


i) If non-conservative forces do no work, mechanical energy is conserved. 
 
ii) If the external forces on a system are zero, the momentum of that system is conserved. 
 
iii) Consider first the swing before the collision. Let the mass have speed v just before the 
collision. In this phase, air resistance is negligible, so non-conservative forces do no work, therefore 
mechanical energy is conserved, which we may write as 
 !E  =  !K + !U  =  0 

 (! mv2 – 0) + (0 – mgR)  =  0 

 v2  =  2gR 

 v  =  

! 

2gR  

Next, consider the collision. Let the combined object have speed V after the collision. 
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1131 The forces between the two objects during the collision will be much greater than the external 
force (friction) in the horizontal direction. Therefore momentum (in the x direction) is approximately 
conserved. 
1121 In the x direction, the only external force acting during the collision is friction, which we are 
told is negligible. Therefore momentum in the x direction is conserved. 
 pinitial  = pfinal 
 mv  =  2mV.  Rearranging and substituting for v: 
 V  =  v/2  =  

! 

gR /2  

Finally, consider the rising arc. During this phase, air resistance is still negligible, so non-conservative 
forces do no work, therefore mechanical energy is conserved, which we may write as 
 !E  =  !K + !U  =  0 

 (0 – ! (2m)V2) + (2mgD – 0)  =  0.  Rearranging gives 

 D  =  V2/2g     and substitution gives 
      =   R/4 
1131 only 
iv) In both states, there is no kinetic energy.  
 !E  =  !K + !U  =  0 + !U   Taking the floor as the zero for gravitational potential energy,  

       =  2mgR/4 – mgR  =  – mgR/2. 
The internal forces during the collision are non-conservative, and they do negative work. (The ball is 
irreversibly deformed, so work around a closed loop is not zero.) OR:  Mechanical energy is lost as 
heat and in plastic deformation of the ball (and even sound). 



 Newton's second law applied to m: 

 T2 – mg  =  ma 

so T2  =  m(a + g) (1) 
 
Let the pulleys turn with angular acceleration ! in the clockwise direction. Newton's second law for 
rotation applied to the disk: 
 "#  =  I! so 

 RT1 – rT2  =  I!   (2) 

!  =  

! 

RT1 – rT2
I

  clockwise (or  – 

! 

RT1 – rT2
I

 anticlockwise) 

Because the cord doesn't slip, ! = a/r.  Making that substitution and using (1), (2) becomes 

RT1 – rm(a + g)  =  Ia/r 

 a(I/r + rm)  =  RT1 – rmg 

 a  =  

! 

RT1 – rmg
I/r + rm

  which is fine for an answer, though we might 'neaten' to 

 a  =  

! 

RT1/rm – g
I/mr2 +1

   

 












