The resultant displacement vector, Dy, is the sum of the vectors D, and D,.
That is,

l_j]{ o ]j[ + I_j:<

This is a vector equation. An important feature of adding two vectors that are
not along the same line is that the magnitude of the resultant vector is not equal
to the sum of the magnitudes of the two separate vectors, but is smaller than
their sum:

Dy < D+ D, [vectors not along the same line|

In our example (Fig. 3-3), Dy = 11.2 km, whereas D, + D, equals 15km. Note

also that we cannot set Dy, equal to 11.2 km, because we have a vector equation and
I1.2km is only a part of the resultant vector, its magnitude. We could write some-
thing like this, though: Dy = D + D, = (11.2km, 27° N of E).

EXERCISE A Under what conditions can the magnitude of the resultant vector above
be Dy =Dy + D,?

Figure 3-3 illustrates the general rules for graphically adding two vectors
together, no matter what angles they make, to get their sum. The rules are as
follows:

1. On a diagram, draw one of the vectors—call it ﬁl—to scale.

2. Next draw the second vector, D,, to scale, placing its tail at the tip of the
first vector and being sure its direction is correcl.

3. The arrow drawn from the tail of the first vector to the tip of the second
vector represents the sum, or resultant, of the two vectors.

The length of the resultant vector represents its magnitude. Note that vectors
can be translated parallel to themselves (maintaining the same length and
angle) to accomplish these manipulations. The length of the resultant can be
measured with a ruler and compared to the scale. Angles can be measured with
a protractor. This method is known as the tail-to-tip method of adding vectors.

It is not important in which order the vectors are added. For example, a
displacement of 5.0 km north, to which is added a displacement of 10.0 km east,
yields a resultant of 11.2km and angle 8 = 27" (see Fig. 3-4), the same as
when they were added in reverse order (Fig. 3-3). That is,

Vector equation

Tail-to-tip tmehod
of

adding vectors

Vi+V,=V,+ V,. West =57 x (km)

The tail-to-tip method of adding vectors can be extended o three or more
vectors, The resultant is drawn from the tail of the first vector to the tip of the
last one added. An example is shown in Fig. 3-5; the three vectors could repre-
sent displacements (northeast, south, west) or perhaps three forces. Check for
yourself that you get the same resultant no matter in which order you add the
three vectors.

FIGURE 3-5 The resultant of three vectors: Vi, = V;, + V, + V.

+ 2 4 & 8§ 10 East

FIGURE 3-4 If the vectors are
added in reverse order. the resultant
is the same. (Compare to Fig. 3-3.)
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