FIGURE 4-22 Example 4-12. (a) Two boxes. A and B, ¥
are connected by a cord. A person pulls horizontally on L
box A with force Fp = 40.0 N, (b) Free-body diagram 2
for box A. (c) Free-body diagram for box B.

Box B

Our next Example involves two boxes connected by a cord. We can refer to
this group of objects as a system. A system is any group of one or more objects
we choose to consider and study.

Two boxes connected by a cord. Two boxes, A and B,
are connected by a lightweight cord and are resting on a smooth (frictionless)
table. The boxes have masses of 12.0kg and 10.0kg. A horizontal force Fp of
40.0N is applied to the 10.0-kg box, as shown in Fig. 4-22a. Find (a) the accel-
eration of cach box, and (b) the tension in the cord connecting the boxes.

APPROACH We streamline our approach by not listing each step. We have two
boxes so we need to draw a free-body diagram for each box. To draw them
correctly, we must consider the forces on each box by itself, so that Newton’s
second law can be applied to each. The person exerts a force Fp on box A,
Box A exerts a force I on the connecting cord, and the cord exerts an opposite
but equal magnitude force Fy back on box A (Newton’s third law). These two
horizontal forces on box A are shown in Fig. 4-22b. along with the force of
gravity m, g downward and the normal force F,y exerted upward by the table.
The cord is light, so we neglect its mass. The tension at each end of the cord is
thus the same. Hence the cord exerts a force £ on the second box. Figure 4-22¢
shows the forces on box B, which are F;, myg and the normal force Fyy.
There will be only horizontal motion. We take the positive x axis to the right.

SOLUTION (a) We apply 2F, = ma, to box A:

ZF.=F — FF=mya,. |box A]
For box B, the only horizontal force is Fy, so
EF, = F; = myag. [box B]

The boxes are connecled, and if the cord remains taut and doesn’t stretch, then
the two boxes will have the same acceleration a. Thus a, = ay = a. We are
given m, = 10.0kg and my = 12.0 kg. We can add the two equations above
to eliminate an unknown (Fy) and obtain

[:’nA + ""u)ﬂ = Fp - Fr + Fl‘ = Fp

or
e 40.0 N

my + my 220 kg

= 1.82 m/s%

This is what we sought.

Alternate Solution We would have obtained the same result had we
considered a single system, of mass m, + my;, acted on by a net horizontal
force equal to Fu. (The tension forces Fp would then be considered internal to
the system as a whole, and summed together would make zero contribution to
the net force on the whole system.)

(b) From the equation above for box B (Fy = myag), the tension in the cord is

Fr = mga = (12.0kg)(1.82 m/s*) = 21.8N.
Thus, Fy is less than Fp(= 40.0 N, as we expect, since /7 acts to accelerate only my .

NOTE It might be tempting to say that the force the person exerts, Fp, acts not
only on box A but also on box B. It doesn’l. F}, acts only on box A. Tt affects box B
via the tension in the cord, F;. which acts on box B and accelerates it.
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" PROBLEM SOLVING

An alternate analysis

.CAUTION

For any object, use only
the forces an that object in
calcidating EF = ma
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