REL.VEL & GEN.MOTION OF PARTICLE 		RP		 


�
1.A cyclist A is travelling with a constant velocity of 10 kmh  


  due east and a cyclist B has a constant velocity of 8 kmh  in


  a direction arctan(4/3) east of north. At noon, B is 0.6 km due


  south of A.Taking the position of B at noon as the origin and


  i and j as unit vectors due east and due north respectively,ob-


  tain expressions for the position vectors of A and B at time t


  hours after noon.


  Hence find, at time t hours after noon,


   (a) the position vector of A relative to B,


   (b) the velocity of A relative to B.


  Show that the cyclists are nearest together at time 4.8 minutes


  after noon and that,at this time,the distance between them is


  360 m.


                                                                                   		        (June85/Q4)                                 


Ans: r� EMBED Equation.2  ���   ;   r� EMBED Equation.2  ���


         


      (a) r� EMBED Equation.2  ��� = � EMBED Equation.2  ���  ; (b) v� EMBED Equation.2  ���= � EMBED Equation.2  ���� EMBED Equation.2  ��� 





2.At time t=0, a particle A, which moves with constant velocity


  (3i+uj+5k) m s� EMBED Equation.2  ���, has position vector (4i+9j-10k) m  relative to a   


  fixed origin O.At time t=0,a particle B,which has constant   


  velocity 2i ms� EMBED Equation.2  ���, is at O.


  (i) Given that u=2 ,find the value of t at the instant when the    


      distance between A and B is least.


  (ii) At time t s,a third particle C has position vector


       [10i+5sin( t/4)j+5cos( t/4)k]m relative to the fixed


       origin O. Find the value of u in this case,given that A and C   


      collide.


                                                                        			   (Jan86/Q3) 


Ans: (i) t = 14/15 s ; (ii) u = -2 





3.Relative to a fixed origin O,the position vector r of a moving   


  particle P at time t ,where t  is given by


         r = � EMBED Equation.2  ���i + � EMBED Equation.2  ���j + � EMBED Equation.2  ���k


  where ( and a are positive constants.


  Find the velocity v and the acceleration f of P at time t.


  Deduce that  r.v = � EMBED Equation.2  ���.


  At time t , the angle between the direction of r and the direc  


  tion of  v is (. Show that 


                 cos ( = e� EMBED Equation.2  ���/ (1 + e� EMBED Equation.2  ���) .


  Find in terms of  a and (, the magnitude of f at the instant when


                              cos ( = ¾.                                                                        


										June86/Q1)	


Ans:                                                                              





4.At time t two points P and Q have position vectors p and q respectively, where 


                    p = 2a i+� EMBED Equation.2  ���j + � EMBED Equation.2  ���k


                   q = � EMBED Equation.2  ���i - � EMBED Equation.2  ���j +3a k 


and a,( are constants. Find r, the position vector of P relative to Q. Find also the values of t for which r and v are perpendicular.


Determine the smallest and greatest distances between P and Q.


                                                                           			     (Lond/Jun82/4)                                        


Ans:





5. At time t = 0 a ship A is at the point O and a ship B is at the point with position vector 10j  The velocities of the two ships are constant. Ship A sails at 17 knots, where 1 knot is 1 nautical mile per hour, in the direction of the 


vector 8i + 15j  and ship B sails at 15 knots in the direction of the vector 3i + 4j  Write down 


(a) the velocity vector of each ship,


(b) the velocity of B relative to A,


(c) the position vector of B relative to A at time t hours.


Given that visibility is 5 nautical miles, show that the ships are within sight of each other for 


 � EMBED Equation.2  ��� hours.   


                                                                  				(Lond/Jan83/4)                                                 


Ans:








6.At time t seconds, where t ( 0, the position vector of particle A with respect to a fixed origin O is (i t - j cos t + k sin t) m  and the position vector of particle B with respect to O is 


(i + j e� EMBED Equation.2  ���- k e� EMBED Equation.2  ���) m.


Find the least value of t for which the velocities of A and B are perpendicular and show that, at this instant, the accelerations of the particles are parallel.


                                                                  				   (Lond/Jun83/3(ii))                                                


Ans: 








7. A particle of mass m moves so that at time t its position vector relative to a fixed origin is r, where  r = � EMBED Equation.2  ���i + � EMBED Equation.2  ���j + � EMBED Equation.2  ���k and a, (  are positive constants. Show that |r| = a.


Find the velocity  u and the acceleration f of  P at time t and verify that r.u = 0 . 


Find, in terms of a, m, ( and t, an expression for the kinetic energy of P. Deduce that the maximum speed of P is a(� EMBED Equation.2  ���.


                                                          					     (Lond/Jan84/1)                                                        


Ans:








8.The map of a holiday resort shows that the point A is 1600m north of a hotel O, B is 800m east of O and C is 600m north of B. The map also shows a straight horizontal road between O and C and a ski-lift carrying sky-buckets in a straight line between A, which is 150m higher than O, to B, which is 50m lower than O. Taking O as origin, with unit vectors i due east, j due north and k vertically upwards, write down the position vectors, relative to O, of A, B and C.Hence find unit vectors parallel to the directions of � EMBED Equation.2  ���  and  � EMBED Equation.2  ��� .


At a given instant a ski-bucket leaves A and travels towards B at a uniform speed of 9 � EMBED Equation.2  ���kmh-1 and, at the same time, a man leaves O and travels towards C at a uniform speed of 5 kmh-1 . Write down the position vectors of the ski-bucket and the man at a subsequent time t hours.Hence find the position vector of the bucket relative to the man at time t hours.


Safety regulations require that the man and the bucket are never less than 50 m apart. By considering the distance between the man and the bucket at a time 1/7 hours after their departures, or otherwise, show that the regulations are broken.


                                                                        			      (Lond/Jan84/5)                                          


Ans:





9.A rugby player is running due north with speed 4 ms-1 . He throws the ball horizontally and the ball has an initial velocity relative to the player of 6 ms-1  in the direction  west of south, i.e. on a bearing of (� EMBED Equation.2  ���west of south, i.e. on a bearing of (180+()� EMBED Equation.2  ���, where tan (� EMBED Equation.2  ���= 4/3.  Find the magnitude and direction of the initial velocity of the ball relative to a stationary spectator.


Find also the bearing on which the ball appears to move initially to the referee who is running with speed 2� EMBED Equation.2  ��� ms-1  in a north-westerly direction.


(give all results to 3 significant figures, with bearings in degrees.)


                                                              				  (Lond/Jun84/4)                                                       


Ans:





10.At time t a particle of mass m has a position vector r relative to a fixed origin, where


       	r = c[icos((t� EMBED Equation.2  ���) + jsin((t� EMBED Equation.2  ���) +k(t� EMBED Equation.2  ���]


and c and ( are constants.Find expressions for the velocity and the acceleration of the particle at time t.


Deduce that initially the particle is at rest and that the acceleration has magnitude 2� EMBED Equation.2  ���c(.


Find, in terms of m, c, ( and t, an expression for T the kinetic energy of the particle.


Find the constant F such that 


                                  T = k . r F


                  .							 (Lond/Jan85/1)                                                                      


Ans:








11.A cyclist A is travelling with a constant velocity of 10 kmh-1  due east and a cyclist B has a constant velocity of 8 kmh-1  in a direction arctan (4/3) east of north. At noon, B is 0.6 km due south of A. Taking the position of B at noon as the origin and i  and j as unit vectors due east and due north respectively, obtain expressions for the position vectors of A and B at time t hours after noon.


Hence find, at time t hours after noon,


(a) the position vector of A relative to B,


(b) the velocity of A relative to B.


Show that the cyclists are nearest together at time 4.8 minutes after noon and that, at this time, the distance between them is 360 m.


                                                				  (Lond/Jun85/4)                                                                      


Ans: 





12.A particle P moves so that at time t its position vector r  relative to an origin O is given by 


     		r = (a - � EMBED Equation.2  ���a sec� EMBED Equation.2  ���(t)i+(a tan (t)j ,  0 ( (t ( (/2 ,


where a and ( are positive constants. Find,in terms of a, ( and t, an expression for | r| .


Deduce that the minimum value of the distance OP is � EMBED Equation.2  ���a .


Show that v, the velocity of P, is given by 


		v = 2|r| ([-(tan (t)i + j ]


and find, in terms of a and (, the minimum speed of P.


Show that, when 0 ( (t ( (/2,  there is only one point at which P is moving perpendicular to OP.


Show also that P never moves parallel to OP.


                                            						 (Lond/Jan87/1)                                                                            


Ans:








13.At time t = 0 a model car A is at the origin O and a second model car B is at the point with position vector (5i - 10j) m  relative to O , where i and j are  constant, mutually perpendicular unit vectors. Car A moves with constant velocity 2i ms-1  and car B moves with constant velocity (4i + 4j) ms-1 .Show that, in the subsequent motion,, the position vector of B relative to A at time t s is given by d m, 


where


                d = ( 5 + 2t)i + (4t - 10)j .


Hence, or otherwise, find the least distance between A an B in the subsequent motion  and the time at which this position occurs.


A third model car C moves with speed 5 ms-1  in the direction of the vector (3i - 4j) . Given that B and C collide at time t = 3 s, find the position vector of C relative to O at time t = 0.


 								(Lond/Jan87/4)


Ans: 





14.At time t a particle P, of mass m, has position vector  p , given by 


            		p = (3a cos (t)i + (4a sin (t)j


where  a and ( are positive constants. Find,in terms of m, a, ( and t, 


(a) the kinetic energy of P.


(b) the magnitude of the force acting on P .              


A second particle Q has position vector q , given by 


            		. q = (3a sin (t)j + (4a cos (t)k	


Find r, the position vector of P relative to Q.


Evaluate r.r  and hence, or otherwise, show that the greatest and least distances between P and Q are 5a and a respectively.


                                                         					(Lond/Jun87/4)                                                                


Ans:





15.With respect to a fixed origin O, the position vector r of a  particle P at time t is given by 


              		r = a((t- sin (t)i + a((t + cos (t)j ,


where 0 ( t ( (/( and ( and a are positive constants.


(a) Determine the velocity v and the acceleration f of P at time t.


(b) Show that | f| is constant.


Prove that at the instant when v.f = 0 ,


the speed of P is a((� EMBED Equation.2  ���) ,


the distance of P from O is a(1+(� EMBED Equation.2  ���/8)� EMBED Equation.2  ���


                                                           	 (Lond/Jan88/1)					                                                             


Ans:  (a) v = a((1-cos (t )i  + a((1-sin (t )j


	f = a(� EMBED Equation.2  ���sin (t i - a(� EMBED Equation.2  ���cos (t j





16.      (In this question take g = 10 ms-2 .) 


With respect to a fixed origin O, the unit vectors i and j are directed horizontally and vertically upwards respectively. A particle P is projected with velocity (ui + vj) ms-1 from a point A whose position vector is 50 j m.The particle moves freely under gravity and passes through the point B whose position vector is 200i m.


Show that 


                   u2  + 4uv = 4000.


At time 1.5 s after leaving A, the direction of motion of P is parallel to i                                                                               





(a) Find the value of v.


(b) Find the value of u.


(c) Hence find the time taken by P to reach B from A.


At the point C on the flight path of  P between A and B, P is moving with speed 50 ms-1 . 


(d) Determine the position vector of C.


                                                                    				(Lond/Jan88/4)                                                    


Ans:  


        





A particle is projected from a fixed point O with velocity ui + ((j and moves with


acceleration  -gj, where ( and ( are positive constants and  i and  j are unit vectors


directed horizontally and vertically upwards respectively.At time t after leaving O, the particle is at the point P whose position vector relative to O is xi + yj .


Show that y = (x - � EMBED Equation.2  ���g� EMBED Equation.2  ��� .


Given that x = a when y = b and that x = 2a when y = 0, find ( and u� EMBED Equation.2  ���in terms


of a, b and g.


Find, in terms of a and b, the horizontal displacement of the particle from O at the instant when the velocity of the particle is at right angles to the velocity of projection.


                                                          				(Lond/Jun88/2)                                                              


ANS: ( = 2b/a ; u� EMBED Equation.2  ���= ga� EMBED Equation.2  ���/2b ; x = � EMBED Equation.2  ���








18.Fishing boat A is moving with constant velocity of magnitude 10 ms-1  in the direction 0600 . Fishing boat B is moving with constant velocity of magnitude 16 ms-1 due North. Show that the velocity of A relative to B is of magnitude 14 ms-1 and calculate the direction of this velocity, giving your answer as a bearing to the nearest tenth of a degree.


At noon, A is 5000 m due West of B and T seconds later the distance between A and B is least. Calculate the value of T to the nearest integer and determine the least distance between A and B, giving your answer to the nearest ten metres.


Given that visibility is limited to 5000 m, state the time, in seconds, for which the boats remain in visual contact.


The boat A continues to move with full speed 10 ms-1 on a straight course with the engines working at a rate of P kW against constant resistive forces of magnitude 2.5 x 105 N.


Find the value of P .


Given that the mass of boat A is 4.2 x 10� EMBED Equation.2  ���kg, find, in ms� EMBED Equation.2  ��� to one decimal place, the magnitude of the immediate retardation of the boat at an instant when the power of the engine is halved.


                                          						(Lond/Jun88/6)                                                                              


Ans: 141.8� EMBED Equation.2  ���; T = 221 s ; 3930 m ;  442 s .





19.Referred to the fixed origin O, a particle P has position vector r at time t, where


 		r = (a cos (t)i + (a sin (t)j , t ( 0 ,


and a and  ( are positive constants.          


(a) Find the velocity and the acceleration f of P at time t.


(b) Find, in terms of a and (, | v| and |f| .


(c) Show that v is at right angles to � EMBED Equation.2  ��� and that f is directed 


along  � EMBED Equation.2  ���.


                                                                                                        (Lond/Jun88/7(i))


Ans: (a) v = -a( sin (t i + a( cos (t j ; f = -a(� EMBED Equation.2  ���cos (t i - a(� EMBED Equation.2  ���sin (t j


        (b)  |v| = a( ; |f| = a(� EMBED Equation.2  ��� .























20.The unit vectors i and j are directed due East and due North respectively. The airport B is due north of airport A. On a particular day the velocity of the wind is (70i + 25j)   .    Relative to the air an aircraft flies with constant speed 250 .When the aircraft flies directly from A to B determine 


(a)  its speed, in kmh-1  , relative
