
A uniform trap door to a cellar lies horizontal on a floor. The trap door has a mass of 7 kg and a length of 90 cm 
measured from the hinge. There is a solid spherical 5 kg knob of radius 4 cm attached to the trap door 80 cm from the 
hinge. Someone tries to open the trap door by lifting at an angle of 15 degrees from vertical with a force of 110N. What 
is the angular acceleration of the trap door?

The situation looks like this:

The angular acceleration of the whole door is going to be a result of all of the torques and the total 
moment of inertia, given by:

We want to know the angular acceleration, so we can rewrite the above equation to solve for

How do we get the total moment of inertia? Just split it up into the door and the knob.

Unless you are good at 3-dimensional integrals (-don't be afraid to try them!-), this is when you look up 
a few things in your moment of inertia tables. Most moment of inertia tables will include a rod spinning 
around one of its ends:
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Notice that it's rotating around one end. If your table only gives you the moment of inertia for a rod 
around its middle, use the parallel axis theorem (which I will demonstrate on the doorknob in just a 
moment,). Now we know the moment of inertia for the door!

For the door knob's moment of inertia, you'll have to use the parallel axis theorem. First, look up the 
moment of inertia for a solid sphere/ball. (The door knob has a 4cm radius.)

The knob is 80cm away from the point where it will be rotating around, so in the parallel axis theorem, 
we get it's moment of inertia from considering d=.8m for a 5kg mass.

I leave these boxes blank because they don't pay me enough to plug things into a calculator.

Now that we know the moment of inertia of the door and knob, we know the total moment of inertia! 
Just add the two of them together like we described earlier. Now, for the tricky business of considering 
the total torque.

There are really three forces at work here:
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1. Gravity on the door, straight down from the center of mass (r=.45m)
2. Gravity on the knob, straight down from the center of mass of the knob (r=.8m)
3. The 110N pull on the door, applied at a 15 degree angle on the knob (r=.8m)

There are really three forces at work here:

To make this clear, refer to this drawing:

Total torque is just going to be a sum of these three. Remember, torque is a cross product!

Where the angle, theta, is taken between r and F, which is why we use 75 degrees for the pull instead of 
15 degrees. Also note, when the door is lying flat on the ground, the angle is 90 degrees and sin(90)=1. 
Now we can see that the total torque is going to be three torques added up:

And there you have it! The total torque has been found, the total moment of inertia has been found, 
and all that's left to do is divide the two and get your angular acceleration.
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