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CONCEPTUAL EXAMPLE 4-10 | The hockey puck. A hockey puck is
sliding at constant velocity across a flat horizontal ice surface that is assumed
to be frictionless. Which of the sketches in Fig. 4-20 is the correct free-body
diagram for this puck? What would your answer be if the puck slowed down?

RESPONSE Did you choose (a)? If so, can you answer the question: what
exerts the horizontal force labeled F on the puck? If you say that it is the force
needed to maintain the motion, ask voursell: what exerts this force?
Remember that another object must exert any force—and there simply isn’t
any possibility here. Therefore, (a) is wrong. Besides, the force F in Fig. 4-20a
would give rise to an acceleration by Newton’s second law, It is (b) that is
correct, as long as there is no friction. No net force acts on the puck, and the
puck slides at constant velocity across the ice.

In the real world, where even smooth ice exerts at least a tiny friction
force, then (¢) is the correct answer. The tiny friction force is in the direction
opposite to the motion, and the puck’s velocity decreases, even if very slowly.

Here now is a briel summary of how lo approach solving problems
involving Newton’s laws.

FIGURE 4-20 Example 4-10.
Which is the correct free-body

diagram for a hockev puck sliding

across frictionless ice?
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1. Draw a sketch of the situation.

2. Consider only one object (at a time), and draw a
free-body diagram for that object, showing all the

acts, and by what object that force is exerted. Only
forces acting on a given object can be included in
SF = ma for that object.

forces acting on that object. Include any unknown 3.

forces that you have to solve for. Do not show any
forces that the chosen object exerts on other objects.
Draw the arrow for each force vector reasonably
accurately for direction and magnitude. Label each
force, including forces you must solve for, as to its
source (gravity, person, friction, and so on).

If several objects are involved, draw a free-
body diagram for each object separately, showing
all the forces acting on that object (and only forces
acting on that object). For each (and every) force,

Newton's second law involves vectors, and it is
usually important to resolve vectors into compo-
nents. Choose x and y axes in a way that simplifies
the calculation. For example, it often saves work if
you choose one coordinate axis to be in the direc-
tion of the acceleration.

For each object, apply Newton’s second law (o the x
and y components separately. That is, the x compo-
nent of the net force on that object is related to
the x component of that object’s acceleration:
=F, = ma,, and similarly for the y direction.

vou must be clear about: on what object that force

5. Seolve the equation or equations for the unknown(s).

This Problem Solving Box should not be considered a prescription. Rather it is
a summary of things to do that will start you thinking and getting involved in
the problem at hand.

When we are concerned only about translational motion, all the forces on a
given object can be drawn as acting at the center of the object, thus treating the
object as a point particle. However, for problems involving rotation or statics, the
place where each force acts is also important. as we shall see in Chapters 8 and 9.

In the Examples that follow, we assume that all surfaces are very smooth so
that friction can be ignored. (Friction, and Examples using it, are discussed in
Section 4-8.)
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SECTION 4-7 Solving Problems with Newton's Laws: Free-Body Diagrams



