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INTRO TO FRICTION

e Friction happens when two surfaces are in contact >

> u=

KINETIC FRICTION (v __0*):

- Happens when ANY object slides/skids/slips.
* = Point of contact MOVES relative to surface.

STATIC FRICTION (v __0%):

- Object doesn’'t move OR moves without slipping.
* = Point of contact is AT REST relative to surface.

—>

Ll

- Direction: Always motion (v, Ax).
- f,k is the amount of force opposing motion.

- Every kinetic friction case: f,actuaL =

1- When force is NOT strong enough to GET object moving:

Lnl>

- Direction:

force trying to move object.
- f,s,max is a threshold, NOT actual friction on object:

(@If F<sfsmax =2 a__0 > faacruaL=____
(b)If F > fsmax = a__ 0 > facuaL=__

-> Harder to moving than moving.

2- Object moves without skidding/slipping (traction):

- Direction: Depends on ZF.
- If you try to accelerate too fast, you will skid (threshold)

EXAMPLE: For each of the following, draw a free-body diagram, specifying which type of friction acts on the object:

(a) Block is pushed to the right; block moves that way.

(b) Car accelerates to the right, without slipping.

(c) Block is pushed against a wall; block does not move.

(d) Car goes around a flat curve, without slipping.

(e) Stacked blocks are pushed and accelerate together.

(f) Stacked blocks are pushed; one tied, one accelerates.
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STATIC AND KINETIC FRICTION PROBLEMS fx = N 0Spsi
famax=psN pxSps

e Remember: If you pull ( F ) on an object, F must overcome STATIC friction ( f,s ) for
the object to accelerate (and if vo = 0, for the object to begin moving):

-If F<fsmax > a__0 and facrua=___. Et) Et)

-IfF>fsmax 2 a__0 and facrua=_____

EXAMPLE 1: A 10 kg block is at rest. The coefficients of PRACTICE 1: A 5 kg block is on the floor. You figure out
friction between the block and the floor are p,k = 0.4, p,s = | that it takes a horizontal force of 35 N to get it moving, and
0.6. Use g=10 m/s2. Find the: (a) max. static friction that can | 25 N to keep it moving. Use g=10 m/s2. Find the coefficients
act on the block; (b) friction on the block if it was moving. of static & kinetic friction between the block and the surface.

EXAMPLE 2: You pull on the block in EXAMPLE 1 with various horizontal forces F. For each value of F, fill the cells below:
F=0

F=30N
F=50N
F=70N

-> If ONE coefficient of friction is given: p,s oK. - If TWO coefficients are given, but not identified: p,s M,k
PRACTICE 2: You push horizontally on a 10-kg box so that it moves on a flat surface with a constant 2 m/s. The coefficients

of friction between the box and the surface are 0.5 and 0.6. (a) What force is needed to keep the box at 2 m/s? (b) If you
stop pushing, what will be the acceleration of the box?
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KINETIC FRICTION: MOTION PROBLEMS fx=pkN UAM EQUATIONS
(1) v =vo+at

EXAMPLE 1: A 10 kg block on a horizontal surface is initially at rest. When you pull on it (2) v2 =ve?+2alx

with 80 N in the +x, it moves. If p = 0.5, find its speed after you pull on it for 6.0 s. (3) Ax=vot+%at:

"4) Ax=" (Vo+ V)t

PRACTICE 1: A 15 kg block moving on a frictionless horizontal surface with a constant 40 m/s enters a long, rough patch. If
the coefficient of friction between the box and the patch is 0.7, calculate the block’s total stopping distance.

PRACTICE 2: A 1,000-kg car leaves a skid mark of 80 m while coming to a stop. If the coefficient of friction between the car
and the road is 0.7, find the car’s initial velocity before braking.

EXAMPLE 2: When you launch a 5 kg block along a horizontal surface with an initial speed of 10 m/s, it covers 20 min 3 s.
Calculate the coefficient of friction between the block and the surface.
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2D PUSH / PULL WITH FRICTION

fk=pxkN 0sp=s1
fismax =k N MK S s

e Forces at an angle must be decomposed. Forces applied in the Y axis will affect friction.

EXAMPLE 1: A 10 kg block is initially at rest on a flat surface. The coefficients of friction between the block and surface are
0.5and 0.6. You pull on the block with a constant 100 N at +37¢. Calculate (a) all the forces on the block, and (b) its ax, ay.

PRACTICE 1: A5 kg block is initially at rest on a flat surface. The block-surface coefficients of friction are 0.4 and 0.5. If you
push on the block with F = 130 N directed at -53°, calculate its acceleration (select a = 0 if the block does NOT move).

—> Sometimes you won't immediately know the direction of friction: Figure out which way object would move without friction.

EXAMPLE 2: You push a 10-kg block against a wall with a force F that makes 53¢ with the vertical axis (angle shown). If the
block-wall coefficients of friction are 0.4 and 0.6, calculate the block’s acceleration for: (a) F = 50 N, (b) F = 1,000 N.

A
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STATIC FRICTION: EQUILIBRIUM

e Friction can be used to keep objects from moving / accelerating. In these cases, friction is cancelling out another force.

EXAMPLE 1: A 10 kg block is pushed horizontally with F against a vertical wall. The coefficients of friction are 0.4 and 0.6.

(a) What min. value must F have so the block does not move?

(b) You want the block to begin sliding down the wall, so you
temporarily push it against the wall with half the value found in
part A. What acceleration will the block have?

(c) Shortly after the block begins sliding, you want it to keep moving,
but with constant speed. What value F must you apply to it?

PRACTICE 1: The system below does not move. Find the minimum value that p s (between 8 kg block and table) can have.

8kg

6kg

PRACTICE 2: A 15 kg block is initially at rest on a horizontal surface. The coefficients of friction between the block and the
surface are 0.5 and 0.7. How hard must you push down the block to keep a 300 N force in the +x from moving it?
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