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Oueestion |

Thiz question is moinly related 1o Unit 13 and CArTIes
8K of the murks Jinr s axsipnment,

Bohr's guantum model successliully accounts for the
stze and the spectroscopy of the hydrogen atom, which
consists of an electron moving around a proton. There
are many similaritics between the elecirostanic forces
that bind an electiron o a proton and the gravitational
forces that maintain the plancts in orbit around the Sun,
and a satellite in orbit around the Earth, Both forces
obey an attractive inverse-square law, I is therefore
possible 1w adapt Bobe's postelates and his calenlutions
to abtain & gravitational analogue of the Bobr model of
the hydrogen atom, and this is what vou will do in
answering this question. In particular, you are asked o
el up a simple quantum model 10 describe a satellite,
mass m,, that travels at specd v in a (Gircolar) orbit,
radius 8, around the Moon, mass M. You should TETOG
gravitational forces between the satellite and all other
hodies apart from the Moon,

(ah  Write down adapied forms of Bohr's four
postulates that apply 1o the saclline arhiting the Moo,
{2 rwrkey)

{b)  Show that the allowed radii B, of the orbits of (he
satellite are given by R, = 0 i 0an2GMm,2, where R, is
greater thin the Moon's radios and w is a (suitably larpe)
poEilive integer T ks

(e)  Show that e speed o, of the satellite in the arbit
with radivs K, 15 given by v, = 2nGMmJink. (7 marks)

{d)  Now assume that the satellite has mass 5.0 % 107 kg
and is in a circular orbit 200km above the Moon's
equitorial surface, The Moon's mdius is | 720km and
s mass is 7.2 x 1077 kg, Calculate the approximate
value of the quantum number « Tor this orbit, and hence
calculate the value of the speed of the satellite, (5 marks)

led  LCaleulate (v, — v, Vo, the fractional change in
speed when the satellite makes a transition from an okt
with quantum number # (as caleulmed in part dj fer en
orbit with quantum number w + 1, State the
comespondence peinciple (Unit 14}, and discuss {in a
Few semlences) bow this principle applics (o yvour result
for (b, = ©,.,0v, oblained with the ‘Bohr satellig
moel’, (10 k)

Hini: You can expect 1o obtain a very large number as
your answer for part {d). This may restrict your use of a
caleulator in pant (el if =0, vse the fact that
| I I
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Orueestion 2
Titis quextion is relared fo Limit 14, and carries 25% of
e marks for this assipnnent,

You saw in Unit & how Newtonian mechanics is wsed o
describe the motion of a particle of mass M that is
attached to a spring of force constant £, and undergoes
simple harmonic motion along the x-axis about an
equilibrium position, x = 0, with amplitude x,,.. This
question concerns the Schridinger equation and the WAy
it is wsed 10 give a guantne mechanical description of
the swme svsiem,

fal  Write down Schriidinger's cqustion for this sysiem
when its total energy is £,. Your answer should bhe an
equation relating to the wavefunction w and d2wide 1o
the position coordinale © and the constants 8. &, # and
&, |Health warsing: do not tey 1o solve this eopuadicn! |
(¢ arearks)

{b)  Suppose that a certain wavefunction w, is a
satislactory solution of the Schrikdinger equation VO
wrole down in part {a). Stale in o few sentences what
can then be said about the wavefunction w, and the
value E,. (4 maarks)
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