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Friction

· Friction always acts in the direction opposite to motion (v) or intended motion.

· In general, friction will never reverse the direction of motion (e.g. it won’t slow a car down and make it go backwards). (There may be situations where you use friction to pull something – e.g a cabinet on a carpet – then you could use friction to change the direction of motion).

Types of Friction

1. Fluid Friction: drag or air resistance
liquids / gases
depends on speed, viscosity and aerodynamics
no equation (in grade 12) – just write as Ff or Fdrag

(The equation is something like:  Fdrag = (A(v2  
because it depends on speed, the more speed you have, the more drag, which changes the net force which changes the acceleration, which changes the speed, etc.
Example of a falling object:
Fnet = mg – Fdrag.
a = g – Fdrag / m
( What happens if m is very large?  a = g.  This is what we see if we don’t take air resistance into account. 
( If we do consider air resistance, then we also have to include the mass and the equations of motion don’t provide the answer as they don’t have mass. 
What happens is m is very small?  Fdrag/m will increase until it equals g, then a = 0 and you have terminal velocity.

2. Rolling friction.
This is what makes a ball roll. There is also static friction involved here.
Rolling friction is normally very small. Important to calculate this for gas mileage in cars.

3. Sliding friction

· Sliding friction depends “only” on the nature of the surfaces (()
and the force pushing them together (FN).
( is called the coefficient of friction

· We are only looking at sliding friction (from now on simply refered to as “friction”), although rolling friction is similar. No drag, air or fluid resistance.

· Friction does not depend on surface area or velocity.

· Friction acts parallel to the surface, thus perpendicular to FN.

· 
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· This is a scalar equation. You should never put minus signs in for either force in this equation (if it was a vector equation, you would have to rotate one vector by 90o by multiplying it by (. This doesn’t happen. Add in the directions of the forces by looking at your F.B.D.

· Ff ( Fgx  ( always true (??No! what if it is at rest on the slope?)

Static and Kinetic Friction

· Kinetic friction is the friction when something is actually sliding. From grade 11, 
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, and, if the surface is horizontal, FN = Fg . The coefficient is really the coefficient of kinetic friction ((k).

· To distinguish between static and kinetic friction use Fsf and Fkf.

· Static friction is friction that prevents something from moving when pushed.

· Note that there is no static friction in liquids. You can lean up against a destroyer in a calm harbour and it will eventually start moving. Even a small force will produce an acceleration as per F=ma.

Static Friction
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The force of friction is equal and opposite to the applied force – no motion – until the applied force gets so big that friction no longer impedes the motion. Then it starts moving. The force of friction when something starts sliding is less than when you try to get it sliding. – ever tried pushing a stove or fridge. Once it is moving, you try to keep it moving because it is easier to push, it doesn’t get stuck.

Example: You are trying to push a 100 kg stove. 
(s = 1.0 and (k = 0.8

(a) Find max Fsf.
FsfMAX = 1x100x9.8
= 980N
Fkf = 0.8 x 100x9.8
 = 784N

What is the acceleration if you push with 20N? This is not enough force to overcome Fsf, so nothing moves. What is the force of static friction? It is 20N too. It cannot be more than that or it would move you backwards.

When you push with 200N, Fsf = 200N too. 

Static friction tends to be greater than kinetic friction. As soon as the object starts moving the force of friction reduces slightly and  kinetic friction is the quantity that is involved. The force of static friction only exists when an external force is acting on an object resting on a plane and the object is not moving.  FS  is || and opposite to the applied force.







(To solve problems involving static friction, first calculate the maximum static friction and see if it is enough to prevent motion (given other applied forces). If the object will accelerate, then use (k to find kinetic friction.

What this means is that Fsf = Fapp up until it starts moving. This is exactly like FN is equal and opposite to Fg until the table breaks (when Fg gets too large).

Example 1:
 If (s = 0.40 what is the maximum force that you can push a 10 kg block with without it moving?

You can push with any force up to (S ( FN .  F = 0.40 (10kg)(9.8N/kg)






   = 39 N

Example 2: You are pushing an object with a force of 300 N, but friction is so great (( = 1.1) that it slows down at –2 m/s2 . Find the mass of the object.

Solution:

At first glance this looks impossible – we can’t even find Fg (or FN or Ff). But write down the equations anyway and see what happens.

(F = ma

Fapp – Ff = ma

Fapp - (FN = ma

300 – (1.1)(m)(9.8) = m (-2)



this number must be more than 300N since it is slowing down

…

m = 34.2 kg

Example 3: (this illustrates one situation where you need to look at static friction first)









m1 = 10 kg
(s = 0.3
(k = 0.25
vi = 0
Find acceleraction when (i) m2 = 2 kg
(ii) m2 = 2.7 kg
(iii) m2 = 3.7 kg

Solution: find FN1, Fsf, Ff  
 
Then find Fg2 for each of the 3 situations.

If Fg is greater than Fsf  it will start sliding. If it is greater than Ff ...


FN1 = 98N
.:  Fsf = 29.4 N   
Ff = 24.5 N

(i)
Fg2 = 19.6 N  .: no motion. If it was already moving it would stop. 
(ii) 
Fg2 = 26.5 N  .: no motion, even though greater than Ff. If it was already moving, it would accelerate slowly.
(iii)
Fg2 = 36.26 N .: starts sliding. Fnet = Fg2 – Ff.     ...


Homework: Nelson p 92 #2,5,6,10,11
p 95 #2,3,5
or: Schaum: #5.29, 5.31, 5.32, 5.34, 5.36


friction: Nelson: p101 #3,7

Friction:
Giancoli: p 104 # 35, 40, 42, 43.
* #42 is the first example where mass cancels out. They’ll need help.

** Giancoli p104 #40 is really cool
Explanation:  

Normally with cars, we just look at the object in general: 
Fengine = 2000N , Ff (drag + other friction) = 500N, so find the acceleration if m = 1000 kg.

For this problem we have to examine what happens between the tires and the road.

 The force of static friction between the tires and the road is what is moving the car forwards. The car pushes the road backwards with Fsf and the road pushes the car forwards with Fsf.

This Fsf (road on car) is the only force that is making the car move.   .: Fnet  = Fsf.

BUT the car is moving … why is the force of friction not kinetic?

Kinetic friction means sliding. To get this, imagine the car driving at 140 km/hr and slamming on its brakes. Now the tire will be sliding on the road and you’d have kinetic friction.

How else can we show that a force of static friction can move something?

DEMO:

hand on top of textbook on top of table.
I can slide this book. What force is making it slide? An applied force? No, I would only call it that if I was pushing the book (and there was no other name for it).
It is the force of static friction between my hand and the book !!!!
There is also the force of kinetic friction between the book and the table.


How large an object can I move using static friction? Try move overhead projector cart – yes, I can do it, but I have to push down more --- why? What does that do?

It makes the normal force increase.
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