LUNAR PHASES

If you watch the moon every night, you see its shape appear to change.  Does the moon really change shape?  Of course not, but its APPEARANCE from Earth certainly changes.  How does this work?  The answer lies within the part of the moon that receives sunlight, and the part of the moon that does not receive sunlight.  

Let’s look at a diagram of the Earth moon system to figure out how this works. Sunlight approaches the Earth-moon system from the right on this diagram.  Your job is to determine which half of the moon is receives sunlight, and which half of the Earth receives sunlight.  Move the mouse on each part of the diagram to arrange the light/dark shades over each moon position, and click to set the shadow on the moon.

Sunlight will shine on the side of the Earth (or moon) that faces the sun.  We call this ‘day‘ on the side of the Earth that faces the sun, and ‘night’ on the side of the Earth that does not face the sun.  You must keep in mind that sunlight will illuminate the side of an object that faces it!

OK, so what does this have to do with moon phases?  Well, the moon ‘shines’ by reflected sunlight.  As the moon orbits Earth, sunlight ‘shines’ on different parts of the moon on the side of the moon that we can see.  We always see the same side of the moon.  (Why?  Because the moon does not spin on its own axis as it orbits the Earth, so we always see the same side.) The key to understanding moon phases is that although the sun always shines on the same side of the moon, the moon is not always in the same place while orbiting Earth with respect to the sun.  That sounds confusing, so let’s work through a little diagram so you can visually see this and figure it out.

On this diagram, the shadows that you correctly identified before for each object are still there.  But in this diagram, you will need to determine what the moon looks like to humans on Earth.  It’s all a matter of perspective.  

Look at the moon when it is directly between the Earth and the sun.  The side of the moon that receives sunlight is not facing the Earth, so there will be no light reflected back to Earth.  The moon is still there, but we will not see it from Earth because there is no reflected light.  From our perspective on Earth, there is no ‘shine’ from the moon.  This is called a new moon.  If you click on this moon, a green dashed line will appear that divides the moon into two halves – the half with sunlight and the half without sunlight.  

Now follow the orbit of the moon in a counterclockwise direction to position (a).  Click on this moon.  The green dashed line will appear dividing the moon into halves – the half we see and the half we cannot see.  Most of the moon that we see is dark.  It is not receiving sunlight, so it will not ‘shine.’  But there is a tiny sliver of the moon on the right-hand side that does ‘shine.’  This is called a waxing crescent moon, named after the crescent roll.  Why the term waxing?  Well, waxing means ‘to grow,’ and the part of the moon we see is growing at this stage.  Anytime the illuminated part of the moon is getter larger, we say the moon is waxing.  A few days after a new moon (an invisible one), the moon has moved enough in its orbit around the Earth to allow the sun to shine on a part of the half we can see.  

Below are views of the moon in all of its phases.  Your job is to continue through sections (b) through (g) to determine if you can figure out which moon phase matches with the position on this diagram.  Click on the moon phase, and drag it into position.

(The students will do this, and when they achieve a correct answer, the following should pop up as pop up windows with bits of information.)

(b) First Quarter.  As the moon moves from waxing crescent along its orbit, eventually we see half of the side toward us ‘shine.’  This is referred to as the first quarter.  It looks like a semi-circle on the right-hand side.

(c) Waxing Gibbous.  Waxing means ‘to grow.’  Gibbous comes from a Latin word meaning ‘hunch-backed.’  Gibbous is the term used when the moon appears larger than a quarter moon, but not quite a full circle (full moon).

(d) Full moon.  This one is easy.  The sunlight shines on the entire side of the moon that we are able to view from Earth.  

(e) Waning Gibbous.  The second half of the lunar cycle is the reverse of the first half.  After reaching full moon, the moon wanes (or shrinks) in the part of the moon that is visible to us.  The illuminated part of the moon is now on the left-hand side.

(f) Third quarter.  Half of the side of the moon we can see ‘shines.’  This time, the moon looks like a left-handed semi-circle.  

(g) Waning crescent.  The moon looks like a crescent roll again, and this time it’s a left-handed crescent roll.  Remember, waning means the illuminated part of the moon is shrinking.

Do you really understand this?  Check yourself to see!

1) The phases of the moon are produced by:

a) the spin of the Earth

b) varying amounts of sunlight reaching the side of the moon that faces Earth

c) varying amounts of sunlight reaching the side of the moon that faces the sun

d) the orbit of the Earth around the moon

2) At full moon:

a) the side of the moon facing the Earth receives no sunlight.

b) the side of the moon facing the Earth receives full sunlight.

c) the moon is between the Earth and the sun

d) none of these

3) At new moon:

a) the side of the moon facing the Earth receives no sunlight.

b) the side of the moon facing the Earth receives full sunlight.

c) the moon is between the Earth and the sun

d) a and c

e) none of these

4) At first and third quarter moon phases:

a) the moon is basically at a 90 degree angle from the sun.

b) half of the side of the moon we can see ‘shines’

c) a and b

d) none of these

5) In the first half of the lunar cycle, the ‘growing’ part of the moon appears on the ________ side.  After full moon when the moon is waning, the illuminated part of the moon appears on the _________ side.

a) right, left

b) left, right

c) right, right

d) left, left

Let’s summarize:

-At new moon, the moon is nearly in line with the sun.  The illuminated part of the moon faces away from Earth, so the moon appears invisible in the night sky.

-A few days after new moon, the waxing crescent moon appears above the western horizon soon after sunset.  Each evening it becomes larger and higher above the horizon.  

-About a week after new moon, the moon reaches first quarter and appears high in the southern sky at sunset.  The first quarter moon does not set until about midnight, so to see it you must watch late-night talk shows and go outside after they are finished.

-In the days following first quarter, the waxing gibbous moon continues to grow.  It appears to move further east, and it sets later in the evening.  

-About two weeks after the new moon, the full moon arrives, rising in the east and setting in the west.  The full moon is visible all night long, and it sets in the west around sunrise.

-The waning phases of the moon are not as visible because the moon is not visible in the early evening when most people are out and about.  As the moon wanes through gibbous, it rises later and later.  By the time third quarter rolls around, moonrise doesn’t occur until around midnight.  If you want to see a waning crescent moon, you must get up early before sunrise and look for the moon in the eastern horizon.  

The lunar phase (moon phases) repeats with a period of 29.5 days.  This is called a synodic period.  Synodic comes from the Greek words meaning ‘journey together,’   referring to the sun and moons positions with respect to each other.

Here’s a question for you!  Can you see the moon sometimes in the daytime?  You’ll never see a full moon in the daytime sky because it rises at sunset and sets and sunrise, but you can sometimes see other phases of the moon in the daytime. It looks a little pale and washed out, but it’s there.  Why isn’t the moon in the daytime as bright as it shines at night?

a) The moon is receiving less sunlight. (No, the sun is pretty constant.)

b) The sunlight in the atmosphere makes the moon appear less bright. (YES!)

c) The moon does not reflect light in the daytime. (It does too. Why would it change?)

Here’s another question for you!  Let’s see if your brain is really on today!

1) If you can see a full moon at your position on the Earth, what type of moon will you see if you go to exactly the opposite side of the world at the exact same instant?

a) A new moon. (No, the moon did not switch positions in its orbit in an instant.)

b) A full moon. (Yes, it’s the Earth than is spinning, not the moon!)

c) No moon at all. (This is really the same answer as A, stated differently.)

d) A and C. (Both are wrong!  Remember, the Earth rotating on its own axis is what causes day and night.)

e) None of these.  (One of them is correct, I promise!)

2) If you see two full moons in the same month of a calendar year, the second full moon is called a:

a) Moon River (No, this is a love song.)

b) Blue Moon (Yes, and there are songs about it, but the songs came after the name.)

c) Moonraker (No, this is an old movie.)

One last point:  Remember that everyone on the planet will see the same phase of the moon at the same time.  It is the Earth that rotates, giving us night and day.   (Maybe we could do a diagram that is wrong with the moon buzzing around the earth, with flashing signs and warning bells, etc. addressing this misconception.)  

Further thought question:

We know that tidal effect occurs primarily because of the moon orbiting the earth.  The Earth’s rotation is what causes the effect of two high and two low tides per day and each location.  Do you think there would be a correlation between the time of moonrise and the time of high tide?  Why or why not?

(In fact, there is a correlation between moonrise and the arrival of high tide.  There is approximately 50 minutes difference between the arrival of moonrise and the arrival of high tide.)

I think that eclipses would follow really well here, but I think we’ve put that on the back burner for awhile. 

Let me know what you think and if you’d like more depth. Gina

