
Chapter 5 Problem 32 †

Given
~Fr = 90.0̂i N
~Fl = −75.0̂i N
~Ff = −12.0̂i N
m = 23.0 kg

Solution
What is the system of interest?

In this problem the system of interest is the wagon and the child in it. The free-body (force) diagram
illustrates all of the forces acting on this system. Notice the two children pushing on the wagon are not
part of the system. They are external to the system, but acting on it.

b) Calculute the acceleration.

Using Newton’s 2nd law gives

Σ~F = m~a

Substituting in all of the forces gives

~Ff + ~Fl + ~Fr + ~W + ~N = m~a Eq.(1)

Notice that the summation symbol means to add all the forces. The positive and negative signs will show
up as we substitute in the values for each of the vectors. Now the weight is

~W = −mgĵ

and the normal force is

~N = Nĵ

Substituting these values into equation (1) and assume the acceleration is only in the horizontal direction
gives

(−12.0̂i N) + (−75.0̂i N) + (90.0̂i N) + (−mgĵ) + (Nĵ) = mâi

Simplifying the equation gives

(−12.0 − 75.0 + 90.0)̂i N + (−mg + N)ĵ = mâi
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In the vertical direction (y-direction) we have

−mg + N = 0

Therefore, the normal force is equal to the weight of the wagon and child in the wagon. The normal force
is then

N = mg = (23.0 kg)(9.80 m/s2) = 225 N

In the horizontal direction (x-direction) we have

(−12.0 − 75.0 + 90.0) N = (23.0 kg)a

Solving for acceleration gives

a =
(−12.0 − 75.0 + 90.0) N

23.0 kg
=

3.0 N

23.0 kg

a = 0.13 m/s2

c) What is the acceleration if the frictional force is 15.0 N .

Using this new value for friction gives

a =
(−15.0 − 75.0 + 90.0) N

23.0 kg
=

0 N

23.0 kg

a = 0 m/s2


