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Measuring the number of hours

in a day.

Student Brief
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Marcus showing some South African students how a Sunspotter works

It is common knowledge to everyone that there are 24 hours in one earth day. But more accurately, this is not the case. Similarly, if you were to ask someone how many days there are in a year, their immediate response would be 365, but this is also not true. Ever thought why we have a leap year every 4 years? This is to compensate for the fact that we lose part of a day with every year that goes round. The actual number of days in a year is just under 365¼ (365 days, 5 hours, 48 minutes, and 46 seconds, to be precise).

So back to measuring the number of hours in a day. For this experiment you will need the following equipment:

· A cardboard box with an open top (The height of the box must be at least 25cm)

· A sheet of 2mm graph paper

· A pair of scissors

· Sticky Tape

· A ruler with millimetre markings (ruler must be at least 25cm in length)

· A piece of tin foil (should be at least 10cm x 10cm)

· A pin or other sharp pointed item

· A stopwatch

· A calculator

Method:

The first step is to work out how tall the box has to be. The height of the box will determine the diameter of the projected image of the sun on the graph paper. We need this diameter to be 2mm, so that it will fill exactly one square on the graph paper. This simply makes for easier and more accurate measurements.

The following equation can be used to work out the height of the box:

     Box Height (mm)
            =           Distance from the Sun to the Earth (km) g
 Image Diameter (mm)                                     Sun Diameter (km)

For this experiment, we can assume the following values:

The Image Diameter = 2mm

The sun’s diameter = 1,390,000km

The Distance from the Sun to the Earth = 150,000,000km

Substituting these values into the equation we can obtain:

 Box Height (mm)            =           150,000,000 g
2 1,390,000

And rearranging this formula we can obtain:

Box Height (mm)        =         2  x  150,000,000 g      =        300,000,000 g

                                                   1,390,000                            1,390,000

From this equation we can work out that the height of the box must be 215.8mm, or 216mm to the nearest millimetre. This converts to 21.6cm.

So now that we know the height the box needs to be, the next step is to cut it to the right size.
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Measure up from the bottom of the outside of the cardboard box using a ruler up to 216mm. Draw a line at this point all the way round the box (indicated by the dotted line on the diagram) and then cut along this line using scissors so that the height of the box is 216mm.

Now we need to cut a square hole in the bottom of the box. You should aim to make the hole about 5cm x 5cm. It doesn’t matter much where the hole is placed, but try to make it as close to the middle of the box as possible. Once the hole is cut, stick the piece of foil over the hole using sticky tape. Try to get the foil as tight as possible across the hole but be careful not to rip it. Once it is in place, pierce a very small hole in the middle of the piece of foil:
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The final step is to fix the piece of graph paper in place across the open end of the cardboard box and stick it down with sticky tape. Once again, try to make it as tight as possible across the box but be careful not to tear it:
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Now you are ready to record your results. Take the box outside and point the end with the foil on it at the sun. It will need to be quite sunny outside for this to work and you may need to prop the box up on something to get the right angle. When you can see a small white dot on the graph paper, the box is in the right position.

Wait until the dot has moved across the graph paper so that it is completely enclosed by one of the 2mm x 2mm squares. When it appears to be in the right place, start the timer on the stopwatch. Time how long it takes for the dot to move through 10 of these squares so in total it will have travelled 20mm.

Take this value, which will be in minutes, and convert it into seconds.

Now we need to design a formula for measuring the number of hours in a day. From research, we know that the angle the sun’s diameter makes in the sky when viewed from earth, is 0.5º. This is shown more clearly by the diagram below:
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This means that when the dot on the graph paper moves through one 2mm x 2mm square, the sun has moved half a degree through the sky. So now lets go back to the time value you found out earlier. Take the value (in seconds) and divide it by 10 (because it moved through 10 squares on the graph paper). The result you end up with is the time taken for the sun to move through 0.5º in the sky. We will call this value, t.

As we know that there are 360º in a full turn, we need to multiply this value by 720, which is   360º.

                0.5º

And finally we will need to divide by 3600 to get a final value of the number of hours in a day. So let’s look at the final formula:

       Number of hours in a day     =       t  x  720

                                                                3600

Hopefully your answer comes out to something very near to 24 hours!
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