9MA0-32 – Kinematics - Worked Solutions
Question 1
(a) 
[image: A line graph with numbers

Description automatically generated]
(b) 

Gradient =   


(c) 


	   = Area of Trapezium + Area of Rectangle 

                = 

               
(d) 
When  t = 65, the motorbike and car have covered the same distance (equal areas). The additional line must intersect the original graph at a point between t = 5 and t = 65. Both graphs must finish at t = 65. Any vertical lines must be dotted. 
[image: A line graph with numbers

Description automatically generated]
Question 2
(a) 

 A to B:  


Use          

            
(b) 

For second runner,  A to B:  


Use          

        



(c) A constant acceleration model is being used in the question. 
Variable acceleration would provide a more realistic model. 

Question 3
(a)  
Use constant acceleration formulae to find displacement: 




Use           

   

To find distance use Pythagoras:  
(b)	Final Position = Initial Position + Displacement



Give answer in required form:  
(c)



Travelling in the direction    velocity is parallel to 




Use           
	Form an equation in T only using ratio of i and j.







Question 4
Calculator warning: parts (b) and (c) require sufficient working to earn all of the available marks. 
(a) 

‘State’ implies a list of values only, no working required.  The value t = 0 is clear from the factorised expression and fits in the range . 


 Use a calculator to solve the quadratic to give a second value of  and reject the value of .
(b) 
Variable acceleration topic: integrate velocity to find the displacement. 
Calculator warning: must show integrated expression and the limits to be substituted.


Note the particle is at instantaneous rest within the first 2 seconds. The particle will change direction when .
Integrate across two intervals to find the total distance; one interval will give a positive displacement and the other interval will give a negative displacement.

Expand the expression given in (a) before integrating:   



         

          


  = 

Total distance = 

(c) 
Variable acceleration topic: differentiate velocity to find the displacement. 
Calculator warning: must show differentiated expression and equate to 2.





When acceleration = 2,      

       
        t = 0.44    (reject t = –0.38) 

Question 5
Projectile motion: use suvat equations, use g = 9.8 ms-2 and give answers as a decimal to 2/3sf.

(a)  
For S, vertical motion from A to maximum height (take up as positive)

s = h         u = 28sin60o =        v = 0       a =  – 9.8        t = 


Use ,        

  

m 

(b) 
To find the direction of motion of S, find the velocity when t = 4 (take up as positive)
	Horizontal motion constant speed, 28cos60o = 14

Vertical motion    s =            u =         v =        a =  – 9.8        t = 4 


Use ,        =  – 14.9 (3sf)    (vertically down)
[image: A black triangle with numbers and a black line

Description automatically generated]

Direction,    below the horizontal.

(c)  
       Let the stone, S, have a vertical displacement of (H + 5) metres after T seconds of motion.
       Let the ball, B, have a vertical displacement of H metres after (T – 1) seconds of motion.

Vertical motion for S:        

Use   			[eqn 1]

Use vertical motion for B:  

Use 			[eqn 2]
Eliminate H and solve to find  T





             

    

                           (3sf)
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