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Kinetics for the rectilinear Motion of Particles - Net force dependent on position

For a particle of mass m traveling along a straight path and experiencing a force F= Fé,
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Ex: spring forces

Unstretched
Spring

Hooke's Law

F;prmg = kX

Spring constant k

Ex: magnetic forces
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If force is a function of position: F = F(s)
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Newton’s law for the path description of motion

R - resultant force acting on the particle as it moves along the path
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Breaking R into components:
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What is each component responsible for?
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If we are interested in studying the change in speed of a particle, we need only deal
with the tangential components of the forces acting of the particle V()
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What if our motion/forces are described with the cartesian description?

From our work-energy equation:

U= [ (-2 a
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To convert to cartesian form, we need to relate é; to i,j,and sto x, y
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Conservative forces and Potential Energy

In general, the work done by a force F is dependent on the shape/distance of the path traveled.

Conservative forces are a class of forces where the work is path independent and instead only depend on the start and end
positions.

Examples: spring force, weight

You do not need to integrate conservative forces — instead, take the difference of their potential energy functions between
points 1 and 2!

We can rewrite our work energy expression in terms of conservative and non-conservative components:
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Spring potential energy Gravitational potential energy
k N° 5 Vyr = mgh
Vsp = E(L _LO)"' '
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— * h — height above/below datum
* L -current length of spring
* Lo - unstretched spring length Note: The sign of V;,- matches the sign of h,
* k - spring constant i.e. if the ending position is above the
_ datum Vg, > 0, If the ending position is
Note: Vsp is ALWAYS = 0 below the datum V,,, < 0

7/)/7‘@/\}1«/@ @/V‘/"‘/D"( ,\/



Example - work and potential energy of a spring force
Spring force: F‘P (L - L)
porerburm = ~k(LL)E

Work done by spring forge:
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Convert between path and polar descriptions:
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Example - work and potential energy of a weight force
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Weight force: 7~

F, = fm7f
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Work done by weight force: _ - .
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Convert between path and cartesian descriptions:
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Example 4.B.1

Given: The 6 kg particle P and the attached light rod (of length L = 2 m) rotate in a vertical
plane about a fixed axis passing through O. The assembly is released from rest at # = 0 and moves
under the action d¢f the F' = 100 N force (which is maintained normal to the rod).

Find: Determine the speed of the particle P when ¢ = 90°.
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Example 4.B.2

Given: A block of mass m is released from rest on a rough, inclined surface (with a coefficient of
kinetic friction y;) and slides toward an uncompressed spring of stiffness &.

Find: Determine the FRSMAGHSEHON! the spring B
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