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N(t) = @f'y(t), (unit) vector perpendicular to T'(¢)

Brief revision of cross products:

€1 X ey —=e3, €2 X e = —e€3
€y X €3 — €1, €2 X ez = —€;
€3 X €1 =€y, €1 X ez = —€9

V = (x1€1 + (xv€9 + (x3€3
w = [1e1 + [aey + [bzes

VX W = (qpe; + ases + ages) X (e + Sres + Bses)
= (Boars — Bsag)er + - - -



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(2) : e Y(t), (unit) vector perpendicular to T(¢)

Brief revision of cross products:

€1 X ey —=e3, €2 X e = —e€3
€y X €3 — €1, €2 X ez = —€;
€3 X €1 =€y, €1 X ez = —€9

V(t) — &1(75)61 + Oé2<t)62 + &3(t)e3
W(t) = 1(t>61 + 52(75)62 + 53(?5)63

v(t) x w(t) = (ai(t)er + aqs(t)es + as(t)es) x (Bi(t)er + Bo(t)e2 + H3(t)es)
= (Ba(t)as(t) — B3(t)aa(t))er + - - -



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(2) : o (t), (unit) vector perpendicular to T(t)

A

Brief revision of cross products:

€1 X ey —=e3, €2 X e = —e€3
€y X €3 — €1, €2 X ez = —€;
€3 X €1 =€y, €1 X ez = —€9

V(t) — &1(75)61 + Oé2<t)62 + &3(t)e3
W(t) = 1(t>61 + 52(75)62 + 63(?5)63

v(t) x w(t) = (ai(t)er + aqs(t)es + as(t)es) x (Bi(t)er + Bo(t)e2 + H3(t)es)
= (Ba(t)as(t) — B3(t)aa(t))er + - - -

So, if v(t) and w(t) are smooth,



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(2) : o (t), (unit) vector perpendicular to T(t)

A

Brief revision of cross products:

€1 X ey —=e3, €2 X e = —e€3
€y X €3 — €1, €2 X ez = —€;
€3 X €1 =€y, €1 X ez = —€9

V(t) — &1(75)61 + Oé2<t)62 + &3(t)e3
W(t) = 1(t>61 + 52(75)62 + 63(?5)63

v(t) x w(t) = (ai(t)er + aa(t)es + as(t)es) X (Bi(t)er + Bat)ez + [3(t)es)
= (Ba(t)as(t) — Bs(t)aa(t))er + - - -

So, if v(t) and w(t) are smooth, then v(t) x w(t) is
smooth.



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) # 0
T(t) := (¢), (unit) vector in direction of velocity

N(t) := % (t), (unit) vector perpendicular to T(¢)

B(t) = T(t) x N(?),



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k() # 0
T(t) := (¢), (unit) vector in direction of velocity
N(t) := Tfy( ), (unit) vector perpendicular to T(¢)

B(t) = T(t) x N(t), (unit) vector



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) # 0

T(t) := 4(¢), (unit) vector in direction of velocity
N(t) := Tfy( ), (unit) vector perpendicular to T(¢)

1
B(t) = T(t) x N(t), (unit) vector perpendicular



Space curves

Given v : (a, ) — R’ unit speed parametrization,

T(t) := ~(t), (unit) vector in direction of velocity
N(t) = ﬁf&(t), (unit) vector perpendicular to T'(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k() # 0
T(t) := (¢), (unit) vector in direction of velocity

N(t) := # (t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and N(%).
1T (), N(#), }



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k() # 0
T(t) := (¢), (unit) vector in direction of velocity

N(t) := # (t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and N(%).
{T (), N(#), B(t)}



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k() # 0
T(t) := (¢), (unit) vector in direction of velocity

N(t) := # (t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and N(%).
{T(t),N(t), B(t)} form an orthonormal basis



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each ¢



Space curves

Given v : (a, ) — R’ unit speed parametrization,
k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,

v(t) =



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,

v(t) = 2(t)T(t)+



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,

v(t) = (t)T(t) + y(t)N(t)+



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t),



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) z(t), y(t),



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t), y(t), z(¢)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t), y(t), z(t) € R



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t), y(t), z(t) € R
So, z: (o, B) = R,



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t), y(t), z(t) € R
So, z: (o, 8) = R, y:(a,8) = R,



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t),y(t), z(t) € R
So, z: (o, 8) = R, y:(a,8) = R,
and z : (o, 5) = R



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z(t)T(¢) + y(O)N({@) + 2(1)B(?)

for some (unique!) x(t), y(t), z(t) € R
So, 2+ (a, /) = R, g+ (0, B) > R,
and z : (o, 8) — R are functions



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0

T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T(¢)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
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T(t) := ~(t), (unit) vector in direction of velocity
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Given v : (a, ) — R’ unit speed parametrization,

k() # 0
T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T\(¢)
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Given v : (a, ) — R’ unit speed parametrization,
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T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T\(¢)

{T(t),N(t), B(t)} form an orthonormal basis
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So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)
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Given v : (a, ) — R’ unit speed parametrization,

k(t) #0
T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T(¢)

= T(¢) x N(t), (unit) vector perpendicular to T(t)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0
T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T(¢)

= T(¢) x N(t), (unit) vector perpendicular to T(t)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0
T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T(¢)

= T(¢) x N(t), (unit) vector perpendicular to T(t)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)

What are T(2),



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0
T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T(¢)

= T(¢) x N(t), (unit) vector perpendicular to T(t)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)

What are T(t), N(¢),



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) #0
T(t) := ~(t), (unit) vector in direction of velocity
N(t) := —=4(t), (unit) vector perpendicular to T(¢)

= T(¢) x N(t), (unit) vector perpendicular to T(t)

{T(t),N(t), B(t)} form an orthonormal basis
for each t € (a, ).

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)

What are T(t), N(¢), and B(¢)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t)
T(t) := ~(t), (unit) vector in direction of velocity

N(t) := —=4(t), (unit) vector perpendicular to T\(¢)

]
8
=
]
=
_|_
=
=
]
=

—~

{T(t),N(¢),B(¢)} form an orthonormal basis What are T(t), N(t), and B(¢) in terms of the basis?

for each t € (a, 5).

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

#(t) = v(t).T(t)

y(t) = v(t).N(#)
2(t) = v(t).B(?)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) £ 0 v(t) = &(O)T(¢) +z(¢)T(t)

T(t) := (t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)

N(t) := ﬁ"(t), (unit) vector perpendicular to T'() + A(OB() + 2()B()

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and Nt o |

{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (a, ). T(t) = x(t)N(2)

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

#(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) £ 0 v(t) = &(O)T(¢) +z(¢)T(t)

T(t) := 4(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)

N(t) := ﬁ"(t), (unit) vector perpendicular to T'() (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and Nt - |

{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + (t)N(t) + 0B(2)

So, any vector field,
v(t) = z()T(t) + y(O)N({@) + (1) B(?)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

#(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) £ 0 v(t) = &(O)T(¢) +z(¢)T(t)

T(t) := 4(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)

N(t) := ﬁ"(t), (unit) vector perpendicular to T'() (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and Nt - |

{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + (t)N(t) + 0B(2)

So, any vector field, N(t) =77

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) £ 0 v(t) = &(O)T(¢) +z(¢)T(t)

T(t) := 4(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)

N(t) := ﬁ"(t), (unit) vector perpendicular to T'() (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and Nt - |

{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + (t)N(t) + 0B(2)

So, any vector field, N(t) =77

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

=(t) = v(t).T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) £ 0 v(t) = &(O)T(¢) +z(¢)T(t)

T(t) := 4(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)

N(t) := ﬁ"(t), (unit) vector perpendicular to T'() (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and Nt - |

{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + (t)N(t) + 0B(2)

So, any vector field, N(t) =77

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!) x(t), y(t), z(t) € R
So,x: (o, B) = R,y (o, f) = R,
and z : (o, f) — R are functions

x(t) = v(t). T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = (t)T(t) + 2(t)T(?)

T () := 4(¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)

N(t) := ﬁ t), (unit) vector perpendicular to T(¢) + 3(6OB() + 2()B(?)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)

and N(?) . . .

(T(), N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(t) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + (t)N(t) + 0B(2)

So, any vector field, N(t) =77

v(t) = x(t)T(t) + y(t)N(t) + 2(1)B(?)
for some (unique!) x(t), y(t), z(t) € R
So, x: (a, ) =R, y:(a,5) = R,
and z : (o, f) — R are functions
x(t) = v(t). T(t)

y(t) = v(t).N(t)
2(t) = v(t).B(t)

N(t).T(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(1) # 0 v(t) = 2(t)T(t) + z(t)T(t)
T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(?). L .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + £(t)N(t) + 0B(t)
So, any vector field, N(t) =77

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!) x(t), y(t), z(t) € R
So, x: (a, ) =R, y:(a,5) = R,

N(t).T(t) + N(t).T(t)

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(1) # 0 v(t) = 2(t)T(t) + z(t)T(t)
T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(?). L .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + £(t)N(t) + 0B(t)
So, any vector field, N(t) =77

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!) x(t), y(t), z(t) € R
So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = #(t)T(t) + =(t)T(t)

T(t) := ~(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) = #7( ), (unit) vector perpendicular to T(¢) + (OB + 2(O)B(1)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). . : :
(T(1),N(1), B(£)} form an orthonormal basis What are T(t), N(¢), and B(t) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + £(t)N(t) + 0B(t)
So, any vector field, N(t) =77

v(t) = 2(t)T(E) +y(ON(E) + 2(¢)B(Y) N().T(¢) + N(t) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R Y

So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) +=()T(1

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(?). L .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). T(t) = 0T(t) + £(t)N(t) + 0B(t)
So, any vector field, N(t) =77

v(t) = 2(t)T(E) +y(ON(E) + 2(¢)B(Y) N().T(t) + N(t) (1) = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R e Y

So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

K(t) £ 0 v(t) = &(t)T(t) + x(t)T(t)

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(t), and B(t) in terms of the basis?
for each t € («, ). T( )= 0T(t) + x(t)N(t) + 0B(¢)
So, any vector field, N(t) = —r(t)T(¢)+

v(t) = 2(t)T(E) +y(ON(E) + 2(¢)B(Y) N().T(t) + N(&) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R e ~

So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = 2(t)T(t) +2(t)T()

T(t) ;== j(¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (a, B). T( ) =0T(t) + k(t)N(t) + 0B(t)
So, any vector field, N(t) = —s(t)T(t) + ON(t)+

vit) = 2OT(E) + 5N + =B N(#).T(t) + N().T(t) = (N(1).T(1))

for some (unique!) x(t), y(t), z(t) € R e Y

So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = 2(t)T(t) +2(t)T()

T(t) ;== j(¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (a, B). T( ) =0T(t) + k(t)N(t) + 0B(t)
So, any vector field, N(t) = —x(f)T(t) + ON(¢)+77B(¢)

vit) = 2OT(E) + 5N + =B N(#).T(t) + N().T(¢) = (N(1).T(1))

for some (unique!) x(t), y(t), z(t) € R e Y

So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = 2()T() + z(t)T(?)

T(t) ;== j(¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (a, B). T(t) = 0T(t) + x(t)N(t) + 0B(2)
So, any vector field, N(t) = —x(f)T(t) + ON(¢)+77B(¢)

vit) = 2OT(E) + 5N + =B N(#).T(t) + N().T(¢) = (N(1).T(1))

for some (unique!) x(t), y(t), z(t) € R e Y

So, x: (a, ) =R, y:(a,5) = R,

and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

(t) # 0 v(t) = &()T(t) +2(t)T(1)

T(t) := ~(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(%). .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(t) + w(t)N(t) + 0B(?)
So, any vector field, N(t) = —x(f)T(t) + ON(¢)+77B(¢)

v(t) = 2(t)T(E) +y(ON(E) + 2(¢)B(Y) N().T(t) + N(t) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R e Y
So, x: (a, ) =R, y:(a,5) = R, .
and z : (o, f) — R are functions N(#).B(?)
x(t) = v(t). T(t)

(
y(t) = v(t).N(1
2(t) = v(1).B(1)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = (t)T(t) + 2(t)T(?)

T(t) := ~(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(t). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(t), and B(t) in terms of the basis?
for each t € (a, B). T( ) =0T(t) + k(t)N(t) + 0B(t)
So, any vector field, N(t) = —x(f)T(t) + ON(¢)+77B(¢)

v(t) = 2(t)T(E) +y(ON(E) + 2(¢)B(Y) N().T(t) + N(t) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R e ~
So, x: (a, 8) > R, y: (o, 5) = R, . .
and z : (o, ) — R are functions N(#).B(¢) + N(t).B(¢)
x(t) = v(t). T(t)

(
y(t) = v(t).N(1
2(t) = v(1).B(1)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = #(t)T(t) + =(t)T(t)

T(t) := ~(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(t). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(t), and B(t) in terms of the basis?
for each t € (a, B). T( ) =0T(t) + k(t)N(t) + 0B(t)
So, any vector field, N(t) = —x(f)T(t) + ON(¢)+77B(¢)

vit) = o)) + y@N{E) + 2(0B(E) N(#).T(t) + N().T(¢) = (N(1).T(1))

for some (unique!) x(t), y(t), z(t) € R e ~
So,z: (o, ) =R, y: (o, 5) = R, . .
and z : (o, f) — R are functions N(t).B(t) + N(t).B(t) = (N(¢).B(t))
x(t) = v(t). T(t)

(
y(t) = v(t).N(1
2(t) = v(1).B(1)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) + z(t)T(t)

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #7( ), (unit) vector perpendicular to T(¢) + 3(6OB() + 2()B(?)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). .
(T(), N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (a, B). T( ) =0T(t) + k(t)N(t) + 0B(t)
So, any vector field, N(t) = —x(f)T(t) + ON(¢)+77B(¢)

v(t) = o(OTE) +y(ONE) + =()B() N().T(t) + N(t) () = (N(£).T(1))

for some (unique!) x(t),y(t), z(t) € R ~ e

So, z: (o, f) = R,y (o, B) = R,
and z : (o, f) — R are functions
x(t) = v(t). T(t)
y(t) = v(t).N(t)
z(t) = v(t).B(t)

Z
=
@
N
_|_
Z
=
@

|
( —~
Z

£).B(t))

7

0



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = (t)T(t) + 2(t)T(?)

T(t) := (¢), (unit) vector in direction of velocity + P(t)N(t) + y(t)N(t)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t> = —k(t)T(t) + ON()+77B(¢)

) B(t) =
vit) = qf(wT(t) TYONGE) + 2(0B() N(1).T(t) + N(£).T(t) = (N(£).T(t))

for some (unique!) x(t), y(t), z(t) € R —
So, x: (a, 8) > R, y: (o, 5) = R, @
and z : (a, f) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(t)
z(t) = v(t).B(?)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = (t)T(t) + 2(t)T(?)

T(t) := (¢), (unit) vector in direction of velocity + P(t)N(t) + y(t)N(t)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t> = —k(t)T(t) + ON()+77B(¢)

) B(t) =
vit) = qf(wT(t) TYONGE) + 2(0B() N(1).T(t) + N(£).T(t) = (N(£).T(t))

for some (unique!) x(t), y(t), z(t) € R —
So, x: (a, 8) > R, y: (o, 5) = R, @
and z : (a, f) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(t)
z(t) = v(t).B(?)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) +=()T(1

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t> = —k(t)T(t) + ON()+77B(¢)

) B(t) =
vit) = qf(wT(t) TYONGE) + 2(0B() N().T(t) + N(&) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R ——
So, x: (a, 8) > R, y: (o, 5) = R, @
and z : (a, f) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(t) B(t).T(t)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = #(t)T(t) + =(t)T(t)

T(t) := ~(t), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) = #7( ), (unit) vector perpendicular to T(¢) + (OB + 2(O)B(1)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
(T(1),N(1), B(£)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t) = —£(t)T(t) + ON(t)+77B(t)

B B(t) =
V) = DTy N+ #OB0 N(t).T(t) + N(t).T(t) = (N(t). T(t))

for some (unique!) x(t), y(t), z(t) € R —
So,z: (o, ) =R, y: (o, 5) = R, <)
and z : (o, B) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(t) B(t).T(t) + B(t).T(¢)
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) +=()T(1

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t> = —k(t)T(t) + ON()+77B(¢)

) B(t) -
V() = 2T =y IR = 0B N().T(t) + N(&) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R - ~
So, x: (a, 8) > R, y: (o, 5) = R, <)
and z : (a, f) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(?) B(t).T(t) + B(t). T(t) = (B(t).B(t))
2(t) = v(t).B(t)



Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) +=()T(1

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t> = —k(t)T(t) + ON()+77B(¢)

) B(t) -
V() = 2T =y IR = 0B N().T(t) + N(&) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R - ~
So, x: (a, 8) > R, y: (o, 5) = R, <)
and z : (a, f) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(?) B(t).T(t) + B(t). T(t) = (B(t).B(t))
2(t) = v(t).B(t) —




Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) +=()T(1

T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)

B(t) = T(t) x N(t), (unit) vector perpendicular to T(t)
and N(%). .
{T(£),N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € («, ). T( ) =0T(¢) + x(t)N(t) + 0B(?)
So, any vector field, N(t> = —k(t)T(t) + ON()+77B(¢)

) B(t) -
V() = 2T =y IR = 0B N().T(t) + N(&) () = (N(£).T(1))

for some (unique!) x(t), y(t), z(t) € R - ~
So, x: (a, 8) > R, y: (o, 5) = R, <)
and z : (a, f) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
z(t) = v(t). T(t) 0
y(t) = v(t).N(?) B(t).T(t) + B(t). T(t) = (B(t).B(t))
2(t) = v(t).B(t) —_—— ——




Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) + z(t)T(t)
T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(#). L .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). ’I:‘(t) = 0T(t) + x(t)N(t) + 0B(t)
So, any vector field, —r(t)T ( ) + ON(?)+77B(¢)

N(t) =
B(t) = 0T(t) +
v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t) :

N(t).T(t) + N(t).T(t) = (N(£).T(¢))

for some (unique!) x(t), y(t), z(t) € R ~ .
So, x: (o, 0) > R, y: (o, 5) = R, ’f().

and z : (a, f) — R are functions N(t).B(t) + N(¢).B(t) = SN(t).B(t))J’
x(t) =v(t). T(t) 0

y(t) = v(t).N(t) B(t).T(t) + B(t).T(t) = (B(t).B(t))
2(t) = v(t).B(t) —_—




Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(t) # 0 v(t) = @(t)T(t) + z(t)T(t)
T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T'(t) (OB + 2(t)B(2)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(#). L .
{(T(t),N(t), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (o, 3). ’I:‘(t) = 0T(t) + x(t)N(t) + 0B(t)
So, any vector field, —r(t)T ( ) + ON(?)+77B(¢)

N(t) =
B(t) = 0T(t) + - - - + 0B(t)
v(t) = z(t)T(t) + y()N(t) + 2(t)B(?) (

N(t).T(t) + N(t).T(t) = (N(£).T(t))

for some (unique!) x(t), y(t), z(t) € R ~ .
So, x: (o, 0) > R, y: (o, 5) = R, ’f().

and z : (a, f) — R are functions N(t).B(t) + N(¢).B(t) = SN(t).B(t))J’
x(t) =v(t). T(t) 0

y(t) = v(t).N(t) B(t).T(t) + B(t).T(t) = (B(t).B(t))
2(t) = v(t).B(t) —_—




Space curves

Given v : (a, ) — R’ unit speed parametrization,

k() # 0 v(t) = (t)T(t) + 2(t)T(?)
T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #7( ), (unit) vector perpendicular to T(¢) + 3(6OB() + 2()B(?)
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). .
(T(), N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(t) in terms of the basis?
for each t € (o, B). T( ) =0T(t) + k(t)N(t) + 0B(¢)
So, any vector field, N(#) = —x(f)T(t) + ON(2)+77B(¢)
v{t) = #YT0) + y(ON(E) + (B SR
| N(t).T(#) + N () = (N(0).T(0)
for some (unique!) x(t), y(t), z(t) € R ~ ~-
So, x: (a, ) =R, y:(a,5) = R,
and z : (o, B) — R are functions N(t).B(t) + N(t).B(t) = SN(t).B(t))J’
2(t) = v(t).T(t) 0
y(t) = v(t).N(t) B(t).T(t) + B(¢).T(t) = (B(t).B(t))
2(t) = v(t).B(t) —_— ———




Space curves

Given v :
k(L) # 0

T(t):
N(t) :
B(?)

and N(t

{T(t

),

T
)

N(#), B

for each t € («

(v
J(t), (unit) vector in direction of velocity
FORAG

(1)

)

),
x N(t

— R? unit speed parametrization,

(unit) vector perpendicular to T'(¢)
(¢), (unit) vector perpendicular to T(¢)

(¢)} form an orthonormal basis

B).

So, any vector field,

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!)
So, T : («

and z :

(t) =

y(t)

2(t)

(
Vv
Vv
A%

B) =Ry (a
a, 8) — R are functions

(t).T(t)
(t).N()

(t)

B(?)

x(t),y(t), z(t) € R
B) =R,

()+OB(t)
ON(?)+77B(?)

N(¢) + 0B(?)

T(t) = (N@#).T(t)




Space curves

Given v :
k(L) # 0

T(t):
N(t) :
B(?)

and N(t

{T(t

),

T
)

N(#), B

for each t € («

(v
J(t), (unit) vector in direction of velocity
FORAG

(1)

)

),
x N(t

— R? unit speed parametrization,

(unit) vector perpendicular to T'(¢)
(¢), (unit) vector perpendicular to T(¢)

(¢)} form an orthonormal basis

B).

So, any vector field,

v(t) = x(t)T(t) + y(¢)N(t) + 2(1)B(t)

for some (unique!)
So, T : («

and z :

(t) =

y(t)

2(t)

(
Vv
Vv
A%

B) =Ry (a
a, 8) — R are functions

(t).T(t)
(t).N()

(t)

B(?)

x(t),y(t), z(t) € R
B) =R,

(>+OB(>

ON(?) + 7(¢)B
()+0B(t)

N(1).T(t) = (N

()




Space curves

Given v : (a, ) — R’ unit speed parametrization,

k(L) # 0 v(t) = 2(t)T(t) + z(t)T(t)
T(t) := (¢), (unit) vector in direction of velocity + g(t)N(t) + y(t)N(2)
N(t) := #ry( ), (unit) vector perpendicular to T(¢) + 2B + 2(OB()
B(t) = T(t) x N(t), (unit) vector perpendicular to T(¢)
and N(t). .
(T(), N(£), B(t)} form an orthonormal basis What are T(t), N(¢), and B(¢) in terms of the basis?
for each t € (a, ). T(t) = k(t)N(1)
So, any vector field, N(t> = —k(t)T() + 7(1)B(?)
V1) = 2{tT(E) + y(ON(D) + (0Bt ol N
| N(#).T(t) + N(t).T(t) = SN(t).T(t)):
for some (unique!) x(t), y(t), z(t) € R ~— ~-
So, x: (a, 8) > R, y: (o, 5) = R, KU
and z : (o, B) — R are functions N(t).B(t) +1\T(t)B(t2 = SN(t).B(t))J’
2(t) = v(t).T(t) () 0
%g - zggg(%) B(1).T(t) + B(1).(t) = (B(1).B(1))




Frenet-Serret equations



Frenet-Serret equations

T(t) = 0T(t) + s(t)N(t) + 0B(t)
N(t) = —x(t)T(t) + ON(t) + 7(t)B(t)

B(t) = 0T (t) — 7(t)N(t) + 0B(¢)



Frenet-Serret equations

T(t) = w(t)N(t)
N(t) = —s(t)T(t) + 7(1)B(t)
B(t) = —7(t)N(#)



Frenet-Serret equations

T(t) = r(t)N()
N(t) = —x(t)T(t) + 7(t)B(1)
B(t) = —r(t)N(1

Definition. 7(t), defined so that B(t) = —7(¢)N(t)



Frenet-Serret equations

Definition. 7(t), defined so that B(t) = —7(t)N(t) is

called the torsion



Frenet-Serret equations

Definition. 7(t), defined so that B(t) = —7(t)N(t) is
called the torsion of ~



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}

Definition. 7(t), defined so that B(t) = —7(t)N(t) is
called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

Definition. 7(t), defined so that B(t) = —7(t)N(t) is
called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

Definition. 7(t), defined so that B(t) = —7(¢£)N(¢) is 7

called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

Definition. 7(t), defined so that B(t) = —7(t)N(t) is v (e, B)

called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

. : RS
Definition. 7(t), defined so that B(t) = —7(¢)N(¢) is v (e, B) —

called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

: ; — R? tri
Definition. 7(t), defined so that B(t) = —7(¢)N(¢) is 7 (e f) PATAHIELHAES & CHVE

called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

v : (a, ) — R? parametrizes a curve that lies on the

Definition. 7(t), defined so that B(t) = —7(¢)N(¢) is plane, P,

called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

v : (a, ) — R? parametrizes a curve that lies on the
S . .
plane, P. if and only if

n.(y(¢) —y(to)) =0

Definition. 7(¢), defined so that B(t) = —7(¢)N(¢) i
called the torsion of v at t.



Frenet-Serret equations Planes

T(t) = k(t)N(t) P={(z,y,2) € R? | a(x—xq)+b(y—yo)+c(z—2z) = 0}
N(t) = —&(t)T(t) + 7(t)B(t) P={veR’|nv=0}

v : (a, ) — R? parametrizes a curve that lies on the
S . .
plane, P. if and only if

n.(y(¢) —y(to)) =0
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