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Problem 1.29

Do the same tasks as in Problem 1.28 but for the case of four particles (N = 4).

Solution

Suppose there are N particles in a system. One of the particles, labelled «, experiences a force
from the remaining N — 1 particles in addition to an external force.

N
Net Force on Particle o = F, = Z F.p+F

B=1
Bt

If N =4, then
Fi =Fi3+Fi3+Fyy + F§

4 Fy = Fo1 + Fo3 + Foy + F§*
Fo=) Fos+FJ = _
g;l F3 = F3; + F3p + F3y + F§
(6%

Fy=Fy +Fyo+Fy3 + FF*

According to Newton’s second law, the net force on a particle is equal to the rate of change of
momentum.

d
% =Fio+ Fi3+ Fiq + F§
dp2 _ ext
a0 =Fo1 + Fos + Fou + F5
dP3 o ext
d =F31 + F32 + F3u + F3
dp4 ext
d =Fyu +Fgpo +Fy3 + Fy
Add them together to get the rate of change of total momentum.
dP _ <~ dpy
dt dt
B=1

= (Fi2+ Fi3+ F1a + F{) + (Fo1 + Fo3 + Fou + F§) + (F31 + Fao + Fay + F$)
+ (Fa1 + Fao + Fy3 + FT)

=(Fi2+F2) + (Fi3+F31) + (Fiu+Fu) + (Foz +F32)
-0 =0 =0 =0

+ (Fos + Fy2) + (F34+Fa3) + FOU 4+ FS* + F§* + FE
=0 =0
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By Newton’s third law, F;; + Fj; = 0.

dpP X X X X
%:F?t—Fth—Fth—FFZt

Therefore, if the net external force acting on the particles is zero,

e
dat

then the total momentum is conserved: Pinitiai = Pginal = constant.
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