
Example: The moment curve with position vector x � ti� t2j� t3k.

Velocity v � i� 2tj� 3t2k Speed }v} � p1� 4t2 � 9t4q1{2 � ds

dt

Acceleration a � 0i� 2j� 6tk Arclength s �
» t
0
p1� 4u2 � 9u4q1{2 du

Jerk a1 � 0i� 0j� 6k pintegral has no closed formq

Unit tangent vector, its time derivative and its magnitude:

T � i � 2tj � 3t2k

p1� 4t2 � 9t4q1{2

T1 � �2tp2� 9t2qi � 2p1� 3t2qp1� 3t2qj � 6tp2t2 � 1qk
p1� 4t2 � 9t4q3{2

}T1} � 2p1� 9t2 � 9t4q1{2
1� 4t2 � 9t4

Curvature:

κ �
����dTds

���� �
����dTdt

���� {
����dsdt

���� � 2p1� 9t2 � 9t4q1{2
p1� 4t2 � 9t4q3{2

Alternate formula for curvature:

κ � }v � a}
}v}3 �

��6t2i� 6tj� 2k
��

pp1� 4t2 � 9t4q1{2q3 �
?
36t4 � 36t2 � 4

p1� 4t2 � 9t4q3{2 � 2p9t4 � 9t2 � 1q1{2
p1� 4t2 � 9t4q3{2

Unit normal vector:

N � T1

}T1} � �tp2� 9t2qi � p1� 9t4qj � 3tp2t2 � 1qk
p1� 9t2 � 9t4q1{2p1� 4t2 � 9t4q1{2

Unit binormal vector:

B � T�N � 1

p1� 9t2 � 9t4q1{2p1� 4t2 � 9t4q
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�tp2� 9t2q p1� 9t4q 3tp2t2 � 1q
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� 3t2i � 3tj � k

1� 9t2 � 9t4

Torsion:

dB

ds
� dB{dt

ds{dt � 3tp2� 9t2qi � 3p9t4 � 1qj � 9tp2t2 � 1qk
p1� 9t2 � 9t4q3{2p1� 4t2 � 9t4q1{2
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3

1� 9t2 � 9t4



looooooooomooooooooon

τ

��tp2� 9t2qi � p9t4 � 1qj � 3tp2t2 � 1qk
p1� 9t2 � 9t4q1{2p1� 4t2 � 9t4q1{2
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Alternate formula for torsion:

τ � pv � aq � a1
}v � a}2 �

�
6t2i� 6tj� 2k

� � p6kq
}6t2i� 6tj� 2k}2 � 12

36t4 � 36t2 � 4
� 3

9t4 � 9t2 � 1
.



Example: Colley §3.2 #19
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Unit tangent vector, its time derivative and its magnitude:
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(after lots of algebra)



Unit normal vector:
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Unit binormal vector:
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