
Updated: November, 2004

Course: sph 4U1

Unit: Energy & MOM

Lesson 8: Title: Elastic potential energy (I)

Apparatus needed: springs – different k;  some masses (100g 500g); a way of hanging the springs from the ceiling.

Bellwok: How many devices or things can you think of that rely on springiness or elasticity to operate?

Lesson:

Demo a spring: what characteristics does it have? What quantities would you use to describe it?
(length, mass, elasticity/ springiness) 


The springiness of a spring is actually different from a quantity called elasticity. Elasticity is a more general property of anything that is flexible. ‘Springiness’ is (or ‘Springs are’) described by something called a spring constant.

What do you know about the force a spring exerts? can we write an equation?
the more you pull the more it pulls back. – it pulls in the opposite direction … 
(this is called a restorative force).

F = – k x.
This is called Hooke’s Law


Cool! – this is a linear relationship (unlike gravity). You pull twice as much, it pulls back twice as hard!

k is actually the spring constant. 

What units does k have?

What does a larger / smaller k tell you about the spring? (how much force would you need to exert to lengthen it by one cm?)

Note: F = - kx is the force that the spring exerts on a mass (demo). The mass exerts a force on the spring of F = + kx.  (This is also how much force you need to exert to stretch or compress a spring.)

How can you determine ‘k’ ?  When the spring is at rest the forces on it*  are equal. 
 








(* ‘it’ is the suspended mass)
Fg = Fe
[ or |Fg| = |Fe| ]
mg = kx


To find k, we add a mass and measure the displacement: i.e. m g = k x

* the negative sign goes away because we are equating the external applied force (mg) to the external force needed to stretch the spring (kx). NOT the force that the spring exerts on the mass. It’s a bit confusing, but this is the way to do it.


* The spring constant depends on the original length of the spring. If you chop the spring into smaller pieces, k will be higher. We normally don't care about this because we don't cut up springs during an experiment.

P.O.E. Hooke’s law

Predict: 

	(i)
	&&&
	> F
	
	
	 1 spring

	(ii)
	&&&
	&&&
	> F
	
	 2 springs in series

	(iii)
	&&&
	&&&
	&&&
	> F
	 3 springs in series

	(iv)
	&&&-┐
&&&-┘
	> F
	
	
	 2 springs in parallel

	(v)
	&&&-┐
&&&-┼
&&&-┘
	> F
	
	
	 3 springs in parallel


Choose one of the following diagrams …




F(N) 




label with (i), (ii), …(v)  [add in two other more curved lines]


                x (cm)



F(N)
 




label with (i), (ii), …(v) 


             x (cm)


Activity:

· Do this with the 30 cm brass springs and Newton Force scales. 

· pull at a certain force ( e.g. 10 N), measure x

· repeat with 3 other forces. 

· 4 points: sketch graph.

· Now do for situations (ii) – (v)

Use this to teach proportionality  F  x

Possibly: also calculate slope of graph. – will give k: the spring constant.

Elastic Potential Energy

Energy: Can a spring store energy? How would it store more ??

The formula for elastic potential energy (energy stored in anything spring-like, e.g. rubber band, golf ball) is  Ee = ½ kx2 

-- do a sample problem – where one would find Ee.

Conservation Of Energy (? already done)

Demo: ballistics cart.  Use conservation of energy to find out the initial speed (hey – in km/hr!) and spring constant.
Need mass of ball and height reached. (the cart should just be stationary).
>> ballistics pendulum problems!

Homework: 
Nelson p 211 #9, 10, 12,13

*** This homework is really good. Do a couple of problems where we have conservation of energy as a spring bobs up and down – to find speed at equilibrium position or at some other point x.  It seems that we can ignore GPE (according to textbooks?)  -- why?

** Textbook change!

Giancoli:

F=kx:  p327 #2,4

f = 1/2 ((k/m)) : p 327 #6, 8
E = ½ kx2 : p327 # 14, 22,  (conservation of energy)

Other conservation of energy problems:

Giancoli: p 162 #37, 38, 39, 42 (fairly straight forward), 
 

#46.

Prelab activity:

How do we find ‘k’ for springs? 

1. Get three different springs and some masses.

2. Write down what you think that ‘k’ would be for each spring

3. Measure k three times for each spring, adding more mass (so the total length of the spring increases)
Now remove all the masses that you added and see if the spring returns to its original length. If not, you have problems – start all over again. If you have destroyed the spring buy a new one.

4. Is k constant? How close were your guesses? 

Why must the spring be stationary rater than oscillating?

*** Make this into a worksheet that they have to hand in (with blanks, …)

frequency equation (derive)

first look at the effect that a large/ small mass has on the oscillation frequency.
 (demo coupled pendulum – a mass hanging from a long spring – oscillating sideways as a pendulum)

<what is this stuff below? It probably refers to teaching the SHM document.>

definition of SHO / SHM

position vs. time

and equation

velocity vs time

acceleration vs time.

two ways to start position-time equation: at rest and hit – OR – stretched and released.

HW – from Giancoli: see the document called “SHM Questions.doc”

now read the lab instructions: verifying frequency equation

Homework: 

Evaluation: 

This can be taught by Socratic methods. Take a spring and observe it.  Derive most of the formulas.








