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Lesson 4

VECTOR ALGEBRA

Task.  The skills and knowledge taught in this lesson are common to all missile repairer tasks.

Objectives.  When you have finished this lesson, you should be able to explain what vector algebra is and be able to use it to solve problems correctly.

Conditions.  You will have the subcourse book and work without supervision.

Standard.  You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 1, 2, and 3 (answer 23 of the 30 questions correctly).

In the first three lessons, you studied basic algebra, logarithms, and trigonometry.  They are all necessary preparation for this lesson because vector algebra combines their properties.

VECTOR QUANTITIES

Some quantities have magnitude only; others have both magnitude and direction.  Quantities with magnitude only are known as scalar quantities, while those with both magnitude and direction are known as vector quantities.  Forces, velocity, and acceleration are examples of vector quantities.  Scalar quantities can be added, subtracted, multiplied, and divided directly.  Vector quantities, because of the incorporation of a second dimension (direction), must be treated differently.

VECTOR NOTATION

A vector quantity (figure 4-1) can be represented by a line segment.  The length of the line represents the magnitude of the quantity, while the angular position of the line segment and an arrow point indicate the quantity's direction.
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Figure 4-1.  Vector Quantity.

Usually, this quantity is known as vector OA; however, it may be written 
[image: image2.wmf]OA

 or OA.  Occasionally, it may be designated by a single letter such as 
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, or, or 
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, or M.

RESULTANT VECTOR

Generally, vectors are combined as indicated in figure 4-2.  Since the two vectors 
[image: image5.wmf]OA

 and 
[image: image6.wmf]BC

 have the same direction, they can be combined to produce one single vector 
[image: image7.wmf]OC

 (figure 4-3), having a magnitude of 21 units and keeping the original direction.
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Figure 4-2.  Two Vectors of the Same Direction.
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Figure 4-3.  Two Vectors of the Same Direction Combined.

Resolving the principle shown in figure 4-3 into a practical illustration, suppose a boat is traveling due east at 10 mph, and a current is flowing due east at 11 miles per hour.  The result will be a speed of 21 miles per hour for the boat in due east direction.  Conversely, if the vector 
[image: image10.wmf]BC

 were in the opposite direction figure 4-4), the result would be the new vector 
[image: image11.wmf]OC

 (figure 4-5).  It would have a magnitude of 1 and be in the direction as illustrated.
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Figure 4-4.  Vectors of Opposite Directions.
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Figure 4-5.  Vectors of Opposite Directions Combined.

Two vectors not in the same direction can be combined using the parallelogram method.  By placing the heels of the vectors together and completing a parallelogram (figure 4-6), the diagonal of this parallelogram represents the resultant vector.  For example, combining vector 
[image: image14.wmf]OA

and vector 
[image: image15.wmf]OB

 and completing the parallelogram, you get 
[image: image16.wmf]OC

as the resultant vector.

[image: image17.png]



Figure 4-6.  Parallelogram Method of Combining Vectors.

Three or more vectors can be combined in much the same way.  By keeping their same relative directions and placing them "heel to toe," the resultant vector is the vector joining the heel of the first vector to the toe of the last vector.  For example, the following three vectors, 
[image: image18.wmf]OA

, 
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, and 
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 (figure 4-7) are combined to produce the resultant vector 
[image: image21.wmf]ON

.  Combining the vectors, you get the vector in figure 4-8.
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Figure 4-7.  Three Vectors To Be Combined.
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Figure 4-8.  Parallelogram Method To Find the Resultant Vector.

VECTOR REPRESENTATION

Vectors are usually described in polar or rectangular form.  The polar form shows the magnitude of the vector and the angle that it makes with the horizontal.  For example, 10/30° describes a vector 10 units long at an angle of 30°.  In rectangular form, the vector is resolved into its horizontal and vertical components, which are its projections on the horizontal (X) and vertical (Y) axes, and which have as their origin, the origin of the original vector.  Thus, for vector 
[image: image24.wmf]OA

 (figure 4-9), the vertical component can be expressed


Y = 
[image: image25.wmf]OA

 sin θ,

and the horizontal component can be expressed


X = 
[image: image26.wmf]OA

 cos θ.
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Figure 4-9.  Polar Form of Representing Vectors.

Conversely, the original vector 
[image: image28.wmf]OA

 could be determined from the two component vectors X and Y (figure 4-10).


Assume:


X and Y are given (figure 4-10).


θ and magnitude of 
[image: image29.wmf]OA

 is unknown.


Therefore,



tan θ = 
[image: image30.wmf]X

Y

-, and


the magnitude of 
[image: image31.wmf]OA

 = √-X2  +  .Y2.
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Figure 4-10.  Determining Vector in Polar Form.

When dealing with the electricity, you usually have to express a vector in terms of rectangular coordinates; however, the vertical axis of the coordinate system is designated as the imaginary axis (j component), while the horizontal axis is designated the real axis.  In rewriting vector 10/30° in terms of its real and imaginary components, consider first the following illustration (figure 4-11).
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Figure 4-11.  Rectangular Form of Representing Vectors.

By stating that 10/30° could be represented in terms of vertical and horizontal components, you have essentially stated that



10/30°  =  b  +  ja.


However,



b  =  Z cos θ,



and



a  =  Z sin θ.


Therefore,


10/30°
=
(10 cos θ)  +  j(10 sin θ)



=
(10 cos 30°)  +  j(10 sin 30°)



=
(10  X  0.866)  +  j(10  X  0.5)



=
8.66  +  j5.

CALCULATIONS

Addition and Subtraction

Since the addition and subtraction of vectors by graphic means is not sufficiently accurate without a precise measuring instrument, the usual practice is to convert vectors to their rectangular form and then to add or subtract them algebraically.


Problem:


Add 35/40° and 47/55°

Solution:

35/40°
=
35 cos40°  +  j35 sin 40°






=
35 (.7660)  +  j35 (.6428)






=
26.81  +  j22.50





47/55°
=
47 cos 55°  +  j47 sin 55°






=
47(.5736)  +  j47 (.8192)






=
26.96  +  j38.50







26.81  +  j22.50



26.96  +  j38.50



53.77  +  j61.00

To convert to polar form, remember that

tan θ
=
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=
1.134.


Therefore,


θ  =  48.6°.

Remembering that the horizontal component (b) was equal to Z to cos θ, we can solve the value of Z.

In polar form, the new vector representing the sum of 35/40° and 47/55° is 81.3/48.6°.

Multiplication

To multiply two vectors in polar form, multiply the magnitudes together and add the angles.

55/40°  X  47/55°
=
(55 X 47) / 40°  +  55°






=
2,585/95°

You can get the same result by converting the vectors to rectangular form, performing the multiplication, and converting the product back to polar form.

Division

In dividing vectors, divide the magnitudes and subtract the angles.


60/40°  ÷  30/20°  =  
[image: image36.wmf]30

60

/40°  -  /20°  =  2/20°
RAISING A VECTOR TO A POWER

Since a power of a quantity is essentially a repeated multiplication process, (15/20°)3 is essentially


(15/20°)  (15/20°)  (15/20°),

which revolves into


(153) /20  +  20  +  20  =  3,375  /60°.

ROOT OF A VECTOR

To extract the root of a vector in polar form, extract the root of the magnitude and divide the angle by the degree of the root.  For example,



[image: image37.wmf]°

3

60

/

8


can be rewritten as
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  ÷  3  =  2/20°.
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