K. Arocket accelerates straight up by ejecting gas downwards. In a small time interval Af, it ejects a gas
of mass Am at a relative speed u. Calculate KE of the entire system at (¢ + At) and t and show that
the device that ejects gas does work = %&muz in this time interval (neglect gravity).

Sol. Let mass of rocket at any timet=M
Velocity of rocket at any time t = v
Am is the mass of gas ejected in time interval At
(KE)ziat = 5 (M — Am)(v+ Av)? + 3 Am(v — u)?
= 2 [(M — Am) (v + Av® + 2vAv) + Am (v? + u? — 2uv) |
Muv? + MAv? + 2MvAv — Ama?®
(KE)riat = 3 | —AmAv? — 20AmAv + Amv®+
Amu? — 2uvAm
(KE),, ps = 5 Mv® + MvAv + 5 Amu® — wvAm
[neglecting the very small terms M Av?, AmAv?, 2vAmAvcontains AvZand AmAv]
(KE), = 1 Mv?
(KE);, ps — (KE), = $ Mv* + MvAv + + Amu® — uwwvAm — § Mv?
AK = 3 Amu? +v(MAv — uAm)
By Newton's third law,
Reaction force on Rocket (upward) = Action force by burnt gases (downward)
M4 — 4 y(.- F = ma)
Oor MAv = Amu = MAv—uAm =10
Substitute this value in (i)
K= %uzﬁm
By work energy theorem A (KE) = WD
or W=AK= %ﬁmuﬂ.



