
INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR 

Date :21/04/2011(F/N) Time: 3 hours Full Marks: 50 No. of Students: 57 
End Spring Semester, 2011 Sub. No.: CE31218/CE51004 Sub. Name: Biomechanics 

Fourth Year B.Tech(H) students of Department ofBT,CE,CSE 
Fifth Year Dual Degree students ofCE, ME and First Year MMST student ofSMST. 

Answer ALL questions 

1. Derive the governing equation for the standard viscoelastic solid defined by a spring (modulus Eo) 
in series with the Kelvin model (viscosity 1..1. and modulus E). If this model is activated with an 
initial stress cro =50 N/mm2

, calculate the strain at time, t = 30 seconds. UseE= Eo= 1Gpa and 
J..1.=5X1010 P. (10) 

2. The bone of the forearm of the human body is modeled as beam element and the muscle is modeled 
as truss element as shown in Fig.1. Calculate the displacement at node 2. (10) 

3. Derive the deflection curve for a column with one end fixed and the other end free. Find the 
critical load for first three modes. Suppose that one end of the 
microtubule is clamped and that a motor protein is at the other 
end. Calculate the motor force required to buckle a 1 011m long 
microtubule with EI=30X10-2~m2 for first three modes. 
(10) 

4 .. The movement of the ankle joint (Fig. 2) from the rear location 
to the front location is represented by the cubic spline. The 
coordinates of the artkle joint center at the rear and front 
locations are (-300,75) and (250, 100) respectively. Derive the 
cubic spline to interpolate intermediate points. The time taken 
from the rear location to front location is 0.5 s. Calculate the 
position and velocity of artkle joint center at 0.1 s, 0.2 s, 0.3s 
and 0.4 s. (10) 

5. (a) Why do you need three markers to represent a rigid limb? 
(b) What is sarcomere? How does sarcomere work to 
develop forces in muscle? Fig. 2 

(c) How video cameras are used in motion measurement? 
(d) Write a short note on osteoporosis. 
(e) Briefly state the role of stance phase and swing phase in a normal gait cycle. (5X2=10) 
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