* needs updating – textbook problems from Giancoli
Date: 

Course: sph 4u1

Unit: bodies in equ.

Lesson 18: Title: torque

Preliminaries: take up problem #5b on p208

Lesson:

We have said that for equilibrium the necessary conditions are that the net forces in the x and y direction are zero (i.e. 

 and 

). 
However, what happens if the forces are equal and opposite, but not in the same line?
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The object will rotate about a pivot point.  --> this is not static equilibrium!

We need to introduce another quantity called TORQUE.  Torque refers to the “twisting power” of something.  (Symbol is ( , Greek letter tau)

Torque is defined as 

, or using scalars, ( = r( F
where ( is the torque, F is the applied force, and r( is the perpendicular distance between the point of rotation (pivot) and where the force is being applied.

UNITS: N( m   (Note: this is the same as Joules, but torque is a vector quantity and so completely distinct from energy or work that we don’t want to write Joules. We leave it as N-m.]

[diagram of wrench & nut]

[image: image1.png]



Note that to turn a nut we don’t push along the wrench, but at right angles to it. Also the shorter the wrench is, the smaller ‘r’ is and the less torque (or twisting power we have). That’s why long wrenches are more powerful than short ones or fingers.

When we put a handle on a door, whereabouts do we put it? Opposite the hinges. Why? (have a student open a door by pushing near the hinges, then near the handle.)
We have more torque because we are further from the hinges (pivot point), so it is easier to open the door.

If we want to consider forces being applied at other angles we can write:  ( = r F sin ( . Note that the angle ( is between the force and distance. If you have a different angle you may need to use cosine.

Where do you see torque in real life? torque-wrenches (to tighten nuts a certain amount), carrying a long plank or pole (have a student pick one up, why did you pick it up in the middle? Can you please carry it horizontally by holding on near the end.), 
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   110o
 
     20o


Question: In this case, which angle do we use in the formula ( = rFsin(  ? 20, 70 or 110 degrees?
Answer: work it out using common sense. Which location of the angle gives the most torque when it is 90o ?  - obviously not 20o; either 70o and 110o will work.

( this is confusing. Just say that you always use the angle between R and F. Note that you can use either side of the angle since sin 70o = sin 110o.

So a third (and final) condition for equilibrium is that the sum of the torques must be zero.




When things are not static, and there is a net torque, then the torque causes angular acceleration – the object to increase in the speed of its rotation. The amount of acceleration will depend on the mass of the object as well as how it is distributed; this is called the moment of inertia. The torque equation becomes equivalen to F=ma
with ( = I( . We will not be looking at angular quantities now.

Go over sample problems #1-3 on p 215-219 <scan these in from Martindale>
<too simple – do a problem first where we ignore the mass of the beam, then taking it into consideration.
*** teach them that the force of gravity on an object can be thought of as acting on the centre of mass – the centre of a geometric object, or else – explain how to find for a guitar …>

Homework: 
do p219 # 1-4





* these problems go from simple to complex
read p 243, 244 (elbow), 247 (spine)


   too fast. Not enough medium problems.
do p 248 #1-3

* More problems (optional) when these are done to help you grasp torque more: p219 #5,6, p 249 #4

Evaluation:  can you do these problems o.k.?

Next day: Practical torque – building a mobile. – see the lab handout.

Torque: (after assigning some of the problems from Martindale)

There are three main types of torque problems:

1) simply find the torque of something
use ( = rF or ( = rFsin(
2) an object at rest with an obvious pivot:

e.g. mobile, trapdoor, man walking off a girder
use (( = 0

you’ll have to find a mass, force or location of a force (x)

3) finding forces at both ends of an object or finding the centre of mass.
With these problems it seems that you don’t have enough information.
Imagine a pivot at one end (where one force is), now you can use torque ((( = 0) to find the force at the other end.
Switch the pivot to the other end and repeat the procedure.


Important points for torque!
( forces not at centre – otherwise it will never twist. This is one of the ways that you know it is a torque problem
( there is always a pivot point (aka fulcrum). Sometimes you can choose where it is.
( when calculating torques you must have F and r and they must be ( to each other.
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