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[6 points] (b) At the South Pole, when the Sun is well above the horizon e wind speed
is low, it is possible to take off your parka and work outside in shirt sleeves with the ambient

temperatures at -30°C. Why is it possible? If the wind picks up even to a low level, it is
hard to keep warm even in the parka. What does this example illustrate?
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[5 points] (c) Compare the amount of internal energy between two blocks of copper, A and
B. Block A is sitting on the table at & temperature T end Block B, at the same temperature,
is on a moving conveyor.
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[5 points] {d) Explain why there is no hydrogen gas in the Earth's atmosphere even if it was

present at the birth of t&us planet billion years ago. _ =
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Selutions and Grading Schome for Midterm Problem 2 1

Part (a) Solution

This problem is fuirly straightforward. Either the temperatures must be con-
verted to Celcius or the thermal conductivity must be changed accordingly.
Most people converted the temperatures:

WP = 37.77...°C = 37.8°C, (1)
77°F = 25°C (2)
The magnitude of the heat flow is given by the heat flow squation:
kA S kWY 1m? a
= = : i 4 3 _ = Y 1YkW.
|H| ; |AT (1[] m-K) g {(47.8°C — 25°C) = 2 12kW (3)

The guestion also asks fur you L explain Lhe sign of the answer given.
Many people used some version of Lthe formula given on the test;

T
4@ il

—kA—, 4
il dix |: }

and managed 1o get a minus sign in their heat flow answer. Whatever formula
or sign 15 used, the important point is that heat fows inte the house from
the outside. The meaning of the minus sign in equation {4) is that heat flows
in the direction opposite the temperature gradient, or “downhill” from hot
to cold.

Part (a) Grading Scheme

Foints were awarded as follows, with some subjective judpement used as to
the heinousness of errors.

# -3 No heat flow formula in some form, or no understanding of how to
use it. [e.g- Did some sort of integration of equation (4}]-

® -1 Messing up in some trivial way in evaluating ihe Teat How Tormnnla
je.g. Having a decimal point in the wrong place]-

» -1 No cxplanation of sign, or saying that a negative sign means heat
flows out of the house through the window and into the warmer cutside
air.

» -1.5 pointa were suliraclted from Lhe entire problem [(a) and (b)] if
Lhe lempearalures wers w, convarterd] to Celeius or Kelvin or converted
incorrectly, bot the 1est of of the problem was consistent with this
initial error. For part {a} axsuming the the temperalures listed were in

eleins yielded A = 3.83kW



Solutions and Grading Scheme for Midterm Profdem 2 2

s For full credit, & hear flaw equation in some form must be properly
evaluated and whatever sign is obtained explained as heat flowing from
hot to cold, or from the outside of the house to inside.

Part {b) Sclution

'I'he configuration for this problem is drawn below.

1|='4¢m |, = 5em 1= Acm

Amim’ ' -H_ L N - ”

k= {Wim-k | k=2SE-2Wimk | k=1Wmk

=318C TL,=23C

Buth pancs of glass are identical, with thermal conductivity &; and width
l,. I'm calling the thermal condeutivity of the air &z and the distance between
the panes [, the temperat ites on the two inside Thees of the window panes
T, and 15, the outside tem perawure Tp, and the house temperature Ty (see
dingram).

Assuming we are in stendy state, the rate of heat flow in each component
belween the outside and the inside of the house must be the same. 1 the
situation were otherwise, parts of the system would be geing up or <lown in
temperature with time and we would not be in sicady state. We have then
ihat the the heat flow H is given by the following three expressions:

= TA(Tu—T']}. (5)
H= kiﬂ (11 — Ta}, (6
w=22 1 -Ta). (7

Equations (5), (6), and {7), represent threc cquatione for Lhree nnknowns,
and cap be solved straightforwardly. However, we only need io find the heat



Solutions and Greding Schame for Midtersa Froblem 2 3

How, and not necessarily the two inside temperatures. This expidites the
algebira. Equatinus (5) and (7) say:
(T3 — Ty) = {Te — 17), (8)
and equationa (5) and (6) say
ko 1
(T.-T) = (T-T). (9)
kol
Identically we have: '
(L=-N)+ N =T+ (T =Ty} = (To— Tu) {10}
Which using {%) and (Y) becomes:

-‘ill_iz

206 Byt P D)= Ta)=126C. (11}
ol
= (T, — 1)) = .246°C. {12}
We can now put this result bhack into (5) to chtain the heal low:
kA _ kWY Im? o
H= T(To—ﬂ] = (m ﬁ) o0 216°C. = 61.5W (1)

Therc is anocther way to do this problem that is more efficient. It is also
possible to realize that the heat flow equation is very similar to Ohms Law
for clectric current V = {8, With the substitotions AT -y V oand & — 1,
we can define the “thermal resistance”:

f
H= 14
L 19)

aned Lhen:

Hi=AT. (14)
Hers we simply have resislors in series. The eqpuivalenl resistanee of the series
iq given by

i fs K

= 208 16
j by (16)

Do = H, 4 Hz Hazﬂklﬂ. P

The heal flow is Lhen simply given by
g o AT _317I°C - 98
T Ree 208K/W
The final answers here anc in (13) are extremely dependant on how many
sipnifigant figures were kept when initially converting the temperatures, so
a broad range of final numbers were accpepted as long ag the method was
reasonable.

=5 GL.5W (17)
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Part {b) Grading Scheme

Points were awarded as follows, with some additional judgement used as to
the seriousness of crrors no: listed here.

s +5 for recognizing that the heat flow was the same for each segment,
and setting up equalions equivalent to (5), {6}, {7).

a +6 or +7 points for working from the heat flow equations and making
s0me propress, but not gelting to an answer [c.g. Finding one of the
intermediate temperatures].

& +8 points for petting an answer working from the heat equations, but
failing to get the right answer somehow, cither do to an algebra mistake,
a caloulation errror, or hioth,

. +2 ]Jl.Jillh-i for realizing the heat flow should be the same, but failing to
set up equationg.

v +3 Used the slealy slaie approach to find temperatures, but then
aclided hent fows in Lhe end.

® +3 poinis lor using a larmula cquivalent to the resistance approach [see
above] without any justification, but failing to get the right answer [e.g.
remembered some larmula and plugged in wrong)-

» +6 points for using the resistance approach without any justification
and getting the right answer. [e.p. remembered some formala and
pligged in correctly).

» +7 points for the coTect answer using the resistance approsch with
some allempt at justification, but pretty weak |e.g. remembered
aome formula and plugged in correctly, and wrote “steady state” or
something clse equally apathetic].

= +8 poiats for a well justified resistance approach with a silly error.

» Only onc point for simply adding the heat flows of the three compo-
pents, pretending that they are effectively in parallel. T'his shows a
strong lack of understanding of this problen, expecially since the heat
flow calculated 15 much more than in part (8], and then what would be
the point of having a double-paned window.

= 142 pointa for adding heat flows (as above), realizing this was wrong,
and stating so on the test.
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» +3 points for realizing that the heat flow is conetant, bt only setting
up onc middle temperature and failing to get anywhere.

» +4 points for & justified approximotion of putting the whole temper-
ature difference across the air in between the panes, but then getting
Lhe wrong answer.

* 46 points for a justified approximation ol putting the whole temper-
ature differvnce actoss the air in between the panes, and then getting
vlost: to the right amwer. This gels close to the correct answer, but
misaes the spirit of the proullem, which can be solved exactly.

s -1.5 pointy were subtracted from the enlire problet (a) and (b} if the
ternperatures were not converbed Lo Celeivs or Kelvin or converted
incorrsclly, but the rest of of the problem was consistent with this
initial errgr. For part (b), assurhing tlal Lhe temperatnres listed were
given in Celeiny yieldal T3 = 99.56% and 4 = . 11kW.

# +10 potnts for the correct answer with 2 good justificalion ol either the
resistance approach or the “same heat flow” approach.

a +10 points: Converted temperatures wrong in part {a}, Lul then was
totally consistent with with the incorrect lemperalures,
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3. [15 points] A kettle of water is about to MC Steam bubbles are formed at the
bn}ttom of the kettle and some of them rise to the surface. The depth arnd the density of

v Pf water are H and p respectively. The pressure at the surface of the water is Py, |
© 1€Lml Rm}d' mhﬂr ;i ﬂ
l (a) [1 points] What is the pressure at the bottom of the kettlg? Oee. Mighokt. = O 5 rrﬂ"

Pmnm'A" Pz A + Muarex §
P = T + Pf‘;ﬁ ?MI:"LB’H“} ]’(PD'I'PH%A\

T A(h] [4 points] By treating the steam inside the bubbles as an ideal gas, draw the PV diagram
Teotm " and specify the initial and final states as well as the path of the bubble in your plot if it is
in thermal equilibrium with thl.': water,
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ints| Starting from the definition of work done for & gas, caiculate the total amount
of work done by the steam in a bubble that rises from the bottom of the kettle to the surface.
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{c) [3 points] What i3 the change in entropy of the steam bu'g:-jhle? ,
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{d} [2 points) What is the change in entropy of the universe for this process? Explain your
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5. [15 points] A gas mixture in a container of fixed volume V, made up of two different kinds
of atorns, is in thermal contact with a heat bath at temperature T. There are N; atoms of
the first kind, each has a mass of m,. For the second type, there are Ny atoms, each has a
MASS My,

(a) |4 points] Calculate the total pressure exerted by the gas mixture.
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{b) [3 points| What is the ratio of the pressure exerted by the first kind of atoms to that of
the second kind?

+r'iul4”]’ From o) P| H%_T N, ) f correct 9iven  answar te
£ %EI - N, el final  answee

(e} [5 points] Now suppose Ny = Ny = N, and & chemical reaction takes place that combines
the two kinds of atoms to form diatormic molecules of mass my+msy. After the temperature
iz back to T, what would be the ratio of the pressure after combination to that before the

reaction? . > !
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{d) {3 points] If the temperature of the heet bath is changed to T', what is the difference in
the amount of heat going into (i) the criginal gas mixture, and (ii} the final gas system?
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