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Problem 1

{""m-‘- [—f_ (_gt__g)k]sz-ne - R{I-ces0)

Y, = _[.f_<_f_zz__e)/z)cose + RSin®

R
x = [-{.. 7"‘--9)}2] Cos@. 8
{jm: ‘[{_ (_g__g)/z] Sin@. @
Vo= %, €0t Y., 8y
f: /fl (—Sc'me g,‘-rCose 23)
Foy =o0
= F does mot work = The o-nl;y force that does work s

gm.vita.t-ioma.l Force Wwhich is comservative. = System s comservative

= ‘ T+V = Const,
TN ————— e
At e=o0, {T-—vnv = Lomy
~ ’ 2 m 2 0
V: “ = - - _.L .
m9y, (9=9) = =mg (- 2 R)

At two extreme deflections, v =0 = T=o0

v = (T+v | = Lomu?_ L. R) =
/9=9«»,u/,,,;,,. T+ )/9=o <z ™ ’ mg ( 2 ) m_93.,,,,e= o s
: . _f,n -[ me ~ [ (&
= 3.,,,/e= e—mm/"mfm— 7ﬁ +?R = (feme [—<?—6)R]ase]9=9m/9mm
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se Llimear -momentum in the 2z direction :
0 i
S rey A
N
mg N
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Un kn owwm s-tri-nj :érce T a.lwa,js passes

through the Fined poimt 0
s’ o0
xT +

rx (_ly.,.-mg_) =0

M,= r
z

i

Use amju.hr momentum frincifle w.rt, 0 ° ﬁ" Je x
. ‘mg_ ’

), =0

Ho+ v,xP =M =

1x-
]
o

—_— H, is com served. . (*)

At t,, wmass m -moves a.lm:g a circle amnd we _9ra.Jua.[£'y /pu./l the string 50 the radial

Com,ao'ne-nt 07( the Ve[ocit_y is -wg[:_.'yiéle.

Hy=rx P = rx(my) = mrve, ()

m r(t,) ‘U(-l:,)= m "(‘t,)'u(t;)

(*) p. (**) =
, L,y = .LZ; 'v(t,) == V(L) = 2V, '

Kinetic E'nergj increases because work is dome L_y the '/u[l[y Jérce.




Problem 3

# DOF = 2x2 =1t =
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)
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Ome meeds two coordinates 6 amd 2

to describe the motion of the system.

0 and » are a Co-m,olete and.

f\/—_N
iwalefe-nolemt set of 3e7;cra.l£;¢al coordinates.

We meed to )[L'nd two ezuatims:

F[rst, avzyu/ar momentum about /zomt o ’C" the System :

0

ﬁo = Bo + YoxP = "—:'o
1:_40 = - (ml_‘] Lsine 4 —mzjzsiﬂa) e,
v = Lée, & V= *e+ g,
2 3 - -
H, = = rxk = (Le)x(mtée,) + <x§r)x[m2(zfr+zo§e)]
= H,= (m6+mx'é) e,

- ('m,gl- Simg 4 mz 9% s,:»ne) = (‘m,l-z-r'mzzz) ] + Zvnz?cié

m LZ.'. m 22 é. + Zmzzie + (ML +"Mmz% =Sl:-ne =0
! 2 ) K&l 3

To 7(L-n¢( the secomd dgueﬁo‘n 5 a.f/pé, Lmear momé,«,twn, on

my is Frec to slide alomg the rod so the Frce N FG\\'
' kG-c,)
has o CO“'nfo'ne‘nt a.lavg the rdial’ direction. N
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the radial  divection Sor my:
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ProLl em 3
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2 C:L;Z = x e, 1-2:%[:& +(z9+z.9)§e+ xaz;_._
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So r- Com’.)o‘ne'nt 07( 32. ,' Q—Z/ = % - %20
r

. -2
J mzj Cos 6 -~ /((;k_-Lo) = M= —7}1226

v .2
My —MyxO - "’2_? Cosf 4 k (x-Lo) =0
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Problem 4

k, ’i. ka oli: 1; 3[__-

/’C‘"atulwm Le?BtA = L
™

F8.D.

M )

Limear -nomemtum in 2 direction Sor m,

™y = kz("‘z"‘l) -k,
= ™, %, =-(k,+k2) x, + ky 2y

Angular momertum about /oi'nt 0:

MO'-'- Ho + 1}Ox_‘P

..":'a = _‘vnsj Lsing SZ

VYo=Y, =2,

(2';2-,. Le CosO) Qz + (Lésimo) ’23

3
_'_’xf = rxmgu, = mg (lezwa_e’c - L coso 93)’( [(ﬁiz-fLéCoso) e, + (Lé Si-ne) 93]

1
n

|
o
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my (Lzé + iZLCOSO) [

1’0"2 = lJox‘m3y3 = mg L:ézé Sine e,

— s (26 4 %yLcomo - ,éz}s‘,./g 6) + mgL/iz/é/si-y.a

'm33L Sme

= : L.é..'. ;"éZCoso +9$i-ne =0
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Problem 4-
ext
Linear momentum 1 = direction For m; & mz : <f = mya,+ A,
x € F.B.D
G, = % &y

2 l‘z (xz-zl)

azf = x + L6 Cosg - LO Sine
x

) - .2
s —kg(xp-m) = myEy + my (%, + LO Coso - L6 Sin6)

. .2 .
= <‘m2 1‘"’"3) %, + M3L @ Cosg —-m3Le Smé ¢+ k; (zz_z') =0
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Problem 5
-z
N B
v | = =
Dol = ], =2 ¥ X
= cCsime L TF
® 11,"/
| e d N
I 1
Apply angular -momentum about point 0: (’1_)0= o)
Bo = rxP = (—t’case e, + €5ime gr)x maT Sing g?
+ (.-t’case éz + Tsine gr) X mesT Sime ge
2 _, . 2 2
= -me? Sim@.cCosh e + mew? Sm e e,
£ s: 22 s
+MOT S5im@ Cos@ £, + M Sin @ e,
y 26%simg Cose € 4% sime Cose €
L-Io = —=mo im@ S0 _?Il + Mme m S _.73/2
de e i e e ; ; : ;
(Note tlm.t dtr =w£‘f ; f‘ﬁ/’ a.ml‘ _7,/2 are im opposite a&.rectwy,s)
M, = Fd
. 2,2 2,2,
M, = H, = Fd = 2wmest Smd Cos@ = M Sin26
’ 2,2 ) 2,2
= F = .25‘.‘1 Sin26 = F,:mz mes € J(Of' the Case 07( 0=4.$°
: ax = T
W

Note that Force F changes directim but is always in the plame of the shaft amd the Tods.
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