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Topic F.  Angles and Construction of Diagrams

Objectives:

1. Use of supplementary angles (two angles whose sum is 180°) in solving problems.

2. Use the sum of the angles in a flat triangle is 180° in solving problems.

3. Use angles of elevation and an angle of depression in solving problems.

4. Use the fact that when two straight lines intersect, the vertical angles are equal in solving problems.

5. In a situation where two parallel lines are cut by a transversal, explain the relationships among the various angles.  

6. Understand the two methods of expressing bearing and solve applied problems involving bearing.

7. From a written description of a geometric problem, make a rough sketch with labels.

8. Use the following drafting tools appropriately to make a careful diagram from a written description of a geometric diagram, label it correctly, including the scaling factor, and use that diagram to find good estimates of any missing lengths or angles.  Tools: ruler, protractor, drafting triangle with a right angle, drawing compass.  

Section 1.  Angles

*   An angle has two sides and a vertex.  In this course, we will measure angles in degrees.  An angle of 90° is called a right angle and an angle of 180° is called a straight angle.   
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*  When analyzing geometry problems, it is often useful to notice when a right angle is split into two angles and when a straight angle is split into two angles.   We use the words “complementary” and “supplementary” to describe these.

[image: image11.bmp]
*  Angles of elevation and depression.

The following diagrams show an angle of elevation from the top of a stand and an angle of depression from the same place.



Notice that both of these are measured from directly horizontal.  So the angle of elevation is up from horizontal and the angle of depression is down from horizontal.

*  What is the relationship between the angles formed when two lines cross?  


Can you make a conjecture (guess) about the sizes of angles A and C?   Make a guess and then use your protractor to check whether you were correct.  

Was your guess that A and C must be equal?    Here, A and C are called a pair of “vertical angles” since they are across from each other.  D and B are also a pair of vertical angles.  It is true that the angles in each pair of vertical angles formed when two straight lines cross must have the same measure.    

Here’s a logical argument for that:

Notice that angles A and B are supplementary, 
because the outside sides of them are on a straight line.     


Now notice that angles B and C are also supplementary, 

because the outside sides of them are on the other straight line.

That means that  
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.  Putting these together, we see that 
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Measure the angles E, F, G, and H to check how well this relationship between vertical angles holds for different lines.  

Is it possible that there may be some pairs of straight lines for which the vertical angles might not be equal?

* When we draw a triangle on a flat surface, the three angles of the triangle always sum to 180°.

Measure the three angles in the triangles below, then add the measurements (since measurement is approximate, even a good set of measurements may not add to exactly 180°, but your sum should be within a degree or two of 180°).  





* For right triangles (where one of the angles is exactly 90°), the other two angles add to 90°.  This means that the two non-right angles in a right triangle are complementary.  Measure the non-right angles in each of the right triangles below, adding them to see how close the sum you get is to 90°.






* On flat surfaces, straight lines drawn in the same direction are parallel, and will remain the same distance apart rather than crossing each other.  As a result, a straight line that crosses one of a pair of parallel lines will cross the other parallel line at the same angle.

Here is a diagram of that situation.   Suppose two horizontal lines are parallel and a third line crosses both of them.  That third line is called a transversal.  Use your protractor to verify the relationships between the different angles that are formed.  


There are two groups of equal angles, on alternate sides of the traversal line:


Section 2. Navigational Bearing

In navigation problems, we often need to express the direction in which a ship or a vehicle is traveling.   The standard way to express navigation direction is called “bearing”.  There are two different ways to express bearing.  

Method 1: Conventional bearing.  We start from either North or South (whichever is closer to the direction we want) and then give an angle between 0° and 90° toward either East or West as appropriate.  We use the letters N, S, W, and E as abbreviations for the directions.  In writing these directions, the first direction written is either N or S, then the angle is written, then the bearing statement is ended with either E or W.  For example, the conventional bearing from Austin to Waco is N20°E.  (In the special cases where the direction is exactly East or West, the phrases “due East” and “due West” are normally used in conventional bearing – these are equivalent to “N 90° E” and “N 90° W”, respectively.)



Example 1:  In the desert, Aid station A is 4.2 miles directly west of Aid station B.   A hiker, Sam, leaves station A on a bearing of N 68° E.  Another hiker, Joe, leaves station B traveling on a bearing of N 50° W.  Will Sam and Joe meet?  Draw a rough sketch to decide.

Example 1 continued.  For the same problem as stated in Example 1, use the relationships of angles to compute all the angles in the triangle in Example 1.  (To check your work, you could draw a careful diagram to determine the angles by measurement and see if they are consistent with your computed values for the angles.) 

Solution:  In your rough sketch, notice that the angle between a N-S line and an E-W line is 90°.  Thus, on the left part of the diagram, we have 68° and one of the angles in the triangle — these must be complementary since together they make up a right angle.  So that angle of the triangle is 22°.  On the right part of the diagram, in the same manner, the angle inside the triangle must be 90° – 50° = 40°.  Thus, the third angle, on the top, must be 180° –  (22°+ 40°) = 118°.

Note on bearing problems:  The plane-trigonometry methods used in this course for solving bearing problems apply only for cases where the distances are short enough that the curvature of the earth can be ignored.  For distances of more than a few hundred miles, more complex methods are required to produce accurate results.

Method 2: Azimuth bearing.  Sometimes people find it cumbersome to put the direction symbols into descriptions of bearing and so they replace that method with one that uses angle measurements that can go all the way from 0° to 360°.  We always start from a line going directly north, and then measure an angle clockwise from that line.  Whenever a bearing direction is given simply as an angle, that indicates that this “azimuth” method of reporting bearing is being used.



Example 2.  In the desert, Aid station A is 4.2 miles directly west of Aid station B.  A hiker, Sam, leaves Station A traveling on a bearing of 68°.   Another hiker, Joe, leaves station B traveling on a bearing of 310°.  Will the hikers cross paths?  Draw a rough sketch to decide.


.

Example 2 continued:  For the same problem as stated in Example 2, use the relationships of angles to compute all the angles in the triangle in Example 2.  (To check your work, you could draw a careful diagram to determine the angles by measurement and see if they are consistent with your computed values for the angles.) 

Solution:  In this method, all bearings are angles clockwise from the North on a N-S line.  Again, the angle between a N-S line and an E-W line is 90°.  Thus, on the left part of the diagram, we have 68° and one of the angles in the triangle — these angles must be complementary since together they make up a right angle.  So that angle of the triangle is 22°.  On the right part of the diagram, to get the angle of 310° you go all three-fourths of the way around the circle to 270° and then an extra 40° (310° – 270° = 40°) so the angle inside the triangle is 40°.  Thus, the third angle, on the top, must be 180° – (22°+ 40°) = 118°.

Section 3.  Construction of Diagrams

Many measurement situations are related to geometrical arrangements, and diagrams can be used to analyze these situations, to answer questions about them, and to explain those answers to others. 

In some cases, a rough sketch is an adequate diagram.  This means that you make the angles and distances approximately correct, but don’t measure them carefully.   Such a rough sketch is often adequate to determine the relationships and answer some questions.  Often you can then use algebra or trigonometry to find precise answers to various questions about the situation.

In other cases, it is preferable to make a careful diagram, measuring the angles and distances with the drawing tools as needed.  Such diagrams are typically accurate to within a few percent (careful diagrams can have less than 1% error), and are not subject to the kind of large errors that can result from mistakes in evaluating a formula.   These also provide an excellent method of checking the answer you will get from your algebra or trigonometry.  

In this course, you will always be expected to make either a rough sketch or a careful diagram for any problem involving a verbal description of a geometric situation.  This sketch or diagram will show that you understand the written problem and will give you guidance in developing your answer.  Making a careful diagram will allow you to check your answer, so it will usually reduce the length of time it takes to get a correct solution to a problem.   In some cases, if you can check your answer in another way besides with a careful diagram, then a rough sketch will be adequate.  

The following discussion addresses making careful diagrams.  

SCALE


Generally, diagrams are not drawn at the size of the things they represent.  The ratio of the size of the drawing to the size of the real object is called the scale factor of the diagram.  For example, a street map might have a scale factor of 1 centimeter (of the map) to 2.5 miles (of the actual city).  A statement of the scale factor is an essential part of a diagram.   To make it easy to find, in this course please put it in the upper left-hand corner of the diagram.

In some diagrams in the world, the scale factor is stated indirectly by labeling a linear feature in the diagram with the corresponding actual-object size.  In such cases, the scale factor can be determined by dividing the actual-object size by the measured length of the diagram feature.   While this is a correct way to make a diagram, we will not use it in this course, because it doesn’t explicitly show your work and your thoughts well enough for the instructor to be sure you are thinking about the situation correctly. 

TOOLS 


The diagrams used in this course will be limited to those that can be constructed with these tools.

· ruler

· protractor 

· drafting triangle with a right angle

· drawing compass  (A drawing compass made from metal is more satisfactory than one made from plastic.  Those made from plastic do not hold the measured setting very well. ) 

These can be used to make accurate diagrams of a large variety of situations, including the kinds of problems in which trigonometry is used to calculate solutions.

Graph paper or lined paper is not required for the diagrams constructed with these tools, although it may be useful when some of the lines to be drawn are vertical or horizontal.  If such paper is used, draw the original baseline for the diagram on one of the lines printed on the paper.

NOTES ON BASIC OPERATIONS


Measuring widths and lengths — You will get the best results by lining up the zero point and reading the value from the ruler while looking straight down in both cases.  This is especially important if the ruler is thick.


Measuring the size of an angle — Place the base of the protractor on one of the sides of the angle, then slide it to put its center mark over the vertex of the angle.  You can then read the angle size from the outer edge of the protractor (look straight down, just as for the ruler).  Note that you need to choose which of the two degree scales (clockwise or counterclockwise) is appropriate – it will be the one whose 0 value has a side of the angle under it.  


Drawing straight lines — This can be done with any straight-edged object.  However, note that the drawn line will be a little away from the edge (due to the width of the pencil or pen point), so take this into account when you want to draw a line through an existing point.


Drawing angles of a given size — Usually you will already have the vertex and one side (if not, draw a line and choose one end as the vertex).  Place the base of the protractor on the first side and line up the center of the protractor with the vertex.  Now look at the appropriate position on the outside edge of the protractor and place a dot next to the desired angle reading.  Finally draw a line from the vertex through the dot, extending it as long as desired.


Drawing circles or circular arcs — Set the radius by placing the drawing compass against a ruler (or a line segment in the diagram) and spreading the metal point and the pencil so that their points are separated by the desired length.  Then place the metal point of the compass on the place in the diagram that you wish to use as center, and slowly drag the pencil point to make a mark in the desired location.  Usually you will only need to draw a part of a circle that crosses a particular line or another arc.


Drawing right angles or perpendiculars to existing lines — The main use of the drafting triangles is to use their square corners to draw right angles to existing lines, going through an already-defined point.  Place one side of the drafting triangle on the existing line, and slide along that line until the other side is lined up with the point to which you want to draw a perpendicular.  Then draw the desired perpendicular line.  When you draw a right angle, place a small square corner in the angle – this is the standard symbol for a right angle.


Drawing parallel lines — The most straightforward way to draw parallel lines with this equipment is to make both the parallel lines perpendicular to some reference line.  This also makes it easy to measure how far apart the parallel lines are.


If a diagram is going to make use of vertical and horizontal reference lines in several positions, as is often the case in bearing problems, use of lined graph paper will simplify production of the diagram.



Drawing reference lines for bearing diagrams — Through each point from which a bearing is to be shown, lightly draw both a vertical line to represent the North-South direction (North is upward) and a horizontal line to represent the East-West direction (East is rightward).  Place the letter N at the top of the vertical axis (labeling some of the other directions may be helpful if conventional bearing is being used).  These reference lines provide a background on which to draw the specified bearing, starting from their intersection.

Example 3:  A ship leaves its home port and sails on a bearing of N 50° E at 32 mph.  Another ship leaves that port at the same time sailing on a bearing of S 61° E at 29 mph.  How far apart are the ships after two hours? 

Solution:

Start by making a diagram showing the directions followed by the two ships.  You will then need to pick appropriate points on each path to represent the location of that ship after two hours.  To do this, you will need to choose a scale factor for your diagram – since in two hours the ships will have gone 64 miles and 58 miles, respectively, a scale of 1 cm = 10 miles will make the diagram a reasonable size.  This means that the position of the first ship should be marked 6.4 cm from the starting point, and that of the second ship should be marked 5.8 cm from the starting point, along the path shown for that ship.   To answer the question asked about the distance between the ships after two hours, measure the distance on the diagram between the two ship locations (dashed line = 6.9 cm), then use the scale factor to convert from 6.9 centimeters to 69 miles.

Notice here that we can use the relationships about angles to determine the angle between the paths of the two ships.  Notice that our diagram has a N-S line and there are three angles that must sum to 1800.  Those three angles are 50°, 61°, and the angle between the two paths.  So the angle between the paths must be 180° – (50°+ 61°) = 69°.  Notice that, if we measure the angle on our careful diagram, the result is consistent with that. 

Example 4:  A plane flies 135 miles at a bearing of 50°.  It then turns and flies 168 miles at a bearing of 170°.  How far is the plane from its starting point?  What is the bearing of the plane from its starting point?

Solution:  A scale factor of 1 cm = 30 miles makes the distances stated in the problem about the right size for a diagram.  Draw a North-South reference line through the starting point A, then draw a 45-mm line with a bearing of 50°, whose end point B represents the turning point.  Draw another North-South reference line through the turning point, then draw an 56-mm line with a bearing of 170° ending at a final position C.  Draw a North-South reference line through C, and also draw a line from C back to A, the original starting point.


The distance from C to A is measured to be 5.1 cm, implying that the actual distance is about 153 miles.  The bearing from C to A is measured to be about 300°.

Notice here that we can use the relationships about angles to determine the top angle inside the triangle.  Notice that both bearings are taken from a N-S line, so those two lines are parallel.  The line describing the first path of the plane intersects both of those parallel N-S lines.  So the angle at the top of the diagram, between that N-S line and the first path of the plane is 180° – 50° = 130°.  Since the bearing of the second path of the plane is 170°, then, by looking at the top of the diagram, we see that the angle inside triangle = 360° – (130°+ 170°) = 60°.  We can’t easily determine any other angle in this triangle using the relationships we have so far.  But this one will be enough for us to use trig to solve this triangle when we get to using trig on general triangles.

Example 5.  A flagpole that is 50 feet high casts a shadow over level ground that is 35 feet long.  Find the angle of elevation of the sun at that time.

Steps to construct an appropriate careful diagram:

[a] Pick a convenient scale factor.  A scale of 1 inch to 5 feet would fill a whole sheet of paper, which is much larger than needed for a simple diagram like this.  A scale of 1 inch to 20 feet, making the 50-foot flagpole 2½ inches long, should be big enough that the angle can be easily measured with the protractor  – so we will use a scale of 1 inch to 20 feet for this diagram.

[b] Draw a horizontal baseline with three inches of space above it to represent level ground.

[c] Mark two points 1¾ inches apart on the baseline to represent the shadow.  Label these points A and B.

[d] Use the drafting triangle to draw a vertical line through point B, representing the flagpole.

[e] On this vertical line, label as C the point 2½ inches above the baseline.

[f] Draw a line from point A on the baseline to point C at the top of the flagpole.

[g] Use the protractor to measure the angle CAB between the AC line and the AB baseline.

[h] Label the shadow, flagpole, and angle of elevation with names and values.  Also write the scale factor in a convenient place on the diagram.
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Example 6.  If a 10-foot ladder is leaned against a wall in a room with an 8-foot ceiling so that it touches the ceiling, what angle does it form with the floor?

Steps to construct an appropriate careful diagram:

[a] Pick a convenient scale factor.  A scale factor of 1 inch to 4 feet will keep the diagram lines at least 2 inches long, which will be easy to measure.

[b] Draw a horizontal baseline representing the floor, and label the right end as point A.

[c] Use the drafting triangle to draw a vertical line up from point A.  This vertical line represents the wall against which the ladder leans.

[d] Mark as point B the point on this line 2 inches above point A.  Point B represents the height of the ceiling.

[e] Set the width of the drawing compass to 2½ inches, representing the length of the ladder.

[f] Use the compass with this width setting to draw an arc whose center is point B, with the arc cutting the baseline to the left of point A.  Mark the intersection between the arc and the baseline as point C.

[g] Draw the line from point C to point B.  This represents the ladder.

[h] Use the protractor to measure the angle BCA.  This is the requested value.  Write the measured angle and the diagram’s scale factor in a convenient place.
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 Example 7:  What is the altitude to the longest side of a triangle with sides of 21, 18, and 15 inches?

Steps to construct an appropriate careful diagram:

[a] Since a length measurement is called for, it will be more convenient to use a centimeter scale.  A scale of 1 cm to 3 inches will give a moderate-sized diagram.

[b] Draw a baseline and label the left end as point A.

[c] Mark a point B on the baseline 7 cm to the right of point A.  The AB line segment represents the 21-inch side of the actual triangle.

[d] Using a width setting of 6 cm on the drawing compass and point A as the center, draw an arc with that radius above the baseline and to the right of point A.  This represents all points that are 18 inches from one end of the 21-inch base of the triangle.

[e] Using a width setting of 5 cm on the drawing compass and point B as the center, draw an arc with that radius above the baseline and to the left of point B.  This represents all points that are 15 inches from the other end of the 21-inch base of the triangle.

[f ] Mark the intersection of the two arcs as point C, and draw lines from A to C and from B to C.  Together with the base, these lines represent the 21-18-15 triangle.

[g] With one side of the drafting triangle aligned horizontally along the baseline, slide the triangle until the vertical side is on point C, then draw a vertical line to the baseline.  Label the intersection of the vertical with the baseline point D.  Line interval CD represents the altitude of the triangle to its longest side.

 [h] Measure the length of CD in centimeters, then multiply by the diagram scale factor (3 inches for each centimeter) to get the actual length of the corresponding altitude.  Label the altitude with the computed length.
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Example 8.  George has a boat dock that is 580 yards downstream from Sam’s boat dock, both on the south side of a straight river.  Linda has a boat dock across the river.  Viewed from George’s dock the angle between Linda’s dock and Sam’s dock is 75 degrees, while viewed from Sam’s dock the angle between Linda’s dock and George’s dock is 50 degrees.  What is the width of the river?

Steps to construct an appropriate careful diagram:

[a] Because a length measurement is called for, a centimeter scale will be more convenient. A scale of 1 cm to 100 yards will make a moderate-sized diagram.

[b] Draw a horizontal baseline to represent the south shore of the river, and mark a point at the left of the baseline as point G, representing the location of George’s dock.

[c] Mark a point S on the baseline 5.8 cm to the right to the right of G.  Point S represents the location of Sam’s dock.

[d] Draw a line slanting upward to the right from G at an angle of 75 degrees to the GS baseline.  This represents the line of view from George’s dock to Linda’s dock.

[e] Draw a line slanting upward to the left from S at an angle of 50 degrees from the SG baseline.  This represents the line of view from Sam’s dock to Linda’s dock.

[f] Mark the intersection of the two slanting lines as point L, showing the location of Linda’s dock.

[g] With one side of the drafting triangle aligned horizontally along the baseline, slide the triangle until the vertical side is on point L, then draw a vertical line to the baseline.  Label the intersection of the vertical with the baseline point P.  Line segment LP represents the width of the river.

[h] Measure the length of LP in centimeters, and multiply it by the diagram’s scale factor (100 yards for each centimeter) to convert the diagram distance to an actual distance.  Label the river-width line LP with that distance.
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Additional Examples of Problems that can be Solved by Careful Diagrams
Example 9.  A hunter is lost in a forest, but can communicate by portable radio to two ranger stations.  The rangers at each station figure out how far away he is from them by how long it takes the sound of a shot to reach them through the air after hearing it through the radio.  Station A is 5.1 miles due west of Station B, and the hunter is 4.6 miles from Station A and 3.7 miles from Station B.  Construct a diagram indicating the location of the hunter.

Steps to construct an appropriate careful diagram:

[a] Because the problem uses decimals, it will be more convenient to use a scale factor stated in centimeters (which are divided into tenths on rulers) rather than inches (which are divided into halves-quarters-eighths-sixteenths).  A scale of 1 cm to 1 mile will make the stated dimensions give a moderate-sized diagram.

[b] Draw a horizontal baseline to represent the line between the two ranger stations, marking a point for Station A at the left and for Station B 5.1 centimeters to the right.

[c] Open the drawing compass to 4.6 centimeters, then draw a circle with that radius centered on Station A (this circle represents all places 4.6 miles from Station A).

[d] Open the drawing compass to 3.7 centimeters, then draw a circle with that radius centered on Station B (this circle represents all places 3.7 miles from Station B).

[e] Mark the two points at which the circles intersect.  The hunter could be in either of these places.
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Explanatory note (not needed to solve problem):  The speed of sound in air is about 770 miles/hour, meaning that a sound travels about 0.21 miles each second.  Radio signals travel at the speed of light, which is 186,000 miles/second.  This is why you see a distant lightening flash well before hearing the thunder from it.  In fact, a standard way of figuring the miles to a lightening strike is to count the seconds until thunder is heard, then divide by 5.

Example 10.  Two straight roads diverge from their intersection with an angle of 25 degrees between them.  A school is located on the first road 0.9 miles from the intersection.  Local zoning laws forbid liquor stores within 0.5 miles of a school.  How long a portion of the second road is restricted by this rule?

Steps to construct an appropriate careful diagram:

[a] Pick a convenient scale factor.  Since decimals are used in the problem and you will need to measure a length, it will be more convenient to use a centimeter scale.  A scale of 1 cm to 0.1 miles will give a moderate-sized diagram.

[b] Draw a horizontal baseline to represent the first road, with point A at the left end representing the intersection.

[c] Mark a point B at 9 cm to the right of point A, to represent the position of the school.

[d] Starting at point A, draw a line slanting upward to the right at an angle of 25 degrees.  This line represents the second road.

[e] Set the width of the drawing compass to 5 cm (to represent the 0.5-mile restriction distance), then draw a circle with that radius centered on point B.  The region within the circle represents the restriction zone.

[f] Mark the points C and D where the circle intersects the line of the second road (use C for the point closer to the intersection).  The portion of the line inside the circle represents the restricted section of the second road.

[g] Measure the distance CD in centimeters, and then multiply by the diagram scale factor (0.1 miles for each centimeter) to get the actual distances.  Label the CD interval as the restricted section, showing the computed length in miles.
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CORRECTION:  value shown as 6.2 is actually 6.5
Example 11.  What is the closest you could stand to a circular tank 150 feet in diameter and still get it in the viewfinder of a camera with a wide-angle lens that gives it a field of view of 32 degrees?

Steps to construct an appropriate careful diagram:

[a] In this case we will set the scale factor during the problem, because that makes it possible to use a simpler construction technique.  

[b] Draw a horizontal baseline, and mark a point A at the left end that will represent where the person with the camera is standing.

[c] Draw a line through point A slanting up and to the right at an angle of 16 degrees (half of the 32-degree field of view).  

[d] Draw another line through point A slanting down and to the right at an angle of 16 degrees (the other half of the 32-degree field of view).  

[e] Mark a point B about 8 centimeters along the upward-slanting line (the exact position doesn’t matter).  This point will represent the edge of the tank as seen from the camera position.

[f] Use the drafting triangle to draw a line through point B slanting downward to the right that is perpendicular to the line AB.  This line represents a diameter of the tank.  Extend this line until it crosses the horizontal line in a point C.  Point C represents the center of the tank.

[g] Use the drawing compass to draw a circle whose center is point C and whose radius is BC.  This circle represents the tank, which means that BC represents a length of 75 feet (since a radius is half the diameter, which is given as 150 feet).

[h] Measure BC in centimeters to the nearest tenth, then compute the scale factor by dividing 75 by that length.  This number will be the actual amount of length in feet represented by 1 cm of length on the diagram.

[i] Label as point D the point where the circle crosses the AC line to the left of C.  Point D represents the point on the tank that is nearest to the camera.

[j] Measure the distance AD in centimeters, and multiply it by the scale factor computed earlier to convert it to an actual distance in feet.  Label the AD interval with the computed value.
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Exercises:   Unlike the exercises in the other Topics, the first ten exercises in Part I are not from examples in the text.  Instead, these are just practice using the drawing tools.  Following that are the problems from the examples in the text.

Part I.
1. Measure, to the nearest tenth of a centimeter, the lengths of the sides of this triangle.




2. Use your protractor to measure the size of all three angles of the triangle in problem 1.
3. Using your ruler and protractor, construct a 40( angle.
4. Draw a circle with a radius of 5 centimeters.  Measure the diameter of the circle.
5. Pick and mark three points on the boundary of the circle.  They should not all be on the same side of the circle, but otherwise their position does not matter.  Draw the triangle connecting the three points you chose.  Measure all three angles of that triangle.  [ANSWER: The sum of the angles should be 180 degrees (or close to that).]
6. Using your drafting triangle and ruler, draw a square whose sides are 5.3 centimeters.  How long is a diagonal of this square?  Does it matter which diagonal you pick to answer this question?
7. Draw a right triangle with the right angle formed by sides that are 1.5 cm and 3.6 cm.  Measure the hypotenuse (the other, longest side) in centimeters.  [ANSWER: The length of the hypotenuse should be 3.9 cm (or close to that).]
8. Draw a rectangle whose height is 3 cm and whose width is 15 cm.  How long is a diagonal of this rectangle?  Does it matter which diagonal you pick to answer this question?
9. Draw two lines that intersect.  Measure the four angles and label them. Do these illustrate the relationship between vertical angles that you learned in this topic?  [ANSWER: Vertical angles have equal measurements.]
10. Draw two parallel lines and a transversal which crosses the lines at an angle of 40°.  Use your protractor to measure all the other angles.  Label those.  Do they agree with the rules you learned in this lesson about the relationships among the angles?
11. In the desert, Aid station A is 4.2 miles directly west of Aid station B.   A hiker, Sam, leaves station A on a bearing of N 68° E.   Another hiker, Joe, leaves station B traveling on a bearing of N 50° W.  Will Sam and Joe meet?  Draw a rough sketch to decide.
12. In the desert, Aid station A is 4.2 miles directly west of Aid station B.  A hiker, Sam, leaves Station A traveling on a bearing of 68°.   Another hiker, Joe, leaves station B traveling on a bearing of 310°.  Will the hikers cross paths?  Draw a rough sketch to decide.
13. A ship leaves the home port and sails on a bearing of N 50° E at 32 mph.  Another ship leaves the same port sailing on a bearing of  S 61° E at 29 mph.  How far apart are the ships after two hours?
14. A plane flies 136 miles at a bearing of 50°.  It then turns and flies 168 miles at a bearing of 170°.  How far is the plane from its starting point?

15. A flagpole that is 50 feet high casts a shadow over level ground that is 35 feet long.  Find the angle of elevation of the sun at that time.

16. If a 10-foot ladder is leaned against a wall in a room with an 8-foot ceiling so that it touches the ceiling, what angle does it form with the floor?

17. What is the altitude to the longest side of a triangle with sides of 21, 18, and 15 inches?

18. George has a boat dock that is 580 yards downstream from Sam’s boat dock, both on the south side of a straight river.  Linda has a boat dock across the river.  Viewed from George’s dock the angle between Linda’s dock and Sam’s dock is 75 degrees, while viewed from Sam’s dock the angle between Linda’s dock and George’s dock is 50 degrees.  What is the width of the river?

19. A hunter is lost in a forest, but can communicate by portable radio to two ranger stations.  The rangers at each station figure out how far away he is from them by how long it takes the sound of a shot to reach them through the air after hearing it through the radio.  Station A is 5.1 miles due west of Station B, and the hunter is 4.6 miles from Station A and 3.7 miles from Station B.  Construct a diagram indicating the location of the hunter.

20. Two straight roads diverge from their intersection with an angle of 25 degrees between them.  A school is located on the first road 0.9 miles from the intersection.  Local zoning laws forbid liquor stores within 0.5 miles of a school.  How long a portion of the second road is restricted by this rule?

21. What is the closest you could stand to a circular tank 150 feet in diameter and still get it in the viewfinder of a camera with a wide-angle lens that gives it a field of view of 32 degrees?

Part II.  Answer the following questions by constructing careful diagrams as needed.
22. Explain why it is easier to give a precise measurement (with decimals) on a careful diagram if you measure in centimeters rather than in inches.

23. Two straight roads diverge from their intersection at an angle of 75(.  A truck on one road is 6.3 miles from the intersection and a car on the other road is 4.7 miles from the intersection.  Determine how far the truck and car are from each other.  [ANSWER: 6.8 miles]
24. A hiker goes north 15 miles, then east 5 miles, then south 3 miles.  Use a diagram to determine how far she is from her starting point.

25. If a road is rising with a consistent 10( grade, how much higher does a car get when it travels 20 miles?  [ANSWER: 3.5 miles]
26. A telescope looking down at an angle of 43( from the roof of a building built on level ground is found to be pointing directly at a street intersection 650 feet from the building.  How tall is the building?

27. A plane starts at one point and flies at a bearing of 110° for 190 miles.  Then it changes course and flies at a bearing of 50° for 130 miles.  How far is the plane from its starting point and what is the bearing of the plane from its starting point?  [ANSWER: 279 miles]
28. A boat starts at one point and travels at a bearing of N 22° W at 26 mph.  Another boat starts at the same point and travels at a bearing of S 31° W at 32 mph.  How far apart will the boats be after 1.5 hours? 

29. A 10-foot ladder just reaches the top of a wall when the base of the ladder is 3 feet from the wall along the ground.  Determine the height of the wall.  [ANSWER: 9.5 feet]
30. A plane is flying level at an altitude of 4520 feet.  An observer inside the plane looks straight ahead and downward to see a small building on the ground at an angle of depression of 16(. What is the distance the plane must fly to be directly above the small building?

31. Janet is standing 65 feet from the base of a tower that is 85 feet tall.  Janet’s eyes are exactly 5.0 feet from the ground.  What is the angle of elevation of the top of the tower from Janet’s eyes?  [ANSWER: 51(]
32. Draw a triangle whose sides are 4 cm, 5 cm, and 6 cm.  Do this by taking these steps:

a. Draw a horizontal line more than 6 cm long.

b. Mark the left end of the line as vertex A.

c. Use your ruler to find and mark a point 6 cm to the right of A.  Label this point B.

d. Set the width of your drawing compass to 4 cm, then draw an arc above and to the right of point A, using it as the center.

e. Set the width of your drawing compass to 5 cm, then use point B as the center and draw an arc crossing the first arc.  Label the intersection point C.

f. Draw the lines from A to C and from B to C.  The triangle ABC is the one requested.

33. Use the method of the immediately previous problem, combined with the measurements made in  Exercise 1, to construct a triangle where each side is half as long as the sides of the triangle in Exercise 1.  Then measure the angles in the triangle in Exercise 1 and the angles in the triangle you just drew.  Are the corresponding angles equal?  This illustrates the fact that similar triangles have corresponding angles that are equal and the ratios of the corresponding sides are equal.  [ANSWER: ]
34. This exercise is to measure the angle that a tangent makes with the radius of a circle.

a. Mark a point to use as a center for a circle, then draw a circle with that center (use any radius you find convenient).  

b. Use your ruler to draw a tangent to the circle (i.e., a line that grazes the circle, touching it without going inside).

c. Mark the point on the tangent line that is in the center of the region where the line touches the circle (if the line and circle boundary were thin enough, they would touch at a single point).  Label this point P.

d. Draw the radius from P to C.

e. Measure the two angles that the tangent line makes with this radius.

35. A lake has three resorts (call them A, B, and C) around its shoreline.  The resorts can be considered as forming a triangle with a resort at each vertex.  The angles of this triangle are measured to be 45( (at A), 65( (at B), and 70( (at C).  Resort A is 2.3 miles from resort B in a straight line.  Determine the distance from resort C to resort A.  [ANSWER: 2.2 miles]
36. A man is standing 135 feet away from a circular tank that is 60 feet in diameter.  How wide an angle does the tank take up in his field of view?

37. A mountain in New Mexico is surrounded by a level plain.  When close to the mountain (but still on the plain), the angle of elevation to the summit of the mountain is 45(.  When you back away from the mountain by 2 miles (in a straight line from the summit), its angle of elevation is 21(.  How high is the summit above the plain?  [ANSWER: 1.2 miles]
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