PC1134 Lecture 13
Topic
Triple products of vectors
Objectives

To understand and be able to calcualte triple
scalar and triple vector products of three
vectors.

Example of Application

e Torque about a point & torque about a line

e Angular momentum

e Centripetal acceleration of a point in a
rotating object
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Triple Scalar Product

A.(ByC, — B,Cy) +
Ay(B.C, — B,C.) +
A.(B,C, — B,C,)
A.B,C, + A,B.C, + A.B,C,
~A.B.C, — A,B,C, — A.B,C,
A, A, A,

B, B, B,
C. C, C.

A - (BxC)=
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Triple Scalar Product

\9

Csing -

Height of the

parallelepiped: gxc | A

Acos ¢ |/

Volume = |B x C|Acos¢p = A - (B x C)
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Triple Scalar Product
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Application of Triple Scalar Product
T is perpendicular to the paper and points inward.

T=rxF

T=r xF
r

\J

In general, 7 X F' is the torque about point O. It may
not be parallel to the rotation axis L

A
T =T+ TL
/,/ I = oA . — -1
T:er./ 7'||—TL (T'XF)
| 71 has no effect if the
1 system is only allowed to
rotate about a given axis

TD; (2).
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Triple Vector Product

Ax (BxC)=1

oll
I
=
oy
<
$3
=
<
+
S\)
=
§3
uy
)
$2
+

= Ay (B,C, — B,C,) — A,(B.Cy — B,C,)
— A,B,C,— A,B,C, — A,B,C, + A,B,C,
= B,(A4,C, + A.C.) — Co(AyBy + A.B,)
= B,(4,C, + A,Cy + A,C.) —

Co(AgBy + A B, + A, B.)

E, = B,(A-C)—C,(A- B)
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Triple Vector Product (cont.)

E, = By(A-C)—C,(A-B)

Similarly
IVES By(f‘T é) — C'y(fT é)
E,=B,(A-C)—C.(A-B)
E = E,i+E,j+E.?
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Application of Triple Vector Product

Angular momentum:

(0V)
L =7 x (m7) <
Since <>
T=W X7 — £
:
L =mix (& x 7) o

Acceleration of a point in an object rotating with
constant angular speed

U=wWXT7T
L du ch’x_,_F_,de" o
a = = T+ WX —=wX1
dt dt dt

ad=d X (Jx7)
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