CIRCULAR MOTION     					RP





1.A small ring of mass 0.02kg is threaded on a smooth circular


  wire centre O fixed in a vertical plane.The ring is slightly 


  displaced from rest at the highest point A of the wire.Find


  the magnitude and direction of the reaction of the wire on the


  ring when the radius to the ring makes an angle of 45� EMBED Equation.2  ��� with 


  (a) the upward vertical , (b) the downward vertical.  


                                                                                                                 (J/296/ eg 1) 


Ans: (a) .024 N (away fr O ) , (b) 0.808 N (towards O )





2.One end of a light inextensible string of length 0.25m is tied


  to a fixed point A. A particle P,of mass 0.15kg , is tied at the


  other end of the string and hangs freely in equilibrium.The 


  particle P is projected horizontally with speed 4 ms so that


  P moves in a complete vertical circle ,centre A.


  Giving your answers to 2 significant figures,calculate


  (a) the least speed of P,


  (b) the tension in the string at the instant when the speed of


      P is least.  


                                                                                               	  ( June92/ M2/Q3).                   


Ans: (a) 2.5 ms� EMBED Equation.2  ��� (b) 2.25 N





3.A light inextensible string AB of length 90 cm has a particle of  


  mass  600g  fastened to it at a point C.The ends A and B are at- 


  tached to two fixed points in the same vertical line as each  


  other,with A 60 cm above B.The particle moves in a horizontal   


  circle at a constant angular speed of 5 rad/s with both parts  


  of the string taut and CB horizontal.Find the tensions in the  


  two parts of the string.                                                                                                                        									(UM/235/12C/Q23)


Ans: 1.3 N , 6.37 N





4.A small ring of mass m can slide on a smooth fixed vertical     


  rod. One end of a light inextensible string of length 2a is     


  fastened to the ring,and its other end is fastened to a point   


  of the rod. A particle of mass 4m attached to the mid-point of  


  the string is moving in a horizontal circle.Show that the    


  angular  velocity of the particle in this circle is greater    


  than � EMBED Equation.2  ���  .Find the speed of the particle if the tension in   


  the lower half of the string is 4mg.                                                      


                                                                                           (J/142/8.4/Q17)/17 marks


Ans:





5.An artificial satellite of mass m moves under the action of a gravitational force which is directed towards the centre, O, of the earth and is of magnitude F. The orbit of the satellite is a circle of radius a and centre O. Obtain an expression for T, the period of the satellite, in terms of m, a and F.


Show that, if the gravitational force acting on a body of mass m at a distance r from O is � EMBED Equation.2  ��� is a constant then T� EMBED Equation.2  ���.� EMBED Equation.2  ���


  


Assuming that the radius of the earth is 6400 km and that the acceleration due to gravity at the surface of the earth is 10 m s� EMBED Equation.2  ���, show that � EMBED Equation.2  ���.


Hence, or otherwise, find the period of revolution, in hours to 2 decimal places, of the satellite when it travels in a circular orbit 600 km above the surface of the earth.                                                                                                                     									(Lond/Jun82/5)


Ans: 





6.A particle is attached at one end of a light string, the other end of which is fixed. When the particle moves in a horizontal circle with speed 2 m s� EMBED Equation.2  ���, the string makes an angle tan� EMBED Equation.2  ��� with the vertical. Show that the length of the string is approximately 2.5 m.                                                                                                                      					 			      (Lond/Jan83/5(ii))


Ans:





7.A particle of mass 2 kg is attached to one end of a light inextensible cord, the other end of which is fixed at a point O. The particle moves with speed 5 m s� EMBED Equation.2  ��� in a horizontal circle, which is of radius 6m and whose centre is vertically below O.  Calculate 


(a) the magnitude of the tension in the cord,


(b) the length of the cord.


The path of the particle is at a height of 20 m above level ground when the cord breaks.Find the tangent of the angle which the velocity of the particle makes with the horizontal when the particle strikes the ground.


                             (Take g as 10 m s� EMBED Equation.2  ���)                                                                                                                                                                                                 									(Lond/Jun84/5)


Ans: 


A particle, of mass m, is suspended from a fixed point O by a light elastic string, of natural length l and modulus � EMBED Equation.2  ���.The particle moves with constant angular speed ( in a horizontal circular path with the string making a constant angle ( with the downward direction of the vertical. Show that x, the extension of the string , is given by 


		� EMBED Equation.2  ���                  


Deduce that the motion described cannot take place unless	(� EMBED Equation.2  ���( � EMBED Equation.2  ���.


Show further that, for a given value of (, the depth of the horizontal circle below O is independent of � EMBED Equation.2  ��� .                        	 								(Lond/Jan85/6) 


 Ans:                                                                                                                                    	 





9.A particle P,on the smooth inside surface of a fixed spherical bowl, of radius r, describes a horizontal circle at depth r/2 below the centre of the bowl . Show that P takes time (� EMBED Equation.2  ��� to complete one revolution of its circular path .


                                                                    		 	(Lond/Jun86/7(i))			





10.When a space craft S, of mass m, is near the moon it experiences a gravitational force, of manitude F, which is directed towards O, the centre of the moon. It is known that 


                            F = � EMBED Equation.2  ��� ,


where � EMBED Equation.2  ��� is a constant and OS = r .Assuming that the moon is a sphere of radius 2 x 10� EMBED Equation.2  ���m  and that the acceleration due to gravity on the moon's surface has magnitude 1.6 m s� EMBED Equation.2  ���,


show that


              	� EMBED Equation.2  ���.          


Find the speed V of S when it moves in a circular orbit with centre O and radius 3 x 10� EMBED Equation.2  ���m .


To enable S to escape from this circular orbit around the moon, its kinetic energy is doubled. This doubling is achieved by firing the engines of S for a short time, the net result of which is to subject S to an impulse of magnitude I. Given that the impulse is given in the direction of motion of S, and assuming that the mass of S is unchanged, show that 


                           I = mV(� EMBED Equation.2  ���).


                                                                      			 (Lond/Jan87/6)                                                  		


Ans:





11.One end of a light inextensible string, of length a, is tied to a fixed point O and a particle Q, of mass m, is tied at the other end. The particle moves with constant angular speed (  so that the string traces out the surface of a cone. The centre of the circle is C, where C is vertically below O and angle COQ is � EMBED Equation.2  ���.


(a) Find, in terms of m, g and� EMBED Equation.2  ��� the magnitude of the tension in the string .


(b)  Find (� EMBED Equation.2  ���in terms of a, g and � EMBED Equation.2  ���  and hence deduce that 


                                  a(� EMBED Equation.2  ���( g.


 									Lond/Jan88/5(ii))                                        			


Ans: (a) mg/cos� EMBED Equation.2  ���   (b) (� EMBED Equation.2  ���= g / a cos� EMBED Equation.2  ���.� EMBED Equation.2  ���























12.The point A is at  height h vertically above the point B. One end of a light inextensible string is attached to A and the other end to B. A particle Q, tied at the mid-point of the string , moves with constant angular speed ( in a horizontal circle whose centre is the mid-point of AB. given that h(� EMBED Equation.2  ���=8g, find the ratio of the magnitudes of the tensions in AQ and BQ.


                                                                       			 (Lond/Jun88/7(ii))                                       


Ans: 5 : 3 .





13.A bead ,of mass m, threaded on a fixed , smooth, horizontal circular hoop, of radius d, is moving with constant speed v. Given that the force exerted by the hoop on the bead is of magnitude R, and that this force acts at an angle ( to the horizontal , express


(a) R� EMBED Equation.2  ���in terms of v, d, m and g.


(b) tan ( in terms of v, d and g.


                                                                 				 (Lond/Jun89/6(i))                                                		


Ans: (a)  R� EMBED Equation.2  ���  (b) gd / v� EMBED Equation.2  ���





14.A particle of mass m is suspended from a fixed point A by a light inextensible string of length l. The particle moves in a horizontal circle , whose centre is vertically below A , with constant angular speed ( with the string taut and inclined at an angle ( to the downward vertical through A. 


(a) Show that  (� EMBED Equation.2  ���. 


The string is replaced by a light elastic string of natural length a and modulus of elasticity � EMBED Equation.2  ���. The particle now moves in a horizontal circle, whose centre is vertically below A, with constant angular speed 2(. The elastic string makes the same angle (  with the downward vertical.


(b) Show that � EMBED Equation.2  ���.


                                                             				     (Lond/Jan90/5)












































Motion in a vertical circle





15.A heavy particle connected to a fixed point O by a light inelastic string of length a is moving in a vertical circle about O.Its speed when at the lowest point of the circle is � EMBED Equation.2  ��� . 


Find the inclination of the string to the vertical when it becomes slack, and show that the speed of the particle is then � EMBED Equation.2  ���.


Find also the maximum height above O reached by the particle.


                                                                                 		 	(K/107/1)                                         		


Ans: 60� EMBED Equation.2  ���to upward vertical ; h = 27a /16 .





16.A particle P is projected horizontally with speed u from the lowest point A of the smooth inside surface of a fixed hollow sphere of internal radius a.


(i) In the case when u� EMBED Equation.2  ���  show that P does not leave the surface of the sphere .Show also that, when P has moved halfway along its path from A towards the point at which it first comes to rest, its speed is � EMBED Equation.2  ���. 


(ii) Find u� EMBED Equation.2  ��� in terms of ga in  the case when P leaves the surface at a height � EMBED Equation.2  ��� above A, and find, in terms of a and g , the speed of P as it leaves the surface.


                                                                                      			   (K/107/2)                                    	


Ans: (ii) u� EMBED Equation.2  ���,  v = � EMBED Equation.2  ��� .





17.A particle of mass m slides down the smooth outside surface of a fixed sphere of radius a. At the top of the sphere its velocity is horizontal and of magnitude u. If ( is the  angle that the radius to the particle makes with the upward vertical , show that the reaction between the particle and the sphere is mg(3cos(-2) - � EMBED Equation.2  ���. Show that the particle, when just displaced from rest at the top, leaves the surface when ( = cos� EMBED Equation.2  ��� , and find its speed at that instant.


                                                                      				   (K/107/3)                                                     


Ans: � EMBED Equation.2  ���




















18.A small bead is free to move on a smooth circular wire of radius a which is fixed in a vertical plane. The bead is projected with speed (4ag)� EMBED Equation.2  ���. Prove that the radius from the centre of the wire to the bead makes an angle ( with the vertical at time t after the instant of projection, where t = � EMBED Equation.2  ���,


and the reaction between the wire and the bead vanishes when  ( = � EMBED Equation.2  ���.


                                                                                                   		 (K/107/4)                             


19.One end of a light inextensible string of length a is attached to a particle of mass m. The other end is attached to a fixed point O which is at a height � EMBED Equation.2  ���above the horizontal ground. Initially the string is taut and horizontal. The particle is then projected vertically downward with velocity (2ag)� EMBED Equation.2  ���.  When the string has turned through an ( (( (), find the velocity v of the particle and show that the tension in the string is mg(2+3sin ().


(a) If the string can withstand a tension of at least 5mg, prove that the string will not break.


(b) If the string can withstand a tension of at most � EMBED Equation.2  ���, find the values of ( and v when the string breaks. In this case find the time to reach the vertical through O. Hence show that the particle strikes the ground at the point vertically below O.


                                                                                                		 (K/107/5)                                


Ans: v = � EMBED Equation.2  ���    (b) ( = 30� EMBED Equation.2  ���,  v = � EMBED Equation.2  ���  ;  � EMBED Equation.2  ��� .





20.Show that small oscillations of a simple pendulum of length l are simple harmonic with period 2(� EMBED Equation.2  ���
