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Instructor Vector Addition Tutorial 
Introduction:
Some physical quantities are represented mathematically by vectors. Physics students must be able 
to sketch vectors graphically, express vectors in component and in magnitude-angle forms, and to 
convert between these forms. Vectors are added, subtracted, and multiplied in two different ways. 
There is no common vector division process. In this tutorial we will introduce the concept of vectors, 
develop strategies for converting between the two forms (component and magnitude-angle) via right 
triangle trigonometry, and review the easiest ways to add and subtract vectors. Multiplication of 
vectors will be studied if and when necessary.

Vector Concepts:
One of the troublesome things about physics is that the mathematics is often unfamiliar. In addition to 
the use of algebra, vectors are also common and carry the extra burden of not being used in any 
other classes. Vectors are used to represent quantities that have both a value (magnitude) and a 
direction. Quantities that do not have a direction associated with them are referred to as scalars. 
Since the mathematics (vector analysis) of vector quantities is not familiar, it requires special 
attention. Examples of vector quantities are velocity (speed and in some direction), forces (including 
electric and magnetic), gravity, momentum, and acceleration. Note that the direction part of a vector is 
an east-west-north-south direction. “Pseudo-directions” like time moving “forward” or the temperature 
“rising” are not directions for vector purposes. Examples of scalar quantities in physics are time, 
temperature, mass, size, work, and energy. Since people are visual in nature, it is helpful to represent 
vectors graphically. The graphical representations help us to understand and to get approximate 
answers to questions. To give accurate answers through graphical representation requires careful 
scaled drawings which is not practical. The Texas adopted physics textbooks require the use of 
vectors, but have different notation and coverage. Thus the notation used here will probably not fit 
your particular situation, but is fairly standard. 

A one-dimensional vector is just a number with positive values pointing to the right and negative 
numbers pointing to the left. In two dimensions, a vector requires two numbers to represent the 
magnitude and direction, and these numbers can be positive or negative. In three-dimensional it 
requires three numbers. In physics (special relativity), four-dimensional vectors are used to 
represent the space-time continuum and higher dimensional spaces can have meaning 
mathematically. We will practice with 2D vectors since they are easy to draw, give us most of the 
ideas of vectors, and are what is needed in most cases. Question: how many numbers would be 
required for a 5D vector? Answer 5.

Mathematical Representations of Vectors:
There are two common forms of representing vectors and each has its use. The 
first form is the magnitude-angle representation. Example A = 5  37o. In this 
example the vector is 5 units long and is directed 37o above the x axis. Notice 
that all vectors are either written in bold face type or have some arrow or ^ 
designation. This document uses bold face type for vector symbols. A second 
and equivalent way of representing this vector quantity would be in the Cartesian component or 
component form. In component form we write this vector as A = x (4) + y (3) where the bold type x 
and y are referred to as unit vectors in the x and y directions. These unit vectors are slightly more 
than ceremonial in that they have values of 1, thus multiplication by one of these does not alter the 
value of a quantity, but indicates the x and y directions respectively. In practice, the notation is that the 
vector A has a component (part) of value 4 in the x direction and a component of 3 in the y direction.
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If we look at these two representations together, graphically we see that what we really have are the 
sides and hypotenuse of a right triangle. The right triangle trigonometry rules are the Rosetta Stone 
(key) to translating from one representation of a vector into the other representation. Since making 
this translation is useful, it is necessary to have a firm grasp on the right triangle relationships. Since 
nature doesn’t always place an x and y axis along our vector pictures, it is also necessary to 
recognize these relationships when the triangle is on its side or upside down or otherwise. However, 
we will state these equations with the triangle in the standard position. The equations on the left allow 
us to translate from the magnitude-angle form to the component form and the equations on the right 
allow us to translate from the component form to the magnitude-angle form. (Figures are from Hyper 
Physics.)

It is recommended that students also be presented with the trig relationships in the adjacent-opposite 
to angle approach to finding the components. This will help when the components are not in the x and 
y directions.

Note that the two forms are equivalent and neither is superior. If a question 
simply asks for the vector A then either form of A is correct. A = 5  37o or A = 
x (4) + y (3). In problems that involve vector addition, the component form is 
more convenient.

Adding Vectors Graphically:
Graphically two vectors are added by placing the tail of the second vector at the head (pointed end) of 
the first vector. The magnitude and direction from the tail of the first to the head of the second is the 
vector sum of the two. The 3-4-5 triangle above is an example of vector 4 in the x direction added to a 
vector of length 3 in the y direction. 

Instructor Vector Addition Tutorial 
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The resultant or sum of the two is the vector drawn from the tail of the first to the head of the second.

The diagram at the right illustrates this method for two vectors with arbitrary orientation. In order to 
add three vectors, the process is continued, head of the third to the head of the second and the 
resultant from 1 to 3. Notice that the orientation and length of the vectors must be maintained in this 
process.

Adding Vectors Analytically:
While sketching vectors for insight is useful, one almost always eventually adds the vectors 
analytically. While it is possible to add vectors in the magnitude-angle form, it is not worth the trouble 
and we will not examine that approach. (The law of cosines can find the magnitude, but finding the 
orientation is messy.) In other words, vector addition takes place in the component formulation, 
even if the vectors are originally given in the magnitude-angle form. The basis for adding vectors in 
component form is that parallel vectors add by simple addition and subtraction. For example, if you 
walk 5 miles north followed by walking 3 miles south, you are 2 miles north of where you started. In 
component form all vector addition is based on this concept.

The process is simple. The x components are added together as numbers and the y components are 
added together separately.
Example: IF A = x (3) + y (4) and B = x (7) + y (-2) then the vector

A + B = x (10) + y (2) and the vector

 A - B = x (-4) + y (6)

These are the sum and difference vectors and are acceptable answers. If the magnitude and angle 
representation is required, then that question should be asked!

Summary: 
The skills necessary to handle vector quantities are to sketch vectors, add and subtract vectors in 
component form, and to convert vectors between the two forms. The basis of conversion between the 
different representations lies in right triangle geometry.

Two good URLs for students who need or want additional information are given below. The unit vector 
designation of these sources utilizes i, j, k instead of x, y, z. Both designations are common in the 
literature.

http://www.glenbrook.k12.il.us/gbssci/phys/Class/vectors/u3l1e.html

http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html
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