
 

Ancillary Material 3 Solutions

1 Define the following vectors

Pon pos vector from Oz to Oz
Pe Oz to Bg

P2
11 Oz to Bz

Pz Bz to Bg

In terms of these quantities the loop equation can

be written as

Po Pr Pz Pz 0 A

Po lotto Pr leXp pz 12 2 Pz O Xz

H lo Xo thx lzxz O

Now Ron so c Roz I

geo iron I Raf f

feet its.cz E



Solving these equations simultaneously yields

lie lacz lo lfc his 24kg il
lisa lzsz list listt

l l 2lolzcz.tl
tf tf floodlzelf D ez c 15.78 80.82

tanion ozelo.IE n.s.s



2 Let u uz uz be unit vectors along rn z
and rz respectively

By the cross product method we have

e rz uz k

1 uz xK
1 lz

B H x k

uz y x k

where k O O Dt We know un uz because we
know the ratio of the components of rr rz

ur a 2 of u k e 03

Now we calculate

u.xn uik sr.CI IKflEfIluzxk

uik EfFEI 9 sffI
Next we have

un uzxk uz u xk

rz uz xk 20ft

rz ur xk 555

Plugging these in
we have

l 100 lz 253 i



as a result

r l un tog lo i ra hue I



3 Define the following quantities

po ET p EB pz BT p CF p 01J Pg

In terms of these quantities two loop equations can be

written as

Pot Pr Pz 113 0 3d

Zb
Pg t PstPG 0

Writing these out in terms of frames planted on links
1 2 and 3 with the X axes aligned along the

centerlines of the links gives

le X t l Xi t lzXz 1 lzXz O

le Xo tf yo foeXp leXo O

where lz IDE LCD

Expressing these equations
in frame Eo gives

f le
t lyca t f Gz th 3

list f se te s f
and
le le t GE S
LD IDESz f

Solving these equations with
Newton Raphson iteration

we get Oz 03 la LE
17.0020 37.339 2.729 8.578



4 KnoweUnknownsuz unit vector along rz

lz El lo magnitude of ro

Uo f 1 O o
T

unitvectoralong f

This corresponds to case 4 in the cross product

method with a ro v rz and were We have

ro ra no FJej n uoxk no

r re uoxk uoxk tf tf fr uoxk.DZ no

Plugging the numerical quantities in these expressions
we get

ro la cos Yt F sin
T

uo 2.121 e u

ra 4 sin j ftp.sinEY uo

enfooa7


