Hw7 Solution

1 , 4= X, thedirectionof vy isupward
x1 = l+x'2cose -~ = X, £ = xl+x?cose
X,sin@ o] X,sin@
1 2
2><m X1’ 2m1><1

1 21 2 2 '
-|'2=E><m2><r2 =Em2(x1 + X"+ 2X, X,Cc0s0

T=T,+T 2:%[ M, X, "+ My(X, 4 X+ 2%, %,0050) |
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V1=_k1X1

=N

V,==k,X2—m, g X,c0s0

V=V1+V2=%(kle+ K,X5)—m,gXx,sn @

L=T-V =%[mle+m2( X,2+ X, +2 X, X,0056)

—%(kle+ k,X2)+m,gXx,sno

= Euler — Lagarange Equation

consider the gravity asthe internal system force, so Q;=Q,=0

i(6L) oL =Q,=0 = (m+m,) X,+m,X,cos0+k,x,=0

dt "o%x,” 0x,
d, oL, oL ) ) .
a(axz)—a—xz=Q2=0 = m,X,+m,X,;cos0+Kk,Xx,—m,gsinf=0
| N6 coswt | 6 cosO coswt—wl sSndsnwt
2. g=60 , T=]-lsn@snwt]| , T=|10cosdsnwt+wlsndcoswt| here | isthe
—| cos@ 10sno
radius of the hoop

Tz%xmxrzz%mlz(éz+wzsin29)

Or you can just consider that "1=[ II :onsg] : I;1=[_||9 éc;snee] which only consider the bead

rotates the center point in the vertical circle. Then here are two parts of the kinetic energy: one
is rotating the center point, the other is rotating the axis with the velocity w1snéo .



le%xmxﬁf+%xmx(wl sin9)2=%ml 2(§v2+%mwzlzsin26’

wecanseethat T=T, Takethe horizontal line as the position of zero potential energy
V =-—mgl cosé

= |_=T—V=%m|292+%mwzlzsin29+mgl cosé

g(aL) oL
00

— = =ml?d—mw?l*sn@cosd+mgl sing=Q=0
at 00 © d Q
= [?0—w?l’sSnOcosd+glsno=0

1,=60,9,=0, ,here 0, istheangle between |, and |, .And herethetop hingeisthe
zero position of potential energy.

= l,sino, Cr= l,sin@;+1,sn(0,+0,)
—1,cos@ —1,cosf,—1,cos(0,+0,)
1 1 1 1

o fo|l:6:c080,|  ~ _[1,6,c080, +1,(6,+6,)cos(6,+6,)
1,6,sn6, |’ 1,0,5n0,+1,(0,+6,)sin(6,+8,)
T1=%xm1xﬁ12=%mlliéi
=>T2=%><m2><r"22=%mz[I§é§+I5(9'1+9'2)2+2I1lzél(él+é2)cosez]
V,=—m,gl,coso,

V,=—m,g[l,cos0,+1,cos(0,+0,)]

- T=T1+T2=;—(m1+m2)If(9'12+%m2I§(6'1+6'2)2+m2I1I26'1(6'1+6'2)cose2
V=V,+V,=—(m;+m,) gl,cos6,—m,gl,cos(6,+06,)
_ 1 T o, o s
= L=T —V—E(m1+m2)lle1 +§m2I2(61+62) +m,l,1,0,(0,+6,)coso,
+(m,;+m,)gl,cosd,+m,gl,cos(6,+0,)
d oL, oL .
—(Z=)—%—=T1,=sint
_, dt'e6,” o6,
d oL, oL .
—(—)——=——=T1,=9n2t
o (36,50, 2

(My+m,) 120, +m,15(6,+06,)+ m,l ,1,(20,+6,) cosf,— m,|,1,6,(26,+6,)sin 6,
= +(m;+m,)gl,sin@,+m,gl,sin(0,+0,)=sint
m,13(6,+6,)+m,l,1,6,c080,+m,l,1,6,°sin@,+m,gl,sin(0,+0,)=sin2t

If youuse x torepresenttheangleof x tothevertical axis and the zero position of the
potential energy is bottom when it is ill.



L:%(ml+m2)|§éi+mzl1I29192008(91—92)+%mz'5‘55

—m, g[l,+1,(1—cos8,)]—-m,g[l,(1—cosh,)+I,(1—cosh,)]
(m1+ mz)liél'i' m2|1| 29"2003(91_ 02)+ m2| 1| 29‘229.”(91_92)+(m1+ mz) g |1SIn91= Snt
m2|1|2é1008(91—92)— m2|1| Zélzs.n(ol_ 92)+m2|§éz+ng I an 02=Sn 2t

xcos® | o ;—[%coso—x0sne
xsng

=

~ 0,=Xx,0,=0,T= ’ X
4 ! 2 [ xsnO + x 0 coso
Herel consider the center asthe origin, x isthe coordinate in the radius direction, X, isthe
unstretched position.

1

T=5X mxfzzé m( %+ x°0%)

1, 2
T2=EI 0

= T =T1+T2=%(m>'(2+ mx*0°+1 67

= L=T—v=1(mx2+m x*0%+1 (;vz)—lk(x—xo)2

2 2
d oL, oL _j
_ diax’ ax  _ mx—mx*+k(x—x,)=0
d @@Ly oL _45  2mxx6+mx°d+16=0
dt "'60 "~ 06

If x isthecoordinate from the unstretched position, X, isthelength from the center.
F| (x+xo)cos0 |, +_[xcose—(x+x,)0sine
(x+Xx,)sin@ X Sin@+( x4+ X,)6 coso

= T=%[m>‘<2+m(x+x0)292+léz], Vzékx2

= L=T—V=%[m>‘<2+m(x+x0)292+l 0°—k x?]

mX —m(x+X0)0°+k x=0
2m( x4+ Xo) X @+ m(x+x,)°0+1 6=0

=

If using polar coordinates, f=[( X )é.|
0
1, .» 252 1 1 A2 1, .2
= T=§[mx +m(X+X,)°0°+16 ],V=§kx

5 g=x,0,=0 r=[x+|sin9]=> ]-.z[)'(+lécose]
. 1 1 M2 ’

—1 cosh 16sing
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lezmlx

T _1 '2_1 .2 2 h2 o1 A

2= 5 X MXT _EmZ(X +1°0°+2 %1 6cos0)

_ _1 2,1 242 s

= T—T1+Tz—5(m1+m2)x +§mzl &°+m, x| 8 coso
1, 2

V1=§kX

V,=—m,gl coso

1

> k x?—m, gl cos®

= V=V, +V,=

= L=T—V=%(m1+m2)X2+%mzlzéz+m2xl écose—%kx2+nglcose

d oL, oL_

_, dtax’ ax _  (m+m)%+m,l(dcosf—°sin6)+k x=0
d_(a_!—)_a_'-:_T m,129+m,I X cos@+m,glsin@=—cost
dt '00° 06

since M=mM,=m

2m%+ml (6cos@—0H°sin9)+k x=0
ml1?0+ml Xcos@+mgl sinf=—cost

=



