AP Physics – Torque
Forces:

We’ve learned that forces change the velocity of an object. But what does it take to
change the angular velocity of a thing? Well, forces are involved, but the force has to be applied in
a special way. We call this special applied force a torque.
There are many ways to apply a force to a system that can rotate. In the drawing below we have a
turntable that can spin. If we just push sideways on the thing, as in the drawing to the left, we will
not make it spin. We basically would be trying to tip it over. But if we apply a force tangent to the
disc as in the drawing to the right, it will spin. This force is perpendicular to a radius of the circular
path. A force that is applied perpendicular to the circular path at some distance from the spin axis is
called a torque.

Torques change angular velocity. The symbol for torque is the Greek letter τ. Torque is given by
this equation:

τ = rF sinθ
r is the distance to the center of spin from where the force is applied. This
variable is often called the lever arm.

F sin θ be the force component that is perpendicular to the lever arm.

F sin

θ
F
θ

r
If the angle θ is 90°, then the force is perpendicular to the lever arm, the sine is one, and the
equation for torque is simply:

τ = Fr
Note for some unknown reason, the force is written first and then the lever arm in this equation.
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You can see that the unit for torque is going to be a newton meter (nm). We leave it like that.
This looks very similar to the unit for work, the joule, but it is quite different. So energy and work
are in joules and torque is left in newton meters.
Torque is a vector quantity.
•

125 N is applied to a nut by a wrench. The length of the wrench is 0.300 m. What is the torque?

τ = Fr = 125 N ( 0.300 m ) =

•

A torque of 857 Nm is applied to flywheel that has a radius of
45.5 cm. What is the applied force?

τ = Fr

•

37.5 Nm

F=

τ
r

⎛
⎞
1
= 857 Nm ⎜
⎟ =
0.455
m
⎝
⎠

1880 N

You push on the door as shown in the drawing. What is the torque?

τ = rF sinθ

330 N

τ = 330 N (1.5 m ) sin 55.0D

τ=

1.5 m

410 Nm

Multiple Torques:

55.0

What happens if two or more torques act on an object at the same time?

Two forces are applied to the object in the drawing to
the right. The object is free to rotate about the spin
axis. Both cause a torque.
F1 causes a CCW (counter clockwise) rotation around
the axis.

F1
spin axis

r1
r2

F2 causes a CW (clockwise) rotation around the axis.
If a torque causes a clockwise rotation, it is positive.
If a torque causes a counter clockwise rotation, it is
negative.

F2
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The sum of the two torques would be:

∑ τ =τ 1 + τ 2

= F2r2 − F1r1

Equilibrium and Torque:If an object is in angular equilibrium (sometimes called rotational
equilibrium), then it is either at rest or else it is rotating with a constant angular:

If object is in rotational equilibrium, the net torque about any
axis is zero.
This means that the sum of the torques acting on the object must be zero.

∑τ=0
Static equilibrium exists when an object has no motion, either linear or angular. There are two
conditions which must exist in order to have your good old static equilibrium:
The net force must be zero and the net torque must be zero.

∑F=0
∑τ=0
This gives us some very powerful tools to solve static problems. We can analyze a system and look
at the forces acting on it, and we can also look at the torques that act on it. We’ll be able to do some
really cool stuff.
•

Two metal orbs are attached to a very lightweight rigid wire. They are suspended from a rigid
point on the overhead as shown. The system does not move. Calculate the distance from the
suspension line to the center of gravity on the
right sphere.

Since the system is at rest, the sum of the torques and
the sum of the forces must be zero.
Let’s look at a FBD and a drawing showing the two
torques:
Without using the torque equilibrium, we could not
F would simply
solve the problem. The sum of forces
tell us that the upward force would be equal to
weight of the two balls.

4.0 kg

1.0 kg

45.0 cm
r1

m1 g

?
r2

m2 g
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m1 gr1

m2 gr2

Using torque, however, allows us to solve the problem.
All we have to do is add up d’ torques:

τ1 − τ 2 = 0
r2 = −

m1gr1 − m2 gr2 = 0

1.0 kg ( 0.45 m )
4.0 kg

=

m2 gr2 = −m1gr1

r2 = −

m1 gr1
m2 g

0.11 m or 11 cm

Torque problems, as you have just seen, are fairly simple.

On average, we each have about 1500 dreams per year. The only
ones we remember are the ones interrupted by awakening and
then reviewed before they vanish: since dreams do not form
long-term memories (to our knowledge), any dream not reprocessed by the conscious mind is gone forever!!

Now we’ll do a classic teeter-totter beam problem.
•

A teeter-totter is in equilibrium as shown. The block on the left has a weight of 625 N. The
beam itself has a weight of 32.5 N. What is the mass of the second block?

625 N

?

This is a pretty simple problem, we can solve it
using the torques.
The sum of the torques must be zero:
∑τ=0

1.10 m
There are three torqes, τ1 (from the 625 N rock) and
τ2 from the other rock. The weight of the beam
(Fbeam), even though it has a significant amount of
weight, does not cause a torque because the weight
acts at the CG of the beam which is also the center
of rotation. Thus the lever arm is zero.

−τ1 + τ 2 = 0

F1

3.30 m

Fbeam

F2

− F1r1 + F2r2 = 0
τ2 is positive (CW) and τ1 is negative (CCW)
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F1r1 = F2 r2

F2 =

F1r1
r2

=

685 N (1.10 m )
3.30 m

= 228.3 N

To find the mass we use the second law:

F = ma m =

F
a

⎛
kg ⋅ m ⎜ 1
= 228.3
⎜
s 2 ⎜ 9.8 m
⎜
s2
⎝

⎞
⎟
⎟ =
⎟
⎟
⎠

23.3 kg

Another similar problem.
•

A 50.0 N seesaw supports two people who weigh 455 N and 525 N. The fulcrum is under the
CG of the board. The 525 N person is 1.50 m from the center. (a) Find the upward force n
exerted by fulcrum on the board. (b) Where does the smaller person sit so the seesaw is
balanced?

1.50 m

x

First, let’s draw a FBD

n
r2

r1

We know that the system is in static
equilibrium, so we can analyze the forces. In
the y direction, the sum of the forces must be
zero.

∑ Fy = 0
(a) F1 and F2 are the weight of the two men,
FT is the weight of the teeter-totter, and n is
the normal force.

F1

FT

F2

We can write this out:

n − F1 − F2 − FT = 0
Now we can solve for the normal force, this is the upward force exerted on the board by the support
stand.
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n = F1 + F2 + FT

= 0 = 525 N + 455 N + 50.0 N

=

1 020 N

(b) To find the distance the second man must be positioned from the center, we must analyze the
torques.

∑τ y = 0

−τ1 + τ 2 = 0
− F1r1 + F2r2 = 0
F1r1 = F2r2
525 N (1.50 m )
Fr
1.73 N
r2 = 1 1 =
=
455 N
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Jimmy Carter was the first U.S. president to have been born in a hospital.
Eskimos use refrigerators to keep food FROM freezing.
The sentence "The quick brown fox jumps over the lazy dog." Uses every letter in the alphabet.
(developed by Western Union to test telex/twx communications)
In every episode of Seinfeld there is a depiction of Superman somewhere.
The average life span of a major league baseball: 7 pitches.
In the 1940s, the FCC assigned television's Channel 1 to mobile Services(two-way radios in
taxicabs, for instance) but did not Pre-number the other channel assignments. That is why TV
sets has channels 2 and up, but no channel 1.
The only 15 letter word that can be spelled without repeating a letter is uncopyrightable.
Hang On Sloopy is the official rock song of Ohio.
Did you know that there are coffee flavored PEZ?
The reason firehouses have circular stairways is from the days of yore when the engines were
pulled by horses. The horses were stabled on the ground floor and figured out how to walk up
straight staircases.
The airplane Buddy Holly died in was the "American Pie." (Thus the name of the Don McLean
song.)
When opossums are playing 'possum, they are not "playing." They actually pass out from sheer
terror.
The Main Library at Indiana University sinks over an inch every year because when it was built,
engineers failed to take into account the weight of all the books that would occupy the building.
The highest point in Pennsylvania is lower than the lowest point in Colorado.
Nutmeg is extremely poisonous if injected intravenously.
If you have three quarters, four dimes, and four pennies, you have $1.19.You also have the
largest amount of money in coins without being able to make change for a dollar.
No NFL team, which plays its home games in a domed stadium, has ever won a Superbowl.
The first toilet ever seen on television was on "Leave It to Beaver".
The only two days of the year in which there are no professional sports games (MLB, NBA,
NHL, or NFL) are the day before and the day after the Major League all-star Game.
Only one person in two billion will live to be 116 or older.
The name Wendy was made up for the book "Peter Pan."
In Cleveland, Ohio, it's illegal to catch mice without a hunting license.
It takes 3,000 cows to supply the NFL with enough leather for a year's supply of footballs.
There is an average of 178 sesame seeds on a McDonald's Big Mac bun.
The world's termites outweigh the world's humans 10 to 1.
Pound for pound, hamburgers cost more than new cars.
The 3 most valuable brand names on earth: Marlboro, Coca-Cola, and Budweiser, in that order.
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When Heinz ketchup leaves the bottle, it travels at a rate of 25 miles per year.

