Space Curve Example — a Helix

Name, General Formula, Value for right-handed Helix, radius 3, height 214
and Equivalents (=)
Position param. by time=r(t) = (3cog,3sint,4t) (1)
Velocity=v=r = (—3sint,3co4,4) 2
speed= $=|v| =|f| = V/9sirPt+9cot+16=+9+16=5 ©)
s -3 .. 3 4
Tangentvecto= T =1' =i /[f| = (?&nt,gcost,g) (4)
Acceleraton=a=1 = (—3cog,—3sint,0) )
arclength= s(t) / \v| d = / 5dt =5t Usually very hard to find! (6)
= from prewous but (3) more direct. @)
" s
Position param. by arclength r(s) = <3COS§ 3sm5 5) (8)
: . o 1. d d
Key relationship: u=u/lr| = gl for everyu, whereu’ = dz andu = dtj 9)
. , 1. 1/-3 -3
First Frenet-Serret formula: T = =T =—-| — cogt,— sint,0 (20)
5 5\5 5
3 :
= 2—5(—cost,—smt,0) =kN (12)
3
curvature=k = [T'| = o from (11) and (14) (12)
Normal vecto=N=T'/|T'| = (- cost,—sint,0) from (11) sincgN| = (13)
v/ co2t + sirft + 02 = 1: direction makes > 0. (14)
i Ik 4 —4 3
Binormal vector=B=T xN = | Zsint 2cost 2 |=( Zsint,—cost, = (15)
: 5 5 '5
—cost —sint O
: B 1. 1/4 4
Third Frenet-Serret formula: B’ = —-B= - —cost,=sint,0 (16)
5 5\5 5
_ _ —4
= 25( cost, —sint,0) = 2—5N =—1N (17)
: 4
torsion=1 = +% from (17) (18)
1. 1 .
Second Frenet-Serret formula: N’ = gN = g(smt, —cogt,0) (19)
-3/-3 .3 4 4 (4 —4
= 25 <? sint, gcost, §> + == 5 <55|nt 5 — cogt, > (20)
= —KT+1B (21)
. 3
Acc. componentsa=§T+ (§)%kN = OT + 522—5N OT +3N (22)



T/
Frenet-Serret formulas: N’
B/

3 3 o
_2_§lcc_’3t —?Ssmt 0
zsint —zcost O

4 2 g
;cost  wsint 0

Radius of curvature= 1/k =

Radius of torsion=

Total curvature= |[N'| = VK2 +12 =

Osculating plane(x—r)-B

Normal plane(x—r)-T

Rectifying plane(x—r)-N

Alternate formulas for k, T, T, N, B and components of acceleration

rxi =

P xf| =
(F x F)-F

(Fxf)xi =
Pof

K=|F xi|/[f]® =

U= (i xF)-F/[f xF[2 =
Cbebo [ x
14 4
T=r/lf] =

B=rxi/|rxi| =
N = (F xi)xi/(|f xi|[f]) =

0 K O T
= -k 0 1 N
0O -t O B
3 3 3
0 % O —gsint  gcost
= - 0 = —cot —sint
4 4 o 4
0 —x% O ssint —zcost
§
3
25
1 = —
/T 7

() (@) - 35

4 4 3 12
=0: g(smt)x— g(cost)er £2= Et

) 3 . 3 4 16
=0: —g(smt)x+ g(cost)er gZ= Et
=0: —(cost)x+ (sint)y = —3

3cog,3sint, 4t)
3sint,3co4,4)
3cog, —3sint,0)
(3sint,—3cog,0)

(
(
(

VP4+4=5
[ ] k
—3sint  3cog 4 | =(12sint,—12co0g,9)
—3cod —3sint O
V12 4+92=15

36sirft+36cogt+0 =36
(—75cog, —75sint,0)
9sintcost —9codsint+0=0
15/5° = 3/25

36/15 = 4/25

0. 15

=T+ —N=0T+3N
5 +5 *

((—=3/5)sint, (3/5)cost,4/5)
((4/5)sint, —(4/5) cost, 3/5)
(—cogt, —sint,0)

glw O Ul
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