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Section A

A1. Considerthegravitationalattractionof athin uniformsphericalshellof massm.

Statethe vectorform of the gravitationalacceleration for the caseswherethe

testparticleis inside,andoutsidetheshell, in termsof its positionr relativeto

thecentreof thesphere. [4]

A2. A spinningtop makinga constantangleα to the vertical is undergoing slow

steadyprecessiondueto gravity. How doestherateof precessionωp dependon

α? Justifyyouranswerby explaininghow thetorquedependsonα andhow the

rateof changeof angularmomentumdependson ωp andα. [4]

A3. Explainwhy aplanet’sorbit lies in afixedplane. [4]

A4. A small heavy ball thrown from somepoint in Southampton,hasposition r

relativeto thispointandsatisfiesanequationof motionof theform

r̈ ��� gR � R � 2ωωω � ṙ � ωωω ��� ωωω � R �
whereg is the acceleration dueto gravity. Explain the meaningof the terms

R andωωω in this equation. Explain briefly, how the last term in the equation

above, resultsin apparenteffective gravity, andqualitatively, how this differs

from gravity without this term. [4]

A5. Considera planetorbiting the sunwith somenon-zeroeccentricity e. Sketch

the orbit, labelling thesemimajorandsemiminoraxes,thepositionof theSun

in termsof e andthesemimajoraxis,thepointson theorbit wheretheplanet’s

radial velocity momentarily vanishes,andfinally the point on the orbit where

theplanet’sangularvelocity is ata maximum. [4]
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Section B

B1. A rocket at rest in deepspacehasa casingof massC anda massM of fuel.

It thensubsequentlyburns fuel in sucha way that the escapinggaseshave a

constantspeedu relativeto therocket. Show thatwhentherockethasamassm

of remainingfuel, therocket’sspeedis givenby

u ln

	
C 
 M
C 
 m �
� [8]

Therocket thenrotatesto point in theoppositedirection,andtheremainderm

of fuel is completelyburnedwith thethrustretardingtherocket. Show thatthe

final velocityof therocket is

u ln

	
C � C 
 M �� C 
 m � 2 � � [7]

In termsof C andM, whatmassof fuel mustbeleft afterthefirst burn, if at the

endof thesecondburn, therocket is againat rest? [5]

B2. Two identicalparticlesareconnectedby amasslessinextensiblestringof length�
. Oneof theparticlesmoveson a smoothhorizontaltable. Thesecondhangs

verticallybelow aholein thetablethroughwhich thestringpasses.

In termsof planepolar coordinatesr andθ centredon the hole,andapplying

whatyou shouldknow from planetarymotion,write down expressionsfor the

kineticenergy andangularmomentumof theparticleon thetable. [6]

Write down expressionsfor thetwo conservedquantitiesin thissituation. [5]

Theparticleon thetableis initially at distance
� � 2 from thehole,moving with

speedv perpendicular to thestring. Show that theparticlebelow the tablewill

bepulledall the way up to thehole if v2 � 4g
� � 3 (whereg is theacceleration

dueto gravity). [9]

TURN OVER



4 PH211W1

B3. An infinite numberof identicalbeads,eachof massm � 1g, areattachedto a

light elasticstring. Whenundisturbedthebeadsandstringlie in a straightline

onasmoothhorizontalsurfacewith eachbeadseparatedfrom its neighboursby

distancea � 2cmandwith thestringstretchedto tensionT � 2 � 10� 3N. Label

eachbeadby anintegern giving its positionin thesequence,sothatbeadn lies

a distancena alongtheline whenthesystemis undisturbed.

Show that the line of beadscansupportsmall transverseoscillationswith the

displacementof thenth beadgivenby therealpartof

un � Aeiωteinθ �
whereω andθ arerelatedby

ω2 � 2T
ma
� 1 � cosθ � � [10]

Thebeadlabelledn � 0 is now clampedin placeandthebeadatpositionn � 5

is forcedto oscillatetransverselywith displacementu5 � hcos� ωt � whereh �
0 � 1cmandω � 10rads� 1. Find thedisplacementof thebeadlabelledby n � 2

asa functionof time. [10]
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B4. (a) Show that the momentof inertiaof a uniform solid sphereof massm and

radiusa abouta diameteris
2
5

ma2

[9]

(b) A solid sphereof massm andradiusa rotatesfreely abouta verticaldiam-

eter. A small insectof mass2m � 5, initially at onepole, walks down the

sphere.Let θ betheanglebetweentheverticalandtheradiusfrom thecen-

tre to the insect. If thesphereis initially rotatingwith angularvelocity ω,

show thattheangularvelocitywhentheinsectis at θ, is givenby

ω � θ ��� ω
1 
 sin2θ � [6]

The insectwalks with constantspeedalonga greatcircle of the sphere,

reachingtheotherpoleaftertime T . Find theanglethat thesphereturned

through,duringthis time. [5]

Youmayfind thefollowing integraluseful:

π

0

dθ
1 
 sin2θ

� π�
2 �
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