1
Defining “the system/systems” to efficiently attack specifice questions in coupled mass

Newton’s Law problems.
Annotated lecture notes by M. Croft

2 masses (coupled)

This figure illustrates the typical approachtoa " +, Freebody diagrams 2
interacting object problem. Namely, Newton’s law for | T i ek a9
each of the two objects is written down and two i ] T=
simultaneous equations are solved for the 2 : : : : o
unknowns: the acceleration of the system (a) and the
internal force/reaction force T between the objects. P-m,a=ma | T=m, P
[Here the two dashed boxes indicate the two P=ma+m,a :(m1+mz)“ 7 (my+m,)
subsystems for which Newton's laws are written a= _P
down separately. (m, +m,) 4-6
[Note that in thiS, and all the subsequent, problems Note: balanced forces in y-direction are assumed and ignored.

the equal magnitude and opposite direction for the force/reaction-force between interacting objects dictated
by Newton's 3" Law is used repeatedly without mentioning. Note also that the “+” direction is always
carefully defined and all forces identified occur in Newton's laws with this sign convention. ]

This figure (top) illustrates how a careful Now define System carefully
definition of the “system” can lead to, in some cases, a to solve specific question asked !!!
simpler solution to the problem. Speciﬁcally, suppose a Internal forces (e.g. T) do not appear- only outside to inside forces.
problem asks for only the acceleration (a) of the system. 5 aqces NN
In this case the internal force (T) does not asked for. It ,=--- 1T i = Askaz?
is convenient therefore to define the system as the two [, = Lt Prmomya
objects combined. Newton's law for this system L 1 .\ a=__ P
therefore involves only the external force P actingon system (m, +m;)
the system and the total mass of the system m;+m,. In system” cut at point of internal force action
this way the acceleration, a, is determined almost - --- T - AskT=2?
immediately. : @_T> P e D

Knowing the acceleration, if one is now asked = : [ ™ P
for the internal force T, one can define a subsystem BN :;te_m_ T T=m,a=m, ) 4-6a
containing only one of the masses (either one will do).

Writing down Newton's law for this subsystem allows one to solve for T immediately.

Suppose now one has 3 coupled masses. The full 3 coupled masse -
solution to the problem is indicated in the top panel of the #» <%L> <LE¥L>
figure. If one wishes to simply know the acceleration of the ® T=ma @ T,T=ma () PT,=m,a
system one would need to solve the 3 simultaneous individual
Newton's law equations to determine “a” very hardway, __ add (+@y+3)= P=(mm,m,ja

If however one defines the “system” to be all three casyway 1 Askaz? | R
masses combined (as in the bottom panel) “a” can be found in I_’; _______ ﬁ ________ I
essentially a single line. P m K

P=(m+m,tm,) a=Ma 1_\
a=P system
M

carefully define ;‘gystcm” to attack question asked !!



9 “system” cut at point of internal force action

Having determined (or being given) “a” one can
determine one of the internal forces (tensions T, T, or AskT,=?
T;) by creating a subsystem whose edge “cuts” the larger el N - £,
system at the point where the desired internal force “acts” :! L, <LQK’L, L P
1| | ' || [m, [
—— e e e e -
-------- - P=(m,+m,tm,) a=Ma
T,=mja, __ 4=pP
T,=m, P
M
This problem illustrates to coupled masses oh pect B
which are constrained to move linearly can be P i
thought of as moving along a single “direction” as e
long as one carefully defines the + direction of shpect A
motion consistently when going around a corner. T
. “ltma=mpa
[Note that since the normal force N and M
gravitational force mpg are perpendicular to the
motion, and are balanced they are not included in ! 4 g g @ =g = =y @
the equations along the direction of motion.] i : ¢
Going around corner, (Mpem Nz m
carefully choose sign . » ke
convention consistently !!! o =My -] ?_
4-10 . /
. .This problem illustrates that the same = “system” i + % 30
definition of the system as both masses combined R i ‘ il :
allows the determination of the acceleration, a + —red =
) . > '’ = ! 4 - ,-
quickly despite the fact the system goes around the e . t' f v Ma = £
y ! s
corner. ﬁ‘ : (g + e (A ~n 9

e

Ng > So0 4 (-$ky) e ’:“‘"A
TR 6o 2 (006 ky) Choosing “system” . L '.z 1’
to answer question!!! H .
4 éo
My torg che = & Ky
4-10a ~ ;i o
.
This problem illustrates that the same concept I Ty 4 ) I
. .. . E my= 2. .y
but with an additional mass. e g 3 65 :
—_— / é I |+
m,g = (m+m,+ ma |
I113=
. 30kg | |
2 g=a |1
(m,+m,+ m,) ° : m, ¢

3
[m/m] [m/s?] (1+2—+3)9~8 =a

[m/s’] 49 =a 4-11



This problem illustrates that the same concept for a system that goes around two corners. It is
especially important to carefully assign a + direction of motion that is consistent for all three masses.
Specifically, if ma moves upward, mg must move to the right, and mc must move down (i.e. the connecting
ropes do not stretch or go slack).

— 3 mass problem

3 + sign convention choices
Choosing “system”
to answer question!!!

'Y, .

Forces from outside box (system) acting to inside = M, .. yox @box
- - % +-\‘1, o (an.m.fn.j a
- - +2+ )
Cprmtey ¢ W2l
az —m/s’
4-12 3



