
EASTERN UNIVERSITY, SRI LANKA

THIRD DXAMTNATION IN SCTENCD (2ou/2oo5)

SECOND SEMESTER (Aue./sep.'2007)

Special Repeat

MT 307 - CLASSICAL MECHANICS III

Ansser all qucrtions

Time: Thrcc hou*

1. Two frames of reference 5 and S' heve a, common origin O and S' rotates with

' an angular velocity g relative to 5. lf a moving particle P has its position

vector ar I relative to O at time , ehow, by carefully deffning the derirative,

that

dr 0rfal:=:+{rArand
"dt At - -

&r 32r dr 0w(bl *= *+zu^; +; 
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^d.
A uojectile located at e point O co-latitude ,l is fired with velocity go in a

southward direction making an angle a with the holizontal.

Find the position of the projectile after time tr,

Prove that after time t the projectile is deflected to{ards the east from

its original vertical plane of motion by the amount

fr,,g 
sin .lt3 - r.,vo cos{a - .l)t'?,
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(b)



(c) Prove that whea the projectile ret
thraugh o, at g distence 

'--- '-"ums to 6 piint on the lorizonial plane

, With usual notations, obtain the
ticles in the following forme;

(u) &
dt =Xang

r,

where / = g 1 yJ. 6nd gio ihe &ccelelation of grovity.

4uri eirf a--$-13 coeocos ) + sinogin ))
to the west of the point of projection.

equations of motion for a eystem of .rV par.

b) \=#+(u-u)aML,
where

and that
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'mootrh vertical w&ll

,n and cente! c rolre down an" 
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t" , A heavy unifo*n ephere of mags

r velocitv ,,. wt-_^ r :- _i 
iyZ causitg the tetrahedlon to scquire

is the moment ofthe exter!&l folces ar
about a moving poinr, ,o,n" rrrr"rrill 

8on the svstem about on rhe syrted

a velocity ui where j ig the unit vect< 
e "'" """!orcqrun ro &cquu(

'r along Oy- lf dE = \ rheru prove t[at

(M+^)v-mi,i-"^"ronr,
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) With urual notatiom, ahow.tliat, for the motion o{ a top with its tip

s perfectly rough horizontal floor,

t+$coag=coutant:n,

A$sin' 0 l Cn coa 0 - cotustarrt = kt

A(it + f sia' 0) + zmgh cosg = canstant,

where r is the spin angular velocity of the top.

Let u = cosO. Prove that

i. i, = (d - pv)(l- z,) - ("y - du),: l(z) (soy

, 2E - Cnzwhered=-.8=
A

2mgh ^Cno=-T'r= | ."a

ii. t= I;fti+cot'stant.

usual notatiotrs, obtain Euler's equations of motion for a rigid body

a poiat fixed, in the following form:

^r-(B-C)ut 
3 = Mr,

Bia-(C - A)o1q = My

Cin-(A-B\quz = M*
of two equal uniform right circulal cones each having height

ald the solid is eet to rotate about a common generator of cote!

velocity 91 under ro folces except gravity ald the reactiotr at

It the solid will te rotate s,bout the frame genetator after a time

angle right angle, rigidly joined at the vertex O, such that their

moment ofinertia I = g =l*fF ana
4

c = Ly6r.
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5. Deduce l,agrange,a equatiom for ir
for a horonomic oyst"* orrnu ,o*ooottive'motronlorn 

Lagmrg€'s equation!

(#)"- (Y), =',' i-1,2,...,
where sub8cript 1 snd 2 denote quantitie8 befote and after applicetion of the
impuleive motion.

A uniform rgd ,{.R of length land m-- - ,

tabr€. -An impur'e or **"i*" r," #,,1 ; ::::iJ: :ff ,::::..r1"",1to it. Prcve that, immediately after the application ofimpulse,

(a) the one end .,4 of the rod ,4.R h6e the velocity of magnitude 11,

(b) center of mass of ihe rod ,4g ha.sr the velocity of magritude j,

(c) the rod rotal,eo about the center of maee with ansrrlrangula.r velociiy of magni.61
tude -.

6, (a) Defne Poi*ion brac&ct.

Show that, for ary fulctior _p(pr, qr, r),

i=tFrn+9!.. ..At
where fI ie I llamiltonian.

(b) With the usual nota,tions, plove that:

| *u,st = [X,,]. 1,, -2t1,

ii. [/, er] = _;J-,
oPt

iii. v,etl= #.
(c) Show that, if/ and 9 are conetante of moiion then their poissior

[/, 9J io s constEtrt of motion.


