RAMPS, INCLINED PLANES

( start with a book on a ramp – demo. Flat: Fg vs Fn & Ff  Increase inclination and ask how these quantities change.

Example 1: a 3 kg block is at rest on a 30o slope. Find the minimum force of friction required to keep it there. (actually, lets find all of the forces)
[this reviews FBDs, normal force, Fg = mg, equal and opposite forces]
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(i) draw a FBD (Free Body Diagram)
( explain why no other force downwards (by tilting a flat surface)
( vectors must be in the correct direction
( vectors must start at the centre of mass
( make the lengths approximately correct
( label the forces with standard names and with numbers where possible
( do not show 
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as vectors on the body, indicate them off to the side. 
( show which direction you want the x- and y- axes


(ii) Let’s calculate the forces that we know about already:
Fg = mg = (3 kg)(9.8 N/kg) = 29.4 N

Add this to the FBD
… nothing else …


(iii) * This example is a special case:  (Fx = 0
Draw the vectors and find the unknown values using trig.

 



FN = Fg cos( = 
 



Ff = Fg sin( = 





Example 2: Consider a block on a slope with no friction. Find FN and the acceleration.

(i) What are the forces?
* There is no applied force because nothing is pushing it downhill. You would only get an applied force if you were skiing and using your poles to push yourself faster.
What makes you move downhill then?
*The force moving you down the slope is the vector sum of FN and Fg. If we split Fg into x and y components, we see that this vector sum is equal to Fgx and FN = Fgy.

(ii) Find the amount of force that is going down the slope:
Method 1 (force triangle):
       [This is the real physics behind what happens.
When FN is at an angle to Fg, the sum of the two makes things slide]
Add Fg and FN to find the sum which is the amount of force down the slope.







Method 2 (components of Fg): 
[I think that this method makes more sense,
 




separating Fg into (the tilted) x and y components.]



   Fgy



Fg


    Fgx
Fgx  is what is making you slide down the slope.

Example 3:  DO A SIMPLER EXAM PLE FIRST: e.g. WHERE YOU DON’T WORRY ABOUT STATIC FRICTION (OR THE MASS IS ALREADY MOVING)

(1) (=0, (=30 find m2 to balance the system

(2) m1=10 m2 = 4kg , find (

A 18 kg mass is at rest on a 40o slope. It is connected via a pulley to a suspended mass of 10 kg. 

For the 18 kg mass, (s = 0.7 and (k = 0.5

a) Find the acceleration of the masses (if they start moving).
b) Find the tension in the string.


Solution

To start with we have two problems: 
(1) are the masses going to move at all or is the static friction too great
(2)  when they do move, which way do they move.
NOTE: If there is no friction this is not a problem; you just get a –ve sign for your acceleration. 
NOTE: here, when I say move, I mean accelerate.  Another type of problem has the masses initially in motion. Now kinetic friction can be the largest force in which case it will be slowing the blocks down to a stop.









The two forces Fg2 and Fg1x act in opposition to each other.

(i) If we just find the difference between these two forces (i.e. the net force ignoring friction), then we can see which way it would move.

(ii) We can also compare this to Fsf max to see whether static friction is big enough to prevent motion.

Solution:

(i) Fg2 = m2g = 98N
     Fg1x = Fg1sin(
  
  = m1gsin(
 
  = 18 * 9.8 * sin(40)
 
  = 113.4 N
    ** Fg1x is greater than Fg2. This means that the block will be trying to slide down the slope, pulling the hanging 10 kg mass up.
Fnet (no friction) = 113.4 N – 98 N = 15.4 N


(ii) max Fsf1 = (s1FN1
 

 
Now FN1 = Fg1cos(
 

   = m1g cos(
 

   = 18 * 9.8 * cos(40)
 

   = 135 N

.: max Fsf1 = 0.7(135N) 
 

 = 94.6N

Since the force of static friction (94.6N ) is greater than the net force without friction (15.4N)  the blocks will not start moving.

Example 4: repeat the problem above, but start the problem with the blocks moving at 10 m/s in the direction so that m1 goes down the slope. 
a) Does the direction of motion matter? There is the same amount of friction (based on (k ) either way. And either way the blocks will come to a stop – I assume.
b) Find the acceleration of the blocks. 
c) Find the acceleration of the blocks if the masses are moving at 10 m/s in the opposite direction.

Solution:


The direction of motion does matter, because friction acts opposite to the direction of motion, so friction will either add to the net force or subtract from it.

Mass 1 moving DOWN the slope:

For the whole system:




Ff1 = (k1FN1
(Fx = Fg1x – Ff1 – Fg2


      = 0.5 (135N)  - from above
mtotal * a = Fg1x – Ff1 – Fg2


      = 67.5N
 28kg * a   = 113.4 N – 67.5 N – 98 N
 
     = – 52.1  N


…


Mass 1 moving UP the slope:

For the whole system:
(Fx = Fg2 – Ff1 – Fg1x 
       =  98 N – 67.5N – 113.4N
       = – 82.9N




* the masses will slow down to a stop faster
…





  in this situation.
Homework: p 105 #49, 51(a), [photocopy: Nelson p96 #6-10]
 
also Newton_problems – e.g. 5.40, 5.41, 5.44 and 5.45

A 2 kg mass is given an initial speed of 10 m/s up a ramp which has an angle of 25o.  How far up the ramp will it go before stopping of ( = 0.4 ?

((





Note that here is a special situation where the x-component is a sine!


Fgx = Fgsin(


       = 29.4 N sin(30)  = 14.7 N


Fgy = Fg cos(


      = 29.4 N cos(30)    = 25.5 N


(Fx = Fgx�( ma = Fgx �a =14.7 / 3 = 4.9 m/s2





FN = Fg cos(


      = 29.4 N cos(30)    = 25.5 N


FN+g = Fgsin(


       = 29.4 N sin(30)  = 14.7 N


(Fx = FN+g �( ma = FN+g �a =14.7 / 3 = 4.9 m/s2 
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