Coordinates:

= x= (R+p Cos[y]) Cos[od];
y=(R+pCos[¢]) Sin[¢];
z=pSin[¥];

Position vector:
4= P = {X, ¥, 2};
Frame:
D[p, p]

A/D[p, p].D[P, O]
outfs= {cos(¥) cos(¢), cos(¥) sin(¢), sin(y)}

nsk= e, = Simplify

D[p, ¢] ”

nel= €¢ = PowerExpand[Simplify[
ADIp, ¢1.D[p, ¢]

outle]= {—sin(@), cos(¢), 0}

D[p, ¥] ]]

AD[p, ¥]1.D[p, ¥]
ou7l= {sin(¥) (—cos(¢)), sin(y) (—sin(¢h)), cos()}

7= ey = PowerExpand[Simplify[

Check handedness:
ngl= Cross[e,, €4] = ey

ourgl- True
Dual basis (via arclength):
ngl= Rrule = {Dt[R] » 0};
nio)- Collect[FullSimplify[Dt[x]?+Dt[y]®+Dt[z]?] /. Rrule, {Dt[p], Dt[¢], Dt[¥]}]
outior p* (dY)? + (d p)* +(d¢)* (p cos) + R)?

Dual basis (via attitude matrix):

niii= A = {€p, €4, €y}
cos(¢) cos(yy)  cos(y) sin(¢p) sin(y)
out[i1]= —sin(¢) cos(¢) 0
—cos(@) sin(@) —sin(@)sin@) cos)

ni2l= Simplify[A.Transpose[A]] == IdentityMatrix[3]

outzj= True

3= d€ = {{dx}, {dy}, {dz}}

dx
ouizl= | dy
dz
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4= Evaluate[Table[{op}, {m, 1, 3}]] =
Simplify[A.d§ /. {dx » Dt[x], dy » Dt[y], dz > Dt[z]}] /. Rrule
dp
ouia- | (R+ pcos(¥))d¢
pdy
Connection 1-forms (via attitude matrix):

5= W= Simplify[Dt[A] .Transpose[A] /. Rrule]

0 cos(¥)d ¢ dy
ouisl- | —cos(¥) d @ 0 d ¢ sin(y)
—dy —d ¢ sin(y) 0

Connection 1-forms (direct computation):

niel= tor = {p, ¢, ¥};

In[1

~
I

frame = Table[etormy, {m, 1, 3}1;

niel= Simplify[
Table[Sum[D[frame[m], tor[k]] Dt[tor[kl], {k, 1, 3}].frame[n], {m, 1, 3}, {n, 1, 3}]]
0 cos(¥)d ¢ dy
ouigl- | —cos(¥) d ¢ 0 d ¢ sin(y)
—dy —d ¢ sin(y) 0



