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PROBLEM 1: MECHANICS 
 

 

 

A. Determining the radius of curvature of a planar curve by means of Mechanics 

 

 

a.  1.0 point 
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b.  1.0 point 
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c.  1.0 point 
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d.  0.5 point 
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e.  0.5 point 
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f.  0.5 point 
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B.  Springs on a circle 

 

 

g.  0.5 point 
 

According to the cosine rule: 
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h.  0.25 point + 0.25 point 
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i.  0.25 point + 0.25 point 

 

One can use the sum of a geometric progression having complex terms. 
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j.  0.5 point 

 

The force with which the n-th 

spring is acting on the object is 
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According to the sine rule, 
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The torque of Fn equals 
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The total torque equals 

0 0

2
sin 0

1

N N

n

n n

n
M M kRr

N




 

 
    

 
   

So the angular momentum is indeed constant. 
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k.  0.5 point 
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l.  0.5 point 
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m.  0.5 point 

 

The first term of the equation cancels anyway. 
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n.  0.5 point 
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But since the values of r repeat after every rotation by π, it means that the period of 

the motion is 
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o.  0.5 point 
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According to the previous part, except for the moments when r = 0 and α is not 

defined, there will be two constant values for α, corresponding to two opposing 

directions. So in this case the object will perform simple harmonic motion with 

amplitude √K. 
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p.  0.5 point 
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q.  0.5 point 

 

We can think of this situation as having N + 1 springs of positive constant k and 

another (N + 1)/d springs of “negative” stiffness –k. The potential energy Epot derived 

in i. holds for both ensembles (with appropriate N and k) and angular momentum is 

still conserved. Thus all the results from part j. onwards continue to hold if we replace 

(N + 1) by (N + 1) + [– (N + 1)/d]. Thus 
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