
Remark: norm                     length         



C = AxB,  in right-hand system 
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Property:  
 
|VxW|= |V| 𝑾 sin𝜽   is equal to  
the area of the parallelogram  
formed by V and W. 
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:     Special and important cases: 



Remark: (a)-(c) are trivial. (d) is proved in Appendix 8. 



:  Proof of (d) by a counter example. 





Algebraic definition of cross product 

or 







Proof: Exercise 

𝑖 𝑗 𝑘
𝑣1 𝑣2 𝑣3
𝑤1 𝑤2 𝑤3

=
𝑣2 𝑣3
𝑤2 𝑤3

𝑖 −
𝑣1 𝑣3
𝑤1 𝑤3

𝑗 +
𝑣1 𝑣2
𝑤1 𝑤2

𝑘 



Normal direction of the plane in 3-D 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=gqB4flAUE4G4SM&tbnid=SbRjgMKhJp3PCM:&ved=0CAUQjRw&url=http://www.braeunig.us/space/vectors.htm&ei=8uAoUsbHKcGyyAGPp4CIDQ&bvm=bv.51773540,d.aWc&psig=AFQjCNEjOUlk48nZkCI01FohQy5FdymnPg&ust=1378496784730593
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=O_FR_DnS8uegOM&tbnid=YYWu3co2xgLCbM:&ved=0CAUQjRw&url=http://geomalgorithms.com/a05-_intersect-1.html&ei=ReIoUsSgLoGmyQHd4YHoCw&psig=AFQjCNHZnU1EzRJYnxOpbqjdgevy2k-ZyQ&ust=1378497456158920


Equation of a line in 3-D 

The Direction 

The Point 
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parallel 



from 







Lines in 2-D as special cases 
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Velocity: 𝒗 = 𝒗𝟏, 𝒗𝟐, 𝒗𝟑 ; Speed: 𝒗 = 𝒗𝟏
𝟐 + 𝒗𝟐

𝟐 + 𝒗𝟑
𝟐 









(x,y,z) 







Example:  
 
Find the equation of a plane which passes the point (-2,2,1) 
and perpendicular to the line:  
                 𝑥 𝑡 , 𝑦 𝑡 , 𝑧(𝑡) = 1 + 𝑡, 3𝑡, 2 − 5𝑡  
 

Solution: The direction of the line, <1,3,-5> is also 
the normal direction of the plane. This implies that 
the equations is: 
 
 

𝒙 + 𝟐 + 𝟑 𝒚 − 𝟐 − 𝟓 𝒛 − 𝟏 = 𝟎    

  
yields

    𝒙 + 𝟑𝒚 − 𝟓𝒛 = −𝟏 









Example (Continue) : 
 

Find the parametric equation of the intersection line.  
 
Solution: We have the direction of the line <1,1,1>. So we 
just need a point on the line (any point), 
 
 

𝐿𝑒𝑡 𝑥 = 0,  
𝑦 − 3𝑧 = 2
2𝑦 − 𝑧 = 1

→  
𝑦 = 1/5
𝑧 = −3/5

 

 

Parametric equation:  

𝑥 𝑡 = 𝑡
            𝑦 𝑡 = 0.2 + 𝑡

              𝑧 𝑡 = −0.6 + 𝑡

 

 





𝜃 = cos−1
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