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Note that m2 cannot be accelerated horizontally unless the string is inclined at an angle to the
vertical, so that it can provide a horizontal force to accelerate m.
T =ma

T, =mg
= T= T2 +T =myy/g* +d’

2 2 m,g
T=ma = ma=mg +a" = a=
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If m1 >> mg, then
M +m+m)m,g
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(i) Initial condition (ii} Just before collision with the ground

my
m;=8my K
o ,l, v, =2glh-2a
h
Jr v, =+/2glh-2a
h 2
(iii) After lower sphere collision from the ground (iv) Just after elastic collision between spheres
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Let an = downward acceleration of the nth pulley
Let Tn = tension of the string hanging down from the nth pulley

Consider the forces acting on the second pulley. Since it is massless,

T
T, =2

)
Similarly, we can prove T, = T”Z‘l = 21”-11

Consider the forces acting on the first mass. Using Newton’s law,
T,-mg=ma, = T, =mg+ma,

Consider the forces acting on the second mass. Its acceleration in the lab frame is as — a2. Using
Newton’s law,

m m T, m
Tz_Eg :E(as_az) = Elzz(g"'aa_az): T1=m(9+as_a2)

In general, consider the forces acting on the kth mass. Its acceleration in the lab frame is ak+1 — ax.
Using Newton’s law,

m m T m
T _Fg :F(am_ak) = ZTl,l :F(g +a.,-a) = T,=m(g+a.-a,)

This equation holdsup to k =n - 1.

Consider the forces acting on the last pair of masses (that is, those hanging on the nth pulley).
Their acceleration in the lab frame is an downward. Using Newton’s law,

Tl
2 n-1

mg-T,=ma, = =mg-ma,

Adding the n equations above,
(n -1+ %)Tl =nmg+m(a,-0)+m(a, —a,)+---+m(a,—a,,)+m(0—-a,) =nmg

Note that in summing the acceleration terms, the first term of each bracket cancels the second
term of the following bracket.

_ . nmg
Yon-1420"
. . s T, 1-24"
The acceleration of the mass hanging from the 1% pulley=a, = +-g=—-—-7-9 >0
m n-1+2""
1-n
The acceleration of the lowest mass=a, =g — T _(n-Dd-27) g—g

m2"t  n—1424"
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Note: The mass proportional constant is omitted.
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