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BLC-150: THE ALGEBRA WORKSHOP, CLASS 3 
Daniel Newsome Presiding.   Link for website found here: http://www.mifami.org 

 
Geometrical Constructions 

 
Circumference of a Circle:  πd = π2r = 2πr    

(all the same since d = 2r) 
 

Radius: it's just a ray, like the ray coming off the 
sun.  But it is technically a ray, originating from 

the center of a circle, extending to the edge of the 
circle. 

 
If r = 1, then the circumference is just 2π.  All 

the way around a circle of radius 1 is 2π,  
which is about 2(3.14) = 6.28.  

 
If you have a circle with a diameter of 20cm,  

the circumference will be πd,  
which is about 3.14 x 20 = 62.8 cm. 

 
Q: If you hike around a mountain on a path with 
a radius of 2 miles, how long is the hike if you 

go all the way around? 
 

2 ∙ 𝜋 ∙ 2𝑚𝑖 = 4𝜋 ≈ 4 ∙ 3.14 = 12.56𝑚𝑖. 
 

Remember radians from high school?  Radians 
are just radiuses (radii).  Radians are just radii 

that measure their own circles.   
 

If a circle has a radius of 8cm.  Then the 
circumference is 2π(8in) = about 50in. 

 
If instead of measuring the radius with an 

external measurement system like inches or 
centimeters, and then find the circle's 

circumference... what if instead we measure the 
circumference of the circle by the radius itself... 

without an external measurement system.   
The circumference of any circle could be 

measured by its own radius.  We could use this 
way of measuring the circumference as a way to 

measure how far around the circle we are.  
All the way around the circle would be 2πr. 

Half way around:  πr. 
A quarter way: ½ (πr) 

 
 

All the way around a circle is 360º. 
Half way around is 180º. 

A quarter way around is 90º. 
 

You see where this is headed? 
 

This is what is meant when math teachers say 
that 2π radians is 360º.   

[Radians is usually abbreviated "rad"] 
 

Radians are a way of measuring the 
circumference of a circle by its own radius.  
Instead of measuring by so many inches or 
centimeters, it is measured by so many radii 

(radiuses). 
 

How many radians (or radii) around a circle? 
3 radii and a little bit more. 

3radii + 0.14159... to be more precise. 
 

All circles can be measured by their own radius 
in this manner and will always give the same 

angular results. 
 

If  2π rads = 360º,  

(do some algebra... divide both sides by 2π) 

 then 1 𝑟𝑎𝑑 = 360°
2𝜋 = 180°

𝜋  

and  

1° =
2𝜋 𝑟𝑎𝑑𝑠
360 =  

𝜋 𝑟𝑎𝑑𝑠
180  

 
          The conversion equations:   
 
       𝟏 𝒓𝒂𝒅 = 𝟏𝟖𝟎°

𝝅        and      𝟏° =  𝟏𝝅 𝒓𝒂𝒅
𝟏𝟖𝟎  

 
Or if you want to get fancy and express the 
relationship as 1: 

1 =
1𝑟𝑎𝑑
180°/𝜋 =

180°/𝜋
1𝑟𝑎𝑑  
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Doing geometry with a compass and straight edge 
 
Geometrical Construction Exercises: Play with the compass and straight edge and practice making 

circles, equilateral triangles, squares, right angles, finding midpoints, bisecting angles, and 
transferring measurements.   

 
I.  In class: Make a pretty picture. 
 

a.  First, draw a straight line all the way across a sheet of paper.  Then I want you to draw a circle with the 
center somewhere on that line with a radius of about 2" (about 5cm).  Then go nuts with your compass by 
drawing circles centered on points of intersection... where-ever two lines cross, use that cross as a center for 
a new circle.  All circles need to have the same radius.  Make some sort of pretty design.  

 
b.  Now pull out a straight edge and connect interesting points of intersection.  Then find patterns and shapes 

and repetitions.  Shade in some of these patterns and shapes.  Make something pretty. 
 
II. Now let's do some geometrical constructions together: 

 

a:  find the midpoint between two points on a line  

b:  construct a right angle 

c:  construct an equilateral triangle 

e:  construct an equilateral triangle circumscribed by a circle. 

f:  construct an equilateral triangle with a circle inscribed with it.  

g: ... and whatever else comes to me... 

 
Now you ... make a square.  Start with a straight line drawn with a straight-edge and pencil. 

Then set your compass for about 6 or 7cm (2.5 or so inches).   
Figure it out.  How do you make a square?   

Hint: Make a perpendicular "plus sign." 
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Exercise 1: Converting from degrees to rads. and vice versa. Convert back to check result. 

E.g.  3 rads = ?º                            

1 𝑟𝑎𝑑 =
180°
𝜋

   →    3 𝑟𝑎𝑑𝑠 =  
3 ∙ 180°

𝜋
=
540°
𝜋

≅ 171.89° 

171.89º = ? rads. 

171.89° =
171.89 ∙ 𝜋 𝑟𝑎𝑑𝑠

180
≅ 3 𝑟𝑎𝑑𝑠 

E.g.  15º = ? rads.             

1° =  
𝜋 𝑟𝑎𝑑𝑠
180

    →     15° =
15 ∙ 𝜋 𝑟𝑎𝑑𝑠

180
=
𝜋 𝑟𝑎𝑑𝑠
12

≅ 0.263 𝑟𝑎𝑑𝑠 0.263 𝑟𝑎𝑑𝑠 =  
0.263 ∙ 180°

𝜋
≅ 15° 

1.  30º = ? rads.             𝜋/6 𝑟𝑎𝑑𝑠 
𝜋
6 ∙
180°
𝜋 = 30° 

2.  3.1415 rads = ?º       ≈ 180° 180 ∙ 𝜋 𝑟𝑎𝑑𝑠
180 = 𝜋 𝑟𝑎𝑑𝑠 

3.  45º = ? rads.            = 𝜋
4 𝑟𝑎𝑑𝑠 etc. 

4.  3π rads. = ?º           = 540° 
etc. 

5.  90º = ? rads.          = 𝜋
2 𝑟𝑎𝑑𝑠 

etc. 

6.  !
!
rads.= ? °           = 90° 

etc. 

 
Exercise 2:  𝑠𝑖𝑛𝜃 = !""!#$%&

!!"#$%&'(%
, 𝑐𝑜𝑠𝜃 = !"#!$%&'

!!"#$%&'(%
, 𝑡𝑎𝑛 = !""!#$%&

!"#!$%&'
 

Refer to the equilateral triangle below.  Angle CAB is bisected by AD as shown.  
 

a)  Determine the  
     following angles: 
   i)   CAB = 60º 

   ii)  ADB = 90º 

   iii)  ABD = 60º 

   iv)  DAB  = 30º 

b)  Determine the following  
      trig. functions: 
   i)   sin(BAD) = 1/2 

   ii)  cos(BAD) = 3/2 

   iii)  sin(ABD) = 3/2 

   iv)  cos(ABD) = 1/2 

 
Euclid, Elements, Book I, 

Definition10. "When a straight line set up on a straight line makes 
the adjacent angles equal to one another, each of the equal 
angles is right, and the straight line standing on the other is 

called a perpendicular to that on which it stands." 
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Exercise 3: Solve.   

E.g. 4 − 6 + 5 − 2 = 

4 + (−6) + 5 + (−2) = 1 

1 3− 3+ 1 = 

2 18 − 19 + 3 = 

3 3𝑥 + 5𝑥 − 8𝑥 + 3𝑥 = 

4 $13 + $12 − $25 + $4 = 

5 10 − (3+ 2)+ (2+ 3)− 5 = 

6 3− (3− 2)+ 4 = 

7 12(3− 2)− 5 = 

 
 

Solve for y and simplify as far as you can. 

8 𝑦 =  3𝑥 + 7− 8 

9 𝑦 = 7𝑥 − 9𝑥 + 6 

10 2𝑦 + 1 = 4𝑦 − 3𝑥 + 1 

11 
𝑦
𝑥 = 3 

12 𝑦!

𝑥 = 3𝑦 

13 
𝑦
𝑥 = 2+

7
𝑥 
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Exercise 4 

 

 
You measure the distance from Los Angeles to New York City on a map.  It is 14cm. 

You know that the distance from LA to NYC is 2500 miles (as the crow flies1). 
 

a) How far does one centimeter on this map measure in the real world?  !"!"
!"##!"

= !!"
!

.  Solve for x. 
ca. 1cm = ca. 179 miles 

 
 
 
b) How many millimeters is 1 mile on this map?  [10mm = 1cm] 

1𝑐𝑚
179𝑚𝑖 ∙

10𝑚𝑚
1𝑐𝑚 =

10𝑚𝑚
179𝑚𝑖 =

1𝑚𝑚
17.9𝑚𝑖 ≈ 0.056𝑚𝑚 𝑚𝑖        

 
 
 
c)  How far (in miles) is the middle of Colorado to the southern most tip of Florida?  ca. 9.8cm 

ca. 1754 miles 
 
 

                                                
1 "As the crow flies" means the shortest, most direct route between two points.... as if flown by a crow. 
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d) The map itself (the rectangular box) is 17.3cm wide and 11.8cm tall.  How many square miles does this 
map cover?   

17.3𝑐𝑚 𝑖𝑠 3097𝑚𝑖.    11.8𝑐𝑚 𝑖𝑠 2112𝑚𝑖        𝑇ℎ𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑖𝑠 𝑟𝑒𝑐𝑡𝑎𝑛𝑔𝑙𝑒 𝑖𝑠 6,540,864 𝑚𝑖! 
 
 
e)  The area of the lower 48 US states (seen on the map) is 3 million square miles.  What percentage of 

this map contains US territory?   
3 𝑚𝑖𝑙𝑙𝑖𝑜𝑛
6.54 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 ≈ 46% 

 
 
f)  What is the longest measurement you can make of the US on this map?  Give locations of your 

endpoints, the measurement in centimeters, and the measurement in miles. 
16.5cm from Washington State to the Florida Keys.  About 2954 miles. 

 
 

 
g) New Mexico is 340 miles wide.  How big will that be on this map? 

1𝑐𝑚
179𝑚𝑖 =

𝑥
340    →    𝑥 ≈ 1.9𝑐𝑚 

 
 
 
h) Annandale to Canal St. in Manhattan is exactly 90 miles as the crow flies.  How many millimeters on 

this map? 
1𝑚𝑚
17.9𝑚𝑖 =

𝑥
90     →     𝑥 ≈ 5𝑚𝑚 

 
 
 

 
 


