Atwood machine with Lagrange multipliers
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In order to show an explicit example of the use of Lagrange multipliers let's consider the
Atwood machine. The vertical positions of the two masses are indicated by x and y respectively.

| x+jtﬁ
Y COMNSTRAINT
vy {(Z/‘j)sx‘f’(j

Us-mgy M,

ISR IR
R B e o

tmgx s my
Consequently, the modified Lagrange equations are
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In addition j - fx
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Therefore the second Lagrange equation above becomes



h/)a 'j =+ /\ + Hﬂz;é, = o
Sustr{ﬁ(JFe (i

T )\:_ng o Tirsh eq

. x = Wt,g — g - M, x

M, — h, EGULUATI ON ©OF

x = j
{ |
m' O ON

When one wants to solve the problem from the point of view of Newton's second

law, one needs to introduce the tension acting on the masses
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By comparing with the above, one sees that the tension is indeed equal to -A.
One can easily solve the equations
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The expressions for A obtained from the first and second Lagrange equations agree
with each other. The Lagrange multiplier is constant in this case.



