Key Conceptsfor theLedure of 16Jul03

Using Newton’s Laws

In the study of Kinematics, we developed an ability to understand and interpret the equations
of motion. We have studied the spedal case of constant acceeration (which includes the
spedal case of constant velocity) extensively. Given an initial position, an initial velocity,
and an accéeration for abody, we can compute its later velocity and pasition at any time.
We can predict the time evolution d the system. It is Newton's ndlaw that gives usthe
accéerationto use in the equations of motion. Newton's seondlaw states that a particle
acceerates under the influenceof aforce Just as your intuition suggests, the accéerationis
propartional to the magnitude of the force and inversely propartional to the mass(inertia) of
the objed being accéerated:

F =ma

To analyze asystem in which the comporents undergo linea motion, wse the following
general procedure:

1. Anayzethe system identifying eat body (or particle or objed) cgpable of motion. Take
note of their masses and any geometricd constraints like hanging from arope or sliding ona
plane.

2. Examine eab bod, to identify all it sinteradions and the forces ading onit. Note that
Newton'sthird law requires that every force aise from an interadion d two bodes, and that
the forces associated with eadh interadion ad onthe two bodesin predsely oppaite
diredions with predsely equal magnitudes. There will be alaw of physics which governs
ead interadion and which will alow youto compute eat force

3. Draw afreebody diagram for ead body in the system. Carefully identify ead force
ading onthe body, and daw it in the crred diredion--and with the crred magnitude if you
know it. Label eat force dealy. Again, ndethat ead forceisthe result of an interaction
between two bodies. The body you are working onis aways the pushee; you shoud be ale
to identify the pusher for ead force

4. For eat body, add uptheforces. You must do this addition vectorially. The resultant of
this sum isthetotal force (or net force or resultant force) onthe body. It isthisforcethat
causes the accéeration described in Newton's secondlaw.

5. Use Newton's mndlaw to write down the equation o motion for ead body separately.
If you have dore dl the steps above wrredly, thisbasicadly a dericd task. The equation o
motionfor ead body in the system is



6. If you perform step 5for ead body in the system, you will have asystem of n equationsin
n unknovns. Therewill be three guations for eat bod/--one eab for the x, y, and z
comporents of force and accéeration--and there will be one set of these three @uations for
eat bod;. Clealy thiscan be a omplex algebraic system, bu its slutionisthe complete
kinematics of the system.

In general, the unknowvns in the system of equations of motion will be comporents of
accéeration and comporents of unknown forces of interadion between pairs of particles.

There ae several important tricks to simplify the derivation d the eguations of motion.

1. In many systems, the individual bodes may only movein ore dimension. In these cases,
you can simplify the summation o forces by separately determining the componrent of force
along the ais of motion. Then you can charaderize eat forcewith asigned scdar value
(the scdar magnitude of the force), and you can charaderize the accéeration with a signed
scdar value. Youarefreeto choose the diredion along the ais of motion that you will trea
as positive. Be sureto dothis consistently!

2. Examine the geometry of any constraints on the system to seeif you can equate any forces
or acceerations. For example, amasdess inextensible ropein tensionwill exert the same
tensionforceonthe two bodesit conneds. Tensionisawaysapull. (Youcan't pusha

rope.)

3. An oljed resting or sliding onasurface ca oy movein adiredion parall € to the
surface Whatever the forceisthat presses the body to the surfaceis exadly cancded by the
“normal force” of the surfacepushing badk onthe body. It is safe to leave these forces out of
the freebody diagram and the equations of motion. But dont negled to include any
comporent of applied forceparallel to the surface

4. Thejudicious choiceof coordinate system can simplify things grealy. Noticethat you can
use adifferent coordinate system for ead oljed in the system. Youjust haveto be caeful
how you acourt for the forces of interadion between pairs of objeds © that they are
represented corredly in the mordinate system appropriate to eat body.

5. It isoften passhble to group oljeds together and trea them as asingle objed with mass
equal to the sum of the masses of the objeds. Be very careful using thistechnique! You
must be &le to justify the mombination d masses, or risk obscuring interadions that
contribute to the dynamics. (Think of the dumbwaiter problem.)

The procedure described here has tremendous generality. Although it often resultsin
intradable sets of equations of motions, you can use it very effedively to analyze systems
that involve straight-line motion o the comporents at constant accéeration.



