Dot and Cross Products

Cross Product

Definition 1: The cross product of two vect@andb is a vector which is orthogonal to bath
andb whose magnitude is given by the area of the pogitam defined bg andb and whose
direction is given by the right hand rule (corkeserrule) or by comparison with the standard x,y,z
axis.

Definition 2 ax b=|a|tsin$i whered is the angle betweemandb and fi is a unit magnitude
vector orthogonal ta andb in the sense given by the right hand rule.

Useful Mathematical Relations:

axb=-bxa - cross products anti-commute (think right hand)ru
ax(b+c)=axb+axc - cross products are distributive (note the orslstill important)

(axb)a=(axb)b=0 - which should be obvious

Applications of Cross Product

The force E) on a segment of a wire carrying a currewhose ends are joined by the vedtan
a uniform magnetic fieldB) is given by

F =1L x B - ordering is important

Magnetic field B) due to a charge moving with velocityv at point whose position relative to the
charge ig is given by
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The angular momentum of a particlg (vith momentunp and positiorr relative to the position
at which the angular momentum is measured is giyen

L=rxp

The torquer due to a forc& applied to a particle at positioirelative to the position at which the
torque is measured is given by

T=IxF



A plane in space can be defined in many ways. @n@aos way is to define one point on the
planec and two vectora andb, which are not parallel, in the plane. A poinbrsthe plane if the
difference between its positigrand the known point on the plane can be writtea sism of the
two vectors in the plane. A much algebraically nlramethod of writing the equation is given by

(r —c).n=0 wheren is normal to the plane iea=axDb

Diagram needed here

Problems
Cross Products

Question 1
A short segment of wire whose ends are joined by#ttorl = (1,2,0) cm is carrying a
current of 1 A in the presence of a uniform magnfid B = (0,0,2) T what is the force
due to the magnetic field on the wire?

Question 2
a) Two particles at positions= (1,1,0) mm andrare acted on by forcés= (1,-1,0) N and
—F; what is the total to torque on the two particie=asured at the origin?
b) Two particles at positions= (1,1,0) mm andrare acted on by forces=(1,-1,0) N and
E: what is the total to torque on the two particlesasured at the origin?

Question 3
Work out the cross product of vectas (1,-2,4) and = (-3,-3,2) by writing out both
vectors as a sum of the unit vectgrsandk, and using the distributive and commutative
rules for cross products.

Question 4

a) The sides of a parallelogram are defined by théovea = (1,2,3) and = (2,1,0).

Calculate a vector normal to the surface of thalfgogram whose magnitude is equal to
the area of the parallelogram.

b) A wire is formed into the shape of the parallelogrand place in a flow of air whose
velocityv = (1,1,1) m&. What volume of air passes through the parall@ogin one
second? ( Note: This part of the question is muardér and will require you to use the dot
product).
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