Tug of War

Tension in the rope.

If two teams, A and B, are in a tug of war and each team pulls with a force of 500 N, what is the Force of Tension (FT) in the rope?


What is the tension in the rope?  You might be tempted to say that the FT in the rope is equal to the sum of the two forces acting on the rope, or 1000 N.
However, let’s consider the following scenario…

A rope is attached to a tree.  A person pulls on the rope, applying a force of 500 N on the tree through the rope.
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The force of tension in the rope is equal and opposite to the force the tree is exerting on the rope.  The force that the rope exerts on the hand is equal and opposite to the force the hand is exerting on the rope.

So… F(tree) = |F(tension)| and F(rope) = |F(applied)|

It is easy to see that the force of tension in the rope is equal in magnitude to the force that is being applied on the tree through the rope.  Since the applied force equals 500 N, then the force of tension in the rope is also equal to 500 N.

Now let’s go back and consider our tug of war problem… the force of tension in the rope is going to be the same no matter what is applying the force.  Whether it is a stationary object such as a tree, or another group of people on the other side of the rope pulling, the tension in the rope remains the same.

If we can imagine splitting the rope into two pieces, the free body diagram for the tug of war problem is the same as the free body diagram for the tree shown above.  We treat each side of the rope as if it were independent of the forces acting on the opposite side of the rope.

In answer to our original question, the force of tension in the rope equals the force with which each team pulls.. or 500 N.
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