
16.* A lift has a downward acceleration αg (α ≤ 1). Inside the lift is mounted a pulley, of negligible
friction and inertia, over which passes an inextensible string carrying two objects of masses m and 3m
(see below).
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We wish to find (i) the acceleration of the object of mass 3m with respect to the lift, and (ii) the
force exerted on the pulley by the rod that joins it to the roof of the lift. Use two frames to analyse
the motion: one (inertial) fixed in the lift shaft; the other (non-inertial) fixed in the lift. Denote the
coordinates of the masses m and 3m with respect to the inertial reference frame by x1 and x3 and with
respect to the non-inertial frame by x′1 and x′3 respectively.

(a) Let the tension in the string be T and the accelerations of the masses m and 3m be a1 and
a3 respectively (in the inertial frame). Write down the equations of motion (i.e., the expressions of
Newton’s second law) for each of the two masses in terms of T , in the inertial frame. Would these
equations be different if the lift were not accelerating?

(b) Eliminate T from your equations, and hence relate the accelerations a1 and a3.
(c) Write down another relation between a1 and a3 by setting up equations relating the motion in

the inertial (shaft) frame to the non-inertial (lift) frame and assuming that the string is inextensible.
(d) You should now have enough information to solve the problem in either frame. Give answers

for the cases α = 1/3 and α = 1, what is special about the second case?
(e) Could one get all the above results by assuming the lift not to be accelerating, but taking the

acceleration due to gravity to be g(1− α)?
[Ans: for the case α = 1/3, accl. of mass 3m in lift frame 2g/3, force on pulley 2mg.]
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