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CM 1 - End-Sem-Exam — 29 Nov 2024, 9:30 am o 12:30 pm

1. {25 marks} Bead on a rotating hoop. A bead is free Lo slide along a frictionlest hoop of
radius R. Gravity acts downwards. The hoop rotates with constant angular ypood w around
a vertical diameter (see Fig. 1). Fiud the equution of motion for U suple 0 shiown. Whnt
are the equilibrium positions? What is the frequency of small oucillntions abont the stable

equilibrium? There is one value of w that is rather speciul; what is it, and wiy 1 16 specinl?
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Figure 1: Bead on a rotating hoop. ’ ﬂ’ 0 4 Cme O
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2. {25 marks} Decays lide/ 8 AN

(a) A stationary mass M decays into a particle and a photon. If thc gpeed of the particle

is v, what is its mass? What is the energy of the photon? -

(b) A mass m moves at speed v. It decays into three photons, one of which travels in the "
forward direction, and the other two of which move at angles of 1207 (in the lub frame)
as shown in Fig. 2. What are the energies of these three photons?
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Figure 2: I'hree photons decny. . i)
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3. {25 marks) Bullots on a train. H

'U-fi (/{f ]
A train moves ot speed v, Bullets are puccessively fired at speed u (relative to the train) -\; & /L

from the back of the train to the front. A new bullet is fired at the instant (a8 measured in 7 U +V

)} the train frame) the previous bullet hits the front. In the frame of the ground, what fraction | J/-;... -
2 {
of the way slong the train is a given bullet, at the instant (a8 measured in the ground frame) e

the noxt bullel 18 fired? What is the maximum number of bullets that are in flight at a
given instant, in the ground frame? ) ()/

4, {256 marks} Skimming a planet. A particle travels in a parabolic orbit in a planet’s
gravitational fiold and skims the surface at its closest approach. The planet has mass

density . Relative to the conter of the planet, what is the angular velocity of the particle
as it skims the surface?
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