ME 274: Basic Mechanics I/

Lecture 20: Particle Kinetics — Work-Energy




Overview: Work-Energy Equation

Q: When do we know to use the work-energy equation in a kinematic analysis?
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Example 4.B.4

Given: Block C having a weight mg is traveling with a speed of vy when it strikes a fixed wall. A
spring of stiffness £ is attached to the front of the block. The spring eventually contacts the wall,

resulting in a maximum spring compression of A,,,,..

Find: Determine the stiffness / of the spring.

Use the following parameters in your analysis: mg = 3200 b, v = 10 ft/sec and Amae = 6 in.
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CHALLENGE QUESTION: A particle slides on a rough, arbitrarily-shaped guide. What can
we say about the sign of the work done by the friction force acting on the particle as it moves
from position 1 to position 27 Similarly, what is the work done by the normal force acting on the

particle?
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CHALLENGE QUESTION: A particle slides on a rough, arbitrarily-shaped guide. What can
we say about the sign of the work done by the friction force acting on the particle as it moves
from position 1 to position 2? Similarly, what is the work done by the normal force acting on the

particle?
rough guide

/

position 1

position 2

Only the tangential component of the resultant force R contributes to the work done by F:

Ve = jj (ﬁ . @t) ds

If a force is perpendicular to the path of the particle on which it acts, then the force does NO
work on the particle.
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Challenge question: The particle is being pulled along a smooth guide by a force F = Fi.
What is the magnitude of US)?




Work - Energy Equation for S ystems of Particles
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There will only be a single work-energy equation, regardless of the number of particles in the system!
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Each term will be the sum for all particles in the system:
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Calculating U
Work done by external forces
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Work done by internal forces: rigid connections
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Work done by internal forces: conservative forces
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Work done by internal forces: dissipative forces
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Rule of thumb: make your system as large as possible to make workless forces internal. Make friction/dissipative forces external by your

choice of system.



Example: two blocks connected by a spring pulled along a rough surface by force F, block A sliding on top of B
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Example 4.B.6

Given: The system shown below is made up of particles A, B and E (having masses of 5 kg, 20
kg and 80 kg, respectively). Lightweight bars OB and OA are welded together such that there is a
right angle between the two bars, and these bars are welded to the pulley at O. Consider the mass
of the pulleys to be negligible. The system is released from rest when # = 0.

Find: Determine the speed of particle E when 6 = 90°.
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Example 4.B.7
Given: Particles A and B, having masses of m and 2m, respectively, are connected by rigid bar

AB, with AB having negligible mass. Bar AB is pinned to ground with a pin joint at O. This ?B b

system is released from rest at position 1 with # = #;, with A in contact with a pair of identical
springs, as shown in the figure. Each spring has a stiffness of %k, and the springs are unstretched
when # = 0. Assume the dimensions of the particles to be negligible.

Find: Determine the speeds of particles A and B at position 2, where in position 2 particle A is .
directly above O. -
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