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(a) Briefly describe shortening heat in muscles and the associated Fenn effect. [40%] 

(b) In the Huxley sliding filament model for a muscle, the fraction n{x) of 

attached crossbridges is given by 

x<Onoex{~ ) 

no O~x~hn{x) = 

o x>h 

where no and k are constants, x is the position of an actin binding site from the 

equilibrium position of a myosin head and v == -dx! dt is the shortening veloc;ity of the 
muscle. The muscle under consideration has a cross-sectional area A, sarcomere 
length s, and m cross bridges per unit volume. Assume that a linear spring with 
stiffuess A connects the myosin head to the thick filament. 

(i) Determine the tension-velocity relation for this muscle. You may 
assume that the myosin sites (M) and actin sites (A) are spaced a distance 
I »h apart. [40%1 

(ii) Sketch the tension-velocity relation determined above and briefly 
discuss the quality of the agreement of this model with the Hill equation. [20%1 
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2 (a) Physiologists have long known that muscle speed 
increasing load T according to the Hill equation 

v decreases with 

where a and b 

(T + a)v = b(To  T) 
are constants and To the isometric tetanic tension. 

(i) Derive an expression for the power output of the muscle as a function 
of the muscle load T. [10%] 

(li) Determine the speed at which the muscle power is maximised and 
hence explain how you might better climb a hill on a bicycle with gears. [30%] 

(b) With reference to the dual role of myoglobin as an oxygen store and an 
oxygen transporter, explain how the diffusion rate of oxygen is enhanced in the 
presence of myoglobin. [40%J 

(c) Large molecules, such as glucose, must efficiently get across the plasma 
membrane. However, the lipid bilayer of the membrane is virtually impermeable to 
these molecules. Briefly describe the process that allows large molecules such as 
glucose to pass through the plasma membrane. [20%] 

(TlJR."i OVER 
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3 (a) Explain the following: 

(i) the cell membrane of red blood cells has a very low elastic modulus, 
but a large lock-up strain and a high ultimate strength; [25%] 

(ii) wood is strongly anisotropic, with a compressive strength along the 
grain an order of magnitude greater than that across the grain; [25%] 

(iii) plant and animal cells have different strategies for harvesting energy. [25%] 

(b) Describe the tension versus length curve of a single muscle fibre. Suppose 
that the tension decreased nonlinearly with increasing length for striation spacings 
greater than 2.5 Ilm. Would this invalidate the theory that the cross bridges working 
independently generate the tension? [25%] 
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4 The square lattice structure shown in Fig. 1 represents the two-dimensional 

reinforcement network surrounding a cell nucleus. The lattice is periodic and comprises 
squares of side 1 and struts of square cross-section txt. You may assume that the 
struts are slender such that t« I. The lattice may be assumed to be made from an 
elastic perfectly plastic material with Young's modulus Es and tensile yield strength 

Y. 

(a) Calculate the relative density p of the lattice in terms of t and I. [15%] 

(b) Calculate the effective Young's modulus 

direction and the corresponding Poisson's ratio v. 
E1 of the lattice in the Xl 

[30%] 

(c) Calculate the tensile strength 

shear strength crt; of the lattice. 

crfI in the Xl direction and the in-plane 

[40%] 

(d) Typically, the struts in a biological network are tied together by elastin 
fibres at the nodes. Explain in qualitative terms the effect of this feature upon the 

values of E1 and crt; as calculated above. [15%] 
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Fig. 1 
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