H. Hergert G
Facility for Rare Isotope Beams F\‘\ MICHIGAN STATE

and Department of Physics & Astronomy UNIVERSITY

PHY422/820: Classical Mechanics

F'S 2020
Final Exam / Subject Exam

December 15, 2020

Mechanics

40T Or . . dOoL 0L
iog  ou DT Wog oy
to
S— [ dtLgqt), §S=0

t1

Np, Ny .h.

Np,
L , Of 9
L(Q)Qath):L(an7t)+Z/\afa(Q7t)a _:Z)‘a82+ Z /’L/Bai;ﬁ
a=1 a=1 v B=1 ¢

(#) l
¢ —¢o = i/ dr’
r(¢0))  2\/2m (B — Veg(r'))

2
. - L -

O = e —d0) T

I = /d?’r p(7) (P8ap — TaTp)
Ly = ISM 4+ 0 (ﬁ%ab _ RaRb)

—

. L=1I3

Wy q}sin@sinw + écosw
=lwy | = ¢sin9008¢—¢?sin¢
Wy bcosl +

Tiot = = - I-&

N

&l



dL d .
& — ( (I@)) +@x (Ig) =N
de )~ \dt B

d

p (Awy) + (C = B)wyw, = Ny
% (Bwy) 4 (A = C)wzwy = Ny
jt (Cto) + (B — Aty = N
L= %ﬁ-T-ﬁ— %ﬁ'V‘ﬁ, (V-u’T)p=0, det(V—-w?T)=0
A= (g0 Fmy . qi=AC, (=ATTi, ATTA=1
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{fg.hy = {f.hpg+ o hy, {fifeh}) +H{g {h f}}+{hA{f 97} =0

{gj,a} = {pjsoe} =0, {a,pr} =k

Function Transformation Simplest Case
OF' OF;
Fi(q,Q,t) pi = aqil, Pi:_ani Flzzi:%'@i Qi=pi,Pi=—q
OF: OF:
Fo(q, P, t) pi = 8(;’ Qi = 8Pj :E%Pi Qi = qi, P = p;
OF: OF:
F3(p,Q,t) P = _TQ?;’ ¢ = — 8pj F3 = zi:pz'Qz‘ Qi = —qi, P, = —p;
OF, OF,
Fy(p, P,t) qi:iap?’ Qi = an F4:zi:pipi Qi =pi, Pi = —q




Coordinate Systems

r=pcosp =rsinfcos¢p, y=psing =rsinfsing, z=rcosf

dV = pdpdpdz = r?sin @ dr df dp = r? dr d§
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T or "oy T oz Pap ! Pp0s oz or | 'roe " Crsind o
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Rotations
7 = Fcos ¢+ (i - 7)(1 — cos ) + (7 x 7)sin ¢
1 0 0 cosa 0 sina cosa —sina 0
Ry(a) =10 cosa —sina|, Ryla)= 0 1 0 , R.(a)=[sina cosa 0
0 sina cosa —sina 0 cosa 0 0 1
cosy —siny 0 1 0 0 cos¢p —sing 0
A=BCD = [siny cosy 0 0 cosf —sinf sing cos¢p O
0 0 1 0 sinf cos6 0 0 1

€os ¢ cos 1 — sin ¢ cos @ sin ¢ sin ¢ cos1y + cospcosfsiny  sinfsiny
= | —cos¢siny —sin¢cosfcostyy —singsiny + cos¢cosfcosy sin b cosy

sin ¢ sin — cos ¢sinf cos 6
Expansions
L et Sa(n+ 12 — Sn(n+ 1)(n + 2)2° + O
————— =1-—nz+ =n(n x* — =n(n n x x
(I+x) 2 6
1—x:1—g+0(x2), r<1
1 1
sine = x — 8:03 +O(%), cosz =1-— 53:2 + O(x*)
2 3 4
¥ oz w
mlte=c— o +2 2 1O
nl+z==x 5 + T 1 + O(2?)
ex:1+x+1x2+lm3+ix4+0(x5) sinhfczl(ex—e_x) cosh:vzl(ez+e_w)
2 6 24 ’ 2 ’ 2



Other Mathematical Formulas
Linear Algebra

1 if jk = 123,231,312,
eije =14 -1 if ijk=213,321,132, Y €ijn€m = udjm — dimdji
0 else. k

a2 az2 Aa23 a21 G23 az1 G22
det | a91 a2 asg | = app det — ajg det + a3
asz ass asy ass asyp a32
asz1p asz2 ass

ail a2
det = a11My1 — a12Mi2 = ar1a22 — ar2a21
a1 G2

ai

1
det A =det AT, detA™ ! =
¢ © ’ ¢ det A’

det =qai-... an

Gn

Properties of Trigonometric Functions

sin(x + y) = sinx cosy +siny cosx cos(x £ y) = cosz cosy Fsinzsiny
sin(2z) = 2sinz cos cos(2x) = cos? z — sin? z
2m 2m 2m 2m
dr sinx = dx cosx =0 dx sin?z = dr cos’z =7
0 0 0 0

Heaviside Step Function and Dirac Delta Function

1 if >0, - :
0(z) = % if x=0, / dr0(a —x)0(x —b)f(x) = / da f(z)
0 if 2<0. > a
’ T if x (0%
/ dxf(x)é(a:—xo)—{f( o) ifxo € (a, B),
o 0 else.
1 1
0(lax) = —(z Slalz)) = _ b se—2
(az) al (z) (9(z)) zk: PIEA] ( )
Miscellaneous
az’® +br+c=0 = xi:_bim
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