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Other collision angles:
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Resolving in direction of car 1:


Before




After
 m1u1+m2u2cos( = m1v1cos((-()+m2v2cos((-()

 Resolving in direction of car 2:


Before




After
  m1u1cos(+m2u2 = m1v1cos(()+m2v2cos(()

Example: 

m1 = 1000 kg, m2 = 1200 kg, 

( = 45o, ( = 20o, ( = 40o.

v1 = 12 ms-1, v2 = 10 ms-1 (deduced from post collision movement)

Find the values of u1 and u2.

Resolving in the direction of car 1: 

1000u1 + 1200u2cos(45o) = 

1000x12cos(45o-20o) + 1200x10cos(45o-40o)

or

1000u1 + 848.5u2   =  22830 . . . . . . . . . . . (a)

Resolving in the direction of car 2:

1000xu1cos(45o) + 1200u2 =

1000x12cos(20o) + 1200x10cos(40o)

or

707.1u1 + 1200u2 = 20469 . . . . . . . . . . . . . (b)

Multiply eqn (a) by 707.1 and eqn (b) by 1000:

707100u1 + 599974u2    = 16143093 . . . . . . (c)

707100u1 + 1200000u2  = 20469000 . . . . . . (d)

Subtract these two equations:



      600026u2 = 4325907

or



    u2 = 7.21 ms-1 = 16.1 mph
Substituting back into equation (a) gives





    u1 = 16.7 ms-1 = 37.4 mph 

How to avoid simultaneous equations

Resolving at right angles to u1:

m2u2cos(90-() = 

m1v1cos(90-(+() + m2v2cos(90-(+()

Note that in this equation u2 is the only unknown.

Resolving at right angles to u2:

m1u1cos(90-() = 

m1v1cos(90-() + m2v2cos(90-()

Note that in this equation u1 is the only unknown.

Flight


h


                                             L

Time to drop through a height h is given by 
               s
=
ut + ½at2 

or 


h 
= 
½gt2 

and
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Time to travel distance L = L/v

Therefore,
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or
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Example: A car leaves the road and lands in a field. The field is 3.5 metres below the road. The first impact in the field is 16 metres from the launch point. What was the launch speed of the car?




v
=
Lg/(2h)




 
= 
16 x 9.81/(2 x 3.5)





= 
22.4 metres

The speed of the car was 50.2 mph
Searle Equations for throw distance
Maximum speed:



vmax = 
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Minimum speed:



vmin = k
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where k = 1/(projection efficiency)

In these equations, ( is the coefficient of friction between the ground and the object. For a pedestrian, ( = 0.8.

Notes: 

A child is likely to be thrown further than an adult. In other words, the projection efficiency will be higher for a child.

The projection efficiency will be higher for flat fronted vehicles. 

G.S.Hill found that Vcar=1.15xVmin
The formulae work for any thrown object.

The throw distance includes any movement after first impact.

Lane changes:


3m  h
                                                                       v


                                        L

To change lanes requires a lateral movement of about 3 metres.

The radius of curvature of the swerve is given by 
R 
= 
L2/8h + h/2





=
L2/(8x1.5) + 1.5/2                                                    


                             (
L2/(12)

The critical speed for the swerve is given by Vc = 
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The time taken to accomplish the lane change is 

L/Vc 
= 
L/(
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t
=
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For a dry road surface, the time for the lane change is 1.3 seconds.

For reasonable sideway forces, the value of (g can be reduced to between 2.5 and 4.0 ms-2 giving  t  between 1.7 seconds and  2.2 seconds. In practice, t lies between 2 and 3 seconds.

Note: The time to change lanes is independent of the speed of the car.
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