The next two questions pertain to the following situation

Consider a box having 4 bins. divided into two parts by a moveable partition. The left
part has 2 distinguishable particles. A and B, and the right part has 2-sadistinguishable
particles, each called C. A microstate of the system 1s specified by identifying which
particles are 1n which bins. Allow multiple occupancy in each
side. One particular microstate 1s 1llustrated. and particles are free
to move between bins on their respective sides of the partition.

1. With the partition as shown, what is the total entropy ot? <
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The next two questions pertain to the following situation

Consider a box having 4 bins. divided into two parts by a moveable partition. The left
part has 2 distinguishable particles. A and B, and the right part has 2 indistinguishable
particles, each called C. A microstate of the system 1s specified by identifying which
particles are 1n which bins. Allow multiple occupancy in each
side. One particular microstate 1s illustrated. and particles are free
to move between bins on their respective sides of the partition.
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2. If we now remove the partition and allow the particles to move freely 1n all four bins,

what 1s the new total entropy? (Hint: The total number of microstates 1s the product of the

microstates for the different type of particles. e.g.. A, B, C) |3 8
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3. Let two different (and not necessarily-ideal) gases (A and B) at fixed equal

temperature be confined to opposite sides of a fixed-volume c;dmderwﬂh-a-sl'rdﬂm

in between. In thermal equilibrium. which of these
equations holds (with the usual definitions of the
symbols): A B
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The next two questions pertain to the following situation

An 1solated system 1n internal thermal equilibrium can be in either macrostate A anth

entropy 03 =27 or macrostate B with entropy 0g=20_ A particular microstate X 1s part of
the A macrostate. and a particular microstate Y 1s part of the B macrostate.

4. What 1s the ratio of the probabilities, P5/Pg. that the system will be found 1n the two

macrostates? % nl e Fey (6)re) (’.M\ (TN <,'l
.Pa/Pg=02 ) '
b. PPy =10 paceg e .
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The next two questions pertain to the following situation

An 1solated system 1n internal thermal equilibrium can be in either macrostate A with

entropy 03 = 27 or macrostate B with entropy 0 =20. A particular mucrostate X 1s part of
the A macrostate. and a particular microstate Y 1s part of the B macrostate.

5. What 1s the ratio of the probabilities, Py;/Py. that the system will be found in the two
particular microstates?

e % o’ -
c. Px/Py=13 _
d. Px/Py = 1097 0 Vi

e. Py/Py = 148




The next two questions pertain to the following situation

A total @nergy quanta are distributed 1n equilibrium within a collection of 2
oscillators, each with the same energy level spacing.

6. How many microstates are available? x
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The next two questions pertain to the following situation

A total of 3 energy quanta are distributed 1n equilibrium within a collection of 2
oscillators, each with the same energy level spacing.

7. What 1s the ratio of the average number of quanta to the most likely number of quanta
in the first oscillator?

<q> = average number of quanta in the first oscillator.

Qm! = most likely number of quanta in the first oscillator.
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The next two questions pertain to the following situation

One end of a cylinder f:ontaining 2 rpoles of O, gas .at 25°C1s
sealed by a massless piston. The cylinder also contains a small

piece of paper. You want to 1gmm_ﬂ1e_pap_c1; by quickly L Piston

 E———
compressing the piston and achgbancally heating the O, gas. AL N I t
(Recall the fire starter demo from class.) Paper bums at 5 1 2 ol
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8. What 1s the smallest fractional change 1n the position of the piston to cause the Taper to
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One end of a cylinder containing 2 molew of O, gas at 25°C1s
sealed by a massless piston. The cylinder also contains a small

piece of paper. You want to ignite the paper by quickly L &__
compressing the piston and adiabatically heating the O, gas. AL ‘
(Recall the fire starter demo from class.) Paper bums at T

2220 L

9. How much work 1s done to compress the gas to 632 °C?

a 5.2 x10° D\,\-:.%' + 2 in

ETE 10 D =1 &= 0
c12x10*] \Jon = /ey ¥ = CAT




101-mele @gas expands 1sothesmally at 300 K from 1 liter to 2 liters (1—2). The

gas 1s then compressed back to 1 liter along the path Pl L "’ < q-"\ \ ~ L
shown (2—3—1). Calculate the work don& by the gas on
(C - =

the closed path (1—2—3—1).
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The next two questions pertain to the following situation

Suppos .@ 1s confined inside a long cylindrical vessel. The cross section of

the vessel'1s €0 small that the He atoms can only move along the long axis of the cylinder.
Thus, their motion 1s one dimensional. One end of the vessel 1s sealed with a movable

piston.

. - \

11. If the He gas 1s at 300 K, estimate the average force acting on the piston when the
piston is located a distance L = 3 m from the closed end of the cylmder

a.<F>=083N 'P{M Yore M\ \)tﬁah
b.<F>=83N A YA
c.<F>=83N P

<11;> =830 1@ I; N,[;l— T" T
L p.?l)‘-"\

F"-? t,-‘).k,\ = E’kt_ :‘i?"‘/\]




The next two questions pertain to the following situation

Suppose 1 mole of He 1s confined inside a long cylindrnical vessel. The cross section of
the vessel 1s so small that the He atoms can only move along the long axis of the cylinder.
Thus, their motion 1s one dimensional. One end of the vessel 1s sealed with a movable

piston.

|
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12. If we substitute the He gas in the cylinder with 1 mole of N3, how does the average
force change? =

a. Increases. because N 1s a diatomic molecule and therefore has a larger average thermal

amg. because N> and He have the same average translational kinetic energy.
=ases, because N, has more degrees of freedom than He and therefore has less

energy available for translational degrees of freedom. ? }\}F_r
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13. The 'hr_a,t_cafaﬁy of a particular solid has the following f ‘0MP here

a=3x10"JK™. Calculate the internal energy of the sqlid WM\
3 ‘

a. 2

7.5%x10° ]
c.94x10° ]
d. 1.3x10%]
e.3.2x10*7




14. A pot containin water 1s hea Lto 350 K ahd placed on a countertop at 300_
K. Here, we tr e countertop~as an infinite heat resecror e spec1ﬁc heat of water 1s
4184 J kg .The pot 1s made from coppe "' K!. The contact area

between the pot and the countertop : nd the copper on the bottom portion of
the pot 1§ 2- thick. Neglect the heat capacity of the pot How long does 1t take for the

temperature of the water to cool by 5 K? \ ¢ ke’ \9 "\m T/\
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The next three problems are related

15. Cells (e.g.. amimal cells) are complex: survival requires transport of various
components throughout the cell. For small cells (e.g.. bactegfa). this dscurs via s1mple

cell wall (assume a spherical cell), assuming the cell radmus 1s 1 pm?

gp—

a.
millisecon
C. illiseconds

d. 200 milliseconds 2 Dt
e. 500 milliseconds < r = C
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16. How much longer will this take 1n a typical mammalian cell (radius ~10 pm)?

a. 3.16 times longer T
b. 10 433 ’ SROCT




17. Assuming the diffusion 1s diven simply by thermal random motion. by what factor
would the diffusion time across the bacteria change if we were to raise the temperature
from 23°C to 30°C (and assuming the mean free path of the protein 1s the same)?

- i ecomes longer by a 017
b. Firefime becomes longer by a factor of 1.034"
. The time becomes shorter by a factor of 0.967.
é]'he time becomes shorter by a factor of 0.988.

e. The time becomes shorter by a factor of 0.876. 2% Y | ¢ —l—
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The next four questions are related

18. Consider a collection of atoms. each of which. according to quantum mechanics. can
have precisely three values of the z-component of angular momentum (-h/27, 0, and
+h/27), and thus can have a magnetic moment with the three possible values. mu, where
m=+1,0,and 1. Inamagnetic field (along the z-direction), these have an energy
given by -mu,B. as shown in the diagram. n

— | E=+ uB. “n opposite B”
- Dy

N

Assuming ,.Jzn x 107 J/T, and\lz:@ T =2 K What is the likelihood P(0) to
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19. Now we increase the magnetic field to 10 T. What happens to P(0)?

b. P(0) incre o lA
c. P(0) stays the same ~~Ble T +BT
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u
| E=+ uB. “un opposite B”

< E =0, “n perpendicular to B”

1

20. Now (with the field at 10 T) we increase the temperature T (a lot). In the limit as the
temperature goes to infinity, what happens to P(0)? \

T E=—uB. “nalong B”

a. P(0) — 173 — _ ],
. Tt ius
c. P(0)—1
d.P(0)—0 |
e. Cannot tell from the information given E_é, - O
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21. Consider N such atoms (located on a lattice). What 1s the ratio of the entropy of these
atoms at high temperature, to the entropy at low temperature?
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The next three questions are related

22. We want to design an experiment to demonstrate the law of atmospheres. We will
do this by creating tinywater droplets of a fixed size, letting them fly around 1n a tall

tube. and observing the decrease in their density (how many droplets per m3) asa
function of height in the tube.

What should be the approximate mass of each water droplet, such that the density of the
water droplets a g‘i-me he1ght 1s half of what 1>1s at 0 height, assuming 25°C7




23. Now we add some heat into the container, and allow 1t t a higher
average temperature). What will happen to the density of the water droplets near the top

of the tube?

-yt 17
a. the density will decrease ( 2 ) C
b. the density will stay the same n“’ -~
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24 Compare the temperature near the top of the tube to that near the bottom.

a. hotter at the top

b. hotter e bottom
. same temperatur




