
?⃝ To solve this problem we'll use the Lagrange equations . For this it's
a good idea to start with an FBD .

In this case the force caused by the dashpot

and spring are : Ez
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The distance travelled by the weight is Rid

Now we need the kinetic energy of the
entire system : s
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and the potential energy of the spring and gravity :
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The dashpot causes a non - conservative force , from which we get the

generalized force :

Qnc= Ed .
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where Ed = bRzbiez

I is the point of application of the force . We need an expression for I
went to P

,
which we can find using trigonometry

I = Rz cos (0+11) ed t Rz sin (Pth) ≤z

where we use 8th , as for 0=0 , the force applies at -Rey ?
Now we can use our small angle assumption , do a Taylor expansion
to get cos (8+5)≈ -1 and sin (8+11) ≈ - A

,
which allows us to write

⇒ I ≈ -Rza - Ride

⇒ Fj ≈ -Rzeez
With this we can now find our generalized force for the dashpot :

Qnc = Ed
- a¥= -bred

Now we have everything we need for our Lagrange equations :

¥ /¥) - ÷ = -6Rid ,
with L= T- V

which after insertion gives the following equation of motion :
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② To find a static equilibrium we simply have to solve
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③ The natural frequency and characteristic can be found using the
coefficients of the equation of motion .
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⑦ For 1174 to be an equilibrium ¥ / p=¥ = 0 needs to be
fulfilled .

We can calculate the total potential energy as
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② A stable equilibrium requires 3%2 / p⇒¢ > 0 to be fulfilled .
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⇒ mg+ Ho > 0

which is always satisfied for any K > 0 ( which is generally the case) .


