HOMEWORK ASSIGNMENT #1

1. Prove that the magnitude R of the position vector for the center of mass from an arbitrary origin is given by
the equation

1
M?R? = MZmﬁZ2 ~3 Zmimjr?j. (1)
i ij

2. Starting from the Newton’s second law of motion,

S dp
F=— 2
2 2)
show that for a single particle with constant mass the equation of motion implies the following differential
equation for the kinetic energy:

ar -
= _F.7
= v, (3)

while if the mass varies with time the corresponding equation is

dmT) =
e F-p. (4)




HOMEWORK ASSIGNMENT #2

1. Fig. (a) shows a uniform metal plate P of radius 2R from which a disk of radius R has been stamped out
(removed) in an assembly line. Using the z — y coordinate system shown, locate the center of mass (comp) of
the remaining plate.
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(a) Center of mass. (b) Double pendulum.
2. Fig.(b) shows a double pendulum with two points located at ™ = (z1,y1) and 73 = (x2,y2). Write down the

expressions of the constrains.

3. A wheel of radius R rolls without slipping on a plane. Show that the constrain is holonomic.



HOMEWORK ASSIGNMENT #3

(To practice the Lagrange equations)

1. The EoM of the pendulum is

d’0 g .
W+7Sln9:0. (5)

Obtain the equation with more than three different ways.
2. Taking L = 3m(v2 + v + v2) + mgz, find the equations of motion.

3. A particle moves in a central force field given by the potential

V(r)=—-, (6)

e
T
where « is a positive constant. Find the equation of motion.

4. A point particle moves in space under the influence of a force derivable from a generalized potential of the form
UF0) =V(r)+é-L, (7)

where 7 is the radius vector from a fixed point, L is the angular momentum and & is a fixed vector in space.

e Find the components of the force on the particle in both Cartesian and spherical polar coordinates

¢ Obtain the equations of motion in spherical polar coordinates.

5. Show the Lagrange equations can be written as

of T

which is known as Nielsen form of the Lagrange equations.

6. Write down the Lagrangian the double pendulum and obtain the equations of the motion.



HOMEWORK ASSIGNMENT #4

. Try to get the general Euler equation i.e. the condition that the following integral I has a stationary value.

d(l’
I= /f(y7y(1)a U 7y(n)?$)d$7 where y(a) = dxiay(l) for a = 1a SRR (9)

The Lagrange’s equation is a special case for n = 1.

d (0L oL
il = 1
dt (3q> Jq 0 (10)

oL d (.0L

. Write down the Lagrangian of the pendulum with generalized co-ordinate 6, obtain the canonical momentum.

. Show that the Euler-Lagrange Equation

can be written as

. The Lagrangian for a charged particle moving in an electromagnetic field is expressed as

L= gmi® — (49— g7+ A), (12)

where ¢ and A are independent on ¢. Obtain the canonical momentum.

. For a system with tow particles, the Lagrangian is L = T, + T, — V (Z, — &), show that P= Pa+ Db is conserved.
Hint: try defining new coordinates:
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. For a particle moving in space under the influence of the potential

Vir)=—-—, (15)

write down the Lagrangian in spherical co-ordinate (r,6,¢) and obtain the canonical momenta. Identify the
conserved momentum.



HOMEWORK ASSIGNMENT #15
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HOMEWORK ASSIGNMENT #6

1 KFH-HhER RS (FRIAR ARG RED BN
(a) MIZLMPTRE L, [FERGEHLAMTTRBRD.
(b) HHFIIEEE r, THERPH R B R G0 T 0
(c) UEWIEAR P BT S KT HER BT R A5 F T M > m, RGERIHIA% MY H & AT U5 A

L= 1me + GMm
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133
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(c) LA (Binet Formula):

(d) HFHEBHNHB V() = - DR p=mbf,

3. Xﬂ‘ﬂ:ﬁ‘[}%:
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HOMEWORK ASSIGNMENT #7
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HOMEWORK ASSIGNMENT #8
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HOMEWORK ASSIGNMENT #39

DUEM: R 2N 3 x 3 SEIEASAERE, B IARNEAE 2 T
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HOMEWORK ASSIGNMENT #10

L CR2EL) P RIAGERA W E A 2 = (n1, no, ns) HIEEENIRR A

J= /dm(ﬁ x )%, or J= /dm(Ff (7 )n)? (35)
T WA G2 R R e Bl B e SR Tk 80N 1. WEW]
TG 3 B S A S BB RE N
L=Ju, T=_-Juw (37)

2. IR (Fig.1-3) 2N F i sk (WA RSy M, HAh IR AN o, BEEN R.)
z

S Y

Fig.1 Fig.2 Fig.3 Fig.4

|

Y

3. W EK Fig.d PRORKLIBEE, [EREFEN v S8 L, R ERSH O B DL UL IS E a4, I
RCR VLI
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HOMEWORK ASSIGNMENT #11
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HOMEWORK ASSIGNMENT #12

. UERH
(4, A] =0
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HOMEWORK ASSIGNMENT #13

L — R EAEA e R i85, HRk I H EAEERAAR & AT LS B

L= %m(r2 + 1202 + r? sin? 0&2) - V(r)
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FRYEERP-Fr % B H 77 B0 AR py /2 — AN sFiEE
d oL
apqg = —¢ =0, pg =Lz = cont.

IR PR W S

1 P2 v
H=_—|p?+L 1%
2m <pr + r2 * r2 gin? 9) +V(r)

AR e WU W 5 R, AT AR 3

Py = [p¢,,H] =
Bk pg & —AFlEE. HPE
@H}:_ai:pg P, v
" or  mrd3  mr3sin? Or’
OH p2 cos 6
[po, H] = =2

90 mrZsinde’

2
p 1
[pi + 50 H] = 5, H] + 55, H]

6’ sin? 6’
OH o 1 OH
= pp—tpi | =—) = =0
Popg TP (ao sin29) B

2
BB p2 4+ Loy U A

L CYEERT
L=-m(@+97) — sm(wiz? + wiy?)
Hngssting N
2 2
P24pd 1
H == 4 om(wia® + wiy?)
fAshE

A TE, AT RE
L, H] = m(w?2® — wiy?®) #0; (L%, H] = 2m(w?z? — wiy*)L #0
AT DL R S 1 A e B

Bl s EA R IEE, AZIENRMARTEE,

13



3. A FE R YERR T

1 1
L= gm(@® +9°) = Sk(=® + %)

1 1
H=_—"— 2 2 Zk 2 2.
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1
Sy = — PPy T+ ka:y
m
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[H,S;]=0
[51, SQ] = 2&153
[527 Sd] = 2(,051
[53, Sl] = 2&)52

- WA (g, p) 222 (Q, P):

Q =1In(1+ /gcosp)
P =2(y/q+ gcosp)sinp

AT LA 3 A 0
cos(p) Vasin(p)

Q) _ (4 _ 2(q cos(p)+/a) T Vacos(p)+1
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L SETIESS

Q=In(1+ qz cosp), P=2(1+ q% cosp)q% sin p.
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5. —NURAEA L IRIERE ),

HAHENT LAE R

1M H. Laplace-Runge-Lenz K=
A=pxL+ mk;
WP E R R, o LB AR YA K s HAE W -
dA _ dp
dt — dt
=Fx(rxp)+pF-r)—r(F-p)=0

x L4+ kD p et
r r

WA LAARE Poisson #5513 3,

dA  OA

=g TIAHI =0
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