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This study was conducted to analyze students’ understanding of the energy change of the system
undergoing a thermodynamic process and to draw implications for physics teaching and learning.
The purpose of this study was to analyze the responses of 7 semi-structured questionnaires to
34 undergraduate students. First, students explained the energy change of the system caused by
work, volume change, heat transfer, average kinetic energy, etc. However, attempts to explain the
changes by using the same physical quantities led to different results according to the interpretation
of the students. Second, students explained the energy change of the system mainly through energy
transfer caused by work, but they did not understand the definition of work in thermodynamics;

e., that a force must exist on the boundary and the boundary must move. Third, students did
not clearly distinguish between open, closed, isolated, and adiabatic systems and tended to classify
systems based on whether they interacted with the outside. Based on the results of this study, some
suggestions for the teaching and the learning of thermodynamics are presented.
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Analysis of College Students’ Understanding of Energy Changes in a System - - -

Q1. The figure shows that two objects are
connected by a string which can ignore
the mass. Both objects are suspended aon A
with no friction with the ground. A |
constant force of 20N was applied to L
4|8

object A in the left direction. Choose a

change in the magnitude of the
mechanical energy of the two object

systems and explain why.

Fig. 1. (Color online) The change of mechanical energy
of two body systems.
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Q2. As shown in the figure, the cylinder filled
with ideal gas is in equilibrium. The
piston's mass and all friction are

negligible. And heat transfer is

impossible. When the piston moves due to
a force 10N acting in the right direction 10N
on the piston, select the change of

internal energy and explain why.

Q3. When heat transfer is possible through
the boundary of the cylinder, compare yo
ur answer to the internal energy change

in Q2 and explain why.

Fig. 2. (Color online) The change of internal energy of
gas systems.
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Table 1. Questionnaires about the system and work.

Q4. Explain the mechanical work and thermodynamic
work in detail.

Q5. What system dose the first thermodynamic law
apply to?
Q6. Explain the isolated, closed, open, and adiabatic

system in detail.
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Q7. As shown in the figure, the ideal gas is

in the left side of the closed valve and .

R
]

Fig. 3. (Color online) The work of ideal gas in the process
of free expansion.

on the right is the vacuum. Answer the
following questions about what happens
when the valve open rapidly. What is
the work done by an ideal gas? And

please explain the reason why.
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Table 2. Students’ answers to Q1 & Q2: mechanical
energy and internal energy (Number of responses).

Change of Mechanical Energy Internal Energy
Energy (Q1) (Q2)
Increase *27/34 6/34
Constant 3/34 8/34
Decrease - *16/34

We cannot know - 1/34

no response 4/34 3/34
* Scientific answer
olsl Baleolct, HH, Bkl 3 WA 2ol E-e o]
Ag3h giajolch, £eH1e Ao T4 as0] 44 o]
gt v, 2= AlY] BAll flo] A5t F
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w32E =10 Hlsf iAoz gt sHol UE
W (Table 2). 2F1°M= A4 37 347 5 277 ]
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Aolghs 52 39oldrt. 2004+ WAzt
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o & o|s|@ Sl 1 Werovt BF 20| HE A

Qe U 27t grageta See shEol Fha Bile
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SRERELER LR I

o] A9 3474 9] Y F 27 o] QA Y7t F7H
Zoleta SH3t. offd el ol gotA] 92 491
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Table 3. Students’ approaches to solve the Q1.

Types Change of Internal energy ~ Number of
* T — 1 responses
Calculation 12 0 0 12/34
each energy
Work by outside 10 2 0 12/34
of system
Only explain 5 1 0 6/34
as a Force
No response 0 0 0 4/34

27/34  3/34  0/34

*Scientific answer, 1: Increase, —: Same, |: Decrease.
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Table 4. Students’ approaches to solve the Q2.

New Physics: Sae Mulli, Vol. 68, No. 4, April 2018

T Change of Internal energy ~ Number of
ypes
T — * ] 1 ? responses
Internal energy would be related with work. 4 3 7 0 0 14/34
Internal energy would be related with average kinetic energy of gas in the system. 1 4 3 1 0 9/34
Internal energy would be related with the volume’s change of the system. 0 1 5 0 0 6/34
I don’t know 1 0 1 0 3 5/34
6/34 8/34 16/34 1/34 3/34
* Scientific answer, 1: Increase, —: Same, |: Decrease, [1: We cannot know, ?: T don’t know
Table 5. Students’ answers to Q3 as compared with Q2: a case of internal energy.
Change of internal energy
Question 2 Number Question 3 Number
Increase 6/34 N It is different with adiabatic process. *5/34
We cannot know 1/34
Constant 8/34 R It is different with adiabatic process. *6/34
We cannot know 2/34
16/34 . It is different with adiabatic process. *10/34
Decrease It is same with adiabatic process. 3/34
We cannot know 3/34
We cannot know 1/34 — It is same with adiabatic process. 1/34
No response 3/34 — No response 3/34
* Scientific answer
AH, 3 A4, 182 578 182 2 4 v A Q7 Alofl 283 9= HTEA] A9 | A E F7HA
B o] 52 ol FSte HAE, S A BAY FESh= 71A] Gtk EAIY 5 A7 e o g = ojof
ZIAEAe] o] A7) Wste]] FEJ. A ol sstE sk A} Zol, Z1A Al go] gt ARTe=
NAEY FE DS 7IARARe] £x0 275 44A A o] oz o] ¥sks S = eHee. =, Alofl 289t
o= BUa T )AA B el WsE FEAL. e Aol YRolH Feelis W A nsior et
olEe PRAUAS 71 H 0] BReFoldAet Fel 4 omAe A o §e ooz Wakshe] o|ashe Aol
THAR ofslistar glolom, Z1AlEAte] ARl wegx|oof 5}, 2 EH 02 A9 o] AL Ao} 9ot
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° ﬁﬁ 75@‘)”%%01?:”1 E‘ﬁ—; A2 4 def Bl 2) U5l wstel] st shISe] A WAl : o
A 7]z 205t By (7 = X .
d, 714 Zﬂ?]' AGet B (371 9] 1= WReH A 7] o= B} doi] o]% 7}
wWste 4ue shalo] 6ol 690 £9R 5 sEL
e 1WS YRS AU, o2 Sol Bub Ay BUQ)E BY2AQ)0) A¥E £gor WUYEF
o) 2ol Yo 2] Ztasitte deja dyet Ra2rt o] S EolHA] 9 o] 5ol Zheet AdRolt. o] 22 At
490) AGTT. o 490 FPS=RE B wah AN Ak o) Zre] WA Ao Wstet
oA WA etz olol Aol it TAHe 4 Astol Au BA oz AN, YL el
B S & ISl =, o] SS9 ArolA = Fu] 9 o]F0] E7HsR AR 229 ol x|} gwtd 2
RSP} A el A ekel] Bjg AgoR oloiglonl,  (21%), ¥ % (1), AT E) w02 SHA
Az A miAYSA tigt FA2 ] Aol =] doli 2] 9] o]F 75 of Fofl mhE WiFofluf =] HStof gt
oporet Sl A hT 2L S40) UERTh (Table 5).
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Table 6. Students’ answers to explanation of thermody-
namic work.

W = Change of Potential of I don’t
Response Ftc.
[ PAV  energy system know
No.of = g/3y 7/34 3/34  4/34 12/34
responses

Table 7. Students’ explain to work of the free expansion.

Responses Students said that the reason why Number of

responses

- that process is freely expansion 8/34
(or diffusion).
Work - I can not explain. 8/34

not done

- force is not acted by the other *5/34
side.
- ete. 4/34

- volume of gas system is

3/34
Work increasing.

done - number of collision is decreasing. 1/34

- I can not explain. 2/34
No response 3/34
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U

Average distance before expansion

U

Average distance after expansion

Fig. 4. Potential energy according to intermolecular dis-
tance during expansion process.
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for use the first thermodynamics law.
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Interaction SN

System with outer

5Q sW OE Number of

Impossible - Possible : =0 @ =+

=0 =0 =0 =0 =

responses

()

=0

vz

12/34
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ENENENEY
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EAENEN

1/34

v 1/34

v 1/34
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v 2/34

Adiabatic

v 2/34

v 1/34
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Open v

o/34

ENEREN
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v v 1/34

The shadow square is the scientific classification

Fig. 5. Students’ answers to the definition of several systems.
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