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PHYSICS 711, CLASSICAL THEORETICAL PHYSICS - DYNAMICS

'i'he course is divided into three unils with different ihermes and ampheses: Unit 1, LAGAANGLIAN MECHAMICS: Lini 2,

SYMMETHY TEANSFORMATIONS, HOTATIONS, AND BELATIVITY: and Unll 3, HAMILTOMIAN MECHAMICS,

Joseph-Lovls Lagrangs Wiillam Rowan Hamlltor ) i '
1764 : 1834 Arna_rﬁe Emmy Nosther

UNIT 4: LAGRANGIAN MECHANICS

Yeek Lec. Dat: Subjects

1 1 Sept. 3 Chap. 1. D'Alembart’s principta, conslraints on motion, Lagrange's equetions.
2 . § Lagranga's equations, tha Lagrangian function, examples.

2 3 Sepl. 8 Change of vardablas in the Lagranglan, examples; integrability of Lagranga's equatlons.

4 10 Valoclty-dependeny farces. Chap. 2. Yariational principles, Eder's equations, the
brachlslachrona problem, E

Hw.1 & 12 {Gecdssics, sxamples; Hamiitan's pinciple, the Eular—ILagrange equations,




. 3 6 SeplL 15 Integrel constrainls, Lagrange multipliers; nonholonemic conslraints, ellminallon of differential
r conslralints using mulllpllers.

7 .17 Inlegrabillity condllicns for differential constrainis; examples of constrained systems,
) : Lagranglian constrainls.
Hw.2 & 19 Conslants thha motlon, symrmeties, and Noelhar's thaoram
4 8  Seph 22 Examples ol symmetras; tme transiafions and the Hamllmﬁlan.
13 24 Chap. 8. Two-budy problems: symmetries, orblt and time equations; n bodies.
Hw.3 11 B& Qualliztive descriptlon of two-bady I;fI‘I'D‘ﬂDl'I. Keplar problam, seattaring.

5 12 Gept 29 Extra symmetrias for the Keplar preblem fthe Laglace veclor) and the o-dimensfonal isolrepic
oscliiater; he vidal thecrem.

13 Q11 Chap. 6. Small asclliation pmbjams molicns naar equlllbrium, quadratic Lagmngums
characlerlstic fraquencies of oscillation.

Hw 4 14 3 Transmrmaﬂun o normal mnrdlnalas examples; symmetrles, unrform motions and *zero
mndas®, )

g 15 Oct, & Examples of osclllation problems; molions near a sleady motdon; slabllity of mutlnn. L',rapmu-.r
Indlegs,

END OF UNIT 1, START UNIT 2

16 & Chap, 4. Rolations, direclion ¢osines, representalion of mtallonﬂ by urﬂ'l.ngnnal matrnc:as
propertiss.,

Hw 5 17 Det, 10 Malrix aigetra, transformations of malrices, diagnnalizatinn: refleclions; examples for rolelions,

Leanhard Eudar

1736 Albert Elnsteln

o
UNIT 2: SYMMETRY TRANSFORMATIONS, ROTATIONS AND RELATIVITY




Week Lec. Date Subjects

i 18 Owt. 13 HGQHEIAMINCLAEEONTHEMATEHHLINUNW1.CHAP&16.E
19 15 Eular anglag, fixed and moving axes, ' malflx repregentations of Euler rolations.

20 17 SUI{E} representallon of ratations, sp[nurs, tha groups SU{E} and SO{3), groug generalars,
exponenlial represantations.

B M Oct, 20 Inrmtemmaj miaﬂons and angu!ar walocity: angular velucmes far Eular rotalfgng, body and

SPACE ANES,
22 s Flnlﬂhng conidinates, Coriclis torces; applications.
Hw. & 23 24 Chap. 5. Hﬂtﬂtlﬂg rigid bodies, 1, L, T; calculation of the mormenl iensor, Eulor's Equal!ﬂns ol
medlon,

L] 24 Ot 27 Free rolation, partially rolating coordinates, examples and applicetlans.
25 28 Polnsot eonsimuction, symmetrical rotator, qualitative description of the malion.
Hw. 7 26 31 Symmetrical top, aquallons ¢f motion, pracesston, nulation, examplas.

10 e Mo, 3 Chap. 7. Helalmnr Lorantz uanmnnnatlms Invarianl;a melric lensor, maliy representalion,
makrx genatatore of fhe Lorenlz group.

28 .5 H],rperbnlm geomatry: boosts, rapidhies; and addition of veloclies; SLI2 C) representation ol

Lareniz franstormations.
Hw 8 24 7 Ditlerential operators and tha wave eguation: the light cone and geomatﬂ_r parlmle mation,

-woild lines, four valocilies, kinematics, and ngner rotations.

11 a0 Nov, 10 Relatvistic parficle Lagrangian, c::mawalié:n lawe; electromagnetls interaclions, othar
axamples, the nodnleraction theoram,

EME-OF UNIT 2, START UNIT 2

3 12 Chap. B. Legandte transformations and Hamion's equatuns of motion, - Inlerpretation ol
‘Hamllton's equations, examples.

Hw. 8 82 Now, 14 Varlaﬁnnal principla for Hamilton's equations; motion near & steady motion, examplas.

Simeon Denis Paisson ¥arl Gustay Jakab Jacobl Henri Polncard
180R 1843 . 1880




Week Let.
12 33
a4
as
13 ]
Hw. 10 37
14 2
a9
Hw.11 40
15 41
42
Hw, 12 43

Final

Crate

M.

1%

21

Moy,

24
26

Dac. 1

e, 8
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12

Dec.
i7

UNIT 3: HAMILTONIAN MEGHANICS

Subjects

HG UH_EX.MI.I;l IN CLASS ONTHE MATERIAL IN UNIT 2, CHAPS. 5,7 .

Chap. 8, Canonical Iransformations, invariance of Hamilton's equations, examples uaing

canonical transfermations,

Symplectic 1FEI!'ISI‘OJ'I'I'I|EHIDHE strmtura of Hamlktorkan mechanics; Iha varlational pncipal and
generaling funcions lor canonical Wansformations.

Examples; symplactic invardanlg, Polsson ard Lagrange brackeis, tasts for canondsal
transformaltions. -

Infinltesimal canenlcal Iransformalions; ime development as a canonleal transformallan:
canonical transformalions athd symmelries, generalors of conflinuous Transfarmalions.

THANKSGIYING RECESS, NDV.ET-_BD

Moether's theorem, symmalry afgabras and constants of the motion, examplas.

Chap. 10. Hamillon-Jagabi theory, separation of variables in the Hamillon-Jacobl nquaﬂnns
applications.

Actlon ang angle variables, phasa Flols, applications.,

Chap. 12. Linear chaln, canlinuum limil and the classical scﬂjar liald, the Lﬂ.granglan density-L .-

and Hamillon's principle lor lelds,

Euler's aquatiens for fields, boundary condilions; examples of classical fie_lds; vibrating
membranag.

Retalivistic lields, Lorentz Inveriance of L, symmalries; A and F, elamrumagnaﬁc' Lagrangfan.
Maxwell's equalions

END OF UNIT 2

FINAL EXAM TUES DAY, DECEMEER 15, 12:25 pm, EMPHASIS ON UNIT 2

WINTER SECESS DECEMAER 22-JAHUARY 11.

SECOND SEMESTER: FIRST CLASS ON TUESDAY, JANUARY 20 '
PHYSICS 722 STARTS WEDNESDAY, JANUARY 21

® Loyal Durand, 1967




