Descent Down A Curve

Descent down a curved slope was extensively analyzed in this investigation. An experiment was not performed, but rather, numerical observations were made to further understand the forces acting on the object as it descends. 

A few assumptions were first made: 

1. The object is spherical (with a radius 1) 

2. The curve is always decreasing and concave up, so the object does not fly off.

3. Let the curve be defined by f(x) and the initial starting point is at f(0).

Forces acting on the object:

1. Normal force (2 components)

a. Tangent of the curve countering the object’s inertia

b. Curve countering the object’s inertia

2. Frictional Force (μ)
a. Opposes movement of object 

Let’s first examine descent down an inclined plane.

















Ff = μFN = μmgcosθ

F = mgsinθ - Ff

    = mgsinθ - μmgcosθ

   = mg (sinθ - μcosθ)

F = ma

ma = mg (sinθ - μcosθ)

a = g (sinθ - μcosθ)

Basic Concepts:

Displacement = s

Velocity = v = [image: image2.png]


 (change of displacement WRT time)

Acceleration = a = [image: image4.png]


 (change of velocity WRT time)

Therefore:

v = [image: image6.png]


 
a = [image: image8.png]
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Normal Force of the Curve

The second normal force exists from the curve countering the object’s inertia.

This force is defined by: 

FN2 = [image: image12.png]



R = [image: image14.png]



The normal force of the curve (FN2) and the velocity (v) depend on x as illustrated below:

(INSERT GRAPH)

Calculating Friction

Ff = μFN

     = μ(FN1 + FN2)  

Trig Identities
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 (weird...sorry for all this inconvenience!) 
Plugging these identities into our pre-established equations, we get:

FP = mgsinθ = mg[image: image24.png](a7 1
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Combining the Equations

F = FP – sign(v)Ff  
(‘sign’ is the signum function where it is +1 if v is +ve, -1 if v is -ve, and 0 if v is zero)
    =  mgsinθ – sign(v) μ(FN1 + FN2)
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F = ma
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Final Equation - Differential Equation for Tangential Velocity (v):
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Where:


Ff = Frictional Force


FN1 = Normal Force (due to the incline)


Fg = Gravitational Force


FP = Force Parallel to Incline


Fo = Force Orthogonal (Perpendicular) to Incline








