Relationships between   a,   v,   d,   and   t
Recall from a d-t graph we can calculate the average velocity by finding the slope

Vave = ∆d


( Equation 1 )



∆t

but we know that  (∆d  =  d2  -  d1  )


then

Vave =  d2  -  d1 
(by substitution)








     ∆t



d2 =  Vave ∆t  +  d1
( Equation 2 )


   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -

Recall from a V-t graph we can calculate the average acceleration by finding the slope

aave = 
∆V

( Equation 3 )



 ∆t

but we know that  (∆V  =  V2  -  V1  )


then

aave = V2  -  V1 
(by substitution)








     ∆t



V2 =  aave ∆t  +  V1
( Equation 4 )


   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -

Another way to calculate the average of a group of numbers is the add up the numbers and divide by the number of items you added.  A similar thing can be done with velocities:

Vave =  V1  +  V2

( Equation 5 )
***



        2



***
This equation holds only when there is constant and continuous acceleration throughout the interval

We can use equation 2 and equation 5 to get yet another relationship:



d2 =  Vave ∆t  +  d1
( Equation 2 )



d2 = (V1  +  V2 ) ∆t  +  d1

( Equation 6 )***


      2





(by substitution)



Note: the same conditions apply as did for equation 5 !

   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -

We can use equation 6 with equation 4 to get another relationship:


Substitute the value for V2  from equation 4 into equatioin 6

(Equation 4 )

V2 = aave ∆t  +  V1

6 ----->

d2 =  ( V1  +  V2 ) ∆t  +  d1





 
           2



(substitution)
d2 =  [ V1  +  (aave ∆t  +  V1) ] ∆t  +  d1






 
     2


d2 =  aave ∆t2  +  V1∆t  +  d1

(Equation  7)***

   2






( by rearrangement )

   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -

We can use equation 6 with equation
 4 to get another relationship:

Rearrange equation 4 for V1  and substitute this value for V1 into equation 6

4 rearranged ----->
V1 = -aave ∆t  +  V2


6 ----->

d2 =  ( V1  +  V2 ) ∆t  +  d1





 
        2



(substitution)
d2 =  [ (-aave ∆t  +  V2) + V2 ] ∆t  +  d1







        2



d2 =  -aave ∆t2  +  V2∆t  +  d1
(Equation  8)***


    2






( by rearrangement )

   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -

We can use equation 6 with equation 4 to get yet another relationship:

Rearrange equation 4 for ∆t  and substitute this value for ∆t into equation 6


4 rearranged ----->

 ∆t =  V2  -  V1






    aave 

6 ----->

d2 =  ( V1  +  V2 ) ∆t  +  d1





 
            2



(substitution)

d2 =  ( V1  +  V2 ) (V2  -  V1) +  d1





 

        2
       aave 



V22  =  V12  + 2 aave ∆d

(Equation 9) ***

Make a summary on a separate sheet or card with just the equations.  You will be allowed to use this "formula sheet" for your tests !


Recall that ∆d  =  d2  -  d1) and so each of the above equations that have a d2 on the left side and a d1 on the right side can be shortened by moving the d1 from the right side to the left side and then replacing the remaining on d2 - d1 the left side with ∆d.

