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Copy of Physics Department

Federal University of Petroleum Resources Effurun, Nigeria.
College of Science
Department of Physics

First Semester Examination
Academic Session: 2017/2018
Course Title: Analytical Mechanics |
Course Code: PHY313 (3 units)
Time Allowed: 3hrs. 29/05/2018

Instructions: Answer Question 1 and Any other Three Questions. Complete and ordered

answers are preferred to fragments. Note that all symbols have their usual meanings.

Question 1

fe Prove that the total angular momentum of a system of particles, referred toa given

origin, can be expressed as the sum of two parts: one part being the angular
momentum of all the particles relative to the centre-of-mass, and the other being

the angular momentum of the total mass assumed to be at the centre-of-mass,

lative to the origin.
A systen of particles consist of four particles of masses one quarter (+) unit each,
with position vectors 7 = 4la,—84,—40°4. , 7, =12ta,+4ta, , R=F, 7,=7,, where

tis the time. Calculate the total angular momentum of the system.

(22 marks)
WdUOW- Pup e loley-com

Question 2

As ) State the Divergence theorem in Cartesian coordinates, and define all terms.
AMIi) Given a force F=x°4,+xyd,+yzd,, in Cartesian coordinate. Verify the
divergence theorem over a cube half (1/2) unit on each side. The cube is located at

the first octant of the Cartesian system with one corner at the origin.

BC State the curl of a vector field in Cartesian coordinates, and explain the physical
meaning of the expression-{it) Show that curl B=0,if B=(k/r)a, in spherical
coordinates, where k is a constant.

(16 marks)

Question 3

A. Consider a particle moving in a spherical coordinate system. Write down the
coordinate transformation equations and obtain the position vector, F in spherical

coordinate,
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B. Derive an expression for the kinetic energy and potential energy possess by the

particle.

C. Hence, obtain the Lagrangian formulations and derive the Larange's equations for
the three generalized coordinates.

(16 marks)

Copy of Physics Department

Question 4

A. Let (7,0) represents the plane polar coordinates describing the position vector of a
particle P. If ? is a unit vector in the direction of the position vector 7, and 6 isa

unit vector perpendicular to 7 and in the direction of increasing 0.

(i) Derive an expression for the velocity of the particle.

(ii) Derive an expression for the acceleration of the particle.

(iii) Show that the differential equation of the part obeyed by the particle of mass
m,in terms of wand @ is f(4)=—m(hu)’ (« oe),

3

B. Assuming a particle is under the influence of a central force field f(r) = (=+4),
where @, £>0. Find the orbit or path of the particle.

(16 marks)

Question 5

. Define central force motion and state three characteristics.

BY State Kepler's laws of planetary motion, and prove the 3™ law.

C. (i) Show that the magnitude of the velocity of a particle any point of its path as it
2 xt

orbits elliptically the sun is v’ = u(2-2).

ro Gt

(ii) Define the terms v, y,:a, ras.itiappears:in C(i) above,

(16 marks)

Qu rigs 6 : ater

. Write down the point and vector transformations from (i) Cartesian to Spherical
coordinates (ii) Spherical to Cartesian coordinates.

BY (i) Given that vector A= 4,4, + A, d, + A,a,, derive the transformation equation from
Cylindrical to Cartesian coordinates in matrix form.

(ii) Transform the vector field A = 4,sing +4,cos¢+4, , to Cartesian coordinates.
F a (16 marks)
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Copy of Physics Department

Federal University of Petroleum Resources Effurun, Nigeria.
College of Science
Department of Physies
First Semester Examination
Academic Session: 2017/2018 /
Course Title: Analytical Mechanics I
Course Code: PHY313 (3 units)
Time Allowed: 3hrs_ 259/05/2018

Insfructions: Answer Question 1 and Any other Three Questions. Complete and ordered
answers are preferred to fragments. Note that all symbols have their usual meanings.

Question 1
A ‘Prove that the total angular momentum of a system of particles, referred to a given
" origin, can be expressed as the sum of two parts: one part being the angular
momentun of all the particles relative to the centre-of-mass, and the other being
the angular mementum of the total mass assumed to be at the centre-of-mass,

lative to the origin.
/B,/.:s?;s'rem of particles consist of four particles of masses one quarter (1) unit each,
with position vectors 7 =4, -84, —4’a, , 7 =1214, +41d, | F,=F , F,=F, , where
t is the time. Calculate the total angular momentum of the system.

(22 marks)

‘ b\jmmrpwr@\al@f‘autam

Question 2

- (i) State the Divergence theorem in Cartesian coordinates, and define all terms.

AT) Given a force F=x'd +xyd +yzi_, in Cartesian coordinate. Verify the
divergence theorem over a cube half (1/2) unit on each side. The cube is located at
the first octant of the Cartesian system with one corner at the origin.

_B7 State the curl of aveetor field ih Cartesian coordinates, and explain the physical
meaning of the exprassionrﬁﬁ%how that eurl B=0,if B=(k/r)a, in spherical
coordinates, where k is a constant.

(16 marks)

Question 3

A. Consider a particle moving in a spherical coordinate system. Write down the
coordinate transformation equations and obtain the position vector, 7 in spherical
coordinate.

B. Derive an expression for the kinetic energy and potenticl energy possess by the
particle.

C. Hence, obtain the Lagrangian formulations and derive the Larange's equations for
the three generalized coordinates.

(16 marks)
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Question 4

A. Let (r.0) represents the plane polar coordinates describing the position vector of a
particle P. If # is a unit vector in the direction of the position vector 7 ,and & is a
unit vector perpendicular to 7 and in the direction of increasing .
(i) Derive an expression for the velocity of the particle.
(ii) Derive an expression for the acceleration of the particle.
(iii) Show that the differential equation of the part obeyed by the particle of mass
m, in terms of wand & is f(&) =-m(hu)’ [.u ﬂ—%}

’
B. Assuming a particle is under the influence of a central force field f(r)=| £+£1]
o sl

where @, f>0. Find the orbit or path of the particle.
(16 marks)
Question 5 .
. Define central force motion and state three characteristics.
B/ state Kepler's laws of planetary motion, and prove the 3™ law.
€. (i) Show that the magnitude of the velocity of a particle any point of its path as it
. 9 o
orbits elliptically the sun is v :,u(l ‘ll
; Pe o
(i) Define the terms v. w. @, ras it appears-in C(i) above.

{16 marks)
Question 6

- Write down the point and vector transformations from (i) Cartesian to Spherical
coordinates (ii) Spherical to Cartesian coordinates.

B/ (i) Given that vector A= A4, +A,a, + A.q_, derive the transformation equation from
Cylindrical to Cartesian coordinates in matrix form.
(ii) Transform the vector field 4 = d,sing +a, cosg +a, , to Cartesian coordinates.

W X (16 marks)
) LoD Eu R? et H:}‘ O
2..
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Course Tile: WW:
Cowse Code: n-rvsﬂ(smns) ; :
"I‘imAllnEdfah-:'_ ¥R oot Ty o “divous e

IrElT'ucﬂans Arswe.r‘ Quesﬂnn 1 dnd Any al-her ﬁm Quesﬂms Complete and ordered

nmwu-s are preferred to frogments. Mote that ed!s,-mbo!s have theit usual mennmgs i

A. Prove Hmi- the *hﬂd u;-gubur moemernun of w:*ys‘mrn of particles, refarvad‘toa gr\ran uﬁgm, can

. Beexprassed as the sum of the: angular romesitum of alf particles relative to the center of moss
(€.M), and the angldar momerrton of the 4ol mass med‘hbﬂ'ﬁ& €M, relotive to. the origin.

B. Three particles of masses L uriit each moves under Yhe influence of o Force. field so that their | ..~

Position .vertors: relative to o fixed. -coordingrs. a)rafem are . given respeciively by
CES3E ek F ~3(t’z+r’j+ic; and’ rm?ﬁ- 17, Cwhiore T8, Yhe Hiime.
Catculate the mn! mgtﬂur momestiim of the systen,
R v S L S L a_.._._l_,_._x,_,_-:. b . 2 33 mst
. Ciiziition 2 )
TA Explain the terms conservative and non-cinservative force fidds and give 1wo mmples of
zach. (i} Write down the dppreprinie expressions. for the MNable aperator (‘V) ity Cartesicn,

Cylindrical and Spherical cogrdinotes. :
8. Determine which of 'I'hnafuiimngfwm ore cnnsmmz

i F— art cps(@)F -afs[n{é)¢+2az“ cosighd E
© F=|-tasiiO)coi@}F ~{arcos@cos )b pinoosip)d
@) F ={3aby —105y 2} #4417+ 3abxz’ ~5bx'¥} 3+ {3+ 9abnis"} £

L. (i) Cbtair the potensiol funiction for the conservative force(s] in question 2(B) above.

fn)ﬁufthltys:c:ﬂnmngsuf F F F E?FS,F F.F.F asit oppears im0} obove, . — .

(18 marks)
Clueshnn3

T A.Cunsldu- fi ‘parficls moving in o spherical . coordinate sysmm Write dmn e esordingte

armation eguatioss oad olbstain the position vector, ¥ in dpherical cosrdinate.
B. Berjue an expression for the kinetie enargy and potertial ehergy posdess by the particle:
c He;wa abtein the Lagrirglar formuletions and derive The Larange’s equotions far the 1hres

afwlz&i %

4

e ' {16 morks)

%

%
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WHrwo , Buprisbley, CaMmT
s Oty B
| Question 4 _
A, Write down and define each Term inthe expression of thefollowing: - - - .
{i) Coriols aceelerntion (i) centripetel azcelerasion (i) zentrifugal umia-uim {iv) lineoy
accelerml'mn{v)ﬁur:shsfwm{m] wnrlpetaifﬂﬂ!smi)nemiﬁgulfm )
:Q.Thamgu‘rwmmﬂm & of an XVE-coordingfe system rotaving about 2-ds is given by
=t 1+smrj relative to i fixed coordinate XVZ' coondinate Systen uulumnnhe fire,
The origin af XYZ system hos position vecter K= =t JurE with vespect fo the X'V'Z'
sr.rhr.m. Assuming that the position verior of the particle is given by F=(ran —?23+5i:
1 relative to the meving system. At any Yime £ coleulade (& i} the n;pmntnbcdr i) frue V:bd"yy. gt T
# (m}uwtmnccﬂm:tm {h'l rue qﬁmlw'afm{u) z:a-rlnps%ul m:el-u' :
; % .—..‘.-._..- ik p (Iﬁm
: . _ “_5 : N e e
oA Let (F8) repn;uuﬁs The pliane puimaomes des&iblrgﬂmpwhun vector 5F o particle P.
If #is @ unit vectdr in ‘the direction of the pmhmwcm" 7 ond 5' in nit ve-.cfnr-
pérpendiculdr to F uMcn-th:d[mc‘hmafimrms?g g, e
ez 1Y Denveanexpmsmunﬁor-rhz velocity of The parficle, ke
1) Dewives sxiression For the aceeleraiion of the: particle. : :
[iif) Showr thet the e differaniial eﬂmﬁm of the part dbeyed byi'h& parficle of mass m; in ferms
‘1—'-:_-_
; 9f rancl ﬁ' is< (X dm PR
8. Assunung @ 3t.r'hcln {5 undar 'Hua mﬁu:m:z of . central ‘Forca field f{?‘) [F-,—f’]! where -
&, f50. ﬁﬂd?hcorbl'rnr'pa‘lhofﬂlepm. .
; : o o (16 marksy.
r Question 6 ;
A_ Defing central 'rurm:no!mn -and state three characteristics.
B, Stats Kepler's lins of planefary motion, and prove the 3™ lod. o TR
€. (i) Show that The mannitude of the velodity of o paricle any poinT of |‘rs pnz’sh as it "c_r'r'hi.ts
eli@mhyﬂ'resun gv= ,a[-%-i]'
(i) Define the Yerms ¥, g, &, 705 i-oppears inCli) chove.
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