" Example10.5 Let G bethe curve defined by the vector valued position function
[ r =[sin(t), cos(t) - sin(t), cos(3t)] (OEtE£2p)

Compute the vectors T, N, B at the point on G corresponding tot = P Plot Galong with the frame

1
T, N, B based at point on G corresponding to t =%. Finally, determinethe curvatureof G att :%.

- Solution:

 Using row vectors r:=<a|b|c> torepresent vectors, as convenient asit can be, will not be used in
thisexample. This datatype, its advantages and disadvantages is discused in the second edition of A~
Maple Approach to Calculus. Inthis problem, it is convenient to use functions and rather than risk
surprises with row vectors as functions, we use the "safe" way to do this problem. By using the
"vector( )" command, our vectors take on Maple's preferred way of representing vectors as matrices.

[> restart;
> wth(linalg): dot:=(u,v)->dotprod(u,v, orthogonal);
War ni ng, the protected nanmes norm and trace have been redefined and unprotected
dot := (u, v) ® dotprod(u, v, orthogonal )
> r:=map(unapply, vector([sin(t),cos(t)-sin(t),cos(3*t)]),t);
r:=[sin,t® cos(t) - sin(t),t® cos(3t1)]
> rp:=map(D,r);
rp:=[cos, t® -sin(t) - cos(t),t® -3sin(3t)]
Using the new command "mylength( )" , which we define next, instead of "norm( )" allows usto
avoid some of the awkward absolute value problems. There are surely other waysto do this. Using
| "assume( t, real)” might work quite well.
> nyl engt h: =w >sqrt (dot (w, w) ) ;

i mylength :=w ® .,/ dot(w, w)

> T: =map(unappl y, scal armul (rp(t), 1/ nyl ength(rp(t))),t);
T:%@ COS(t)
. «/COS(t)2+(_Sin(t)_ Cos(t))2+95in(3t)2,
-sin(t) - cos(t)
Jcoqt)2+(-gn(t) . Cos(t))2+9sin(3t)2’
sin(3t) :
«/COS('[)Z +(-sin(t) - cos(t))?+9sin(3t)? E

T> T1:=T(Pi/4);
> 1 1 3 y
=B T2, 2T 2, [T 2]
> NL1:=normalize(map(D, T)(Pi/4));
21 2 3 )
NL=§ /213, - /2 13, 2 {13}

> Bl:=crossprod(T1, N1);
4 3

BLi=§ o 187, 18T, o137}

Thiswork sheet was prepared with Maple 6, which does not have any tools for plotting vectors.
Consequently, we represent the vectorsT, N, B in our plot as line segments of length 1. Here are two
commands for producing the line segments and then the frame consisting of the three vectors (asline

t®

t® -3




segments).

[ Maple 7 has plotting tools to produce these vectors.
> vline:=proc(p,V)
L: =mat add(p, scalarmul (v,t));[L[1],L[2],L[3],t=0..1]; end;
Warning, 'L is inplicitly declared local to procedure “vline

vline =
i proc(p, v) local L; L := matadd(p, scalarmul(v, t)); [L[1],L[2],L[3],t=0..1] end proc
r> frame:=vline(r(Pi/4), T1l),vline(r(Pi/4),NLl),vline(r(Pi/4),Bl),;

frame = & z+1i4tﬁﬁ,-1tﬁﬁ, 2 ST z=0.
§E 2+26t[r tfr- ﬁ tfrst_o 1@
§2 gltJ_J— glw_f ﬁ W_ﬁt—o 1H

r> c.-[r[l](t),r[2](t),r[3](t),t O..2*P|],

i c:=[sin(t), cos(t) - sin(t), cos(3t),t=0..2p]

C> wth(plots):

> spacecurve({c, frame}, scal i ng=CONSTRAI NED, t hi ckness=2);

W1

1

o> kappa: =norm(map(D, T) (Pi/4),2)/ norm(rp(Pi/4),2);

1
= o917




