Physics 7B Midterm 1 Solutions - Fall 2018
Professor R. Birgeneau

Problem 1

(a) Let us first calculate the time of heating. From the definition of power, and using the
formula relating heat and change in temperature , we have

@ = (power)t = mCAT (1)

so that

mCAT  4-1000 - 100
= 5 (2)

(power) 400

= 1000 s (3)

Now for the coefficient of linear expansion, we apply the linear expansion formula
directly and see that
AL 0.08 1
= = °© 4
LoAT 20 -100 () (4)
=4-107°(°C)™ (5)
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(b) (i) After a temperature change AT, we need the washer and screw radii to be equal:
Cbo(l + OéwAT) = T'()(l + OéSAT> (6)
AT = 0% (7)
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Then the amount of heat we need is

Q = (MyCyw + msc) AT (8)
— (Mo + Mecs) (ﬁ> (9)
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Problem 2

(a) If we look at the motion of a gas particle moving only in the x-direction, the time
between collisions is given by

2L
At = — 10
. (10
(b) The average force F, on one of the walls considered in part (a) is given by
Ap, _ 2p,0, w2
F, = = = - 11
CAt 2L L (1)

using the fact that the directions are all isotropic, we have v2 = v2 + UZ + 02 = 302, s0
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(12)



(c) Using the equipartition theorem, we know that

3
K = §kBT (13)
since each gas particle has 3 degrees of freedom. Using K = %mvé,
- kgT
2 _ 14
? =32 (14)
so that
NEkgT
F= 15
L (15)
or, equivalently,
Fog
ﬁL = PV = NkgT (16)
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(d) The plateaus in the figure above occur when various degrees of freedom of the diatomic
molecule get unfrozen. Starting from the left, at low temperatures the molecule has
only translational degrees of freedom, so Cy = %R. As the temperature increases, the
rotational degrees of freedom are unfrozen so that Cy = %R = gR. Finally, as the
temperature cantinues to increase, the vibrational degrees of freedom enter and we have
Cy=52R=1R
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Problem 3
(a) The energy released to bring the water from 25 °C to 0 °C is

MayCy (25°C' — 0°C') = (3.0kg)(4.0kJ /kg -° C)(25°C) = 300k.J (17)
The energy needed to bring the ice from -10 °C to 0 °C is
MiceCice(10°C") = (0.50kg)(2.0kJ/kg -° C')(10°C) = 10kJ (18)
Finally, the energy needed to change the ice to water at 0 °C is
MiceLs = (0.5kg)(300kJ/kg) = 150k.J (19)



So the total energy to change all the initial ice to water is 10kJ + 150kJ = 160kJ <
300kJ To find the final temperature, we use conservation of energy:

160k.J + (0.5kg)(4.0kJ kg -° C)(T — 0°C) = (3.0kg)(4.0kJ /kg -° C)(25°C — T) (20)
T =10°C (21)

(b) We calculate the entropy in each step of the process:

. . B To\ 273
Heating the Ice: ASheating = MiceCice I (Tz) =In (263) kJ/K
(22)
. MiceL; 150
Melting Ice: 0.S,e: = = —FkJ/K 2
elting Ice: §.S,,e T 573 J/ (23)
_ Ty 283
Warming Water from Melted Ice: ASheatings = MiceCwater I 7= 21n 773 kJ/K
0
(24)
Ty 283
li iginal water: A = In{—=|=12In(—)kJ/K
Cooling original water: AScooi = My Cupater IN (Tw) n (298) J/
(25)
Problem 4 For the temperature of the joint to be fixed, we need
dQ dQ
L ow = —2 26
g 10w = g (26)
Ty —T Ty — T
/{;CUA% — kmA% (27)
kouTw + kaTy
Ty = 28
M kou + ka (28)
(29)
Problem 5
(a) We have
(b) We find
Qda = nCv(Td - Ta) (30)
Qve = nCy(T. — Tp) (31)
(c) Using dS = dQ/T, we get
ASda = TZOU hl(Ta/Td) (32)

ASpe = nCy In(T,/T}) (33)
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(d) The effiency is given by



