
 
 

Force and Motion II 

Chapter 6 
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6-1  Friction 

 Friction forces are essential: 

o Picking things up 

o Walking, biking, driving anywhere 

o Writing with a pencil 

o Building with nails, weaving cloth 

 But overcoming friction forces is also important: 

o Efficiency in engines 

o (20% of the gasoline used in an automobile goes to 
counteract friction in the drive train) 

o Roller skates, fans 

o Anything that we want to remain in motion 
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 Three experiments: 

o Slide a book across a counter. The book slows and stops, 
so there must be an acceleration parallel to the surface 
and opposite the direction of motion. 

o Push a book at a constant speed across the counter. 
There must be an equal and opposite force opposing 
you, otherwise the book would accelerate. Again the 
force is parallel to the surface and opposite the direction 
of motion. 

o Push a heavy box that does not move. To keep the box 
stationary, an equal and opposite force must oppose 
you. If you push harder, the opposing force must also 
increase to keep the box stationary. Keep pushing 
harder. Eventually the opposing force will reach a 
maximum, and the box will slide. 
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Types of friction: 

1. The static frictional force: 

o The opposing force that prevents an object from 
moving. (Parallel to the surface) 

o Can have any magnitude from 0 N up to a maximum 

o Once the maximum is reached, forces are no longer in 
equilibrium and the object slides 

2. The kinetic frictional force: 

o The opposing force that acts on an object in motion 
(Parallel to the surface) 

o Has only one value 

o Generally smaller than the maximum static frictional 
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surfaces are bumpy! 

Cold-Welding  
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 Notes:  

1. If the body does not move, then the applied force 
and frictional force balance along the direction 
parallel to the surface: equal in magnitude, 
opposite in direction 

2. The magnitude of fs has a maximum fs,max given 
by: 
 
 
where μs is the coefficient of static friction.  

3. If the applied force increases past fs,max, sliding 
begins. 
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4. Once sliding begins, the frictional force decreases to 
fk given by: 
 
 
where μk is the coefficient of kinetic friction. 

     5. Magnitude FN of the normal force measures how 
strongly the surfaces are pushed together 
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Answer: (a) 0    

                  (b) 5 N    

                  (c) no     

                  (d) yes    

                  (e) 8 N 

Uploaded By: Ahmad K HamdanSTUDENTS-HUB.com



The player free-body diagram: 

No motion in Y- direction: 𝑎𝑦 = 0 ;   𝐹𝑛𝑒𝑡,𝑦 = 0  
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6-2  The Drag Force and Terminal Speed 

 A fluid is anything that can flow (gas or liquid) 

 When there is relative velocity between fluid and an object, the body 

experiences a Drag force 𝑫: 

o That opposes the relative motion 

o Points along the direction in which the fluid flows relative to the 

body. 

 The drag force is: 

where: 

o v is the relative velocity 

o ρ is the air density (mass/volume) 

o C is the experimentally determined drag coefficient 

o A is the effective cross-sectional area of the body (the area taken perpendicular 

to the relative velocity) 
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• When a blunt object has fallen far 

enough through air, the magnitudes 

of the drag force and the 

gravitational force on the body 

become equal. The body then falls 

at a constant Terminal Speed 𝑣𝑡 
given by: 

Terminal speed:  
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 Terminal speed can be increased by reducing A 

 Terminal speed can be decreased by increasing A 

 Skydivers use this to control descent 

Skydiving:  
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In this case; the 

speed is close to 

that of a bullet from 

large-caliber 

handgun! 

Uploaded By: Ahmad K HamdanSTUDENTS-HUB.com



Slower position, smaller velocity and larger area: EAGLE position. 

Faster position, larger velocity and smaller area: NOSEDIVE position. 

 
𝑨𝒔𝒍𝒐𝒘𝒆𝒓

𝑨𝒇𝒂𝒔𝒕𝒆𝒓
= 

𝟑𝟏𝟎 𝒌𝒎 𝒉 𝟐

𝟏𝟔𝟎 𝒌𝒎 𝒉 𝟐 = 𝟑. 𝟕𝟓 

EAGLE position NOSEDIVE position 
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6-3  Uniform Circular Motion 

• If a particle moves in a circle or a circular arc of radius R at 

constant speed v, the particle is said to be in uniform circular 

motion. It then has a centripetal acceleration with magnitude 

given by 

• This acceleration is due to a net centripetal force on the particle, 

with magnitude given by  

 

 

 

 where m is the particle’s mass. The centripetal acceleration and a 

net centripetal force are directed toward the center of curvature of 

the particle’s path - Radially inward. 
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 For the puck on a string, the string tension supplies the 

centripetal force necessary to maintain circular motion: 
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(a) accelerated downward,  FN upward 

(b) accelerated upward, FN upward 

(c) the magnitudes must be equal for the motion to be 
uniform 

(d) FN is greater in (b) than in (a) 
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Assuming that the loop is a circle with radius 

R = 2.7m, what is the least speed v that 

Diavolo and his bicycle could have at the top 

of the loop to remain in contact with it there? 

The verge of losing contact with the 

loop (falling away from the loop), 

which means that 𝐹𝑁 = 0 at the top 

of the loop. 
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A car of mass m as it moves at a constant 

speed v of 20 m/s around a banked circular 

track of radius R  190 m. (It is a normal car, 

rather than a race car, which means that any 

vertical force from the passing air is 

negligible.) If the frictional force from the 

track is negligible, what bank angle 𝜃 

prevents sliding? 
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