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Q1a   20 litres in and 10 litres out per minute. The volume 
increases by 10 litres per minute. At time t minutes, the volume 
of solution in the tank t1010 += litres.  
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Rate of change of chemicals = rate of inflow − rate of outflow 
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∴x satisfies the differential equation. 
 
Q1d   Sketch and find stationary points by graphics calculator. 
 

 

Q1ei   Sketch 15=x (horizontal line) on the last graph, find the 
first intersection 485.0=t min. 
 

 
 
Q1eii   Find the second intersection 655.8=t min. 
Duration 17.8485.0655.8 =−= minutes. 
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Equate the numerators: ( )( ) ( )11310 2 ++++= xBxAxx  
Let 0=x , BA +=0 ………..(1) 
Let 1=x , ( ) BA 24110 ++= , BA +=∴ 23 ………..(2) 
(2) − (1), A=3 , 3−=∴B . 
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Q4a   jijiu oo 36660sin1260cos12 +=+= . 
 
Q4b   ( ) cjtgtitdtrv +−−−== ∫ 22 05.005.0&& . 

At ,0=t jiv 366 += , jic 366 +=∴ . 
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Q4c   At ,Tt = skier lands on down-slope and skier’s position 
vector makes o45−  with the horizontal (positive x-axis). 
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Q4d   ( ) ( ) ( )jtgtittv 22 05.03605.06 +−+−= , 
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Q5a   ,0=R                                                N 
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Q5b   In this situation it is the force of friction that accelerates 
the package up the belt. If the acceleration is greater than  
0.8 ms-2, the package will slip. This indicates that the friction 
force is at its maximum value Nµ . Same diagram as above. 
Component ⊥ to belt: 0=R , 

030cos5 =− ogN …….(1)       
Component // to belt: maR = , 

8.0530sin5 ×=− ogNµ …….(2) 
Solve (1) and (2), 67.0≈µ  
                                                                     N 
Q5c   Component ⊥ to belt: 0=R ,                                160 

030cos =− omgN …….(1) 
                                                              Nµ  
Component // to belt: maR = , 

5.030sin160 ×=−− mmgN oµ ……(2)           mg 
Solve (1) and (2), where 67.0≈µ , 4.14=m kg                                        
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