Solution 1:
a) When system is heated from To to T,

Mass of water remains constant, but volume of water changes. So, density of water
changes.

Density pwater = Mass/Volume

p,water

Po

= Vwater ~ V'water

V'water = Vwater [1 + 38 (T — To)]

pP ’water 1

0o [1+38(T—To)]

Po
[1+38 (T—To)]

pP ’water =

b) When system is heated from temperature To to T=Ts

V' sphere = Vsphere[1 + B ( Ts — To)]

V' sphere = Vo[1 + B (T — To)]

Po
[1+38(Ts—To)]

p,water =

Since sphere is suspended completely submerged, Buoyancy force=Gravity Force
plwater V’sphere g = Mg

p’water V sphere = M

Po
[1+38(Ts—To)]

X Vo[1+B(Te—To)] =M



poVo[1+ B (Ts—To)] = M[1+ 38 (Ts—To)]

Ts [BpoVo - 3BM] = —poVo + BpoVoTo + M — 3BMTo

_ poVo[—1+ BTo] + M [1 — 3B8To]
B BlpoVo - 3M]

B



Problem 2
a)

The two sides undergo free expansion, and the total pressure will be the sum of
the partial pressures. Thus:

_ 2nRTy  nRT; nR
P==y—t 5y —ph+h)

Since the pressure does not change after the reaction, this means that:

_ P@3V)
T= nR

=211 + 15

b)
Since no work is done, by the first law AE;,,; = Q. Thus:

3
(271RT1 + TLRTQ) = nR(2T1 + Tg)

)



Problem 3:
(a).

If we define the heat flow into the water/ice mixture due to conduction to be positive,
then over a time interval At, we have

Qwooa kwA N

VX:,“O - V; (TH - Twater) (positive)
k, A

Q‘ZI(ZSS = gT (TL - Twater) (negative)

Since the ice does not melt, the heat flow from wood balances the heat flow out to the

glass at T, = Ty. In degree Celsius, T, g, = 0°C. Therefore, by setting 2xeod 4 2elass _ ¢

At At
we have

k
Tp==72T, (°0)

w

which makes sense since T, < 0.

(b).
Qwooa + leass = MiceLice
kg
TH = ZTF = _Z_TL
ky
Therefore,
miceLice Qwood leass kwA kgA
At At A [t
kwA ([ kg kgA
=2 (22T |+%71
! ( k,, L) o
kA
=
At = _miceLicel

k, AT,




Problem 4.
(a).

N

V(T) =V, (Tia) > T=T, (VKO)S

PVa PV
PV, = NkT, > Nk= -
a’a a Ta Ta
1 1
PV = NKT (POVO>T (V)E P,V (V)E
= = = —_ = —_
T, ) *\V, 070\,
1
__1 1
y = aVE_l

P(V) = Py (VKO)

1 %‘1.
where a = P, (V—) is a constant.
0
1
For P(V) = aVs ' to be concave up as is shown in the PV diagram, i— 1 > 1, therefore,
0<s< ! <1
)

(b).

1

From P = P, (Vlo)g_l

b Vp 14 E—l
W, = f pdv = f P, (—) v
a Vo

Va
Letu = (VK) then dV = Vydu
0

21, 172 1
Wyp = PoVof us “du = PyV, [suS] =PVl s (25 - 1)
1 1

WbC = O
Wea = Po(Vo - 2Vo) =—-PKl

1
Weycte = Wap + Wy + Weg = Pol (S (ZE h 1) B 1)




().

5 5

Ea = ENkTa = EPOVO
5 5 1 5 1

Ey = 5 NKT, = 2 NKT,25 = - 25PV,
5 5

EC = ENkTC = ENk(ZTa) = 5POV0

5 1 5 1
Qab = AEab + Wab = (E ZSP()VO _EP()V()) + POV0 <S (25 - 1))

5 1
=P0V0<§+S)(25_1) >0
5 1 1,
QbC:AEbC-l_WbC:5P0V0_§.25P0V0:5(1_25 )POV0<0
5 7
Qea = BEcq + Weg = (5 PoVy = 5PV ) + (=Po¥y) = =2 Pyl < 0

A faster way to see why Q,. is hegative is to observe that AE,, = E. — E;, < 0 because
T, > T, from the PV diagram.

Therefore,

Qin = Qap = PoVo (; +5) (z§ -1)

From the PV diagram, we know that W, > 0, thus it is a heat engine. Therefore,

1
_ chcle _ S(ZS B 1) -1

Qin (% +5) (25 - 1)




Problem 5
a)

Method 1

Use the first law, the given relation of d@Q = %dW and the definition of internal
energy to find an expression between P, V and T

dE = dQ—dw

1
dE = —PdV + §PdV
dE = —%PdV
3nRdI = —PdV

We integrate the left hand side from T, to T

Ty
/ 3nRAT = 3nR(Ty — T,)

a

Using the relationship PV# = const. given

P(V)=P, <“//>ﬁ

Now use this to integrate the pressure side of the equation
Vo Vo AN PV
— PdV = _/ P, (a) AV = _-aYa (Vbl—B _ Val—ﬁ)_
V, Ve, V 1-— 6

Now we’ll write this in terms of T, to better compare with the other side of the
equation

Vb 1
—/ PdV = —ﬂ(Pan‘/;}’ﬁ—PaVa)

1 _
- —f(PbeVb 5P V,)

a

=™

1
= _f(Pb‘/b - Pava)

1
= - T, — nRT,
1_6(RbnR)

=™

This must equal 3nR(T, — Ty,), so this means:



—

Wl i

Method 2

Use the first law, the given relation of d@Q) = %dW and the definition of internal
energy to find an expression between P, V and T

dE = dQ—dWw

dE = —PdV + %PdV
dE = —%PdV
nRdI = —PdV

Use ideal gas law to eliminate P and arrive at an integrable expression

nRT

g _ _dV
T 1%
Integrate both sides and do some algebra
[t
. T Jy, V
T
—3In (T:) = In (:;Z)
LA 7
T, W
3V, = T2V,
Now rewrite this in terms of P and V'
T3V = const.
pPv\?
(TLR) V = const.
P3V* = const.
PVY3 = const.

So, we get that 5 =4/3.



b)
Using the definition of entropy,

S_/WQ_/”W_ " pdv
Jo T J, 2T Jy, 2T

Using the ideal gas law,

o /Vb nRdV _ an (:f,)

To put this in terms of T, use the ideal gas law with PV*/3 = const. to get that

T3V, = const. Thus,
3nR T,
S = In
2 (Tb )




