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Based on classical statistical mechanics, we calculate the

exact partition function of the length extension of a dis-

crete extensible wormlike polymer under a stretching force

[1, 2, 3, 4]. The bonds extensibility is modeled with har-

monic springs with elastic constant k, and the links present

the transversal bending recoil typical (with bending constant

kb) of the wormlike chain (WLC) model.

The evaluation has followed two methods: From the one

hand by using the Transfer Matrix procedure to calculate nu-

merically the extension/force curve of the polymer, whose

outcomes have been double checked with numerical experi-

ments given by Langevin MD simulations [6]. On the other

hand, by calculating some approximated analytical exten-

sion/force functions, the most accurate at the date, that can

reproduce with high precision the numerical curves also at

low values of the longitudinal elastic constant where the

usual phenomenological proposals differ considerably.

✥

✥�✁

✥�✂

✥�✄

✥�☎

✆

✆�✁

✆�✂

✆ ✁ ✝ ✂ ✞ ✄

ξ

f

❙✟✠✡ ☛ ☞ ✌ ✍✎

❙✟✠✡ ☛ ☞ ✌ ✍✎✎

❙✟✠✡ ☛ ☞ ✌ ✍✎✎✎

ξ❚✏✑
ξ▲
ξ❖

✶✒✵

✶✒✲✓ ✶✒✲✔ ✶✒✵ ✶✒✔ ✶✒✓

ξ

f

✕✖✗✘ ✙ ✚ ✛ ✜✢

✕✖✗✘ ✙ ✚ ✛ ✜✢✢✢

ξ✣✤✦
ξ✧

Fig. 1. Normalized end-to-end distance ξ as a function of

the force f = the extensible discrete WLC model, for dif-

ferent elastic constant k, with the bending constant kb = 10

and l0 = 1. The symbols represents the Langevin simula-

tions, the curves which superimpose with the symbols are

the transfer matrix evaluation. ξL and ξO are the naı̈ve ex-

tensible generalization (with f/kl0) to the discrete inexten-

sible and WLC formulas by Rosa et al. at high forces from

references 3 and 4, respectively.

[1] S.B. Smith, L. Finzi, and C. Bustamante. Direct me-

chanical measurements of the elasticity of single DNA

molecules by using magnetic beads. Science 258, 1122

(1992).

[2] J.F. Marko and E.D. Siggia. Stretching DNA. Macro-

molecules 28, 8759 (1995).

[3] A. Rosa, T.X. Hoang, D. Marenduzzo, A. Maritan. Elas-

ticity of semiflexible polymers with and without self-

interactions. Macromolecules 36, 10095 (2003).

[4] A. Rosa, T.X. Hoang, D. Marenduzzo, A. Maritan.

A new interpolation formula for semiflexible polymers.

Biophys. Chem. 115, 251 (2005).

[5] A. Fiasconaro, F. Falo. Analytical results of the extensi-

ble freely jointed chain model. Physica A 532, 121929

(2019).

[6] A. Fiasconaro, F. Falo. Elastic traits of the extensible

discrete wormlike chain model. Physical Review E 107,

024501 (2023)


