KINEMATICS including variable acceleration              RP 



Age is strictly a case of mind over matter.If you don't mind, it doesn't matter. - Jack Benny

��1.A bus sets off from a bus station P.It accelerates uniformly for T� EMBED Equation.2  ��� seconds, covering a distance of 300m. It travels at a speed of V km/h for T� EMBED Equation.2  ��� seconds,covering a further distance of 1250m.It then decelerates uniformly for T� EMBED Equation.2  ���seconds, coming to rest at a bus stop Q. If the total time taken is 3 minutes and 2T� EMBED Equation.2  ���= 3T� EMBED Equation.2  ���,find the distance from P to Q and  the  values of T� EMBED Equation.2  ���, T� EMBED Equation.2  ���, T� EMBED Equation.2  ���and V.

                                                                				J/55/4.2/Q19)                                                          

Ans: 1750 m ; T� EMBED Equation.2  ���= 48 s , T� EMBED Equation.2  ���=100 s , T� EMBED Equation.2  ���= 32 s , V = 45 kmh� EMBED Equation.2  ���.



2.(a) Find the speed of a body which is moving with a constant  velocity

 of (5i-12j) m/s. If the body is initially at a point with position vector        (i+6j)m,find the position vector of the body 3 seconds later  and its distance from the origin at that time.

  (b) A car A,travelling at a constant velocity of 25 m/s,overtakes a stationary car B.Two seconds later car B sets off in pursuit,accelerating at a uniform 6 m/s� EMBED Equation.2  ���.How far does B travel  before catching up with A? 

                                                                                         ((a)UM/16/2B/Q13;                                                                                                                     								(b)UM/21/2C/Q35))

Ans: (a) 13 ms� EMBED Equation.2  ��� ; 16 i - 30 j ; 34 m  (b) 300 m .



3.When a train accelerates,its acceleration is always constant  and of magnitude f kmh� EMBED Equation.2  ��� .When the train decelerates its deceleration is always constant and of magnitude r kmh� EMBED Equation.2  ��� .On   a journey of 43 km, the train accelerates from rest for a             distance of  2 km to its maximum speed of 60 kmh� EMBED Equation.2  ���.It then continues at this  maximum speed,until 2 minutes before the  end of the journey.During the last 2 minutes of the journey it  decelerates to rest.

  Determine 

   (a) f and r,

   (b) the time taken to attain the maximum speed from rest,

   (c) the distance moved whilst decelerating from 60 kmh� EMBED Equation.2  ��� to  rest,

   (d) the total time taken for the complete journey.          

On a particular day,a section of the track is being repaired. Consequently,during its journey,the train is required to slow down from 60 kmh� EMBED Equation.2  ���  to rest and to wait for 2 minutes before accelerating back to 60 kmh� EMBED Equation.2  ���.Show that the train arrives at

its destination 5 minutes late.                        				(June85/Q3)                                                  

                                                                                                                       

Ans: (a) 900 kmh� EMBED Equation.2  ��� , 1800 kmh� EMBED Equation.2  ���  (b ) 4 mins (c) 1 km (d) 46 mins .   





4.A particle has initial position vector of (7i+5j)m.The particle moves with a constant velocity of (ai+bj)m/s and after 3 seconds has a position vector of (10i-j)m.Find the values of a and  b .   

                                                                                                (UM/16/2B/Q12)/M1

Ans: a = 1 , b = -2 .

 



6.A particle moving on a straight line with speed v experiences a retardation of magnitude be� EMBED Equation.2  ���, where b and u are constants. Given that the particle is travelling with speed u at time t = 0 ,show that the time t� EMBED Equation.2  ���for the speed to decrease to � EMBED Equation.2  ���u  is given by  bt� EMBED Equation.2  ���= u(e� EMBED Equation.2  ���.

             

Find the further time t� EMBED Equation.2  ��� for the particle to come to rest.

Deduce that � EMBED Equation.2  ���.

Find, in terms of b and u, an expression for the distance travelled in decelerating from speed u to rest.

                                                                                                                 (L/Jun82/3)

Ans:





7.A particle starts with speed 20 ms� EMBED Equation.2  ��� and moves in a straight line. The particle is subjected to a resistance which produces a retardation which is initially 5ms� EMBED Equation.2  ��� and which increases uniformly with the distance moved, having a value of 11ms� EMBED Equation.2  ���  when the particle has moved a distance of 12 m. Given that the particle has speed v ms� EMBED Equation.2  ���  when it has moved a distance of x m, show that, while the particle is in motion,  v� EMBED Equation.2  ���.

       

Hence, or otherwise, calculate the distance moved by the particle in coming to rest.

                                             					(L/Jun83/3(i))                                                                            

Ans:













8.A particle P moves in a straight line and experiences a retardation of 0.01v� EMBED Equation.2  ���, where v ms� EMBED Equation.2  ��� is the speed of P. Given that P passes through a point O with speed 10 ms� EMBED Equation.2  ���, show that, when it is at a distance 10 m from O, its speed is 5 ms� EMBED Equation.2  ���.                                

Find the time taken for the speed of P to be reduced from 10 ms� EMBED Equation.2  ��� to  5 ms� EMBED Equation.2  ���.                                                             .									(L/Jan84/4)

                                                                                                                              

Ans:



9.A particle P starts from rest from the point O and moves along Ox. Initially P has an acceleration of magnitude 6 ms� EMBED Equation.2  ���.  After t seconds, when P is at a distance x m from O and has speed v ms� EMBED Equation.2  ��� the acceleration of P has magnitude ((2+v) ms� EMBED Equation.2  ���,where (  is a positive constant. Find the value of ( .

When t = T, the speed of the particle is 10 ms� EMBED Equation.2  ���  and x = d. Show that 

(a) T = 1/3 ln 6, (b) d = 1/3(10 - 2 ln 6).

                                                                     			(L/Jun84/3)                                                      

Ans:			



10.A particle moves on the positive x-axis. The particle is moving towards the origin O when it passes through the point A, where x = 2a, with speed � EMBED Equation.2  ��� , where k is a constant.Given that the particle experiences an acceleration � EMBED Equation.2  ���in a direction away from O, show that it comes instantaneously to rest at a point B, where x = a.

Immediately the particle reaches B the acceleration changes to � EMBED Equation.2  ���  in a direction away from O. Show that the particle next comes instantaneously to rest at A.

                                                                              			(L/Jan85//3)                                              

Ans:



11.A particle moves along Ox in the positive direction. At time t = 0, its speed is 

8 ms� EMBED Equation.2  ��� At time t s , its acceleration is 3e� EMBED Equation.2  ���ms� EMBED Equation.2  ���in the positive direction. Calculate, in metres to 3 significant figures, the distance the particle moves in the first 2 seconds.

                                                                            		(Lond/Jan86/5(i))                                          

Ans:













12.A particle moves in a straight line from a point O with initial speed u. At time t, where t ( 0, after leaving O, the acceleration of the particle is � EMBED Equation.2  ��� , where v is the speed of the particle and ( is a positive constant. At the instant when t = T, the particle is at the point A and is moving with speed 2u.

(a) By forming and solving a differential equation in v and t, show that 

                          2(T = 3u� EMBED Equation.2  ���.

(b) Show that the distance between O and A is  7u� EMBED Equation.2  ���/(3() .

(c) Find, in terms of u, the speed of the particle at the point B,where OB = 2OA.

                                                                                   	(Lond/Jun86/5)                                     

Ans:



13.A cyclist C moves in a straight line and has an acceleration of 0.1(10v - v� EMBED Equation.2  ���) ms� EMBED Equation.2  ���, where v ms� EMBED Equation.2  ��� is the speed of C. Given that, at time t = 0, C passes through a point O with speed 2 ms� EMBED Equation.2  ���, show that at time t s the speed of C is given by 

                             .v = � EMBED Equation.2  ���.

Hence, or otherwise, find the distance of C from O at time t = 2s, giving your answer, in m, to 1 decimal place.

                                                                                      		(Lond/Jan87/3)                                  

Ans:





14.A particle P leaves a fixed point O with speed U and moves in a horizontal straight line. At time t after leaving O, P is at a distance x from O and is moving with speed v away from O.At time t, the force acting on P produces a retardation of magnitude � EMBED Equation.2  ��� , where  a is a positive constant.

(a) By forming a differential equation containing the variables x and v, and solving this equation, prove that 

                                     .v = � EMBED Equation.2  ��� .

(b) By writing v as dx/dt in the above result, prove that 

                   .x(x� EMBED Equation.2  ���.

The particle P passes through the point A, where OA = 2a, at time T after leaving O .

(c) Determine, in terms of U, the speed of P at A.

(d) Show that T = 10a/(3U) .

                                                                                      	(Lond/Jan88/3)	                                   

Ans:









15. 
A
 particle P moves in a horizontal straight line starting from a fixed point O with speed u.
 
W
hen P is at a distance x from O, its velocity is in the direction
 
�
 
EMBED 
Equation.2 
 
�
�
�
   and has magnitude v and its acceleration is in the direction
 
�
 
EMBED 
Equation.2 
 
�
�
�
 and has magnitude
 kv
�
 
EMBED 
Equation.2 
 
�
�
�
 , where k is a positive constant.


Show that 

                
	
�
 
EMBED 
Equation.2 
 
�
�
�
 
.
 

Given that v = 1/4 u when P is at the point A at a distance a from O, express k in terms of u and a.

Hence show that P comes to rest at a distance 2a from O.

Find also, in terms of u and a, the time taken by P to reach A from O.

                                                                           
		
        
(Lond/Jun88/1)
                                    


Ans: 




16.A particle P moves in a straight line away from a fixed point O. At time t, P is moving with speed v and has acceleration of magnitude
 kv
�
 
EMBED 
Equation.2 
 
�
�
�
 
in the direction 
�
 
EMBED 
Equation.2 
 
�
�
�
, where k is a positive constant. When the particle is at the point A it has speed u an
d
 when the particle is at the point B it has speed 3u.



Show that the time taken for the particle to move from A to B is 
�
 
EMBED 
Equation.2 
 
�
�
�
 .                                
   
(b) Find, in terms of k, the distance AB. 


								
(Lond/Jan89/1(i))



Ans:







17.A model electric car starts from rest at a point O and moves in a horizontal straight line. At time t seconds after leaving O, the velocity of the car is 
v ms
�
 
EMBED 
Equation.2 
 
�
�
�
 and the acceleration is
 (p-qv) ms
�
 
EMBED 
Equation.2 
 
�
�
�
  , where p and q are positive constants. When t = 0, the acceleration is 
2 ms
�
 
EMBED 
Equation.2 
 
�
�
�
.
  
 When t = T, the velocity is 
5 ms
�
 
EMBED 
Equation.2 
 
�
�
�
 and the acceleration is 
�
 
EMBED 
Equation.2 
 
�
�
�
 
ms
�
 
EMBED 
Equation.2 
 
�
�
�



Calculate the values of p and q and show that 



		
�
 
EMBED 
Equation.2 
 
�
�
�
.



                .

(b) Calculate the value of T, giving your answer to 2 decimal places.   

                                                                                             
(Lond/Jun89/6(ii))
                       


Ans:   










18.In this question, referred to a fixed origin O, the rectangular coordinate axes OX and Oy are horizontal.           






The point A is on the positive x-axis at a distance 1 metre from O. A particle P leaves A with initial speed 
3
ms
�
 
EMBED 
Equation.2 
 
�
�
�
 and moves in the direction
 
�
 
EMBED 
Equation.2 
 
�
�
�
  along the x-axis. At distance x metres from O, P is moving with speed 
v
 
ms
�
 
EMBED 
Equation.2 
 
�
�
�
 and its acceleration is of magnitude 
�
 
EMBED 
Equation.2 
 
�
�
�
 ms
�
 
EMBED 
Equation.2 
 
�
�
�
 
in the direction 
�
 
EMBED 
Equation.2 
 
�
�
�


The point B is on the positive x-axis and OB = 4 metres.


Show that P passes through B with speed 
12 ms
�
 
EMBED 
Equation.2 
 
�
�
�
.


Show that P takes (1/3 ln 4) seconds to move from A to B .






A second particle Q starts from rest at O and always moves away from O along the positive y-axis. At time t seconds after leaving O, Q is moving with speed 
w 
ms
�
 
EMBED 
Equation.2 
 
�
�
�
 
 and its acceleration is of magnitude
 
�
 
EMBED 
Equation.2 
 
�
�
�
 
ms
�
 
EMBED 
Equation.2 
 
�
�
�
 
,
 directed away from O.

(c) Show that  
w = 40
�
 
EMBED 
Equation.2 
 
�
�
�
 
.


It is given that P and Q leave the points A and O respectively at the same instant.

(d) Find, in 
ms
�
 
EMBED 
Equation.2 
 
�
�
�
 
 to 1 decimal place, the magnitude of the velocity of P relative to Q at the instant when P passes through B.

                                                                                          
(Lond/Jan91/3)
                               


Ans:  


                                                                                                                           

 















