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Materials 
1
semicircular (180°) protractor, 6-inch (15.24-cm) diameter 
3
drinking straws (no bends)

2
tape measures 

1
1-1/4 inch (3.175 cm) straight pin*

2
short pins or thin wire 

4
sheets of 8-1/2 x 11 inch paper 


masking tape 


Styrofoam, at least 1 inch (2.54 cm) thick*


thin string, about 15-inches (40-cm) in length 

3 colored pens or pencils 

*Note:  The straight pin should be at least ¼ inch (0.635 cm) longer than the thickness of the Styrofoam.
· Objectives 

1. To increase understanding of the formulas and principles used in defining and solving for areas of oblique triangles
2. To show the significance of basic trigonometric relationships through engineering applications
3. To apply principles of trigonometry to basic methods of land surveying
· Pre-Laboratory Questions
1. Your parents want you, your brother, and your sister to share mowing the lawn; thus, they divide the lawn into different sections and all three of you are responsible for one section. However, you think that your section is larger than your siblings’. To prove this, find the area of all of the sections: yours (A), your brother’s (B), and your sister’s (C) (see Figure 1).

2. Scientists have recently suggested that the radiation emitted from high-voltage power lines can cause cancer in those who spend too much time near the lines. You want to make sure that the line in front of your house is at least as high as the recommended safe 30 ft (9.14 m) height. How could you measure this distance without climbing up to the line?
3. You and your friend, Larry, were at the candy store and could not decide between two different flavors of fudge, so you agreed to each buy a different flavor and split them in half. But, you know just how much Larry likes to eat fudge, so you suspect that he may try to cheat you of your full portion. Therefore, you bought the double chocolate ripple crunch and told Larry to buy the vanilla. The salesperson cut both portions in 6 cm by 10 cm rectangles. Then, both you and Larry cut each piece and gave a portion to each other (see Figure 2). But, you suspect Larry cheated you, and he suspects that you cheated him. Since both blocks of fudge are originally the same area, the half that Larry cut for you should be the same size as the half that you cut for Larry. Check if Larry was honest by assuming that the piece you cut was exactly half, then calculate the area of the piece that Larry cut for you and compare it with the are of the piece you cut for him.

· Preparation 
Preparation of Horizontal Transit:

1. Using the 1-inch (2.54 cm) thick Styrofoam and the utility knife, cut out a stand that has the dimensions given in Figure 3.
2. Tape the protractor onto the stand (avoid covering the angles).
3. Cut the drinking straw so that its length equals the diameter of the protractor (6 inches or 15.24 cm).

4. Using scissors, make an oblique cut on one end of the straw to make a point (see Fig. 4).

5. Lay the straw on the protractor with the straw centered over the protractor’s origin. The point on the tapered end of the straw should touch the angle marks on the protractor (see Figure 5).
6. Using a pen, mark this length (from the point to the origin) by drawing a line on the straw over the origin of the protractor.
7. Pierce the straight pin through the center of the straw at the line drawn in step 6. The pointed end of the straw should be on the bottom.

8. Insert the pin (with the straw on it) through the origin of the protractor and through the Styrofoam. Make sure that the pin is as vertically straight as possible. To ensure a tight fit between the pin and the Styrofoam, be careful not to wiggle the pin while you are pushing it through the Styrofoam. If the pin is not vertical, move the Styrofoam over about 5 mm to begin a new hole and reinsert the pin.
Preparation of Layout:
1. Tape together four sheets of 8-1/2 x 11-inch white paper, so that the paper forms a 17 x 22-inch rectangle.

2. Affix the paper to a desk or table with masking tape.  It is best to affix the paper near one of the four corners of the table.

Preparation of Rod:
1. Place masking tape over the bottom 2 inches (5 cm) of a second straw. 

2. Over the length of the masking tape, draw a straight, vertical line on the tape.

· Procedure 
EXPERIMENT 1.  CALCULATING AREAS BY SSS (Worksheet A)

Objective:
to plot a triangle with sides of length 30 cm, 26 cm, and 28 cm* and calculate its area.

*to the instructor:  these values may be replaced with any others that fit on the paper
1. Mark off two points that are 30 cm apart. Mark them both near one edge of the paper that is near the edge of the table. This will leave room for the other sides of the triangles. Label one endpoint A and the other B.
2. Hold one end of a tape measure on point A. Using a pencil, draw an arc that is 26 cm from point A.
3. Hold one end of the tape on point B. Using a pencil, draw an arc that is 28 cm from point B.

4. Mark the point where the two arcs intersect as point C. 
5. Accurately measure the lengths of three sides of the triangle and record the lengths on Worksheet A.

6. Calculate the area of the triangle using the side-side-side formula on Worksheet A.

EXPERIMENT 2.  CALCULATING AREAS BY SAS  (Worksheet B)

Part 2.1  Measuring Angle A and sides b and c 
1. One person should act as the instrument person and the other person as the rodman.

2. INSTRUMENT MAN:  Center the origin point of the transit over point A. Make sure that the protractor is positioned such that both points B and C can be sighted within the 180° arc. Secure the transit with masking tape. 
3. RODMAN:  Hold the rod vertically, centered over point B, with the vertical line facing directly towards the transit. Do your best to hold it vertically and steady.
4. INSTRUMEN MAN:  Look through the viewing tube (drinking straw) on the transit. Sight the rod that the rodman is holding, and turn the viewing tube until the pin inside the tube is centered on the line of the rod. Now, check that you are looking through the tube straight: the circle formed by the far end of the straw should be concentric with the circle formed by the close end of the straw.

5. Holding the straw in that position, read the measurement of the number of degrees from one scale on the protractor. Record this value to the nearest half of a degree on Worksheet B.
6. RODMAN:  Move the rod to point C and hold it in place as vertically and steady as possible.  The vertical line should be aimed at the transit. 
7. INSTRUMENT MAN:  Find the rod through the viewing tube, and adjust the tube until everything is centered, just as before.

8. Holding the straw in position read the measurement of the number of degrees from the same scale on the protractor.  Record the reading on Worksheet B.  Make sure that you read both angles from the same scale on the protractor.

9. Perform the calculations necessary to estimate the magnitude of angle A and the area of the triangle, as described on Worksheet B. (See Figure 6a).
Part 2.2  Measuring Angle B and sides a and c  (Worksheet C)

1. INSTRUMNET MAN:    Place the transit directly over point B. Make sure that you will be able to see both points A and C.  Affix the transit to the table with masking tape.

2. RODMAN:    Hold the rod vertically, centered on point A, such that the vertical line is facing point B.

3. INSTRUMENT MAN:    Look through the viewing tube and find the rod.  Align the rod and the pin as described previously.

4. Take the transit reading and record this value on Worksheet C.

5. Move the rod to point C, sight it, take a reading, and record it on Worksheet C.

6. Calculate the magnitude of angle B and use it to calculate the area of the triangle, as described on Worksheet C.

Part 2.3  Measuring Angle C and sides a and b  (Worksheet D)

1. INSTRUMENT MAN:   Place the transit directly over point C.  Make sure that you will be able to see both points A and B.  Affix the transit to the table with masking tape.

2. RODMAN:   Hold the rod vertically, centered on point A, such that the vertical line is facing point B.

3. INSTRUMENT MAN:   Look through the viewing tube and fine the rod.  Align the rod and the pin as described previously.
4. Take the transit reading and record this value on Worksheet D.

5. Move the rod to point B, sight it, take a reading, and record it on Worksheet D.

6. Calculate the magnitude of angle C and use it to calculate the area of the triangle, as described on Worksheet D.

Part 2.4:  Computation of Area   

Follow the steps outlined on Worksheet E to calculate the area of triangle ABC using ASA.

Part 2.5  Error Analysis 
Follow the procedure outlined in Worksheet F to perform an error analysis of the calculations for the area of the triangle.

EXPERIMENT 3  CALCULATING AREA BY SAS  (Worksheet G)
Objective:  To calculate the area of an oblique triangle.
Part 3.1.  Measuring Angle D

1. To conserve paper and help clarify the drawing, find a pen or pencil of a different color to draw new points on the same paper.
2. Mark a point on your paper that is near the lower left corner of the paper; mark this as vertex D. Measure a distance of about 22 cm; mark this point as vertex E. These points should be near the one side of the paper near the edge of the table. Measure the distance between these points and record the value on Worksheet G. This length is side f.
3. Place a transit on point D with point E in a direction between 0 and 90 degrees on the right side of the transit. Center the origin of the transit over point D. Tape the transit down.
4. RODMAN:
Hold the rod on point E, with the vertical line pointed towards point D, as described previously.
5. INSTRUMENT MAN:
Look through the viewing tube at the rod and adjust the siting of the tube until the pin and the rod are aligned. Take the initial transit reading (your reading should be between 0 and 90°) and record this on Worksheet G.
6. On Worksheet G, add 35°, the desired magnitude of angle D, to your reading. Move the viewing tube on the transit to the value of this new angle. Use the same scale on the protractor for both measurements.

7. With the instrument man sighting through the transit at the new angle, the rodman should move the rod between 20 and 40 cm from point D until the instrument man can see the rod. Mark this point.
8. To reduce the likelihood of error, repeat step #7 to find a second point that is 10 to 20 cm beyond the first point. Draw a straight line-of-best-fit from point  D through the two points.
9. Measure 45 cm from point D along the best-fit line of step 8. Mark this point F. The 45 cm is the length of side e. Record the exact measurement value on Worksheet G.
10. Follow the steps outlined on Worksheet G to find the area of this triangle. Refer to Figure 6b.

Part 3.2  Measure Angle E  (Worksheet H)

1. Locate the transit on point E, making sure that you will able to take readings of both D and F, and secure the transit to the table with masking tape.
2. From point E, sight the rod held at point D and take a reading. Record this value on Worksheet H.

3. Still at point E, sight the rod held at F and take a reading. Record this value on Worksheet H.

4. Using a tape measure, measure the distance (in centimeters) between points E and F, which is referred to as side d. Record this value on Worksheet H.
5. Calculate the area of the triangle using angle E and sides d and f, as described on Worksheet H.

Part 3.3  Measure Angle F  (Worksheet I)
1. Position the transit on point F, making sure that you will be able to take readings on both points D and E. Secure the transit to the table with masking tape.
2. From point F, sight the rod held at D and take a reading, Record this value on Worksheet I.

3. Still at point F, sight the rod held at point E and take a reading. Record the value on Worksheet I.

4. Calculate the area of the triangle using angle F and sides d and e, as described on Worksheet I.

Part 3.4  Area Calculations

Follow the procedure outlined on Worksheet J to calculate the area using all three combinations of ASA, as well as SSS.
Part 3.5  Error Analysis

Follow the steps outlined in Worksheet K to calculate errors for the triangle staked out by SAS.

EXPERIMENT 4  AREA COMPUTATION BY ASA  (Worksheet L)

Part 4.1  Measure Angles G and H and side j
1. To conserve paper, find a pen or pencil of a different color to draw new points on the same paper.
2. Mark two points on your graph paper, 43 cm apart, and label them G and H. These points should be near one side of the paper and near the side of the table. The distance between G and H is side j. Measure the exact length and record the value on Worksheet L.
3. Place the transit over point G with point G in a direction between 0 and 90 degrees on the right side of the transit. Tape down the transit.

4. RODMAN:
Place the rod on point H, with the vertical line pointed towards point G.

5. INSTRUMENT MAN:
Look at the rod through the viewing tube and adjust the angle of the tube until the pin and the rod are aligned. Take the initial transit reading (your reading should be between 0 and 90°) and record this value on Worksheet L.

6. On Worksheet L, add 76°, the desired magnitude of angle G, to your reading. Move the viewing tube on the transit to this value of the new angle.

7. With the instrument man sighting through the transit at the new angle, the rodman should move the rod between 20 and 40 cm from point G until the instrument man can see the rod. Mark this point.

8. To decrease the error, repeat the step #7 to define a second point, about 10 to 20 cm between the first point and point G. Draw a line-of-best-fit from point G through the two points.

9. Move the transit to point H, center it over the point, and tape it down. Place the rod on point G and sight it. Record your reading on Worksheet L.

10. Add 38° to the recorded value. Position the straw on your transit to this new value.

11. Repeat steps #7 and #8 for point H.

12. Extend the two lines until they intersect. Label the point at which they intersect point J.

13. Follow Worksheet L to calculate the area of this triangle, using the given values of two angles and the length of the side between them. Refer to Figure 6c.
Part 4.2  Measure Angles G and J and side h 
1. With a tape measure, find the length of the side h and record the value on Worksheet M.
2. Find the length of side g, and record the value on Worksheet M.

3. Place the transit over point J, making sure that you will be able to read both points G and H, and secure the transit to the table with masking tape.
4. Take a sighting from point J to the rod held at G. Record the value on Worksheet M.

5. Take a sighting from point J to the rod held at H. Record the value on Worksheet M.

6. Calculate the area of the triangle using angles G and J and side h, as described on Worksheet M.
EXPERIMENT 5.   COMPARE AREAS USING SSS AND SAS  Worksheet (N)
EXPERIMENT 6.  ERROR ANALYSIS OF AREAS 
Follow Worksheet O to calculate the error. 
· Post-Laboratory Questions
1. List sources of error for the measurements taken in a horizontal plane. Estimate the range of error for each of the values listed. For example, the angles that you measured with the transit might be off by + 0.5°.
2. For the triangle staked out by ASA, use the measured lengths rather than the protractor readings to compute value of angle J. Recalculate the area with this new vale and compare it with the original value. What is the relative error?

3. Which of the three staking-out methods had the least amount of error in the calculations? Why? Assume similar errors in an actual field situation. Naturally, you would want to use the method that has the least error. In what situations might that not be possible?
4. During a flood measurements of the velocity of the flow were made in the river, with the average velocity being 2.2 m/sec. The depth of the water was also measured, as shown in Figure 7. If the discharge rate equals the product of the velocity and the cross-sectional area of the flow, what was the discharge during the flood?

WORKSHEET A:
SSS CALCULATION OF THE AREA OF A TRIANGLE
DATA:

c = length of side AB = _________cm




b = length of side AC = _________cm




a = length of side BC = _________cm

CALCULATIONS:
S    = ___________cm = 
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S-a = ___________cm




S-b = ___________cm




S-c = ___________cm




area = __________cm2 = 
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WORKSHEET B:
SAS CALCULATION OF THE AREA OF A TRIANGLE

Transfer data from Worksheet A:   length of side b = __________cm
length of side c = __________cm


A1 = reading for sighting from A to B _________°


A2 = reading for sighting from A to C _________°


Magnitude of angle 
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WORKSHEET C:
SAS CALCULATION OF THE AREA OF A TRIANGLE

Transfer data from Worksheet A:   length of side a = __________cm

length of side c = __________cm


B1 = reading for sighting from B to A _________°


B2 = reading for sighting from B to C _________°


Magnitude of angle 
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Area = _________cm2 = 
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WORKSHEET D:
SAS CALCULATION OF THE AREA OF A TRIANGLE

Transfer data from Worksheet A:   length of side a = __________cm

length of side b = __________cm


C1 = reading for sighting from C to A _________°


C2 = reading for sighting from C to B _________°


Magnitude of angle 
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WORKSHEET E:
CALCULATING AREA BY ANGLE-SIDE-ANGLE
DATA  (transfer from previous worksheets):


a = ______cm


A = ________°

b = ______cm


B = ________°

c = ______cm


C = ________°
CALCULATIONS:
1. Calculate the area of the triangle when side a and angles B and C are known.

180-B-C = ________°
Area = _______cm2 = 
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2. Calculate the area of the triangle when side b and angles A and C are known.

180-A-C = ________°
Area = _______cm2 = 
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3. Calculate the area of the triangle when side c and angles A and B are known.

180-A-B = ________°
Area = _______cm2 = 
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WORKSHEET F:
ERROR CALCULATIONS
DATA  (transfer from Worksheet E):


a = ______cm


A = ________°

b = ______cm


B = ________°

c = ______cm


C = ________°
CALCULATIONS:

The sum of the three angles in any triangle is always equal to180°. Using this fact, identify the amount of error in your angle measurements.

sum
= A +B +C  =
 __________°
e
= Sum-180° =
 __________°

e/180° * 100%     =
 ___________% = Relative Error

	Method of Estimating Area
	from
Worksheet
	Area from Worksheet (cm2)
	Relative Error*
Re (%)

	SSS
	A
	
	

	SAS -- bAc
	B
	
	

	SAS -- aBc
	C
	
	

	SAS -- aCb
	D
	
	

	ASA -- BaC
	E
	
	

	ASA -- AbC
	E
	
	

	ASA -- AcB
	E
	
	

	
	mean =
	
	


*Re =
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WORKSHEET G:
AREA BY SAS
R1 = protractor reading from D to E = ________°

R2 = R1 + 35° = _______° = Protractor reading for sighting from D to F.

f  = length of side DE = __________cm
e  = length of side DF = __________cm

D = magnitude of angle D =     35        °

Area = 
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WORKSHEET H:
MEASURING ANGLE E
protractor reading for sighting from E to D = ________°

protractor reading for sighting from E to F = ________°

absolute value of the difference = _______° = magnitude of angle E

length of side d = ________cm 
length of side f  = ________cm 
Area = 
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WORKSHEET I:
MEASURING ANGLE F

protractor reading for sighting from F to D = ________°

protractor reading for sighting from F to E = ________°

absolute value of the difference = _______°  = magnitude of angle F

d = ______cm (from Worksheet H)
e = ______cm (from Worksheet G)

Area = 
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 = _______cm2
WORKSHEET J:
OTHER AREA CALCULATIONS
DATA  (transfer from Worksheets G and H)


d = ______cm


D = ________°

e = ______cm


E = ________°

f = ______cm


F = ________°
CALCULATIONS:
1. Calculate the area of the triangle with side d and angles E and F:
180-E-F = ________°
Area = _______cm2 = 
[image: image16.wmf]F)

E

(180

sin 

  

2

(F)

sin 

  

(E)

sin 

 

d

2

-

-


2. Calculate the area of the triangle with side e and angles D and F:
180-D -F = ________°
Area = _______cm2 = 
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3. Calculate the area of the triangle with side f and  angles D and E:
180-D -E = ________°
Area = _______cm2 = 
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4. Compute the area of the triangle using the three sides.

S =      _________cm = 
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Area = _________cm2 = 
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WORKSHEET K:
ERROR CALCULATIONS FOR SAS TRIANGLE

DATA  (transfer from Worksheet J)


d = ______cm


D = ________°

e = ______cm


E = ________°

f = ______cm


F = ________°
CALCULATIONS:

The sum of the three angles in any triangle is always equal to 180°. Using this fact, you can identify the error in your angle measurements.

Sum = D + E+ F = ______________°


e = Sum – 180° = _______________°

e/180° * 100% = ________________% = Relative Error

	Method of Estimating Area
	from

Worksheet
	Area from Worksheet (cm2)
	Relative Error*
Re (%)

	SAS -- eDf
	G
	
	

	SAS -- dEf
	H
	
	

	SAS -- dFe
	I
	
	

	ASA -- EdF
	J
	
	

	ASA -- DeF
	J
	
	

	ASA -- DfE
	J
	
	

	SSS
	J
	
	

	
	mean =
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WORKSHEET L:
STAKING OUT BY ASA METHOD
R = protractor reading form G to H = _______°

R +76° = ______° = protractor reading for sighting from G to J.

S = protractor reading form H to G = _______°

S +38° = ______° = protractor reading for sighting from H to J.

j = length of side GH =  ___________cm

G = magnitude of angle G = ____________°

H = magnitude of angle H = _________°

180-G-H = ________°
Area = _______cm2 = 
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WORKSHEET M:
OTHER ASA AREA CALCULATIONS
g = length of side HJ = __________cm

h = length of side GJ = __________cm

MEASURING ANGLE J:

protractor reading for sighting from J to G = ________°

protractor reading for sighting from J to H = ________°

absolute value of the difference = _______°  = magnitude of angle J

(transfer from Worksheet L and above)


g = ______cm


G = ________°

h = ______cm


H = ________°

j = ______cm


J = ________°
Calculate the area of the triangle using side g and angles H and J:
180-H-J = ________°
Area = _______cm2 = 
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Calculate the area of the triangle with side h, as well as angles G and J:
180-G-J = ________°
Area = _______cm2 = 
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WORKSHEET N:
FINDING AREA USING SSS AND ASA FORMULAS
DATA (transfer from Worksheet M):


g = ______cm


G = ________°

h = ______cm


H = ________°

j = ______cm


J = ________°
CALCULATIONS:

1. Find the area of a triangle using all three sides:


S = 
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 = _________cm

Area = _________cm2 = 
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2. Find the area using the following SAS formula for sides h and j and angle G:


Area = 
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 = ___________cm2

3. Use sides g and j and angle H:


Area = 
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 = ___________cm2
4. Use sides g and h and angle J:


Area = 
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 = ___________cm2

WORKSHEET O:

ERROR CALCULATIONS FOR THE TRIANGLE FROM THE ASA METHOD
DATA (transfer from Worksheet N):


g = ______cm


G = ________°

h = ______cm


H = ________°

j = ______cm


J = ________°
CALCULATIONS:

Sum = G + H + J = ______________°

error = Sum – 180° = _______________°

Error/180° * 100% = ________________% = Relative Error

	Method of Estimating Area
	from

Worksheet
	Area from Worksheet (cm2)
	Relative Error*
Re (%)

	SAS -- eDf
	L
	
	

	SAS -- dEf
	M
	
	

	SAS -- dFe
	M
	
	

	ASA -- EdF
	N
	
	

	ASA -- DeF
	N
	
	

	ASA -- DfE
	N
	
	

	SSS
	N
	
	

	
	
	
	= mean
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· Design Problems 

Construction Surveys 


Construction surveys provide the horizontal location as well as the elevation for a wide variety of construction projects – for example, highways, streets, pipeline, bridges, buildings, etc. The contractor can measure from the surveyor’s markers to the exact location of each component of the facility to be constructed.
Example:
Using two sheets of paper, a ruler and a protractor, layout the roadway and shopping center according to the following specifications, where each road is connected to the end of the previous road, i.e., the second road is connected to the end of the first road and the third to the end of the second.
· First road: N 30° E, length = 600 m

· Second road: N 10° E, length = 450 m

· Third road: N 45° E, length = 800 m
· From the third road facing the NE direction, the entrance to the shopping center is 500 m from intersection of the second road and the third road, and is perpendicular to the third road. Entrance length = 50 m 

· The shopping center is a rectangular shape with dimensions of length = 250 m and width = 30 m. The length runs parallel to the third road.
Draw a reference line along the side of your paper to choose as north. Also, select a starting point near the bottom left corner of your paper. Use a scale of 1 cm = 50 m.
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Surveying: horizontal angles
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