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Solution. Table S4.7 lists some sa,mple data for N : 64 and ?: L. Nea¡ p : 0.9 there seems to be a

sharp change in the pressure with a small change in densþ. It is known that there is a phase transition
between a fluid and solid nea¡ this density. To simulÐte a crystal in two dimensions the lattice shape
would need to be appropriate for a hexagonal lattice so that -L, : (\/312)L". For .L' : 8.2 and
tn = $/112X8.2) - 7.1 we have p: t.L and frú, PAINVT x 4l and the system maintains its
crystalline hexagonal lattice confrguration, indicating that the system is well within the crystelline
phase. For p:0.g \Ã,ith ¿" : 9.06 and -L, : ?.85, we find PAINhT æ 9.4' At this densþ the crystal
configurations are bareþ discernible, and the system is neâx the transition.

Lr: Lu A: LrLu density p PAlNkT
18
t6
14
L2
10
I
8.5
8.2

324
256
196
IM
100
81
72.25
67.24

0.20
0.25
0.33
0.44
0.64
0.79
0.89
0.95

1.40
1.56
1".82
2.42
4.16
7.32

10.8
16.0

Th,ble s4.7: Results of Program HardDiekeMD for a system of N : 64 hard dish:
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Problem 4'õ6' The fouowing demonstration i.llust¡ates an entropy-driven transition. Get a bag of M &Ms o¡-simila'r disk-shaped candy- Ball bearings work better, but tï-ey are not as tasty. you will also needa flat bottom glass dish (preferabry square) that fits oo * åu".r""dïù*to..

Place the glass dish on the overhead projector a¡d add a few of the candies. shake the dish gentlyfrom side to eide to simulate the effecte of iemierature. You should observe a twqd.imensional model of agas' Gradually add more candies while contiauing to shake the dish. As the density is increased further,you will begin to notice clusters of hexagonal crystals.

z{

by
tod
oft

Pr
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(b

(c

,'#i:

(a) At what density do large clusters of hexagonal crystaùe begin to appea,r?
Solution' If we use the dia'meter of the disks as the unit of length, tfg at a number density of p ev Q.g,there is a transition from a fluid to a solid. You ¡,ill r.u ,*=ull'rotid-like clusters at lowär densities.Larger clusters appeår as p approaches 0.g.

(b) Do these cluster€ disappear if you sha&e the dish faster?
Soluùion' Shaking the dish faster doæ not eliminate the clusters. Instead the processes of clusterformation and cluster break up w"ill occu¡ faster.

(c) Is energy conserved in thi¡ system? Do the particles move if you do not shake the dish?
Solutàon' The disks will stop moving if you stop shalirrg the dieh because of inela.stic collisions betweenthe disks and inelastic collisions of the disks with the walb or the dish.

(d) compare the behavior of this system (an exa,mple of gra.nular matter) to the behavior of a usual gasor liquid.
Solution' Because there is no attractive potential between the d.isks, there is no transítion between aliquid and a gas. Also, becaræe the interactiol¡ f9r these -""r*"opi" disks is inelastic, enerry is lostat each collision and must be supplied externally by sha^king the disk. The lack of 

"oe"gy conservationleade to a velocity distribution that is not a Gaussian.
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8: Fluctuations and No fluctuations:

i) Fluctuations in a mole of gas W-hat is the probabilitS. that a, mole
ol ideal ga.q at temperatrtre T q'ill have an erìergy ttr¿¡t cliffers bv a, fa,ctor" of
10- 6 (i.e. one part in a rnillion) frorn its rnea,n energ¡'?
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