18. Measurements Activity Presentation Outline:
By Timon LeDain

This activity is intended to show the importance of measurements, and to introduce some tools and methods, which are outside the experience of most of the students.

Today’s subject is Measurements.  Measurements are used in many places in science and technology.  Also, we use science and technology to make devices to measure things.

What are some of the things we measure?


The class will generally come up with a lot of good answers, and the presenter can add more – ex. Length, volume, mass, time, voltage, sound, pressure and light intensity

I’d like to describe an event that happened in 1740.  At that time, Britain had possibly the greatest navy in the world.  Their navy ships and merchant ships sailed all over the earth.

(Referring to world map)  In 1740, some of their ships sailed here – around Cape Horn – and headed for the island of Juan Fernandez – here – to get supplies.  They missed the island.  When you’re at sea, you can only see a short distance because the earth curves.  From the top of the mast, they would be able to see only this far.  If you miss your objective by more than this, you’re in trouble.  (Note – from a 50 metre height, the horizon is 25 km away, about the width of my little finger on the map).

They sailed around looking for the island, and finally, in desperation, sailed East to Chile.  In the process, half of the 2000 men aboard died.

This kind of thing happened frequently, because they had no way of telling how far East or West they were.  North and South were no problem, because if you know the date, you can determine this from the sun or stars, but this doesn’t work with East and West.

The problem was finally solved, after 30 years and at least four attempts, by a man named John Harrison.  Now, who can tell me what John Harrison’s occupation was?  He wasn’t an engineer or a science teacher.


The class came up with good answers, including sailor, explorer, surveyor and so on.  But no one knew the right answer, which is that John Harrison was a clockmaker.

The explanation seems to be somewhat difficult for many Grade 8’s to absorb.  But I don’t think this is too much of a problem because there’s lots of less difficult material in the presentation and it’s good to have something to challenge those with the most ability.  It goes something like this:

Suppose I have a clock and I’m at a known point.  I’ll use Greenwich, England because that’s what was chosen.  There’s really nothing special about it, except that’s where the Royal Observatory was.  I wait until noon.  How do I tell it’s noon? (answer – the sun is at its highest point, or due south).

So I set my watch.  It will now say 12:00 whenever the sun is over this line (show prime meridian on the globe).

Now I get on a ship and many days later I’m in North America.  I travel to Ottawa, and I wait until the sun is due South and look at my clock.  Will it say 12:00?

Say it reads 5:03 in the afternoon.  This means that it took 5 hours and 3 minutes for the earth to turn this far (show on globe).  But we know that the earth turns 360 degrees in 24 hours, or 15 degrees per hour, so I’m a bit more than 75 degrees West of Greenwich.

So Harrison could solve the problem by making a clock that would keep time accurately.  Actually, he had already made clocks that were good enough.  The problem was, they used pendulums (use a weight on a string to show what happens to a pendulum if you move it around, as would happen aboard a ship).  So, he had to come up with a different mechanism, which I’ll show you a bit later (this is just a balance-wheel mechanism, as used in mechanical alarm clocks and watches).

At this point, I quickly demonstrated a more modern way of getting an accurate time aboard ship.  There are special radio stations which broadcast time signals, and you can receive these on board ship.  

We didn’t get into GPS – it’s certainly a legitimate “measurements” topic, but the 3D geometry would be a bit hard to deal with at grade 8 level, and we wanted to include other things beside navigation.

I brought an oscilloscope to demonstrate electrical measurements.  I think there’s a bit of a tendency to steer away from this sort of thing, because the instrument looks complicated and does require some familiarity to operate it.  But the approach below seemed to get across:

As you know, I am an electrical engineer.  I have to measure things like voltage, current, frequency and so on.  What’s the main problem with measuring these things?


(I don’t think anyone got the answer, which is that you can’t see them).

So we have to use instruments that convert electrical quantities into something that we can see.  This is one of the main instruments used by electrical engineers.  It’s called an oscilloscope.  (Starting with the instrument set for a slow sweep).

There’s a bright spot on the screen.  Usually, we set the instrument so that the spot moves from left to right, then repeats.  We can make it go fast or slow.  If we make it go fast, it starts to look like a line, but it’s really a spot moving from left to right.

Using a battery – if we put an electrical voltage in, the spot moves up or down, depending on which way I connect the battery.

Now we’re going to break into two groups and I’m going to show you some things about measuring mass, and discuss reference standards with you and show you how to tell how big a piece of paper is.

This involves using a homemade balance to operate an imaginary candy store, and the use of reel feet (as opposed to a standard foot) to measure distances.  The range of foot size in a grade 8 class is phenomenal!  The task of measuring a piece of paper turns out to be more complicated than most people thought because they generally don’t think about its thickness.  Fortunately, I brought a set of dial callipers (common instrument in machine shops, but most students have never seen one) to measure paper.

I’m going to show you how we can use the oscilloscope to find out some things about sound, and I’ll show you a bit about how Harrison’s clock worked.

With a signal generator, a small amplifier, and a speaker, we can look at a signal (a sinusoid) and hear it at the same time.  Of course, it’s important to point out that the speaker turns the electrical signal into sound.  I started with 440 Hz (A over middle C), and went from there.  I showed them how we measure frequency with the oscilloscope.  We tried higher and lower tones.  One group was really interested in the fact that they could hear high notes and I couldn’t.  Good question – “How come you can hear us when we talk?”  (it’s because I can still hear the frequencies below 4000 Hz, which are important ones in speech).  We also used a microphone and had a quick look at voices, whistles etc.

We had a quick look at the balance wheel and escapement, and showed how it still works (unlike the pendulum) when the ship moves.

