Find a vector perpendicular to two given vectors
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Figure 11.2: & mass M located at
T relative to the ongin O has
momenturn P and has aforce F
applied to it. By the right-hand nile the
torque T =T X F points out of the
page, while the angular momentum
L=rxp points into the page.
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There are many vectors perpendicular to two given vectors.




Find a vector w = (w1, wa, ws) that is perpendicular to both
X = <$1, L2, $3> and 3—; — <y17 Y2, y3>

Xew =10 yew =0
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Xew =0 yew =10
1wy + Tows + r3wsz = 0

Yy1wi + Yyawa + yswsz = 0



1wy + Tows + r3wsz =0

y1wy + Yyaws + ysws =0

T1W1 + Towg = —T3W3

Y1w1 + YaWa = —Y3ws



T1W1 + Tawy = —T3W3

Yy1wi + Yawo = —Ysws

Solve for w; and ws In terms of ws;

(332y3 - 5E3y2)w
($1y2 - 915132)

w1 =

(33193 - 563y1)
(3/1562 — $1y2)

Wo = Ws



T1W1 + Tawy = —T3W3

Yy1wi + Yawo = —Ysws

Solve for w; and ws In terms of ws;

(332y3 - 5E3y2)w
($1y2 - 915132)

w1 =

(551?/3 - $3y1)
(5131y2 — y1$2)

Wo = —

w3
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Example: Find a vector that is perpendicular to both of the
following vectors:

i=1(1,2 1 v=(0, -1, 2)



Calculate U x v

= |-




Compare with:

= (=5, 2, 1)
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The cross product is not commutative
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The Right Hand Rule




Two vectors form the edges of a parallelogram




Area = h|d]|

h = ||V|| siné

Parallelogram




Area = h|d|| = ||d]|||V]| sin €

area = |u| |v| sin B

—_—




Suppose ||u|| = a and ||v]| = b

u= (a, 0, 0) v = (bcos 6, bsin6,0)
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UuXxXvVv= a 0 0| = (absin)k = (||ul|||v| sin §)k
bcos® bsinf 0O



Find the area of the parallelogram

i=(1,0,1) v=1(0,22)

— 21— 2j+2

N~ R

[dx V]| =vVi+4+4=/12=2V3



Find the area of the triangle

i=(1,0,1) v=1(0,22)

1 1
Area of Triangle = §(Area of parallelogram) = R 2v3 =3



The volume of a parallelepiped is related to the cross product
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The volume is the altitude times the area of the base
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Volume = h - (Area of base parallelogram) = h||X x y||

oo
h=7e >
IX < ¥
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X Xy

Volume = Z o X X ¥|| =Ze (X x¥)
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