIBUTINTALTIRIAUTEEE DR MmuauNsiionAINIsUasuLUas Helmholtz free energy AF ol

aunng
AF; = [zl
4) Plot N3 MsENINNMIIF (T) fugamail (°0)
5) yarwdureansusiazidulagaunisues Maxwell Ao (8S /6L);

6) ynmsduiinsnaunsves Maxwell fe (S /6L), fupuen di dsenansauluduanmnns

Wasuwlasoulnsd AS
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Taanauns

AS

T:I(%deL

7) fwmmensasuulamasnunielu AU a1naunns AF = AU —TAS

dyunan1INnagy
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APPENDIX L

Fog in the bottle demonstration worksheet

Department : FACULLY .eovverreinirerinneneeneeennnneeesesseessessesennens

The plastic bottom filled inside with a few of water and closed the bottom with rubber
stopper and connected to the mini air pump. Please answer the following question.
1. The bottom was pumped for many times until the stopper suddenly expose from the

bottom. What is happen in side the bottom? Please explain your answer.

2. When we pumped the bottom for many times, what is the change of gas volume inside the

bottom?

[ Increase [l Decrease [] Remain the same Please explain your answer

3. When we pumped the bottom for many times, what is the change of gas pressure inside

the bottom?

[ Increase [] Decrease [ Remain the same Please explain your answer

4. When we pumped the bottom for many times, what is the change of gas temperature

inside the bottom?

[ Increase [] Decrease [] Remain the same Please explain your answer
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5. What is the thermodynamics process does occurred in side the bottom?

PrOCESS. ..ueeeeeeeeeeecteectee e ee e e e steestesesaesessesesseessssessasesssaseraasssae s eessaaessase s e eenseeesteesaee s aeeeraaeeraeennsasersasnns

What is the characteristic Of this ProCeSS... e essesassesaenes

Collecting Data

6. From the observation, we indicated that the system of this experiment is the gas in side

the bottom. Collect the state variable in the table.

State variable Initial State | Final State The change of state variable
Volume: V Vi = Vi = U Increase [l Decrease [] Remain the same

Temperature: T | T, = Te = L Increase [ Decrease [ Remain the same
Pressure: P Pi= Pe= [ Increase [] Decrease [] Remain the same

P, =~ 1.013X10° Pa

7. Please explain the result and indicate the cause of this experiment

8. When we pumped the bottom for many times, what is the change of gas volume inside the

bottom?

[ Increase [] Decrease [] Remain the same Please explain your answer

9. When we pumped the bottom for many times, what is the change of gas pressure inside

the bottom?

[ Increase [ Decrease [] Remain the same Please explain your answer
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10. When we pumped the bottom for many times, what is the change of gas temperature

inside the bottom?

L Increase L] Decrease [] Remain the same Please explain your answer

Demonstration/Results

11. Consider the initial state (System = gas inside the bottle) The number of mole (n) can

PV.
calculated by n= # when R = 8.314 J/mol.K

12. Consider an reversible adiabatic Process, the final temperature and the final volume can
calculated by

12.1) Final temperature

1-y

P\

T =T.|= When ¥ = 1.4
f

12.2) Final volume

P\
V/'=V,| | Wheny=14
Pf

12.3) Work done on system
P:Vy - RV,
Re — T When Y =14

W
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13. Consider an irreversible adiabatic Process, the final temperature and the final pressure
can calculated by

13.1) Final temperature
y—1

T/ =T, Vi When Y = 1.4
Vf

13.2) Final pressure
7

" Vi
P/ =P V— When Y =14

13.3) Work done on system
W, = P4V

14. When consider the final temperature (T;) from reversible and irreversible process, how is

the temperature change ?
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APPENDIX M

Fog in the bottle demonstration worksheet (Thai version)

UBereeeenrrnnnnenneseesesssssssssssssssssssssssssssen UNUBNRerrvvvvssssssssesssssssssssssseeesesssesseseeseeesceces SHATUNANY . cevvveeereererreenee
FVUNIY Ve eeeeeesesesseenemsens F A T2 To K o YOO DU e eeseeseeeeseseeea

IUNAINTITHIEA oo
N15YUIYNDUNITESH

vamwaradnlangluussyuniandes Tdanessavandmanafndriuiiluay asmauaausaluil
1. ildNANNANY ATY AUNTENIYNYNNRABNAINUINVIAUINANEAN AARIRzinaslsTud1eivn

Yaanazngluvan ‘\]QE]%U’]EIL%({!N%?

2. Wednauuangq Ase Ysuansvesanialuvantinaiaindinisiasundasednsls

[ vy [ anas U windiu  asaSurewmana

3. WednaNYMAN8 Y ASY AUALYBIRINATUIIRUINaNERnANTSIUAsULUAsRENls

[ vy [ anas O windiu  asefurewmana

4. \lednaunane e AT gaungiivasamaluviaumataininisuasuuuasetnsls

a X " a a
[ vy [ anaq [ winds  asafuneminna

o

NS U LN T U T AN OUZAD. e eeeeeeeeeeeeeeeeeeeseeseessessessseseassesssssssseesesssessesessseseseseassassasessessssssssssasenssssssssssssassassnses
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UUANKATZRINNITESA

6. AMNNFHUNN NUUATASTUUAD wAd (@1n1aTuvIntInatain) @runsavuiin AuUTEAIULYRISIUY

1691
Aaudsanug Sudy gaving ayUransABuLUAY
s v |V = V= Owndy  Oasas O windy
guuQi: T | T = T = Owisdu  Dasas O winda
AU P | P = Pr = Outy  Oasas O windy

AnRuAlEANALINTA P, & 1.013X10° Pa

7. 3adsunanIsaraaiiauiunaiu wieuvsalureanunnisiaiiinandulula

( )
- J
8. Wadnauvalgq AT Ysuinsvesamaluvaniwaiain (Wuu/anasy/uini@s) sesunemnug

( )
— - - —z J
9. 1WiadnaNMATY Y AT ANNAUYDIDINATLYIAUINAIEAN (NNTW/AAAY/LVINAL) F9BTUBLIANG

( )
\ T A L4 T 174 )

= o v a ) a a = 1] a a

10. \iipdnauvianeq AT aungiveseniAluvInInaEin (NNTL/anas/ivinfy) asesuiemana

( )
- /
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NIIANUIUNAINITENSH

11. fR1saunszuUnauENdY (MvualiszuuRaufidaauad) arnsamdtuiuluavasuia (n) lussuu

a ¥y vy PV ° ' = o
ﬂ@ULsMﬁulﬂilﬂn n= # AMRUAAIAINYBILAE R = 8.314 J/mol.K
i

LEAIIDNITANUIN

& v
NS12RZUU 1A N = e, mol
12. Wiamansannssuuidunssulunisiilidiinnsanemannudou (Adiabatic Process) funauld
(Reversible process) aynsaAuIMMIEMNYNLAzUTINT THangns

12.1) Audnnn gaungil NEUANS

-y
P |7 o
T TR+ lng Yy = 1.4 LEAMSITNITAUIN
f

12.2) Al Ysunns 91naunis

P 44 .
V=V, — lag Y = 1.4 WARTIBNITAUIE
f

12.3) ﬁ'm'azum 41U 31NEUNT
PV, - PV,

= Topy=14 LARSIBNITAIUI

!

13. WaNasaunszuudunssuiunisnhiiinnsanemadu¥au (Adiabatic Process) Aundulyla
(Irreversible process) aunsaAwINMIgUNANKAEANNAY lARNgAT

13.1) AN QN3
y—1
T/ =T, L lag Y = 1.4 LEAIIBNNTANUIN
V
f

13.2) ATUIUR ATUAU

4
P/ =P V—' lng Yy = 1.4 WERIIDNITAWIE
f
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13.3) AMUINWT 91U AINAUNTT
W, = PaV WARYISNIIATLIN

14. a3 gauugilgating (T,) annmsurumnsuuurunduld wuurundulild uasaamgliannns

dana FAwiuvseld wszwngla 299sune

dayadmiuAnuda 15 - 17 Avualviszuu Ae anaiegluvinuinansin uagszuulianiusiunu

Ae dauzvasszuunaugnenIzusaniieskindundi uazaatuzgaiing fe danuzvssszuundsgnens

= da o a = a v Y W % '
ﬂixtﬂuaaﬂ1ﬂlﬂ%uﬂm WmimﬁmiwaEluLL‘lJa\‘lf\]'mam‘u:Liuﬂu‘lﬂamuxfc!ﬂmEjmg‘dmumﬁ
i s — . o =
I ‘{/ “ME L
Q 1;7’6: f",)') /"/jl“ :'_"‘ JQ
N\

AUz aouzgarine
15. qauAndfnuintunield §13 nutulunuiissuunssiseduandeuvsalunuiidaundon

N32YABITUY 9BFUMANA

P
u

.

k4 = b4 a

Sou vive n13ganuTou SULWIAKS

( N\

- J

17. aauAnd wasuneluiinsifsuunlasitoli 63l azlicnluuinuSeay asesuiewmawa

( N\

- J
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APPENDIX N

Pee-pee boys demonstration worksheet

Department : FACULLY .eovverreinirerinneneeneeennnneeesesseessessesennens

1. There are 4 Pee-Pee boys which set up with difference condition. How about the level of
water ejected from the Pee-Pee boys. Write down your prediction in the table below. Explain

your answer.

Pee-Pee boys Condition Predict Reasoning
A At room Pour hot water
temperature into it.
B At room Pour water at
temperature room

temperature into

it.

@ At cold water Pour hot water
into it.

D At cold water Pour water at
room

temperature into

it.
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2. There are 4 Pee-Pee boys which set up with difference condition. How about the level of
water ejected from the Pee-Pee boys. Write down your observation in the table below.

Explain your answer.

Pee-Pee boys Condition Predict Reasoning
A At room Pour hot water
temperature into it.
B At room Pour water at
temperature room

temperature into

it.

@ At cold water Pour hot water
into it.

D At cold water Pour water at
room

temperature into

it.

3. The water shot out of the Pee-Pee boy. Do you think work happen or not? If work occurred.

The system is doing to the environment or the environment acting on the system.

4. The water shot out of the Pee-Pee boy. Do you think heat is transferred between systems
on the environment or not? If yes it is Exothermic or endothermic process. Explain your

answers.
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5. The water shot out of the Pee-Pee boy. Do you think the internal energy of system be

changed or not? If yes it is Increase or decrease. Explain your answers.

6. The water shot out of the Pee-Pee boy. How do you write the equation of 1°* law of

thermodynamics .Explain your answers.
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APPENDIX O

Fog in the bottle demonstration worksheet (Thai version)

UBereeeenrrnnnnenneseesesssssssssssssssssssssssssssen UNUBNRerrvvvvssssssssesssssssssssssseeesesssesseseeseeesceces SHATUNANY . cevvveeereererreenee
L X OO E T2 oL i TR AR eeeveenennnssessnsssassenessnnnns

UNNINTITHISA e

1. finasniinvienan 4 a2 gniasealviegluantiziuandieiu Tiideussiuuninsesninaninaiegsi

UNNIEFT WIBUNWDTULWANG

Anana GHgpt NANIYIUNY AN
A ol gaumngiivie WrTeuuuAIFNnT
B  gauniivies Wigaumngilvios
UUFIFNAN
C o gaunglivesindu | whdeuuudadnm
D o qaunglivesindu | wdvigamalivies
UUAIANAT
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2. finenesiinnavae 4 f gniesedlvegluaniiziuaneieiy idisuseauiiivseeninaindnaiesiin

9
VI9ER NIPUIESUILWIAKA
Anana GHEpt NAN1IYIUNY IANA

A o QN ilving W euuuidnm

B fu gaungiivies wiigaumngilvios
UUAIANAT

C o gaugliveninduy | wnhdeuuudadine

D o gaunalivesudu | wiiigaumaiivies
UUFIFNA

Toyaifududmiude 3 - 6 dnawsiinazliiussyegidudiilng uidalenmeawdesdneludafinan

vd sieluilaglv szuuiiedsande amaiussgegludaing
3. yauzfithwseonunandigng viuAnfnuiatunse i dflnududunuiissuunsyisedwindey

vieidunundwindeunsyyiressuy wesuiemeNe

4. vuzTdmeenunindafine iudndfianuieugnanewmssminsyuuivaswedeuviold drflezdu

ﬂ']iﬁhEJL‘VlLLUUﬂ’]iﬂWEJﬂ’J’]@J%JEJUM‘%E]ﬂ’ﬁ@Jﬂﬂ?’]&l%@u ma’%mamqma
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5. YgNUIMIRaNNIINAIANAT YuAniwasuneluresssuuiinmsUisunlamiali slindsnuniely

WLNUTUVTOANAT 0TUIBLVANE

6. VUETIUNNIBBNNINAINAT YINUART gauTaTeuauNMIveIngUaiviananesiulaunindld

ae1als eBUEVgHa
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APPENDIX P

Thermoelectric effect satisfaction questionnaire

Part 1: General information
Department L] Physics [] Materials scienceClass [] 2 3 [la

Sex L] Male L] Female age years
Part 2: Give the ¥ in the blank which you satisfy

5 Very interested a4 Somewhat interested
3 Neutral 2 Not very interested
1 Not at all interested
satisfaction
No. Details

5 4 3 2

1 The difficult level of the thermoelectric effect ILDs is suitable.

2 After this activity, the thermoelectric effect ILDs helps me understand the

thermal properties and electrical properties.

3 The question in the worksheet helps me understand the Seebeck effect

phenomena.

4 This activity makes me become enthusiastic and interested in physics and

materials science.

5 | can exchange an opinion with friends and learn to work as a group.

6 Time spent in finishing the thermoelectric effect ILDs is suitable.

7 Thermoelectric effect ILD is interesting and challenginsg.

8 Thermoelectric effect ILD is related to the lecture.

9 Thermoelectric effect ILD helps me understand and apply physics and

materials concepts to explain the Seebeck effect phenomena.

10 Overall, | satisfy with learning from this thermoelectric effect ILDs.

Part 3: Suggestion
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Thermoelectric effect satisfaction questionnaire (Thai version)

aeuit 1: feyarhluvestindnm
avin [ Wand L Yanenans i [ 2 L3 L4
L L] ae L e 0y U
aaufl 2: drsnnuilneladeianssumaneassusngmsaiinesludidnvin Tindnwidenseduanufianelafifluusdas

Fomu Tneviuedewuny v finsstuszduanufisnsle

5 wanelaznniian 4 wawalawn
3 anelavunans 2 fanelatioy
1 anelatiosiign
[ =
. szAuANNInala
i 318013

5 4 3 2 1

1
=1 a & Y s

1 Lu@ﬁ?WﬁﬂﬁLLa%?ﬁﬂﬂ?ﬁ@]?ﬂﬁ]ﬂﬁﬂﬂiiﬂﬁﬂ??mL‘Vill’]%ﬁll

¢ a

2 | wdswhianssuiimnudilandnnisiandiieatuantinieninudeounasnalviives

o
o

AU

3 | andmelulufenssuyilidnlausingnisel Seebeck effect 1naju

4 | fansswibidilandnnsvnsii@nduaz Janemanslaietu

5 | asfdwsnlunmsinenssy

6 | naldlunisvinanssu

7| mMmaveassauhaulanasyinviesenisiseus

8 | MIvereslliauNEALLaARAAR UL MTITEUINNNTUTIY

9 | denudilanwimuamstssgndlandnnismeiidnduasanmansanusingnisel

Seebeck effect

10 | anufianelasanisdaianssulagsiu

ABUN 3: YolauBLULLIRAL
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