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We report for the reader convenience the analytical details of the model proposed in the paper. To this
end we refer to the equations in the main paper using the same notation, whereas we denote with ESI-(.)
the equation (.) of this Electronic Supplementary Information. Moreover according with the main paper
notation we denote with the subscripts m, d, and t to denote variables referred to the molecule, the device
and the total (molecule plus device) system, respectively.

1 Hamiltonian of the system and basic definitions

The system is composed of n mass points with mass m connected by bistable springs with modulus km
and a loading device with mass M represented as an n + 1 spring with modulus kd. The Hamiltonian
function can be written as the sum of kinetic and elastic energy

H = EK + Vt =
n∑
i=1

1

2m
p2i +

1

2M
p2n+1 +

n∑
i=1

1

2
kml(εi − εuχi)2 +

1

2
kdαLε

2
d, (ESI-1)

where εu is the reference strain of the unfolded configuration, l = L/n is the reference length of each
element, αLεd is the elongation of the device and pi are the momentum of the i-th oscillator. Here χi is
an internal variable that can assume values 0 or 1 if the i-th element is folded or unfolded, respectively.
We consider different boundary conditions acting on the device: assigned displacement d (hard device)
or assigned force F (soft device). In the framework of equilibrium Statistical Mechanics, these two cases
are described by the Helmholtz and Gibbs ensembles, respectively. The ideal hard and soft device, with
assigned displacements and force, respectively, acting directly on the molecule are obtained as limit systems.
Finally we consider the mechanical limit when entropic effects can be neglected and the thermodynamic
limit when the number n of elements diverges.

The total displacement can be expressed as

d =

n∑
i=1

lεi + αLεd = L(εm + αεd) (ESI-2)

where εm is the average strain of the molecule

εm =
1

n

n∑
i=1

εi. (ESI-3)

The relation between εm and the total strain εt is the following:

εt =
d

L(1 + α)
⇒ (1 + α) εt = εm + α εd. (ESI-4)

By using (ESI-4) we can express the device strain as

α εd = (1 + α) εt − εm.
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The equilibrium condition requires a constant force F :

km(εi − χiεu) = kd εd = F.

By averaging with respect to I we then get the relation between the chain and the device strain

kd εd = km(εm − εuχ̄)

where χ̄ =
∑n
i=1 χi
n is the fraction of unfolded domains. After introducing the non-dimensional parameter

γ =
kd

kd + αkp
∈ [0, 1],

measuring the relative device vs total stiffness, by using (ESI-4) we get

εm = (1 + α)γ εt + (1− γ)χ̄ εu. (ESI-5)

2 Helmholtz Ensemble

Consider first the case of hard device, when the total displacement d is fixed. In this case we have to
consider the partition function in the Helmholtz ensemble defined as

ZH =
∑
χ

∫
R2(n+1)

e−βHδ

( n∑
i=1

lεi + αLεd − d
) n∏

i

dpi dpd

n∏
i

l dεi (αL) dεd,

where β = 1/kBT , kB being the Boltzmann constant, T the absolute temperature and χ = {χ1, . . . , χn} ∈
{0, 1}n is the vector denoting the phase (folded of unfolded) configuration. For the sake of simplicity
here and in what follows we drop the domain of the vector spin variable χ. We used the Dirac function
to enforce the displacement constraint (ESI-2). We can separate the contributions to ZH of the kinetic
energy and of the potential energy, so that we can split up the integral over the momenta and over the
strains, respectively:

ZH = αL ln
∫
R(n+1)

e−βEk
n∏
i=1

dpi dpd
∑
χ

∫
R(n+1)

e−βVtδ

( n∑
i=1

lεi + αLεd − d
) n∏
i=1

dεi dεd.

We solve the Gaussian integral over the momenta to obtain

ZH = AαLln
∑
χ

∫
R(n+1)

e−β
(∑

i
1
2
kml(εi−εuχi)2+ 1

2

kd
αL

(αLεd)
2
)
δ

(∑
i

lεi + αLεd − d
)∏

i

dεi dεd,

where

A = (2π)(n+1)/2

(
m

β

)n/2(M
β

)1/2

. (ESI-6)

We can also integrate out the free variable εd to obtain

ZH = A ln
∑
χ

∫
Rn
e
−β
(∑

i
1
2
kml(εi−εuχi)2+ 1

2

kd
αL

(∑
i lεi−d

)2)∏
i

dεi.

By using (ESI-4) we get

ZH = A ln
∑
χ

∫
Rn
e
−βlkm

2

(∑
i(εi−εuχi)2+ηn

(
1
n

∑
i εi−εt(1+α)

)2)∏
i

dεi, (ESI-7)

where
η =

kd
αkm

=
γ

1− γ with η ∈ [0,+∞[ . (ESI-8)
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In order to solve the Gaussian integrals, we rearrange the exponent in the partition function as follows:

−βlkm
2

(1 +
η

n

) n∑
i=1

ε2i +
η

n

n∑
i,j=1,i 6=j

εiεj − 2

n∑
i=1

(εuχi + ηεt(1 + α))εi + ηnε2t (1 + α)2 + ε2u

n∑
i=1

χ2
i

 =

−1

2
Aε · ε+ b · ε+ C, (ESI-9)

where we have introduced

A = βkml


1 + η

n
η
n . . . η

n

η
n

. . .
...

...
. . .

...
η
n . . . . . . 1 + η

n

 , (ESI-10)

b = {βkml
(
εuχ1 + η εt(1 + α)

)
, . . . , βkml

(
εuχn + η εt(1 + α)

)
}T , (ESI-11)

ε = {ε1, . . . , εn}T , (ESI-12)

and

C = −βkml
2

(
n ηε2t (1 + α)2 + ε2u

n∑
i=1

χ2
i

)
is a constant energy term. The Gaussian integration of quadratic functions can be solved explicitly (see
e.g. [3] giving ∫

Rn
e−

1
2
Aε·ε+b·ε+Cdε =

√
(2π)n

detA
e

1
2
A−1b·b+C .

Thus, we obtain

ZH = KH

∑
χ

e
βlkm

2

(∑
i

(
εuχi+ηεt(1+α)

)
− γ
n

(∑
i

(
εuχi+ηεt(1+α)

))2

−ε2u
∑
i χ

2
i−ηnε2t (1+α)2

)

with

KH = A ln
(

2π

βkml

)n/2
(1− γ)1/2.

We observe that, due to the absence of non-local energy terms, all solutions with the same unfolded
fraction χ̄ are characterized by the same energy. As a result the partition function describing the chain
and the apparatus as a whole is

ZH = KH

n∑
p=0

(
n

p

)
e−

βkmlnγ
2

(
p
n
εu−εt(1+α)

)2
. (ESI-13)

Notice that the binomial coefficient gives the number of iso-energetic configurations for fixed value of p.
We then deduce that the Helmholtz free energy is given by

F = − 1

β
lnZH

and the expectation value of the force can be obtained as

〈F 〉 =
1

L(1 + α)

∂F
∂εt

= − 1

βL(1 + α)

1

ZH

∂ZH

∂εt
. (ESI-14)

Observe that the force-strain relation can be written in the same form of Eq.(11) of the main paper

〈F 〉 = kmγ(εt(1 + α)− εu〈χ̄〉) (ESI-15)
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after introducing the (temperature dependent) expectation value of the unfolded fraction

〈χ̄〉 = 〈χ̄〉H (β, εt) =

n∑
p=0

(
n

p

)
p

n
e−

βkmlnγ
2

(
p
n
εu−εt(1+α)

)2
n∑
p=0

(
n

p

)
e−

βkmlnγ
2

(
p
n
εu−εt(1+α)

)2 . (ESI-16)

In order to evaluate the expectation value of the molecule strain, it is convenient to start from the
expression (ESI-7). We have

〈εm〉 =
A

ZH

∑
χ

∫
Rn

(
1

n

n∑
i=1

εi

)
e
−βlkm

2

(∑
i(εi−εuχi)2+ηn ( 1

n

∑
i εi−εt(1+α)

)2) n∏
i=1

l dεi,

where A is given by (ESI-6). It is straightforward to show that

1

L(1 + α)

1

ZH

∂ZH

∂εt
= −β km

γ

1− γ (εt(1 + α)− 〈εm〉), (ESI-17)

and, thus,

〈εm〉 = (1 + α)εt −
1− γ
kmγ

(
− 1

βL(1 + α)

1

ZH

∂ZH

∂εt

)
= εu〈χ̄〉+ γ

(
εt(1 + α)− εu〈χ̄〉

)
. (ESI-18)

with the same form of the mechanical limit in Eq.(12). Finally, we have

〈F 〉 = km (〈εm〉 − εu〈χ̄〉) , (ESI-19)

again respecting the results in Eq.(14) of the mechanical limit, with the variation due to the expectation
value of χ̄ in (ESI-16).

3 Gibbs Ensemble

Consider now the case of assigned force (soft device). The partition function for the Gibbs canonical
ensemble is

ZG =
∑
χ

∫
R2(n+1)

e
−β
(
H−F

(∑n
i=1 lεi+αLεd

)) n∏
i

dpi dpd

n∏
i

l dεi (αL)dεd,

where the Hamiltonian is defined in (ESI-1). We obtain

ZG = A(αL ln)
∑
χ

∫
R(n+1)

e
−β
(

1
2

∑n
i=1

(
kml(εi−εuχi)2−Flεi

)
+ 1

2

kd
αL

(αLεd)
2−FαLεd

)
n∏
i=1

dεi dεd

= A(αL ln)
∑
χ

∫
R(n+1)

e
−βlkm

2

(∑
i

(
(εi−εuχi)2− 2F

km
εi

)
+ 1−γ

γ
n(αεd)

2− 2F
km

nαεd

)∏
i

dεi dεd

= A(αL ln) Im Id,

where A has the same value (ESI-6) obtained in the case of assigned displacement, we used Eq. (ESI-8),
Im and Id correspond to the integration with respect to the εi and εd, respectively. We easily obtain

Id = CG e
βln

2kmγ
(1−γ)F 2

(ESI-20)

where we have defined the constant

CG =
1

α

(
2π(1− γ)

βkmlγn

)1/2

.
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On the other hand, the integral Im can be rewritten as

Im =
∑
χ

n∏
i=1

∫
R
e
−βlkm

2

(
(εi−εuχi)2− 2F

km
εi

)
dεi =

(
2π

βkml

)n/2 ∑
χ

n∏
i=1

e
βl

2km

(
F 2+F 2kmεuχi

)
.

Also in this case, we may observe that, due to the absence of non local energy terms, the energy of the
solutions with the same unfolded fraction is invariant with respect to the permutation of the elements.
Thus, we obtain the analytic expression

Im =

(
2π

βkml

)n/2 n∑
p=0

(
n

p

)(
e

βl
2km

F 2
)n−p(

e
βl

2km
(F 2+F 2kmεu)

)p
=

(
2π

βkml

)n/2 n∑
p=0

(
n

p

)
e
βln
2km

(
F 2+F 2kmεu

p
n

)
=

(
2π

βkml

)n/2
e
βln
2km

F 2
(

1 + eβlεuF
)n
. (ESI-21)

Finally, we find the partition function in the Gibbs ensemble:

ZG = KG e
βln

2kmγ
F 2
(

1 + eβlεuF
)n
, (ESI-22)

where

KG = A (αL ln)

(
2π

βkml

)n/2
CG .

Based on this result we can deduce the constitutive force-strain relation in the case of assigned force.
By using the definition of average strain (ESI-3), we get

〈εm〉 =
A (αL ln) Id

ZG

∑
χ

∫
Rn

(
1

n

n∑
i=1

εi

)
e
−βlkm

2

∑
i

(
(εi−εuχi)2− 2F

km
εi

) n∏
i=1

dεi. (ESI-23)

This can be rewritten as

〈εm〉 =
A (αL ln) Id

ZG

∑
χ

1

n

n∑
i=1

i−1∏
j=1

∫
Ri−1

e−β̃h(εj ,χj)dεj

∫
R
εi e
−β̃h(εi,χi)dεi

n∏
k=i+1

∫
Rn−i−1

e−β̃h(εk,χk)dεk


where β̃ = βlkm/2 and

h(ε, χ) =

(
(ε− εuχ)2 − 2F

km
ε

)
.

Thus, we have a product of simple Gaussian integrals (the integral over εi requires an integration by parts).
The solution can be written as

〈εm〉 =

(
2π

kmβl

)n/2 A (αL ln) Id
ZG

∑
χ

1

n

n∑
i=1

(
1

km
(F + kmεuχi) e

βl
2km

(F 2+2Fkmεuχi) ×

×
i−1∏
j=1

e
βl

2km
(F 2+2Fkmεuχj) ×

n∏
k=i+1

e
βl

2km
(F 2+2Fkmεuχk)

)

=

(
2π

kmβl

)n/2 A (αL ln) Id
ZG

∑
χ

1

n

n∑
i=1

 1

km
(F + kmεuχi)

n∏
j=1

e
βl

2km
(F 2+2Fkmεuχj)

(ESI-24)
By simplifying (ESI-24) we get

〈εm〉 =

(
2π

kmβl

)n/2 A (αL ln) Id
ZG

∑
χ

1

n

n∑
i=1

 1

km
(F + kmεuχi)

n∏
j=1

e
βl

2km
(F 2+2Fkmεuχj)


=

(
2π

kmβl

)n/2 A (αL ln) Id
ZG

∑
χ

( F

km
+ εu

1

n

n∑
i=1

χi

)
n∏
j=1

e
βl

2km
(F 2+2Fkmεuχj)


=

(
2π

kmβl

)n/2 A (αL ln) Id
ZG

 n∑
p=0

(
n

p

)(
F

km
+ εu

p

n

)
e
βln
2km

(
F 2+F 2kmεu

p
n

) , (ESI-25)
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where in the last equality we followed the same procedure used in (ESI-21). Finally, using the expression
(ESI-22) of the partition function and the integrals Im, Id we obtain

〈εm〉 =
F

km
+ εu〈χ̄〉 (ESI-26)

that again has the same form of the molecular response Eq.(14) in the purely mechanical approximation,
but in this case we consider the expectation value of the unfolded fraction 〈χ̄〉 in the Gibbs ensemble

〈χ̄〉 = 〈χ̄〉G (β, F ) =

n∑
p=0

(
n

p

)
p

n
e
βln
2km

(
F 2+F 2kmεu

p
n

)
n∑
p=0

(
n

p

)
e
βln
2km

(
F 2+F 2kmεu

p
n

) =
eFlβεu

1 + eFlβεu
. (ESI-27)

By definition, the Gibbs free energy is

G = − 1

β
lnZG

and the expectation value of the total strain of the system, which is the variable conjugated to the force,
can be obtained as

〈εt〉 =
1

βL(1 + α)

1

ZG

∂

∂F
ZG . (ESI-28)

This leads to
〈εt〉 =

1

(1 + α)

(
F

kmγ
+ εu〈χ̄〉

)
, (ESI-29)

where we have used (ESI-27), that has the same form of Eq.(11).
From (ESI-26) and (ESI-29) we can obtain the relation between 〈εt〉 and 〈εm〉

〈εm〉 = εu〈χ̄〉+ γ
(
(1 + α)〈εt〉 − 〈χ̄〉εu

)
. (ESI-30)

consistent with Eq.(11) of the mechanical limit.

4 From Helmholtz to Gibbs ensembles: Laplace Transform

As well known [2], the partition functions in the Gibbs and Helmholtz ensembles are connected by a
Laplace transform with the force F and the total displacement d as conjugate variables. From (ESI-13)
we have ∫

R
ZH eβ Fddd = (1 + α)L

∫
R
ZH eβ

(
F εtL(1+α)

)
dεt

= KH (1 + α)L
n∑
p=0

(
n

p

)∫
R
e
−βln

(
kmγ
2

(
p
n
εu−εt(1+α)

)2
−Fεt(1+α)

)
dεt

= KH L

(
2π

kmlnβγ

)1/2 n∑
p=0

(
n

p

)
e

βln
2kmγ

(
F 2+F 2kmγεu

p
n

)

= KG e
βln

2kmγ
F 2
(

1 + eβlεuF
)n

= ZG , (ESI-31)

which is exactly the result obtained in (ESI-22). The other quantities 〈εt〉 and 〈εm〉 in the Gibbs ensemble
can be obtained accordingly.

6



5 Thermodynamic limit

In this section we show how to evaluate the expression of the phase fraction expression (ESI-16) in
the thermodynamic limit by using the saddle point method [3]. According to previous discussion the
dependence of the response from temperature, device stiffness and discreteness parameter n is measured by
the expectation value of the unfolded fraction, being the other expectation values of mechanical variable
related by the same equations Eq.(11), Eq.(12), Eq.(14).

Since in the Gibbs ensemble, the formula (ESI-27) does not depend on n the thermodynamical limit
behavior coincides with the one of systems with finite discreteness. We then need to study only the limit
the Helmholtz ensemble 〈χ̄〉 in (ESI-16). To this end, we start considering the function f defined as

f(εt) =
n∑
p=0

(
n

p

)
e−

βkmlnγ
2 ( pn εu−εt(1+α))

2

. (ESI-32)

Using the Stirling approximation, n! ∼
(
n
e

)n√
2πn for n� 1, (ESI-32) can be written as

f(εt) '
1√
2πn

n∑
p=0

√
1

p/n(1− p/n)
en lnn−p ln p−(n−p) ln(n−p)−βkmlnγ

2 ( pn εu−(1+α)εt)
2

,

where we considered both n and p large. To deduce the themodynamic limit, let us introduce the variable
x = p/n. In the limit of large n we obtain

f(εt) '
√

n

2π

∫ 1

0

√
1

x(1− x)
e−n(S(x)+

βkmlγ
2

(x εu−(1+α)εt)2)dx

where we defined the (entropy) function

S(x) = x lnx+ (1− x)ln (1− x).

Finally, for large n we can apply the saddle point approximation. We search for the minimum of the
function

S(x) +
βkmlγ

2
(x εu − εt(1 + α))2

which can be found solving the equation

ln
(

x

1− x

)
+ εuβkmlγ (x εu − (1 + α)εt) = 0. (ESI-33)

It is easy to see that there exists only one solution χc in the interval ]0, 1[. Thus, we can solve the integral
with the saddle point method by considering the expansion around χc up to the second order as it follows:

f(εt) '
√

n

2π

∫ 1

0

√
1

χc(1− χc)
e−n(S(χc)−

βkmlnγ
2

(χc εu−(1+α)εt)2− 1
2(S′′(χc)+βlkmγε2u)(x−χc)

2)dx.

By substituting the variable y =
√
n(x− χc) we get

f(εt) '
√

1

2πχc(1− χc)
e−n(S(χc)−

βkmlnγ
2

(χc εu−εt(1+α))2)
∫ √nχc
−
√
nχc

e−
1
2(S′′(χc)+βlkmγε2u)y2dy.

In the limit n→∞, we obtain

f(εt) ∼
e−n(S(χc)+

βkmlγ
2

(χcεu−εt(1+α))2)√
1 + βkmlγεuχc(1− χc)

.

Similarly, we can show that

g(εt) =

n∑
p=0

(
n

p

)
p

n
e−

βkmlnγ
2 ( pn εu−εt(1+α))

2

∼ χc e
−n(S(χc)+βkmlγ

2
(χcεu−εt(1+α))2)√

1 + βkmlγεuχc(1− χc)
.

Finally, we get

〈χ̄〉 =
g(εt)

f(εt)
∼ χc(εt). (ESI-34)
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6 Ideal Cases

In this section we consider the ideal cases, tipically considered in the literature, when the device effect is
neglected and the displacement (ideal hard device) or the force (ideal soft device) are directly applied to
the unfolding molecule. In this case εm ≡ εt and the Hamiltonian is

H id =

n∑
i=1

1

2m
p2i +

1

2
kml

n∑
i=1

(εi − εuχi)2. (ESI-35)

6.1 Ideal Helmholtz ensemble

Using (ESI-35), the partition function in the Helmholtz ensemble for the ideal case is

ZidH =
∑
χ

ln
∫
R2n

e−βH
id
δ

(
l

n∑
i=1

εi − d
)

n∏
i=1

dpi

n∏
i=1

dεi. (ESI-36)

The integrals over the momenta result in the constant

AidH = ln(2π)
n
2

(
m

β

)n
2

.

The constraint on the total displacement is imposed by the Dirac delta as it follows:

ZidH = AidH
∑
χ

∫
Rn
e−β(

kml
2

∑n−1
i=1 (εi−εuχi)2+ kml

2
(εn−εuχn)2)δ

(
l
n−1∑
i=1

εi + lεn − d
)

n∏
i=1

dεi

= AidH
∑
χ

∫
Rn−1

e
−βkml

2
(
∑n−1
i=1

(
εi−εuχi)2+(

∑n−1
i=1 εi−εuχn−n εm)

2
) n−1∏
i=1

dεi

= AidH
∑
χ

∫
Rn−1

e−
1
2
Aε·ε+b·ε+C

n−1∏
i=1

dεi , (ESI-37)

where we have introduced

A = βkml


2 1 . . . 1

1 2
...

...
. . .

...
1 . . . . . . 2

 , (ESI-38)

b = {βkml (εuχ1 + εuχn + n εm) , ..., βkml (εuχn−1 + εuχn + n εm)}T , (ESI-39)
ε = {ε1, ..., εn−1}T , (ESI-40)

and

C = ε2u

n−1∑
i=1

χ2
i + ε2uχ

2
n + n2ε2m + 2εuχnεm n.

The Gaussian integration can be solved as before in the general case with the presence of the device [3].
We obtain

ZidH = Kid
H

∑
χ

e
βkml

2

(∑n−1
i=1 (εuχi+εuχn+n εm)2− 1

n(
∑n−1
i=1 (εuχi+εuχn+n εm))

2−ε2u
∑n−1
i=1 χ

2
i−ε2uχ2

n−n2ε2m−2εuχnεmn
)

with

Kid
H = AidH

√
(2π)n−1

(βkml)n−1 n
.
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Finally, we obtain the partition function for the ideal case in the Helmholtz ensemble:

ZidH = KH

n∑
p=0

(
n

p

)
e−

βkmln
2 ( pn εu−εt)

2

.

Using a procedure analogous to the general case, we deduce the formula for the expectation value of the
unfolded fraction in the ideal case:

〈χ̄id〉 = 〈χ̄id〉H (β, εt) =

n∑
p=0

(
n

p

)
p

n
e−

βkmln
2 ( pn εu−εt)

2

n∑
p=0

(
n

p

)
e−

βkmln
2 ( pn εu−εt)

2
. (ESI-41)

6.2 Ideal Gibbs Ensemble

If we apply a fixed force at the end of the chain of n bistable elements without considering the measuring
device we obtain the case of ideal soft device. By using (ESI-35) we can write the partition function in the
Gibbs ensemble as

ZidG =
∑
χ

∫
R2n

e−β(H
id−Fl

∑n
i=1 εi)

n∏
i=1

dpi

n∏
i=1

l dεi.

As in the Helmholtz ensemble the integral over the momenta gives the constant

AidG = AidH = ln(2π)
n
2

(
m

β

)n
2

.

The integrals over the strains can be rewritten as

ZidG = AidG
∑
χ

∫
Rn
e
−βkml

2

∑n
i=1

(
(εi−εuχi)2− 2F

km
εi

) n∏
i=1

dεi = AidG
∑
χ

n∏
i=1

∫
R
e
−βkml

2

(
(εi−εuχi)2− 2F

km
εi

)
dεi.

The solution can be obtained exactly as in Sect. 3. We have

ZidG = Kid
G

n∑
p=0

(
n

p

)
e
βln
2km

(
F 2+2kmεu

p
n
F
)

= Kid
G e

βln
2kmγ

F 2
(

1 + elβεuF
)n
. (ESI-42)

From (ESI-42) we can obtain, as in the previous cases, the expectation value of the strain of the
molecule and the expectation value of the unfolded fraction in the ideal case

〈εm〉 =
F

km
+ εu〈χ̄id〉,

〈χ̄id〉 = 〈χ̄id〉G (β, F ) =
eβlεuF

1 + eβlεuF
.

7 Numerical test of the energy approximation

In this section we numerically verify the approximation used in the paper, i.e. the extension of the
energy (parabolic) function beyond the spinodal point. We focus on the case of the Gibbs ensemble
whereas the results for the Helmholtz ensemble can be found in [1]. In Fig. 1(a) we compare the force
strain curves obtained via Eq.(34)-(35) of the main paper and via the integration of the partition function
without approximation depending on the temperature. In particular, we have considered two different
temperatures, T = 300K and T = 3000K. In both cases the curves obtained analytically (continuous line)
and numerically (dashed line) are perfectly coincident. We deduce that the approximation used is very
robust. As a second check, we test the approximation for different values of the spring constant of the
measurement apparatus, i.e. we choose different values of γ keeping km fixed. The results are shown in
Fig. 1(b). Also in this case, by superposing the numerical and analytical results we observe that they are
perfectly superimposed.
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F
<latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit><latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit><latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit><latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit>

h"ti
<latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit><latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit><latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit><latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit>

(pN)
<latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit><latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit><latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit><latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit>

300K
<latexit sha1_base64="b9OyYjPPtQ9NvKvCUwW6Muzc3hk=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBg0QTJPKQEis6XzbhlDufdbdGRFbEV9BCRYdo+RYK/gXbuICEqUYzu9rZCSIpLLrup7OwuLS8slpaK69vbG5tV3Z2W1bHhkOTa6lNJ2AWpAihiQIldCIDTAUS2sH4MvPb92Cs0OEtTiLwFRuFYig4w1TqnrhuTwX6Ibme9itVt+bmoPPEK0iVFGj0K1+9geaxghC5ZNZ2PTdCP2EGBZcwLfdiCxHjYzaCbkpDpsD6SR55Sg9jy1DTCAwVkuYi/N5ImLJ2ooJ0UjG8s7NeJv7ndWMcnvuJCKMYIeTZIRQS8kOWG5F2AXQgDCCyLDlQEVLODEMEIyjjPBXjtJxy2oc3+/08aR3XvJTfnFbrF0UzJbJPDsgR8cgZqZMr0iBNwokmT+SZvDiPzqvz5rz/jC44xc4e+QPn4xtkw5VV</latexit><latexit sha1_base64="b9OyYjPPtQ9NvKvCUwW6Muzc3hk=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBg0QTJPKQEis6XzbhlDufdbdGRFbEV9BCRYdo+RYK/gXbuICEqUYzu9rZCSIpLLrup7OwuLS8slpaK69vbG5tV3Z2W1bHhkOTa6lNJ2AWpAihiQIldCIDTAUS2sH4MvPb92Cs0OEtTiLwFRuFYig4w1TqnrhuTwX6Ibme9itVt+bmoPPEK0iVFGj0K1+9geaxghC5ZNZ2PTdCP2EGBZcwLfdiCxHjYzaCbkpDpsD6SR55Sg9jy1DTCAwVkuYi/N5ImLJ2ooJ0UjG8s7NeJv7ndWMcnvuJCKMYIeTZIRQS8kOWG5F2AXQgDCCyLDlQEVLODEMEIyjjPBXjtJxy2oc3+/08aR3XvJTfnFbrF0UzJbJPDsgR8cgZqZMr0iBNwokmT+SZvDiPzqvz5rz/jC44xc4e+QPn4xtkw5VV</latexit><latexit sha1_base64="b9OyYjPPtQ9NvKvCUwW6Muzc3hk=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBg0QTJPKQEis6XzbhlDufdbdGRFbEV9BCRYdo+RYK/gXbuICEqUYzu9rZCSIpLLrup7OwuLS8slpaK69vbG5tV3Z2W1bHhkOTa6lNJ2AWpAihiQIldCIDTAUS2sH4MvPb92Cs0OEtTiLwFRuFYig4w1TqnrhuTwX6Ibme9itVt+bmoPPEK0iVFGj0K1+9geaxghC5ZNZ2PTdCP2EGBZcwLfdiCxHjYzaCbkpDpsD6SR55Sg9jy1DTCAwVkuYi/N5ImLJ2ooJ0UjG8s7NeJv7ndWMcnvuJCKMYIeTZIRQS8kOWG5F2AXQgDCCyLDlQEVLODEMEIyjjPBXjtJxy2oc3+/08aR3XvJTfnFbrF0UzJbJPDsgR8cgZqZMr0iBNwokmT+SZvDiPzqvz5rz/jC44xc4e+QPn4xtkw5VV</latexit><latexit sha1_base64="b9OyYjPPtQ9NvKvCUwW6Muzc3hk=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQRlBg0QTJPKQEis6XzbhlDufdbdGRFbEV9BCRYdo+RYK/gXbuICEqUYzu9rZCSIpLLrup7OwuLS8slpaK69vbG5tV3Z2W1bHhkOTa6lNJ2AWpAihiQIldCIDTAUS2sH4MvPb92Cs0OEtTiLwFRuFYig4w1TqnrhuTwX6Ibme9itVt+bmoPPEK0iVFGj0K1+9geaxghC5ZNZ2PTdCP2EGBZcwLfdiCxHjYzaCbkpDpsD6SR55Sg9jy1DTCAwVkuYi/N5ImLJ2ooJ0UjG8s7NeJv7ndWMcnvuJCKMYIeTZIRQS8kOWG5F2AXQgDCCyLDlQEVLODEMEIyjjPBXjtJxy2oc3+/08aR3XvJTfnFbrF0UzJbJPDsgR8cgZqZMr0iBNwokmT+SZvDiPzqvz5rz/jC44xc4e+QPn4xtkw5VV</latexit>

3000K
<latexit sha1_base64="bcOCPKFCitiRu2wnxneJETmkBgY=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrMKuClkEbwSaCeUA2hNnJTRwys7vM3BXDEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65x4+UtMjYp7OwuLS8slpaK69vbG5tV3Z2WzaMjYCmCFVoOj63oGQATZSooBMZ4NpX0PbHl5nfvgdjZRjc4iSCnuajQA6l4JhK3gljzNN++JBcT/uVKquxHHSeuAWpkgKNfuXLG4Qi1hCgUNzarssi7CXcoBQKpmUvthBxMeYj6KY04BpsL8kzT+lhbDmGNAJDpaK5CL83Eq6tnWg/ndQc7+ysl4n/ed0Yh+e9RAZRjBCI7BBKBfkhK4xMywA6kAYQeZYcqAyo4IYjgpGUC5GKcdpOOe3Dnf1+nrSOa27Kb06r9YuimRLZJwfkiLjkjNTJFWmQJhEkIk/kmbw4j86r8+a8/4wuOMXOHvkD5+Mb1qmVjw==</latexit><latexit sha1_base64="bcOCPKFCitiRu2wnxneJETmkBgY=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrMKuClkEbwSaCeUA2hNnJTRwys7vM3BXDEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65x4+UtMjYp7OwuLS8slpaK69vbG5tV3Z2WzaMjYCmCFVoOj63oGQATZSooBMZ4NpX0PbHl5nfvgdjZRjc4iSCnuajQA6l4JhK3gljzNN++JBcT/uVKquxHHSeuAWpkgKNfuXLG4Qi1hCgUNzarssi7CXcoBQKpmUvthBxMeYj6KY04BpsL8kzT+lhbDmGNAJDpaK5CL83Eq6tnWg/ndQc7+ysl4n/ed0Yh+e9RAZRjBCI7BBKBfkhK4xMywA6kAYQeZYcqAyo4IYjgpGUC5GKcdpOOe3Dnf1+nrSOa27Kb06r9YuimRLZJwfkiLjkjNTJFWmQJhEkIk/kmbw4j86r8+a8/4wuOMXOHvkD5+Mb1qmVjw==</latexit><latexit sha1_base64="bcOCPKFCitiRu2wnxneJETmkBgY=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrMKuClkEbwSaCeUA2hNnJTRwys7vM3BXDEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65x4+UtMjYp7OwuLS8slpaK69vbG5tV3Z2WzaMjYCmCFVoOj63oGQATZSooBMZ4NpX0PbHl5nfvgdjZRjc4iSCnuajQA6l4JhK3gljzNN++JBcT/uVKquxHHSeuAWpkgKNfuXLG4Qi1hCgUNzarssi7CXcoBQKpmUvthBxMeYj6KY04BpsL8kzT+lhbDmGNAJDpaK5CL83Eq6tnWg/ndQc7+ysl4n/ed0Yh+e9RAZRjBCI7BBKBfkhK4xMywA6kAYQeZYcqAyo4IYjgpGUC5GKcdpOOe3Dnf1+nrSOa27Kb06r9YuimRLZJwfkiLjkjNTJFWmQJhEkIk/kmbw4j86r8+a8/4wuOMXOHvkD5+Mb1qmVjw==</latexit><latexit sha1_base64="bcOCPKFCitiRu2wnxneJETmkBgY=">AAAB/nicbVC7SgNBFJ31GeMramkzGASrMKuClkEbwSaCeUA2hNnJTRwys7vM3BXDEvArbLWyE1t/xcJ/cXfdQhNPdTjnXu65x4+UtMjYp7OwuLS8slpaK69vbG5tV3Z2WzaMjYCmCFVoOj63oGQATZSooBMZ4NpX0PbHl5nfvgdjZRjc4iSCnuajQA6l4JhK3gljzNN++JBcT/uVKquxHHSeuAWpkgKNfuXLG4Qi1hCgUNzarssi7CXcoBQKpmUvthBxMeYj6KY04BpsL8kzT+lhbDmGNAJDpaK5CL83Eq6tnWg/ndQc7+ysl4n/ed0Yh+e9RAZRjBCI7BBKBfkhK4xMywA6kAYQeZYcqAyo4IYjgpGUC5GKcdpOOe3Dnf1+nrSOa27Kb06r9YuimRLZJwfkiLjkjNTJFWmQJhEkIk/kmbw4j86r8+a8/4wuOMXOHvkD5+Mb1qmVjw==</latexit>

� = 0.2
<latexit sha1_base64="X84pRlijTP8GLh9NDG4ZecHlM/w=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswl0QtBGCNpYRzAcmIcxtJnHJ7t6xOyeEEH+FrVZ2Yut/sfC/eDlTaOKrHu/NMG9eGCvpyPc/vaXlldW19dxGfnNre2e3sLdfd1FiBdZEpCLbDMGhkgZrJElhM7YIOlTYCIdXU7/xgNbJyNzSKMaOhoGRfSmAUumuPQCt4cIvlbuFol/yM/BFEsxIkc1Q7Ra+2r1IJBoNCQXOtQI/ps4YLEmhcJJvJw5jEEMYYCulBjS6zjhLPOHHiQOKeIyWS8UzEX9vjEE7N9JhOqmB7t28NxX/81oJ9c87Y2nihNCI6SGSCrNDTliZVoG8Jy0SwTQ5cmm4AAtEaCUHIVIxSbvJp30E898vknq5FKT85rRYuZw1k2OH7IidsICdsQq7ZlVWY4IZ9sSe2Yv36L16b977z+iSN9s5YH/gfXwDGrOUjw==</latexit><latexit sha1_base64="X84pRlijTP8GLh9NDG4ZecHlM/w=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswl0QtBGCNpYRzAcmIcxtJnHJ7t6xOyeEEH+FrVZ2Yut/sfC/eDlTaOKrHu/NMG9eGCvpyPc/vaXlldW19dxGfnNre2e3sLdfd1FiBdZEpCLbDMGhkgZrJElhM7YIOlTYCIdXU7/xgNbJyNzSKMaOhoGRfSmAUumuPQCt4cIvlbuFol/yM/BFEsxIkc1Q7Ra+2r1IJBoNCQXOtQI/ps4YLEmhcJJvJw5jEEMYYCulBjS6zjhLPOHHiQOKeIyWS8UzEX9vjEE7N9JhOqmB7t28NxX/81oJ9c87Y2nihNCI6SGSCrNDTliZVoG8Jy0SwTQ5cmm4AAtEaCUHIVIxSbvJp30E898vknq5FKT85rRYuZw1k2OH7IidsICdsQq7ZlVWY4IZ9sSe2Yv36L16b977z+iSN9s5YH/gfXwDGrOUjw==</latexit><latexit sha1_base64="X84pRlijTP8GLh9NDG4ZecHlM/w=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswl0QtBGCNpYRzAcmIcxtJnHJ7t6xOyeEEH+FrVZ2Yut/sfC/eDlTaOKrHu/NMG9eGCvpyPc/vaXlldW19dxGfnNre2e3sLdfd1FiBdZEpCLbDMGhkgZrJElhM7YIOlTYCIdXU7/xgNbJyNzSKMaOhoGRfSmAUumuPQCt4cIvlbuFol/yM/BFEsxIkc1Q7Ra+2r1IJBoNCQXOtQI/ps4YLEmhcJJvJw5jEEMYYCulBjS6zjhLPOHHiQOKeIyWS8UzEX9vjEE7N9JhOqmB7t28NxX/81oJ9c87Y2nihNCI6SGSCrNDTliZVoG8Jy0SwTQ5cmm4AAtEaCUHIVIxSbvJp30E898vknq5FKT85rRYuZw1k2OH7IidsICdsQq7ZlVWY4IZ9sSe2Yv36L16b977z+iSN9s5YH/gfXwDGrOUjw==</latexit><latexit sha1_base64="X84pRlijTP8GLh9NDG4ZecHlM/w=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswl0QtBGCNpYRzAcmIcxtJnHJ7t6xOyeEEH+FrVZ2Yut/sfC/eDlTaOKrHu/NMG9eGCvpyPc/vaXlldW19dxGfnNre2e3sLdfd1FiBdZEpCLbDMGhkgZrJElhM7YIOlTYCIdXU7/xgNbJyNzSKMaOhoGRfSmAUumuPQCt4cIvlbuFol/yM/BFEsxIkc1Q7Ra+2r1IJBoNCQXOtQI/ps4YLEmhcJJvJw5jEEMYYCulBjS6zjhLPOHHiQOKeIyWS8UzEX9vjEE7N9JhOqmB7t28NxX/81oJ9c87Y2nihNCI6SGSCrNDTliZVoG8Jy0SwTQ5cmm4AAtEaCUHIVIxSbvJp30E898vknq5FKT85rRYuZw1k2OH7IidsICdsQq7ZlVWY4IZ9sSe2Yv36L16b977z+iSN9s5YH/gfXwDGrOUjw==</latexit>

� = 0.6
<latexit sha1_base64="yeox7Zu6ycMWnVhcHyIjTSFK3wM=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswp2I2ghBG8sI5gOTEOY2k7hkd+/YnRNCiL/CVis7sfW/WPhfvIspNPFVj/dmmDcvjJV05Puf3sLi0vLKam4tv76xubVd2NmtuSixAqsiUpFthOBQSYNVkqSwEVsEHSqsh4OrzK8/oHUyMrc0jLGtoW9kTwqgVLpr9UFruPBLp51C0S/5E/B5EkxJkU1R6RS+Wt1IJBoNCQXONQM/pvYILEmhcJxvJQ5jEAPoYzOlBjS69miSeMwPEwcU8Rgtl4pPRPy9MQLt3FCH6aQGunezXib+5zUT6p23R9LECaER2SGSCieHnLAyrQJ5V1okgiw5cmm4AAtEaCUHIVIxSbvJp30Es9/Pk9pxKUj5zUmxfDltJsf22QE7YgE7Y2V2zSqsygQz7Ik9sxfv0Xv13rz3n9EFb7qzx/7A+/gGIO+Ukw==</latexit><latexit sha1_base64="yeox7Zu6ycMWnVhcHyIjTSFK3wM=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswp2I2ghBG8sI5gOTEOY2k7hkd+/YnRNCiL/CVis7sfW/WPhfvIspNPFVj/dmmDcvjJV05Puf3sLi0vLKam4tv76xubVd2NmtuSixAqsiUpFthOBQSYNVkqSwEVsEHSqsh4OrzK8/oHUyMrc0jLGtoW9kTwqgVLpr9UFruPBLp51C0S/5E/B5EkxJkU1R6RS+Wt1IJBoNCQXONQM/pvYILEmhcJxvJQ5jEAPoYzOlBjS69miSeMwPEwcU8Rgtl4pPRPy9MQLt3FCH6aQGunezXib+5zUT6p23R9LECaER2SGSCieHnLAyrQJ5V1okgiw5cmm4AAtEaCUHIVIxSbvJp30Es9/Pk9pxKUj5zUmxfDltJsf22QE7YgE7Y2V2zSqsygQz7Ik9sxfv0Xv13rz3n9EFb7qzx/7A+/gGIO+Ukw==</latexit><latexit sha1_base64="yeox7Zu6ycMWnVhcHyIjTSFK3wM=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswp2I2ghBG8sI5gOTEOY2k7hkd+/YnRNCiL/CVis7sfW/WPhfvIspNPFVj/dmmDcvjJV05Puf3sLi0vLKam4tv76xubVd2NmtuSixAqsiUpFthOBQSYNVkqSwEVsEHSqsh4OrzK8/oHUyMrc0jLGtoW9kTwqgVLpr9UFruPBLp51C0S/5E/B5EkxJkU1R6RS+Wt1IJBoNCQXONQM/pvYILEmhcJxvJQ5jEAPoYzOlBjS69miSeMwPEwcU8Rgtl4pPRPy9MQLt3FCH6aQGunezXib+5zUT6p23R9LECaER2SGSCieHnLAyrQJ5V1okgiw5cmm4AAtEaCUHIVIxSbvJp30Es9/Pk9pxKUj5zUmxfDltJsf22QE7YgE7Y2V2zSqsygQz7Ik9sxfv0Xv13rz3n9EFb7qzx/7A+/gGIO+Ukw==</latexit><latexit sha1_base64="yeox7Zu6ycMWnVhcHyIjTSFK3wM=">AAAB/HicbVA9SwNBEN3zM8avqKXNYhCswp2I2ghBG8sI5gOTEOY2k7hkd+/YnRNCiL/CVis7sfW/WPhfvIspNPFVj/dmmDcvjJV05Puf3sLi0vLKam4tv76xubVd2NmtuSixAqsiUpFthOBQSYNVkqSwEVsEHSqsh4OrzK8/oHUyMrc0jLGtoW9kTwqgVLpr9UFruPBLp51C0S/5E/B5EkxJkU1R6RS+Wt1IJBoNCQXONQM/pvYILEmhcJxvJQ5jEAPoYzOlBjS69miSeMwPEwcU8Rgtl4pPRPy9MQLt3FCH6aQGunezXib+5zUT6p23R9LECaER2SGSCieHnLAyrQJ5V1okgiw5cmm4AAtEaCUHIVIxSbvJp30Es9/Pk9pxKUj5zUmxfDltJsf22QE7YgE7Y2V2zSqsygQz7Ik9sxfv0Xv13rz3n9EFb7qzx/7A+/gGIO+Ukw==</latexit>

F
<latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit><latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit><latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit><latexit sha1_base64="27VkMZsb8tZS1cFizG/Bn/iqW34=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBA8hV0R9BgUxGMC5gHJEmYnnThkdnaZ6RFCyBd41ZM38eoHefBfnF33oIl1Kqq66eqKUikM+v6nt7K6tr6xWdoqb+/s7u1XDg7bJrGaQ4snMtHdiBmQQkELBUrophpYHEnoRJObzO88gjYiUfc4TSGM2ViJkeAMndS8HVSqfs3PQZdJUJAqKdAYVL76w4TbGBRyyYzpBX6K4YxpFFzCvNy3BlLGJ2wMPUcVi8GEszzonJ5awzChKWgqJM1F+L0xY7Ex0zhykzHDB7PoZeJ/Xs/i6CqcCZVaBMWzQygk5IcM18I1AHQoNCCyLDlQoShnmiGCFpRx7kTrKim7PoLF75dJ+7wWON68qNavi2ZK5JickDMSkEtSJ3ekQVqEEyBP5Jm8eNZ79d6895/RFa/YOSJ/4H18AzidkU8=</latexit>

(pN)
<latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit><latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit><latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit><latexit sha1_base64="aNgxncFDcTAaMf2jj+nT9Lqr6v0=">AAAB/XicbVC7SgNBFJ2NrxhfUUubwSDEJuyKoGXQxkoimAdsljA7uYlDZh/M3BXDEvwKW63sxNZvsfBfnF230MRTHc65l3vu8WMpNNr2p1VaWl5ZXSuvVzY2t7Z3qrt7HR0likObRzJSPZ9pkCKENgqU0IsVsMCX0PUnl5nfvQelRRTe4jQGL2DjUIwEZ2gkt94P/Oghja9nx4NqzW7YOegicQpSIwVag+pXfxjxJIAQuWRau44do5cyhYJLmFX6iYaY8Qkbg2toyALQXppHntGjRDOMaAyKCklzEX5vpCzQehr4ZjJgeKfnvUz8z3MTHJ17qQjjBCHk2SEUEvJDmithugA6FAoQWZYcqAgpZ4ohghKUcW7ExJRTMX04898vks5JwzH85rTWvCiaKZMDckjqxCFnpEmuSIu0CScReSLP5MV6tF6tN+v9Z7RkFTv75A+sj2+0vJWG</latexit>

h"ti
<latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit><latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit><latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit><latexit sha1_base64="Mgmm4yI7IFNc/g6qcoG9wFfI6hw=">AAACEHicbVA9SwNBEN3z2/gVtdRiMQhW4U4ELYM2lgrGBHIhzG0mccne3rE7FwjBxp/gr7DVyk5s/QcW/hf34hWa+KrHezPMvBelSlry/U9vbn5hcWl5ZbW0tr6xuVXe3rm1SWYE1kWiEtOMwKKSGuskSWEzNQhxpLARDS5yvzFEY2Wib2iUYjuGvpY9KYCc1Cnvhwp0XyEPh2AwtVI5lUIzETvlil/1J+CzJChIhRW46pS/wm4ishg1CQXWtgI/pfYYDEmh8L4UZhZTEAPoY8tRDTHa9niS4p4fZhYo4SkaLhWfiPh7YwyxtaM4cpMx0J2d9nLxP6+VUe+sPZY6zQi1yA+RdInzQ1YY6epB3pUGiSD/HLnUXIABIjSSgxBOzFxfJddHMJ1+ltweVwPHr08qtfOimRW2xw7YEQvYKauxS3bF6kywB/bEntmL9+i9em/e+8/onFfs7LI/8D6+AT0znX4=</latexit>

(a) (b)

0.2 0.4 0.6 0.8 1.0

-4

-2

2

4

0.2 0.4 0.6 0.8 1.0

-4

-2

2

4

Figure 1: Comparison of the force-strain curves obtained using the analytical formulas (34)-(35) and the numerical
integration of the partition function without the approximation beyond the spinodal point described in the text. (a)
We have considered two different temperatures i.e. T = 300K, T = 3000K with γ = 0.6. (b) We have considered
two different spring constant of the measuring apparatus keeping km fixed i.e. γ = 0.6, γ = 0.2 with T = 300K. In
both cases we have fixed N = 1 with l = 20nm, εu = 1, km = 90pN, α = 0.1.
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