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Phys 605. Homework 2

Due 5pm, Monday, September 22, 2008

Problem 2-1: [10 pts.] Consider a system of interacting particles, each with mass m;. Show
that the magnitude Repr of the position vector for the center of mass is given by

22 2 1 2
M RCM =M Zmi'ﬂi - 5 Zmimjr.ij,
t 3

where r; is the magnitude of the position vector of the 4-th particle and r;; is the distance
between particles ¢ and 7. Note: take ri; = 0.

Problern 2-2: [i0 pts] Consider a thin vertical disk of radius a rolling without slipping on a
horizontal plane (see pg. 15 in the Goldstein text and/or my class notes Section 2, pg. 2-6).
Four generalized coordinates describing the configuration of the disk at any time ¢ (as defined
in the class notes and text) are (z, y, #, ¢). The discussion in the text and class notes shows
that the rolling without friction constraint is expressed by two differential constraint equations:

dzx — asinfdd =0,
dy + acosfdgp = 0.

This problem is to show that this constraint is nonholonomic. If it was a holonomic constraint,

then two functions would exist such that Gi(x,y,0,0) = 0 and Ga(z,y,0,¢) = 0 and the

differential constraint equations above would be the exact differentials: dG7 = 0 and dGy = 0.

Thus, we need to show that it is impossible to find two such functions.

(a) Show thal neither of these two differential constraint equations is an exact differential as
written. Hint: see class notes pg 2-7a.

(b} Further, show that no integrating factor function exists (see class notes pg 2-7b) for either
differential constraint equation that will turn it into an exact differential.

Completing (b} we have shown neither differential constraint equation could be an exact dif
ferential. All we really needed to do was show one of the two differential constraint equations
could not be an exact differential to show that a disk rolling without slipping on a plane is a
nonholonomic constraint.

Problem 2-3: [20 pts.] Two point masses, each of mass m, are joined by a rigid weightless rod
of length ¢, the center of which is constrained to remain on a circle of radius a. The circle of
radiug a les in a vertical plane. {Only the center of the rod is constrained to the plane of the
circle; the masses at the ends of the rod are thus constrained to a sphere (of radius £/2) and the
center of the sphere remains on the circle ]

{a) Define a set of generalized coordinates for this system.

{b) Express the total kinetic energy of the masses in terms of your generalized coordinates.

(c) Assume the whole system is in a uniform gravitational field g directed downward. Write an

expression for the potential energy of the system.
(d) Find the Lagrange equations of motion for this system.




L

| Oanbed Goldlelein Peale zhed Pok. 2 Uni Sabobia

Show Hea MTRL=MTm™ = L 7 wow g

i
Y

el ¥

LA )
RS A e Dk ey S e rer

2N

| - M=z 2 m, Nete Yoo =1 for o8 L
-0 < 7 — -
B = £ 2 -
! Hr\cf‘z}""‘% i
¢

Reoof ¢ MR = Zméﬁ;zmﬁr = ZW‘LM:\E"G
J L's < d

h L L}:g
i 3 . e
MRS = Fomem W7 + 1) = LM e 2 ger.
< (:':] ' 14 C DR "l |
- MR = MW ZmMr.y., O o
' L 3 X -3 _
- To ,,&MP\Q}& P PY‘D::ST e wost Shouw thed -
- Tmow oWz s sgud be = E Y mom v
w7 ! OR) i

Staet il WrL = w~;r-— r

T mgm 2 Lo Ve Tt 20 w1 I
Nz B g g




i | \-l )‘Z’/
<how &&51&' ij;v\? wio *s(‘iPPEV\a umc; Fi%n%« 1S “&V\;:;:\(g °$ﬁ’{-;-spt?~ -\

Si'm/-nl._iz' ‘Y’mm cdaas notes P 'Z-jfo:
Fov \lb("ln(.csk clisk n\‘.\.ﬁ h%/o .‘S(:Fp)‘)?. oW O h@@@&l

S B 7 2 = »@aﬁ\
Y a0 Y 7

Thes the Ma;—a[gxa«exoﬁ &RQW&}& &m,$ eﬁ“mﬂ‘( bo,
ocr the IszW*»Z

. o DI R : - - o
: TR TS Ow i :

E‘F(D dx —owsm8 4P =0

. Sor Huis cws\rrc;&?q: G =] O =0 9 =0 md ¢ =-05mb

x vy o )ee ) 03
% Eg.@ o eah f i eredal dhesHieveexist oo forchen
1| _ . . _ B
| ﬁx,1)9}$jﬁm®wﬁﬁ%&5@ﬁ%&+§éﬁ

X 2 ¢ 20

26 _ 2 26 _ D& _
. a Q'Wx .7‘3(}}:{_‘5“%133‘& 3&3 CLV\Q.

- 7} 2 o
ob L. 2C 5 By »

242 DRDY T S
42X Y 2y 2K

3¢

]
el

(0“3 . Note Vl’Ld' oS H’ S‘I'GM&L Eq_,CD is Mok om Qm&qi‘ &‘QCW&J{J
[ =TT ! =

T Cheddt WL wirel perbied dervedives

/i 5\ [N - fad - N

?t\:%ﬁﬂ :3&%8 .;.> o = 2or '-_/-:P F tomnel ci«e,a%eﬂ oV\_éL
DX DY

2




7 s va\)fwx% g %\3 ﬂ&;\'wc&_ B P\a)m?,/-— Y\,Bv\kfw(onbwic. MMM ’ M)Z'

I "\C(x ©,$)
—L : _
blg&q) = “aﬁi - — ﬂ:fl“—“’Q mgf'an 13‘—
| ox > 28 i
oS )
7T |
S L ol . W 'Z{-( Y
0% ET 5 asime 2508 _aid)
Tode 2 5 bl sides = —0.0i0 D0N_py
oo <
- 5_% —
g DK
- T
>%

* C [ B . |
TS ¥ Lol j(qfa&\& D G-V\;! NoXah__

NS | = t»w%‘-nﬂj' Bu‘" E7_ > s et o
N Q%axj' w J\ ax M\; o~ wAJUvJ'@[‘&g.
| “WS wn xwi’ggﬂfa} v} Yuu&h\bv{ 3¢ ffT“\' )

\s o MOV\ l'wlovu‘)ww, Cpnf{*?&xu\ﬂ.‘”

Da?lé; Corv $w‘5i" Lowii T ‘i”i

B
e ———— e T T s
— Mod Ao some %u% Yov He Swwﬁ wv&}fwhj egm, foad
’h"O} Yo \W\"WG}%‘S“UM}tou\ Q,MS‘I[' {or :i“’ QJW

F!EJQ Q&&gq Jo s\{ui‘m\. P

T TC e hod chosia ’5@¥¢7%9) b(J?g@w = D=-Fixdowe®




U,

Dum\o\?j{j( e ssus W, M u\u'o\"{'r._l:sm“i&_ de xj@,ﬂgﬁc_i@, Q;.'(r_[e___, F‘Y'O‘b. — g,é(v\a:
(9&) , (WESTEREN og' Ky t.ow& $9%, 1% o;\‘ c&m;;e,( m‘? ‘(aﬁ .

7 eem T SeiamraXion vk X1, E owes fixedl in poue
e : w- & FAL T Y Fak vedbieoll '\Q‘D\Me« & Fr'f*le
i ) 2 oumiy VF WA U pwoss wevkical e\‘vﬂ_c}ron .
ey Use sphereal pelar saorb celske

o My e X mes +o give Positiang
c-:agf Hie Fwe wasses “(“%lnﬁ"wa., {fm
the OM whidy 15 o e cowfer

fLy ok e "('OA‘ (PR PN SRR
. do he yedhiodd siede of
Fadius O,

. _ A N prloss M,z W= o He
Gematalized Coetds . ( OQ_.) 9) Cp )_(?t W O-Wﬁ&) =} oo\s of EIZUJ (:M)

Womk 4o Fiud Tkl KE Tkm)aj_e,_é_,_¢)?§)_ @3’% Conter X AT/ eve
' conthvoived b wmove

. _
On ':ut-gm,{i, a% ‘SﬁM-

T= Tl ke = KE® O + KE<dk toCH, :f
GL KE L T RET - Og{ m_atui % c_%%ﬂfe}

&

RN

!
£ ]

: A
] \l(_..__,._ e T
' 1

"

T - 72;1/\ ra -T_‘l‘e\cxi—'lﬁo_,-‘-\sm Hw 'C?M, .

CLam(ed) = mdRT
- Al K = ™ ‘

E&m&{ W_V\'V\_&cj’a—({ b‘é"ﬁ;n‘e&‘ r_a}\ u_);ILL\ {‘_a?-e,ﬂj“t‘?{'ni; w\a.rf L,jl

e ceder .  Ha \;eﬁm}a o wass 1 welaf,‘ve_h Hhe

)
i
e
cender - mass = V7 = ‘*U;I,,,
o ) 2_ gt

o o = L6 'D;:A:A:g,;in@é
Tr‘elUV\ = 7w ( U’; + ?)’2) W\g( é‘z-k <in @ J’L)

[ndakiS
e AT TSI RSP AEe, (1
+

—mv'.s i = _— 7. P .7 " ol
SR S ey




a | ,\?EWEM e

1 'vawbem BARS S e ;ar*a_\c_w Sa[w c,m.;r';woe&,

ks

&) p@“_@& E“e)ce:dm ( weos, celative Jo the cedern 5? P wex"("}mb,
¢ Livde of wadiog CL,\
e -

R TR P
e

UQL%:& B o

— — OLCOSOA + :ﬁ_wsg
W 4o

2t - ‘if-g— Cﬁ-’g\n@ eag O

. Y- o

T s~w®wsM)¢“ ,
A e LTINS T Y A S
ﬁf b‘%é=a g : %é P ‘-_251«*\1'3(#




