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CLASSICAL MECHANICS

Duration:120MINS

Answer all questionsin Section A and two and only two questionsin
Section B.

Section A carries 1/3 of the total marks for the exam paper and you should
aimto spend about 40 minson it. Section B carries 2/3 of the total marks for
the exam paper and you should aim to spend about 80 mins on it.

An outline marking scheme is shown in brackets to the right of each question.

Only non-preprogrammed cal culators may be used.
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Section A

Considetthegravitational attractionof athin uniform sphericashellof masam.
Statethe vectorform of the gravitational acceleratn for the casesvherethe
testparticleis inside,andoutsidethe shell,in termsof its positionr relative to

the centreof thesphere. [4]

A spinningtop making a constantanglea to the vertical is undegoing slow
steadyprecessiomueto gravity. How doestherateof precessiono, dependn
a? Justifyyouranswetby explaininghow thetorquedepend®na andhow the

rateof changeof angulamomentundepend®n w, anda. [4]
Explainwhy aplanetsorbit liesin afixedplane. [4]

A small heavy ball thrown from somepoint in Southamptonhaspositionr

relativeto this pointandsatisfiesanequationof motionof theform

f=—-gR/R—20Xx I —wx (WX R)

whereg is the accelerabn dueto gravity. Explainthe meaningof the terms
R andw in this equation. Explain briefly, how the last term in the equation
above, resultsin apparenteffective gravity, and qualitatvely, how this differs

from gravity without this term. [4]

Considera planetorbiting the sunwith somenon-zeroeccentricity e. Sketch
the orbit, labelling the semimajorand semiminoraxes, the positionof the Sun
in termsof e andthe semimajoraxis, the pointson the orbit wherethe planets
radial velocity momentariy vanishesandfinally the point on the orbit where

the planetsangularvelocity is ata maximum. [4]



B1.

B2.

Section B

A rocket at restin deepspacehasa casingof massC anda massM of fuel.
It thensubsequentlyurnsfuel in sucha way that the escapinggaseshave a
constanspeedu relative to therocket. Shov thatwhentherockethasamassm
of remainingfuel, therocket’'s speeds givenby
uln (ﬂ) :
C+m
Therocket thenrotatesto pointin the oppositedirection,andthe remaindem

of fuel is completelyburnedwith thethrustretardingtherocket. Showv thatthe

uln (%)

In termsof C andM, whatmassof fuel mustbeleft afterthefirst burn, if atthe

final velocity of therocketis

endof thesecondourn, therocketis againatrest?

Two identicalparticlesareconnectedby a masslessmextensiblestringof length
(. Oneof the particlesmoveson a smoothhorizontaltable. The seconchangs

vertically below aholein thetablethroughwhich the stringpasses.

In termsof planepolar coordinates and® centredon the hole, andapplying
whatyou shouldknow from planetarymotion, write down expressiondor the

kinetic enegy andangulamomentunof the particleon thetable.
Write down expressiondor thetwo conseredquantitiesn this situation.

The particleon thetableis initially atdistance//2 from the hole, moving with
speedv perpendiculato the string. Shawv thatthe particlebelow the tablewill
be pulled all the way up to the holeif v2 > 4g(/3 (whereg is the acceleratn

dueto gravity).
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B3. An infinite numberof identicalbeadsgachof massm = 1g, areattachedo a
light elasticstring. Whenundisturbedhe beadsandstringlie in a straightline
onasmoothhorizontalsurfacewith eachbeadseparatedrom its neighboursy
distancea = 2cmandwith thestringstretchedo tensionT = 2 x 10~ 3N. Label
eachbeadby anintegern giving its positionin the sequencesothatbeadn lies

adistancena alongtheline whenthe systems undisturbed.

Shaow thatthe line of beadscansupportsmall trans\erseoscillationswith the

displacemenbf the nth beadgivenby therealpartof

Up = Aeiwtein67

wherew and@ arerelatedby

w? = %(1—cose). [10]

Thebeadlabelledn = 0 is now clampedn placeandthe beadat positionn =5
is forcedto oscillatetrans\erselywith displacementis = hcogwt) whereh =
0.1cmandw = 10rads™!. Findthedisplacementf the beadlabelledby n = 2

asa functionof time. [10]



B4. (a) Shav thatthe momentof inertia of a uniform solid sphereof massm and

radiusa abouta diametelis

[9]

(b) A solid sphereof massm andradiusa rotatesfreely abouta vertical diam-
eter A smallinsectof mass2m/5, initially at one pole, walks down the
spherel et 8 betheanglebetweertheverticalandtheradiusfrom thecen-
tre to theinsect. If the spheras initially rotatingwith angularvelocity w,

show thattheangularvelocity whentheinsectis at 6, is givenby

w

= 17 siPe 6]

w(8)

The insectwalks with constantspeedalong a greatcircle of the sphere,
reachingthe otherpole aftertime T. Findthe anglethatthe sphereturned

through,duringthistime. [5]

You mayfind thefollowing integral useful:

/" e m
0 1—|—sin26_\/§'
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