Dynamics  Problems  -  Answers
1) A car of mass 1350kg accelerates from 14.0m/s to 37.0m/s in  a time of 22 seconds.  The total resistance force opposing the motion including friction and air resistance is 730N whenever the car is in motion (regardless of the speed).  The maximum motor force of the car (to accelerate the car forward) is 2200N.  The maximum braking force of the car 2400N.  

a) Draw a sketch of the car showing the all of the forces acting on it.

(Note - The resistance forces include friction, air and braking)
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b) Find the net force required to accelerate the car forward as described above.



a ave = ∆V/∆t = (37.0-14.0)/22  =  1.05m/s2


Fnet = m a = (1350) (1.05)  =  1420N

c) Find the motor force pushing the car as in part (b).



Fnet = Fmotor - Fresistance


1420 =  Fmotor - 730



 Fmotor = 2150N

d) Find the maximum possible forward acceleration of the car.



Fnet = Fmotor - Fresistance


Fnet = 2200 - 730

  Fnet = m a



Fnet  = 1470N
but
 
1470 = (1350)(a)






       
       a = 1.09m/ s2

e) Find the maximum possible braking acceleration of the car.



Fnet = Fbrakes + Fresistance


Fnet = -2400 - 730

   Fnet = m a



Fnet = -3130
but
   
-3130 = (1350)(a)







        a = -2.32m/ s2

f) Find the minimum possible stopping distance for the car if it were moving along at 100km/h.  (i.e. the minimum distance that the car would cover while stopping)

Use a = -2.32m/s2 (maximum braking!)

V1 = 100km/h  =  27.8m/s




V22 = V12 + 2a∆d




 0   =  773  +  (2)(-2.32)∆d



         -773  = (-4.64)∆d



        167m  =  ∆d

2)  A rocket of total mass 12200kg sits on the "lunch" pad.  The rocket engines can produce a maximum "thrust" force upward of 155000N on the rocket.  One half of the total mass of the rocket ship is made up of fuel.


a) Find the force of gravity on the rocket ship while it sits on the launch pad. 



Fg = m g =  (12200)(9.8)  =  120000N


b) With maximum thrust find the Net force on the ship as it just lifts off.



Fnet = Fthrust - Fgravity  =  155000N -120000N  =  35000N


c) Find the acceleration of the rocket ship as it just lifts off the launch pad.



 
     Fnet = m a




35000 = (12200)(a)




        a = 2.87m/s2

d) A little later while the rocket ship moves through the upper atmosphere at 600m/s the resistance force of the air against the rocket ship is 25000N.  Half of the fuel is burned and is therefore not in the rocket thus reducing its mass.   Find the new acceleration of the rocket upward assuming the thrust force is still constant at maximum.


half of the fuel burned means the mass is reduced by (0.5)(0.5)(12200) = 3050kg


the mass of the ship is now  12200kg - 3050kg = 9150kg



Fnet = Fthrust - Fgravity - Fresistance = 155000 - (9150)(9.8) - 25000



Fnet = 155000 - 89670 - 25000  =  40300N



 
       Fnet = m a




   40300 = (9150)(a)




           a = 4.4m/s2
3) An elevator of total mass 2200kg including contents is suspended from four cables that share the load equally.  The elevator is at rest on the first floor of a tall building.  The maximum force the cables can apply upward on the elevator is 6200N each for a total of 24800N upward.  When the elevator accelerates downward the amount of force in each of the cables is reduced to 4800N for a total of 19200N upward. 


a) Find the force in each of the cables as the elevator rests motionless.

The total force of all of the cables upward is equal to the force of gravity downward.



Fcables = Fgravity = (2200)(9.8)  =  21600N


To find the force on each cable simply divide by four!   F = 5400N (each)


b) Find the maximum upward acceleration of the elevator.


Use maximum force upward for maximum acceleration upward!



Fnet = Fcables - Fgravity  =  24800 - 21600 = 3200N (upward)



 
     Fnet = m a




   3200 = (2200)(a)




          a = 1.45m/s2


c) Find the maximum downward acceleration of elevator.


Use Force given above for downward acceleration! (19200N)



Fnet = Fcables - Fgravity  =  19200 - 21600 = -2400N (upward)



 
     Fnet = m a




  -2400 = (2200)(a)




          a = -1.09m/s2

d) The elevator leaves the first floor and accelerates upward with maximum 


acceleration for 3.20 seconds.  Calculate the upward velocity of the 



elevator at the end of this acceleration.



∆V = aave ∆t



∆V = (1.45)(3.20)  =  4.64m/s


e) The elevator then moves at constant speed for 12 seconds. Calculate the 


upward displacement of the elevator during this 12 second time.



∆d = Vave∆t  =  (4.64)(12)  =  55.7m


f) Find the minimum time required for the elevator to stop moving upward if it 


undergoes maximum downward acceleration from part (c) above and initial 

velocity upward from part (e) above.



    ∆V = aave ∆t

(use  a = -1.09m/s2)
(use ∆V = -4.64m/s)



 -4.64 = (-1.09)(∆t)



 4.26s = ∆t


g) Find the total upward displacement of the elevator for from the first floor to 

where it finally stops moving upward.


Simply add the displacements in three parts.  

1 - accelerating upward










2 - constant speed upward




1
∆d = Vave∆t



3 - slowing to a stop





∆d = [(0+4.64)/2] (3.20)





∆d = 7.42m




2
∆d = 55.7m




3
∆d = Vave∆t






∆d = [(0+4.64)/2] (4.26)

∆d = 7.42 + 55.7 + 9.88





∆d = 9.88m




∆d = 73.0m

