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Overview

* Application of Newton'’s laws of motion

* Problems

In this lecture we will continue our discussion on particle kinetics. I will show you through some
examples the application of Newton’s law of motion.
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Problem 1:

A heavy chain with a mass p per unit length is pulled

along a horizontal surface consisting of a smooth N = -
section and a rough section by the constant force P E L g
If the chain is initially at rest on the smooth surface )
with x = 0 and if the coefficient of kinetic friction be- . r
tween the chain and the rough surface is y;, deter- e :

mine the veloeity v of the chain when x = L. Assume Smooth Rough, py

that the chain remains taut and thus moves as a ok i et o Bl

unit throughout the motion. What is the minimum
value of P that will permit the chain to remain taut?



The first problem is shown above.
You have to assume that the chain remains taut and thus moves as a unit throughout the motion.
This can happen only when the acceleration is non-negative.
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The free body diagram is shown above. The equation of motion is obtained from Newton’s
second law as given above. It is observed that the acceleration is a function of the displacement

variable x. We follow the steps as shown below.
oL U= P - pMpPx &

. PL”%‘—;= PPy

- %_m: px—zi/uk,ogfi*

Finally, the velocity as a function of displacement is obtained as
(L) = \[% — M QL

Furthermore, it is observed that the acceleration remains non-negative when

P> MePLg




This problem gives an idea why it is very important to apply brakes at all the wheels of a train. If

only the locomotive brakes, the train will try to collapse on to the locomotive.
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Problem 2:

Three masses are suspended as shown. The pulley P,
is initially locked to prevent any motion. If the lock is
suddenly released, determine the tension in the
strings, and the acceleration of the masses. Neglect
the inertia of the pulleys and friction at the bearings.

The next problem is about connected bodies as shown above.
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First we start with the coordinate system as usual. I have chosen the coordinate system has this y

coordinate vertically downwards as positive. Then the second step is drawing free body diagrams



as shown above. The kinematic relations are obtained based on our previous discussions on

pulleys as
Vs +Vpy= 0 V, = -V, - 2Vg
Vy+Vy =2V | 3 0y = —03” 205
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Using Newton’s second law for each mass point and the pulley P, we obtain the equations as

presented above. Using the kinematic relation (1) and the equations (2)-(5), we obtain the
solution as shown above.
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Problem 3:

Ms = Mx
If the coefficients of static and kinetic friction be- \ A 20kg -.P;;.-.
tween the 20-kg block A and the 100-kg cart B are > I |
both essentially the same value of 0.50, determine B 100 ke
the acceleration of each part for (a) P = 60 N and
(b) P = 40 N.

Source: Dynamics, Meriam and Kraige



The next problem is shown above. This problem demonstrates how the force of friction between

two bodies under forced motion may be decided by the dynamics.
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First step is to fix up a coordinate system as shown above.
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We start with the case P=60 N. There are 2 possible motions:

() %, =g (Qﬁd“"“ﬁf)

(b)Y a3 %o (SUPRNY)

For case (a) the solution procedure is shown in the slide above. It may be concluded that the

maximum static friction force is not enough to prevent slip. Hence, our motion possibility (a) is
wrong. We move to motion possibility (b)
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The calculations related to motion possibility (b) is shown in the slide above. Finally we
calculate the accelerations of the blocks A and B as given above.
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Next we go to the case with P =40 N. In this case again we have 2 motion possibilities as shown
above. We start with possibility (a). In this calculation, it is observed that the blocks can indeed

stick since the force of friction required is less than the maximum static friction force limit.

Hence, we need not consider possibility (b).
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Summary

* Kinetics of particles problems

* Four steps involved in Newtonian dynamics: coordinate system, FBD,
kinematics, equation(s) of motion

To summarize, we have discussed the kinetics of particles through some examples.



