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Physics A
Normal Force and Friction

Motion on

inclines Choose a coordinate system. F,

: frict
Friction riction

Best choice: axes perpendicular Nen /
and parallel to the incline. ] 3

Free-body
diagram

Firiction

90° — 6
Du, 718 sin 6
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Normal Force and Friction

Mot.ion on
inelines Choose a coordinate system. 7.
Friction riction
Best choice: axes perpendicular
and parallel to the incline.
h
ZFH = Fgrav sinf — Ffriction =0 J
mgSin9 - Ffriction =0 A
Free-body
diagram y
/
\ancnon N
90° — 6
mg cost e
4

© Brooks/Cole, Cengage Leaming



Normal Force and Friction

Choose a coordinate system.

Best choice: axes perpendicular
and parallel to the incline.

ZFH = Fgrav sinf — Ffriction =0

mgSin9 - Ffriction =0

YFi = N — Fgacos =0
N — mgcosf =0

Minimum frictional force to keep
the object from slipping is:

mgsind = Nug = mgcosf ug

Free-body
diagram v
Fhriction /* N
90° — 6
mg sin 6
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Normal Force and Friction

Choose a coordinate system.

?fn(nun
Best choice: axes perpendicular a
and parallel to the incline. 1 N
h
ZFH = Fgrav sinf — Ffriction =0 J
mgSin9 - Ffriction =0 A
Frcc-b()dy
Z FL — N _ Fgrav COSG — o diagram /),
Feric N
N — mgcosf = 0 /A
mg sin 6
. . mg cosf
Minimum angle to keep object 4 )N

from slipping is:

0 _ © Brooks/Cole, Cengage Leaming
tant = us



Outline
@ Motion on Inclines

@ Friction

«O>» «F»r « =)

<

nae



Physics A

Friction

Friction

Aristotle’s idea was that rest was the natural state of terrestrial
objects.

Newton’s view was that an object comes
to rest because a force acts on it. This
force is often due to a phenomenon
called friction.
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Friction

Aristotle’s idea was that rest was the natural state of terrestrial

objects.

Newton’s view was that an object comes
to rest because a force acts on it. This
force is often due to a phenomenon
called friction.

The force of friction opposes the motion.
The magnitude of the frictional force is
related to the magnitude of the normal
force:

F friction — Mk N

Lk is called coefficient of kinetic friction. It
has no units.
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Kinetic Friction

Without an external force:

Zl

e
Ffricnon

From the y-direction:

F

grav

Foawv = N = mg

A
Therefore:
Free-body diagram
—pukmg = ma &
- Puck
—lukg = a Fiiction
Once you have found the acceleration, -

grav

other quantities involved with motion can
also be found. a
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Static Friction

Motion on . .
In many situations, the relevant

Inclines

Friction surfaces are not slipping (moving) :
with respect to each other. Free-body diagram

=» Involves static friction. I

[ A
= N
‘ Fpush S,
Y| —
-
- & —
N - > x
Ffriction Fpush
F E,,
Friction { Fgrav Y Fgrav
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Static Friction

Motion on

el Static indicates that the two surfaces
Friction are not moving relative to each other: .
? Free-body diagram
| Ftriction| < ps N .
~ I
[ A
2 | N
' ‘ Fpush S,
Y|
| N > —X
[ Ffriction Fpush
- % = —
e * Fgrav v Fgrlv
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Friction

o For a given combination of surfaces, generally us > px. With:
® Fricion = tk N (Kinetic friction)
® |Fiiction] < us N (static friction)
usually static friction > kinetic friction.

It is more difficult to start something
moving than it is to keep it moving
once started.
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Friction

For a given combination of surfaces, generally us > k. With:

® Fiiction = MkN (kinetiC friction)
® |Fiction| < us N (static friction)

usually static friction > kinetic friction.

)
It is more difficult to start something s‘\
moving than it is to keep it moving I
once started. ‘?""ﬂd
Examples: “
¢ Friction and Walking
¢ Friction and Rolling
ey

on ground

F

on ground

F

on shoe

)

=
F

on ground

=
on tire
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