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§6.1 – Angles & Their Measure
· ray / half-line: starts at vertex v on a line, and extends infinitely in one direction
· angle: drawn in isolation, can be thought of as 2 rays that share the same vertex.  1 ray will be the initial side, the other ray will be the terminal side, and the angle is the measurement of the rotation needed to get from one to the other.
· standard position: angle w/ vertex @ origin, initial side on x-axis.

Four quadrants:

	II


	I

	III
	IV




· Angle is positive if we measure it by first rotating through the 1st quadrant
· Angle is negative if we measure it by first rotating through the 4th quadrant
Degrees: 
· 360° in a circle (in a full revolution)
· Right angle is 90°
· Straight "angle" is 180°

	Degrees-Minutes-Seconds (DMS) to Decimal Degrees:

The real objective here, I think, is to get students used to converting from one form, to another, so that converting to-and-from radians is easier.

	1 revolution = 360°


1° = 60'




1' = 60"

1 rev = 360 degrees

1 degree = 60 minutes

1 minute = 60 seconds



	DMS ( Decimals:

Given a DMS value (x°y'z"), target answer is a decimal (X.Y°)

1. Keep the degrees
2. Multiply the minutes by 
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, add that decimal to the degrees

3. Multiply the seconds by 
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, add that decimal to the degrees

Decimals ( DMS:

Given a decimal (X.Y°), target answer is a DMS value (x°y'z")

1. Keep the degrees

2. Since 1° = 60', if we take just the decimal part, and multiply it by 60, that'll get us the minutes part of the number.  IF THIS NUMBER DOESN'T HAVE A DECIMAL PART ITSELF, WE'RE DONE (remember to record that there are 0 seconds!)  Otherwise, go on to the next step

3. Since 1' = 60", if we take just the decimal part of what we got in step 2, above, and multiply it by 60, that'll get us the seconds part of the number.

4. If we've STILL got decimal parts to our seconds, then we'll round off

Phrase this as "DMS(Dec: mult min by 1/60, sec by 1/602;Dec(DMS: x.y means .y of a degree, each degree is 60 min, so mult 60 * .y to get answer.  Repeat for Sec.  Round vs. truncate for a.b seconds, also might get 0 minutes, s seconds"


Radians: 

· Degrees work, and are fine, but are also arbitrary (why 360°?  Why not 100?)  There are a variety of physical/mathematical relationships that are more easily seen (and worked with) if we choose a definition that comes from the physical/mathematical world itself

· Kind of like the English vs. Metric systems – miles seem intuitive b/c we've been using them our whole lives, not because it's mathematically easier (5,280 feet per mile?  Huh?).  The metric system ends up being very straight-forward mathematically (to go from millimeters to meters, divide by 1,000.  Millimeters to decameters?  Divide by 10,000.  Etc)

· Similarly, degrees are easier only because we've been using them a lot.  We'd like a measure of an angle that's more clearly connected to the underlying physical/mathematical world – RADIANS!!

· Radian: Imagine a circle, that has some radius r.  Imagine putting the vertex for an angle at the center of the circle, so the rays must intersect (or subtend) the circle at two points.  Now imagine moving the terminal side of the angle, so that the length of the arc on the circle is equal to the radius of the circle (i.e., the distance one would travel, if walking on the circle from the initial side to the terminal side, is the same distance as the length of the radius).  The angle created by this action is defined to be 1 radian. 
· Observation: For a given # of radians, the angle stays the same, even if we move to a bigger circle (the circle is bigger (thus r is bigger), but we therefore go further around the circle)
· Side-note: a central angle is an angle in a circle, where the vertex is at the center of the circle

Arc Length of a Circle:

Question: If we have a angle that measures θ radians, inscribed (written) in a circle that's of radius r, what's the length of the arc swept out by that angle?  

In other words, how much string would we need, in order to go from the initial to the terminal side, on the circle?

Answer: 1 radian sweeps out a distance equal to the radius, therefore:

	Radians
	Distance

	1
	R

	2
	2r

	3
	3r


Distance = r • θ

So, how many degrees are there per radian?  How many radians in a revolution?

	 Radians to Degrees & back:

	How can we convert from radians to degrees?  We know that 360° gets us one complete revolution around a circle.  If we knew how many radians will get us completely around a circle, then we could set them equal to each other, and solve.  

1. Arc Length: 
Distance = r • θ

2. Distance around 1 complete revolution of a circle is the circumference:
circumference = 2 • π • r

3. Therefore, if we're going 1 complete revolution (again trying to solve for θ), we know:
distance = circumference ( r • θ = 2 • π • r
4. Doing some math to simplify:
r • θ = 2 • π • r (
θ = 2 • π 
//This says that when θ is a full revolution, there are 2 • π radians per full revolution:
1 revolution = 2 • π radians

5. We already knew that there's 360° per revolution (360° = 1 revolution) therefore:
360° = 1 revolution = 2 • π radians

6. Do math to simplify:
360° = 2 • π radians
180° =  π radians
1° =  
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 radians
Now we can convert back & forth


Distance between two cities:
Cities' locations are given in DMS degrees.  We want to find the distance on a sphere (our simplified view of Earth) between the two.  Luckily, we can abstract from the sphere to a circle, and we've got a formula that tells us the distance.  The downside is that the formula only works with radians.  Therefore, we'll have to convert from DMS degrees into decimal degrees, then from decimal degrees into radians, from whence we can get the actual distance.
Linear Speed of an object traveling in circular motion
linear speed of an object is 
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· v is the linear speed
· s is the distance traveled

· t is the time it took to travel

Angular speed of an object is 
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 (Greek letter omega) is the angular speed
· θ (Theta) is the angle (~distance) traveled

· t is the time it took to travel

So, if we know the angular speed of an object, and want to find the linear speed of that object, we can use the earlier, radians ( arc length formula here:
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therefore 
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.  We'll be given angular speed, so if we re-group things, we'll get: 
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, which is the same as 

v = r • 
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Find the Area of a sector of a circle

Given a circle of radius r, and two angles (in radians), we know that the ratio of their areas will be the same as the ratio of the angles:
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Assume that θ1 is 2π radians (i.e., the entire circle)  The area is π • r2  Therefore:
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We're looking to solve for Area, in terms of radians of the angle:
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