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(a)

FIGURE 4-18 (a) Two forces, Fy
and F‘u exerted by workers A and
B, act on a crate. (b) The sum, or
resultant, of l',\ and I'B is I'R

FIGURE 4-19 Example 4-9: Two
force vectors act on a boat.

(a)

= PROBLEM SOLVING

Free-body diagram

Identifving every force

Solving Problems with Newton’s Laws:
Free-Body Diagrams

Newton's second law tells us that the acceleration of an object is proportional
to the net force acting on the object. The net foree, as mentioned earlier, is the
vector sum of all forces acting on the object. Indeed, extensive experiments
have shown that forces do add together as vectors precisely according to the
rules we developed in Chapter 3. For example, in Fig. 4-18, two forces of equal
magnitude (100N each) are shown acting on an object at right angles to each
other. Intuitively, we can see that the object will start moving at a 45° angle and
thus the net force acts at a 45° angle. This is just what the rules of vector addi-
tion give. From the theorem of P\th'lgomq the magnitude of the resultant force
is Fp = \/(100N)* + (100N)* = 141 N,

OGRS LN Adding force vectors. Calculate the sum of the two
forces exerted on the boat by workers A and B in Fig. 4-19a.

APPROACH We add force vectlors like any other vectors as described in
Chapter 3. The first step is to choose an xy coordinate system, as in Fig. 4-19a,
and then resolve vectors into their components.

SOLUTION The two force vectors are shown resolved into components in
Fig. 4-19b. We add the forces using the method of components. The compo-
nents of F, are

Fu. = Fycos45.0° = (40.0N)(0.707) = 283N,
Fa, = Fysind5.0° = (40.0N)(0.707) = 283 N.

The components of F; are

Fp, = +Fpcos37.0° = +(30.0N)(0.799) = +24.0N,
Fgy = —Fysin37.0° = —(30.0N)(0.602) = —18.1 N.
Fy, is negative because it points along the negative v axis. The components of
the resultant force are (see Fig. 4-19c)

Fpy = Fax + Fy = 283N + 240N = 523N,

Fry = Fyy + Fgy = 283N — 181N = 102N,
To find the magnitude of the resultant force, we use the Pythagorean theorem:

Fo = \/Fi, + Fi, = \/(52.3)2 + (102)°N = 533N,

The only remaining question is the angle # that the net force Fy makes with
the x axis. We use:
Fry 102N
Fpy 523N

and tan '(0.195) = 11.0°. The net force on the boat has magnitude 533N
and acts at an 11.0° angle to the x axis.

tan# = = 0.195,

When solving problems involving Newton’s laws and force. it is very impor-
tant to draw a diagram showing all the forces acting on each object involved.
Such a diagram is called a free-body diagram, or force diagram: choose one
object, and draw an arrow to represent each force acting on it. Include every
force acting on that object. Do not show forces that the chosen object exerts on
other objects. To help you identify each and every force that is exerted on your
chosen object, ask yourself what other objects could exert a force on it. If your
problem involves more than one object, a separate free-body diagram is needed
for each object.

84 CHAPTER 4 Dynamics: Newton's Laws of Motion



