This is the second take-home quiz: Q2

Make a short video (not exceeding 5 minutes), in which using the following slides
(the same | used in class) you explain (like | did in class) how we derive the train of
inequalities in the last slide.

Before you make your recording, please prepare your tools in advance, in particular
set your device or smartphone so as to record with the smallest resolution, possibly
640x480, so that the size is about 25MB/min.

If you do not find a way to make your image appear all the time during the video
next to the viewgraphs, please face the camera at least at the beginning so as to
identify yourself.

Of course, if you are unhappy with the recording you made or if it exceeds 5 min,
you may try again until you are finally happy with what you submit.

Then, upload it in your Google Drive or other similar webservice and send me an
email with the link for me to download your video by just one click.

IMPORTANT: please make sure | can download it with no need for me to register for
your favorite file exchange service (as | do not want to). Thanks.
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Review of basic concepts: nonwork interactions

proof of Clausius statement of the Second Law (1/6)
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Review of basic concepts: nonwork interactions
proof of Clausius statement of the Second Law (2/6)

System A System B
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Energy and entropy balances for A and B:

dE" = -4 % d8* = =09 L 45 68 > 0
dE? = §EAE o2 =652 LS &2 = . 0
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Review of basic concepts: nonwork interactions
proof of Clausius statement of the Second Law (3/6)

E4

System A System B
' ()‘E.»\—»B
Initial SES A, [ | Initial SES B,
at TA 05" at T2
Final state A, Final state B,
A
EB
A NI 5
R AW
| sg4—8 t " 1
Bl B
> S
> S4

* For either A or B: Eg = E1 -+ dE, 32 = Sl - dS,

dE | &Ssps| (dE)®
T ' 0E? |, 2

82 c SQ,max == SSES(El = dE, Va n) — 81 +

Energy and entropy balances for A and B:

dE" = -4 % d8* = =09 L 45 68 > 0
dE? = §EAE o2 =652 LS &2 = . 0
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Review of basic concepts: nonwork interactions
proof of Clausius statement of the Second Law (4/6)

Principle of maximum entropy and
TR A | g || SHEHS fundamental relations of A and B:*
[nitial SES A, [ Initial SES B,
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* For either A or B: E2 E1 -+ dE 32 Sl -+ dS

dE | Ssps|  (dE)’
T ' 0E? |, 2

82 < SQ,max = SSES(El 1 dE, Va n) = Sl +

Energy and entropy balances for A and B:

dE" = -4 % d8* = =09 L 45 68 > 0
JE? = sE4E dgE = 55“3 1o 692 >
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Review of basic concepts: nonwork interactions
proof of Clausius statement of the Second Law (5/6)

Energy and entropy balances for A and B:

dB =g
dEB _ 5EA—>B

d84 = —6847F 1 854

1rr

dSB = 68478 4 558

1Irr

054 >, 0

652> 0

1rr

Principle of maximum entropy and fundamental relations of A and B:*

e dEY  0°Sgrs|  (dEY? _ qg*
T OE? |ga 2 Tl

e dEP  PS&s| (dEP)? = I
S5 T 2 " ="mB
2B T]. aE ElB 2 3B Tl

Combine the above (eliminate dE4, dEP, dS4, dSP):

5EA—>B 5EA—>B
—Joeali g i & a9 1552 =
B s TlA a o538 TlB
Solve for 6545
A—B A—B
oF — < 0847 - 587, <6547P <5947 F 558 < oF
Tl 2A,3A 1A 1B 2B,3B Tl
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Review of basic concepts: nonwork interactions
proof of Clausius statement of the Second Law (6/6)

Energy and entropy balances for A and B:
System A Svstem B
ystem 5E:AB vstem dE'A _ _5EA—>B dSA — _5SA—>B 4+ 55;;1][ 5Sifr 21,4 0
Rl PRV R i dEP = §EAP dS® = 55477 4 555 658 >, 0
Principle of maximum entropy and fundamental relations of A and B:*
Final state A, Final state By
B A 2 QA EA 2 EA
e E dSASdEi 0" S¢ps (dE7) °-°SdA
Al .-"311‘ B 2A Tl OFE? EA 2 3A Tl
'"""""?-’_" "(;-EZSE" ] —— !
. '.B
L 58 4S5 < dE?P n 0?55 (dEP)? < dEB
o SA 275’ TlB 8E2 E{B 2 373 TlB
Combine the above (eliminate dE4, dEB, dS4, dSP):
Consequences of
5EA—>B 5EA—>B
SEA-B SEA-B —6847P 4658 < — — 68478 +5SB < -
< §SA-B « 22 24,3A TY 2638 1]
U ~ TP

Clausius statement:
SEATB >0 only if TA > TP

Heat interaction:
in the limit T{* — Tg + TP

5EA—>B

551A—>B _
T

Solve for 6545

5EA—>B 5EA—>B
— < 6877 658 <6517F <5547 F + 658 < —
Tl 2A,3A 1A 1B 2B,3B T]_
* For either A or B: Es = Ey +dE, Sy = S1 +dS,
dE 98 dE)?
Sy < Sg’max = SSES(EI +dE,V, n) =51+ ?1 + 6ESQES . ( 2) ..
© 2024 Gian Paolo Beretta @MIT 2.43 Advanced Thermodynamics Slide Q2.07




MIT OpenCourseWare
https://ocw.mit.edu

2.43 Advanced Thermodynamics
Spring 2024

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms.




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	end_sheet.pdf
	Blank Page




