The formula for linear expansion is Delta L = alpha * LO * Delta T.

It is important to recognize that the relevant Delta T is 40C-18C=22C, the production temperature: Shrinking tiles would be irrelevant for the
calculation of when there is buckling.

Furthermore, two tiles expand into a gap. But also, each tile expands in two directions. So these two effects cancel, and the "effective L0" that
has to be used is just the length of one tile, LO=16m.

Plugging in these values yields that the gap has to be Delta L=3.168e-3m wide.
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Q2 Solution

1.

Using energy conservation,

MgH =@ = Mapater AT
_ MgH
- cM/6

~ 6gH

o C

AT

. The potential energy of the mass is converted to rotational energy of the

paddles. These paddles rotating in the water is then converted to the
kinetic energy of the water. The increase in the kinetic energy of the
water molecules correspond to an increase in temperature. The friction
between the paddles and the water also dissipates some of the energy into
heat. The work is being done by the gravity on the block.

. To bring the energy back to its initial state, we need to remove the energy

gained by the water during the process of part 1 — |Q| = MgH.

. The heat put into the water in part 3 must be negative (or the heat

received from the water is positive).



1. The process was the same one as in the lab assignment Let e be position

Vv

NOTE: pV is constant along path ¢f

1, f be position 2, and g be position 3, such that, P, V7, and T} refer to
the pressure, volume, and temperature at e or position 1, and likewise for
positions 2 and 3.

2. Along the isothermal path, 77 = T5 so

Vi =NKTy (1)
RV, = NKT; (2)
PV, = NKT, (3)
PVs =PV, (4)
Py(3V1) = AiV; (5)
Py=P/3 (6)

3. Since T1 = TQ, ATlg)Q = T2 — T1 = T1 — T1 = 0,

AU=Q—-W =Us—U, =d/2NKAT,_,» = d/2NK(To — T1) =0 (7)



4. Along the path 1 — 2, T is a constant, Vo = 3V,

NKT;
W:/PdV:/ v (8)
V2 qy
= NKTy v e 9)
3V;
= NKT, /V 1 % (10)
= NKT, In(3Vy/V4) (11)
= NKT; In(3) (12)
= (PV11n(3)) (13)

Since the gas is expanding, it is doing work and work is positive in the
AU = Q — W convention.

5. Since the pressure is constant from 2 — 3,

Vs 1%
W:/PdV:Pg/ dV:Pg/ AV = P /3(Vi — 3V1) = 2/3P,V;
3

Vo i
(14)
6.
AU=Q-W (15)
= Q=AU+W (16)
Q= —d/3P\Vi + —2/3P\V} (17)
=—(d+2)/3P Vi = —5/3PV; (18)

7. From 2 — 3, the change in temperature can be found using the ideal gas
law, where

PVo=NKT; = NKTy = (P1/3)(3V1) (19)

and
P3V3 = NKT; = P, /3V; (20)

This leads to

AUs 5 = d/2NKSTs 5 (21)
— d/2A(PV) = d/2(PsVs — PVA) (22)
=d/2(P1/3V1 — (P1/3)(3V1)) (23)
— _d/3PVi = PV, (24)

8. Since the area under the graph is zero, W = [ PdV =0



10.

11.

From the first law
AUs 51 =Q-W=@Q (25)

and we can find the change in internal energy similar to part 6.

AUs_yy = d/2A(PV) (26)
=d/2(P,V, — P, /3V}) (27)
= (d/2)(2/3) VA (28)
=PV (29)

Since internal energy is a state variable AU = 0. This can be seen by
AU =Uiso0+ U3+ Us51 =0-PVI+ PV =0

Wtot = W12 +W23 +W31 = Pl‘/l 111(3) — 2/3P1V1 +O = P1V1(1n(3) 72/3)



Solution:

Problem 4 (15pts)

The Carnot engine shown in the figure below operates between two temperature
reservoirs, T;=850 K and T,=300 K.

For each cycle it delivers 1200 J of work.

1) (5pts) What is the efficiency of the engine?

2) (5pts) What is the heat Q, supplied by the hot reservoir during the cycle?

3) (5pts) What is the heat Q, rejected to the ckold reservoir?

ey

-
e

le

- /360*;:‘4 =[0. 47

V) Carngt Q&Ficzmus 72-.-.\- % = \

5 = Q\K\\\ﬁ CorvecY
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O = Mo weor

*x could we Wowr/Qi, instead of 1-Te/,

= Weur o Woukr 12007 _;
0) 7 s Qin= 5 o= =188% 3|

5= Q\&\\\s cavrveck (Losed on o)

U= a\cse,‘oro. i sale I vno unitg


Ale Lanzara
1 point -  swapping means they have not understood that the efficience can never be negative and/ or bigger than one.

Ale Lanzara


—3 = Swa?ved Woutr avd O\'\V\

1 point

92 = used O¥ner Lormulo

I = ef%ory, butr no¥r on the cight” drace at all

0= v work
W=1Q1] - Q2|
D) 0= Wrl+Q, Q. =-W-Q,
Q2= Q1] - W
= = |~ 655 3|

Q2 1s positive as it is the heat ﬁ_wwm
added to the cold reservoir. —
5 = h\\\s Covrve c\— Cbam on O ownd b}

Y= a\%e.\ofo. mistrale ’V\o unitg

3 = gmall covnceptual W\'\S\AV\d&W\'qy\AiV\cj

9 = \o\rse_ conceptmal m‘sund«s'mmdmﬂ

I = %%ory, bufr no¥r on 4he cight” frace at all
0= v work


Ale Lanzara

Ale Lanzara
1 point

Ale Lanzara
W = |Q1| - |Q2|

Ale Lanzara
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. (2 pts) Expression for heat needed to increase temperature.

AQneating = Mcepp AT (constant mass)

. (2 pts) Expression for heat needed to melt metal.

AQmelting = LyAm (constant temperature)

Here Am is the amount of lead that is melted.
. (4 pts; partial credit is given for each process) Differential expressions for entropy.

final
1)
5Q = TdS: AS = Q
initial T
You cannot just integrate [dQ = AQ, as T may change as you are adding heat. A lot of students did this,
and happened to get the correct answer for ASmeiting as this process is at constant temperature. I still gave
credit for ASpelting for that.

v Mepy, dT
5Qheating = MCpb dT, ASheating = / PTb
To
M
Lydm
6Qmelting = Lf dm; ASmelting = / fT
0 1

. (4 pts; credit is still given if bounds are applied incorrectly) Integrated expressions for entropy.

=40

T=T, T,
ASheating = Mcpp, 10g(T)‘ = Mcpy, log N
0

Lfm m=M LfM
A melting = ‘ =
s lting T1 m=0 T1
. (3 pts) Final result.
T Ly
To = —; AS = M | cpy, 10g(2) + =
2 T



