Analyze the forces on the ladder below when a person stands on the third step.







Assume: each side of the ladder is 4 feet with four steps; at the floor level the ladder legs are 3 feet apart; the ladder’s weight is 25 lbs, the person weighs 150 lbs, and the floor is frictionless. (Remember pounds is already force, so there’s no need to worry about g.)

1. Treat the ladder as a triangle and calculate its 3 angles.  Draw the (four) forces acting on the ladder.  

2. Find the force the floor places on each side of the ladder (by following the steps below).

To find the force on the right leg, calculate the torques about the bottom of the ladder’s left leg.  (In the figure above, draw the line of actions of each force and then identify the lever arm for each force)


Calculate the clockwise torque (2 forces).  


Calculate the counterclockwise torque (1 force).


Equate the torques and solve for the force from the floor on the bottom right of the ladder.

There are now two ways to find the force from the floor on the bottom left of the ladder:

(1) repeat the above method taking torques about the bottom right of the ladder; 
(2) use the results of the torques about the lower left (i.e. knowing the floor force on the right side of the ladder) apply the fact that the ladder is in translational equilibrium (sum of the forces = 0).

3. Find the force the right part of the ladder places on the left part (at the top).

The line below represents the left part of the ladder.  Draw all the forces on this part of the ladder (5 forces: 1) weight of ladder, 2) normal from floor, 3) normal from person (equal in magnitude to the weight of the person), 4) force from cross strut, 5) force from other side of ladder at top.).  


At the top is the force from the right part of the ladder.  It is pointing towards the left and up.  Instead of treating this as one force at some angle treat it as two forces – one point left, Px, and one point straight up, Py.  Of the, now 6, forces on this part of the ladder three are unknown, namely, T, Px, and Py   Two of these unknowns can be eliminated by calculating the torque about the top of the ladder.  

Clockwise torques:

What forces are causing counterclockwise torques (3 forces).  Draw their line of action in order to determine their lever arms.  Calculate the counterclockwise torque

What forces are causing clockwise torques (1 force)?  Draw the line of action and determine the lever arm.  Calculate the clockwise torque.

Equating the above torques and solve for the tension is the cross strut.

Now four of the forces are known and the other two (Px, and Py) can be found from translational equilibrium (x components and y components) .

Using the Pythagorean theorem determine the force on the left part of the ladder by the right (P and the angle).
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