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Physics 207 – Lecture 7

Physics 207: Lecture 7, Pg 1

Physics 207, Physics 207, Lecture 7, Sept. 25Lecture 7, Sept. 25
Agenda:Agenda:

Assignment:Assignment:

�� WebAssignWebAssign Problem Set 3 due Tuesday midnightProblem Set 3 due Tuesday midnight
�� MidTermMidTerm Thursday, Oct. 5, Chapters 1Thursday, Oct. 5, Chapters 1--6, 90 minutes, 76, 90 minutes, 7--8:45 PM8:45 PM

�� NOTE: Assigned Rooms are 105 and 113 PsychologyNOTE: Assigned Rooms are 105 and 113 Psychology

�� Chapter 5 (Forces and Newton’s Laws)Chapter 5 (Forces and Newton’s Laws)
�� Static Friction
� Problem exercise

• Chapter 6 (Circular Motion and Other Applications)
� Friction (a external force that opposes motion)
� Uniform and non-uniform circular motion
� Accelerated Frames
� Resistive Forces
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FrictionFriction

� What does it do?
� It opposes motion!

� How do we characterize this in terms we have learned?
� Friction results in a force in a direction opposite to  

the direction of motion (actual or, if static, then 
implied)!
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See text:  5.8
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Model for Sliding Friction (Model for Sliding Friction ( with motionwith motion ))

� The direction of the frictional force vector is perpendicular to 
the normal force vector NN.

� The magnitude of the frictional force vector |ffK| is proportional 
to the magnitude of the normal force |N N |.

� |ffK| = µK | N N |   ( = µK |    mg g | in the previous example)
�The “heavier” something is, the greater the frictional force

� The constant µK is called the “coefficient of kinetic friction”.

� Depending on the other forces speed may increase or 
decrease

See text:  6-1
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Case study ...Case study ...
� Dynamics:

x-axis i : max = F − µKN
y-axis j : may = 0 = N – mg   or  N = mg

so F − µKmg = m ax

maaxx
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See text:  6-1
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Lecture 7, Lecture 7, Example  1Example  1
Friction and MotionFriction and Motion

� A box of mass m1 = 1 kg is being pulled by a horizontal string 
having tension T = 30 N.  It slides with friction (µk= 0.5) on 
top of a second box having mass m2 = 2 kg, which in turn 
slides on an ice rink (frictionless). Let g = 10 m/s2

� What is the acceleration of the second box ?
1. Focus first on the top block
2.  Find frictional force and use action/reaction force pairs
3.  Then discuss the second block

(A)  a = 0 m/s2 (B) a = 2.5 m/s2 (C) a = 10 m/s2

mm22

T mm11
slides with friction (µk=0.5 )

slides without frictiona = ?

v
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� Finally, solve Fx = ma in the horizontal direction: 

m2 ff2,1 = -µKm1g

− µK m1 g = m2 a

Lecture 7, Lecture 7, ExerciseExercise 11
SolutionSolution

2.5 m/s2  to the left

2
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1 m/s  x100.5x 
kg 2
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 ga  −= −= µ
m

m



Page 2

Physics 207 – Lecture 7

Physics 207: Lecture 7, Pg 7

Lecture 7, Lecture 7, Exercise 2Exercise 2
Incline dynamicsIncline dynamics

� A block of mass m, is placed on a rough inclined plane 
(µ > 0) and given a brief push. It motion thereafter is 
down the plane with a constant speed.
� If a similar block (same µ) of mass 2m were   

placed on the same incline and given a brief 
push with v0 down the block, it will

(A)(A) decrease its speed 

(B) (B) increase its speedincrease its speed

(C)  (C)  move with constant speed

m
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Lecture 7, Lecture 7, Exercise 2Exercise 2
SolutionSolution

� Draw FBD and find the total force in the x-direction

θ
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2 mg

N

θ

µKN
FTOT,x = 2mg sin θ − µK 2mg cos θ = 2 ma

= ma = 0 (case when just m)

Doubling the mass will simply
double both terms…net force
will still be zero !

Speed will still be constant !Speed will still be constant !

(C)(C)
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Static Friction...Static Friction...

FFnet
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fS

See text:  Ch 5.8

� So far we have considered friction acting when something has 
a non-zero velocity
� We also know that it acts in fixed or  “static” systems
� In general there is a second parameter, the coefficient of 

static friction or µS.
� In these cases, the force provided by friction depends on the 

forces applied to the system (with fs ≤ µS N)
� Opposes motion (i.e., acceleration) that would occur if µS were 

zero
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Static Friction...Static Friction...

� Opposes motion except here a = 0 is the constaint
i : Fnet − fS = 0
j : N = mg
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� While the block is static: fS = Fnet (unlike kinetic friction)
� fs is NOT fixed in magnitude

See text:  Ch 5.8
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Static Friction...Static Friction...
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� The maximum possible force that the friction between 
two objects can provide is fMAX = µSN, where µs is the 
“coefficient of static friction”.

�So fS ≤ µS N.
�As one increases F, fS gets bigger until fS = µSN

and the object “breaks loose” and starts to move.

See text:  Ch 5.8
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Static Friction...Static Friction...

� µS is discovered by increasing FF until the block starts 
to slide:

i : FMAX − µSN = 0
j : N = mg

µS = FMAX / mg

FFMAX

mgg

NN
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µSmg

See text:  Ch 5.8

Active Figure
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Additional comments on Friction:Additional comments on Friction:

See text:  6-1

� Since f = µN , the force of friction does not depend 
on the area of the surfaces in contact (this is not 
strictly true, for example narrow tires reduce rolling 
resistance).

� Logic dictates that     µS  >  µK for any system 
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Coefficients of FrictionCoefficients of Friction

0.70.8tire / wet pavement

0.80.9tire / dry pavement

0.30.4brake lining / iron

0.020.022metal / ice

0.050.1add grease to steel

0.40.6steel / steel

µk = kinetic frictionµs = static frictionMaterial on Material
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Lecture 7, Lecture 7, Exercise 3Exercise 3
Friction and MotionFriction and Motion

� A box of mass m1 = 1 kg, initially at rest, is now pulled by a 
horizontal string having tension T = 30 N. This box (1) is on 
top of a second box of mass m2 = 2 kg. The static and 
kinetic coefficients of friction between the 2 boxes are 
µs=3.5 and µk= 0.5. The second box can slide freely 
(frictionless) on an ice rink surface.

The acceleration of box 1 is
(A) Greater than (B) Equal to (C) Smaller than
the acceleration of box 2 ?

mm22

T mm11

friction coefficients 
µs=3.5 and µk=0.5

slides without frictiona2

a1
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Newton’s Laws and Circular MotionNewton’s Laws and Circular Motion
(Chapter 6)(Chapter 6)

v

R

Centripedal Acceleration
aC = v2/R

What is Centripedal Force ?

FC = maC = mv2/R

aC

Animation
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ApplicationsApplications

• Mass based separations: 
Centrifuges 

Mass Spectroscopy 

How many g’s?
ac=v2 / r and f = 104 rpm is typical with 

r = 0.1 m
and v = ω r = 2π f r

v = (2π x 104 / 60) x 0.1 m/s =100 m/s
ac = 1 x 104 / 0.1 m/s2 = 10 000 g’s

Before After
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Lecture 7, Lecture 7, Example 4Example 4
Circular Motion Forces with Friction Circular Motion Forces with Friction 

(recall (recall mamaCC = = m vm v2 2 / R/ R FFff ≤≤ µµss N N ))
� How fast can the race car go ? 

(How fast can it round a corner with this radius of curvature?)

mcar= 1600 kg
µS = 0.5 for tire/road
R  = 80 m 
g  = 10 m/s2

R (A) 10 m/s
(B) 20 m/s
(C) 75 m/s
(D) 750 m/s
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Banked CornersBanked Corners

In the previous scenario, we drew the following free 
body diagram for a race car going around a curve 
on a flat track.

N

mg

Ff

What differs on a banked curve ?

Physics 207: Lecture 7, Pg 20

Banked CornersBanked Corners
Free Body Diagram for a banked curve.
Use  rotated x-y coordinates
Resolve into components  parallel and 

perpendicular to bank N

mgFf

For very small banking angles, one can approximate 
that Ff is parallel to ma. This is equivalent to the small 
angle approximation sin θ = tan θ. 

mac
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θ
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Non uniform Circular MotionNon uniform Circular Motion

Earlier we saw that for an object moving
in a circle with non uniform speed then 
a = ar + at (radial and tangential)

ar

at

What are Fr and Ft ?
mar and mat

Physics 207: Lecture 7, Pg 22

Lecture 7,Lecture 7, Example 5Example 5
GravityGravity , Normal Forces etc., Normal Forces etc.

Consider a women on a swing:

When is the tension on the rope largest ?  And is it :
(A) greater than
(B) the same as
(C) less than

the force due to gravity acting on the woman

Active Figure
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A match box car is going to do a loop-the-loop of 
radius r. 

What must be its minimum speed, v, at the top so 
that it can manage the loop successfully ?

LoopLoop --thethe --loop 1 loop 1 
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To navigate the top of the circle its tangential 
velocity, v, must be such that its centripetal 
acceleration at least equals the force due to 
gravity.  At this point N, the normal force, 
goes to zero.  

LoopLoop --thethe --loop 1loop 1

Fc = - ma = - mg = - mv2/r

v = (gr)1/2

mg

v



Page 5

Physics 207 – Lecture 7

Physics 207: Lecture 7, Pg 25

The match box car is going to do a loop the loop. 
If the speed at the bottom is vB, what is the 
normal force, N,  at that point?

Hint:  The car is constrained to the track.

LoopLoop --thethe --loop 3loop 3

mg

v

N
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Lecture 7,Lecture 7, Example  7Example  7
Accelerated Reference FramesAccelerated Reference Frames

You are a passenger in a car and not wearing your 
seatbelt. Without increasing or decreasing speed, the 
car makes a sharp left turn, and you find yourself 
colliding with the right-hand door. Which is a correct 
description of the situation ?

(A) Before and after the collision there is a rightward force 
pushing you into the door.

(B) Starting at the time of the collision, the door exerts a 
leftward force on you.

(C) Both of the above.

(D) Neither of the above.
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Air Resistance and Drag Air Resistance and Drag 

� So far we’ve “neglected air resistance” in physics
� Can be difficult to deal with

� Affects projectile motion
� Friction force opposes velocity through medium
� Imposes horizontal force, additional vertical forces
� Terminal velocity for falling objects

� Dominant energy drain on cars, bicyclists, planes

� This issue has been with us a very long time….
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RecappingRecapping
Agenda:Agenda:

Assignment:Assignment:

�� WebAssignWebAssign Problem Set 3 due Tuesday midnightProblem Set 3 due Tuesday midnight
�� MidTermMidTerm Thursday, Oct. 5, Chapters 1Thursday, Oct. 5, Chapters 1--6, 90 minutes, 76, 90 minutes, 7--8:45 PM8:45 PM

�� NOTE: Assigned Rooms are 105 and 113 PsychologyNOTE: Assigned Rooms are 105 and 113 Psychology

�� Chapter 5 (Forces and Newton’s Laws)Chapter 5 (Forces and Newton’s Laws)
�� Static Friction
� Problem exercise

• Chapter 6 (Circular Motion and Other Applications)
� Friction (a external force that opposes motion)
� Uniform and non-uniform circular motion
� Accelerated Frames
� Resistive Forces


