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Announcements

1. Famous interdisciplinary physics colloquium this week –

“Tolerance and Intolerance in Protein Structure and Function”

2. Review of Thursday’s lecture – introduction to Newton’s 
laws

3. Today’s lecture –

More examples of the application of Newton’s laws

Friction forces
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Newton’s 2nd Law:

Example:

aF m=

a

m

T T – mg = ma

T=mg+ma=mg(1+a/g)

For example:  mg = 500 N

a = 4.9 m/s2

T =  ?750 N
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From HW 5:

j
i

mg

( )
( )j

iF
ˆcossin

ˆsincosnet

θθ

θθ

mgFN

mgF

−−+

−=

N



9/16/2003 PHY 113 -- Lecture 6 4

j

i

T

f

mg

N

( )
( )j

iF
ˆsin

ˆcosnet

θ

θ

TmgN

fT

+−+

−=



9/16/2003 PHY 113 -- Lecture 6 5

mg

mg

mg

mg

T

T

TT



9/16/2003 PHY 113 -- Lecture 6 6

mg
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radial: -T –mg = -mv2/r

tangential: 0 = m aθ

radial: -T  = -mv2/r

tangential: mg = m aθ

radial: T–mg cosθ = mv2/r

tangential: -mg sinθ = m aθ

radial: T –mg = mv2/r

tangential: 0 = m aθ
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Types of forces:

Fundamental Approximate Empirical
Gravitational F=-mg j Friction

Electrical Support

Magnetic Elastic

Elementary

particles

Newton’s second law

F = m a
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Friction forces

The term “friction” is used to describe the category of forces that 
oppose motion.  One example is surface friction which acts on two 
touching solid objects.  Another example is air friction.  There are 
several reasonable models to quantify these phenomena.

Surface friction:
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Models of surface friction forces

(applied force)
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Coefficients of friction µs , µk depend on the surfaces;  usually, µs > µk
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Some estimates of static and kinetic friction:

0.040.04Teflon on teflon

0.050.09Steel on steel with lubrication

0.20.3Wood on wood

0.81.0Rubber on concrete

µkµsMaterial
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Surface friction:

F-fs = 0 if F<µsn=µsmg

if F>µsn=µsmg , then  F-fk=ma   (fk= µkmg)

m
mgFa kµ−

=
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v0 f = µkN

N

mg
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mg

f

n

θ
mg sin θ

mg cos θ

just before block slips:

fs,max-mg sin θ = µs n-mg sin θ = µs mg cosθ -mg sinθ = 0

µs = tan θ
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Peer instruction question

θ

Suppose that µs=0.75 which means that the block starts to slide 
when θ= 37o.   What is f when θ= 20o?

(a) mg sinθ (b) µs mg sinθ (c)mg cosθ (d) µs mg cosθ

f
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Peer instruction question

θ

Suppose that µs=0.75 which means that the block starts to slide 
when θ= 37o.   What is f when θ= 40o?

(a) mg sinθ (b) µk mg sinθ (c)mg cosθ (d) µk mg cosθ

f
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radial: -fs = -m v2/r

extreme condition:  fs,max=µs n = µs mg  vmax = grsµ
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Banked curve (ignoring friction):

Optimal banking angle: 
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More practice with Newton’s laws:

F

fs

mgθ

along surface: F-mg sinθ fs = 0

perpendicular to surface:  n – mg cosθ = 0 n = mg cosθ

Condition for pushing up the incline:

F > mg (sinθ+µs cosθ )

n

±
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More practice with Newton’s laws:

F

fs

mgθ

along surface: F cosθ -mg sinθ –fs = 0

perpendicular to surface:  n –Fsinθ− mg cosθ = 0

Condition for pushing up the incline:

n
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Peer instruction question

Suppose that the forces on a soap bubble falling through the air
can be described by:                           If at t=0 v(t)=0, what 
will be its velocity at a later time?

(a) v(t)=–gt (The bubble will accelerate under the effects of 
gravity and air friction (the “b” term) has a negligible effect.)

(b) v(t)=0 (Air friction will eventually stop the bubble from 
moving.)

(c) v(t)=(Constant)  (The magnitude of the air friction force will 
increase with time, eventually balancing the force of gravity.)

(d) |v(t)|>gt (Air friction makes the bubble move faster than 
gravity alone.

mbvmgF −−=
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