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Figure 3 For the two-dimensional model shown in (a), if Poisson’s ratio equals 1ν = -  and the length–force dependence of rods is 

given in (b), the energy on volume dependence is presented in (c), and at 0T Æ  the pressure–volume dependence is given in (d). It 

can be seen that a volume range exists, in which the bulk modulus is negative. 

 

 Assuming that the angle between the rods is fixed and 
the rods are identical, one can easily obtain the energy of 

the system at a given volume, ( ) 2
3/2V L= , per particle 
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which is plotted in Fig. 3c. Differentiating the energy with 
respect to volume one gets the pressure, p, in the system 

( )
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∂
= - ,

∂
 (19) 

which is shown in Fig. 3d. 
 The above calculations concern the system at zero tem-
perature. (One can expect, however, that at low tempera-
tures the isotherms of the system will be very similar to 
that shown in Fig. 3d.) If one fixes the volume of the sys-
tem then, because its Poisson’s ratio is equal to –1, no in-

ternal transformation of its structure is possible and it will 
be stable even in the range of volumes where the bulk 
modulus is negative. 
 The number of nodes does not influence the mechani-
cal properties of the above model, so it can be infinitely 
large in any direction. 
 Analogous models can be built in three dimensions, e.g. 
by replacing bonds of a fcc lattice by rods interacting 
through a potential similar to that described by Eq. (17). 
 One can expect that at low temperatures the isotherms 
of the system will be very similar to that shown in Fig. 3d, 
i.e. it will be possible to observe negative bulk modulus  
at some densities, whereas the system will be internally 
stable. 
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