
 

 

Mr. Hansel 

AP Physics (3rd Period) 

Week 5 
 

Instructions:  By this point, it’s the same rhyme or reason that we’ve danced through for a month so far.  Read through 

the included notes over torque.  After you have done so, answer the following sample conceptual questions made in a 

Google Form. 



TORQUE You spin me right round, baby

Right round like a record, baby



EQUILIBRIUM

We talked about equilibrium back in the 2nd 6 weeks or so and said that for an 
object to be in equilibrium, the sum of the forces acting on it has to be zero… which 
isn’t entirely true.

Two people of equal weight could be sitting on a seesaw different distances from the 
fulcrum (pivot point for a lever) and the seesaw would definitely not be balanced 
and would tilt to one side

Fulcrum



CONDITIONS FOR EQUILIBRIUM

#1 The net force on the system must be zero.

#2 The net torque/moment on the system must be zero.

Condition 1 handles the object accelerating in an orthogonal direction (up, down, left 
right) and condition 2 handles a rotational/angular acceleration.  It cannot have 
either of those types of acceleration to be in equilibrium.

It CAN be moving or rotating with a constant speed and be in equilibrium (a state of 
unchanging motion).  A windmill rotating a constant speed is in equilibrium as the 
rotation is constant.

P.S. If someone told me torque and moment meant the same thing, I would have not 
almost failed Statics in college.  Hereafter, I’ll just say torque.

For real this time



FACTORS OF ROTATION
Let’s talk about these examples:

Specifically, note that how hard someone pushes, where someone pushes, and in what 
direction someone pushes all matter as far as which way the door swings.

Blue wins -

Pushing 

harder

Red wins -

Pushing 

farther 

from hinge

Blue wins -

Pushing 

perpendicular 

to door



TORQUE

Torque is the attempted motion of an object due to a force that causes rotation.

𝜏 = 𝐹 ∙ 𝑟 ∙ sin 𝜃 or 𝜏 = 𝐹 ∙ 𝑟𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟

𝜏 is the Greek letter Tau which stands for torque and is measured in N ∙ m

F is for Force measured in N

r is the distance at which the force acts from the point you’re calculating torque 
around (the door hinge in the previous example) measured in m

sin 𝜃 or 𝑟𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 is basically referring to the fact that we ONLY care about the 

perpendicular force to cause the object to rotate and nothing about forces in line with 
the fulcrum/hinge (look at the red guy in the third example on the previous slide, he’s 
wasting his effort!)

A rapidly rotating 

roundhouse kick hurts 

more than a standing 

straight kick



BOOK EXCERPT



TORQUE TIPS

Often, we will calculate torque around a given “pivot point”.

You could apply the torque equation to literally any point on the object, and all the 
torques around that point could be calculated.  (This mainly has applications for 
equilibrium positions to eliminate variables that would be otherwise “problematic”.)

Objects in a 2-D plane can spin forwards or backwards, in other words, clockwise 
(CW) or counterclockwise (CCW).

I was taught the right hand rule to remember CCW is positive and CW is negative.

Curl your 4 fingers in the 

direction of rotation.

Thumb out of page = positive

Thumb into page = negative



HOW TO SOLVE STATIC EQUILIBRIUM PROBLEMS?

1)  Make sure that the system is in static equilibrium (a state of unchanging in motion).  
If it is, you can make a few drastic simplifications that the following two conditions of 
equilibrium are satisfied:

ΣF = 0 (in both x and y)

Στ = 0

Using our brain meats, for this to be 

balanced, this means that person B MUST 

weight less than person A because they are 

farther away.

Sum of torques equaling zero means we 

can “add” all our toques up and set it 

equal to zero



CONTINUE

2)  Draw and label a free body diagram of the problem.  Remember to label all the 
forces AND their location from a point of reference (often the pivot).  Remember, the 
perpendicular distance to the point of reference is what matters.

Numbers made up for this example



CONTINUE

3)  Choose a good point to apply the torque equation around IF needed.  Usually, 
this means applying the equation at a point where there is an unknown force to 
eliminate it!  If the force is on top of the point you sum torques around, r = 0 m and 
thus the torque cancels itself.



CONTINUE

4) Write an equation minding positives or negatives.  Since this is the torque unit, let’s 
do the torque equation. Solve if able.  Sometimes substitution is needed. 

Στ = 0
1000 ∙ 0.5 + 𝐹𝑝𝑖𝑣𝑜𝑡 ∙ 0 − 𝐹𝑒𝑛𝑑 ∙ 0.8 = 0

500 − .8𝐹𝑒𝑛𝑑 = 0
500 = .8𝐹𝑒𝑛𝑑
𝐹𝑒𝑛𝑑 = 625 𝑁

Perpendicular forces mean you can ignore the sin part!

sin(90 degrees) = 1 and anything times 1 is itself

Remember, if the force would 

cause it to spin clockwise or 

counterclockwise is what makes it 

positive or negative!



CENTER OF GRAVITY

So where does the weight of an object act? Obviously that seesaw should have some 
weight to it as well since it is not symmetrical.  The weight of it all acts as though it 
were at the center of gravity (also called center of mass in a uniform gravity).

This can be another force that acts upon an object creating a torque.  For a uniformly 
distributed object, the center of gravity should be in the middle of the object.



STABILITY

An object is considered to be stable if, when rotated, it returns to rest in the same 
position.  An object is considered to be unstable if, when rotated, it continues rotating 
when the force is no longer applied to it.  This has to do with center of gravity.

If the center of gravity goes past the point of balance, then the object continues to 
torque in the direction it was going.  If the center of gravity does not go past where it 
was balanced, then the object torques back to its “upright” position.

A higher center of gravity is easier to “knock off balance” because a higher center 
of gravity is displaced more with rotation.  Let’s look at an example:



Focus on the force 

of gravity moving 

horizontally past 

the pivot point (red 

arrow) on the 

bottom!



CHAIR EXAMPLE (CLASSROOM EXPERIMENT, 
DISREGARD UNLESS YOU WISH TO LOOK UP VIDEOS)



1. Email address *

2. 10 points

Mark only one oval.

They will always be in equilibrium

They must be the same distance from the pivot point on opposite sides

They must be the same distance from each other

They must be on opposite sides, but the distance doesn't matter

3. 10 points

Check all that apply.

It must not be spinning

It must not be speeding up, slowing down, or changing directions in its directional
(orthogonal) motion

It must not be moving

It must not be spinning faster or slower over time

AP Torque
Alright, odd week so conceptual questions.  Answer the questions below after reading through 
the slides over Torque.  This will include concepts over the math, but not the actual math itself 
as that will be next week.
* Required

If two people of equal weight sit on a seesaw, what must be true for the
seesaw to be in equilibrium? *

Which of these are the requisite conditions for an object to be in
equilibrium? *



4. 10 points

Mark only one oval.

The weight of the door

How hard the person pushes

How close the person pushes to the hinge

If the person pushes directly towards the hinge (pushing on the edge of the door) or
perpendicular to the door

5. 10 points

Mark only one oval.

Parallel (0 degrees)

At a 45 degree angle

Perpendicular (90 degrees)

Angle does not affect the torque on an object

6. 10 points

Mark only one oval.

newtons

meters

newton * meters

newtons per meter (newtons / meter)

According to our torque equation, which of the following things would NOT
be a factor in how easy or hard it is to open a door? Assume the door has a
frictionless hinge. *

In order to maximize the torque on an object, you must push at what angle
with respect to the object? *

The units for torque are ___. *



7. 10 points

Mark only one oval.

positive; positive

positive; negative

negative; positive

negative; negative

8. 10 points

Mark only one oval.

a positive number

a negative number

zero

the energy in the system

9. 10 points

Mark only one oval.

a positive number

a negative number

zero

the energy in the system

An object that is rotating in a clockwise direction would have a ____ torque
and one that is rotating in a counterclockwise direction would have a ____
torque. *

An object in equilibrium must have the sum of all torques acting upon it
equal to ___. *

What would the torque be on the pivot of a seesaw due to of the force
acting directly on that pivot? *



10. 10 points

Mark only one oval.

1.5 feet

3 feet

6 feet

They are lighter and cannot balance the seesaw no matter what

11. 10 points

Mark only one oval.

Hold its position when the force is released

Rotate back to the position it was in

Rotate away from the position it was in

Never experience a torque

This content is neither created nor endorsed by Google.

If a person with a weight of 200 pounds sits a distance of 3 feet from the
pivot point, how far from the pivot point on the other side would a 100
pound person have to sit for the seesaw to remain in equilibrium? *

When an object is stable, it has a tendency to ____ when a force is applied
to it and causes it to rotate. *

 Forms

https://www.google.com/forms/about/?utm_source=product&utm_medium=forms_logo&utm_campaign=forms
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