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· Materials 
1
semicircular (180°) protractor: 6-inch (15.24-cm) diameter

1
drinking straw ( no bends)
1
tape measure 


thin string about 15 inches (40 cm) in length 

1
20-g weight 

1
meter stick

· Objectives 
To show how vertical angles can be used in computing heights
To use triangle identities in computing distances
· Preparation: Assembling a level 
1. Tie one end of the string to the weight 
2. Tie the other end, in a loop of at least 2 inches (5 cm) through the origin point of the protractor. If you make your loop too small your instrument range will be too small (see Figure 1).

3. Cut a drinking straw so that it is the length of the flat side of the protractor, approximately 6 in. or 15 cm. 

4. Lay the straw flat on the table. Using a pin, pierce two holes through the straw, each hole located approximately 1 inch (2.5 cm) from the two ends of the straw. Make sure the pins are straight and aligned. If not, pierce new holes. 
5. Insert thin wire into the holes and bend the ends of each wire in different directions. Check to make sure the wires are straight and still aligned. Bend the ends of the wire to ensure that the ends of the wires do not present a safety risk. 
6. Tape the straw to the top edge of the protractor so that the wire pins sit perpendicular to the face of the protractor (see Figure 1).

· Preparation
1. Decide which wall you will use to measure the ceiling height. Make sure that you will be able to see both the floor and the ceiling from across the room. It is best to select points near the floor and the ceiling that allow easy identification, such as tiles or points with contrasting colors. If such points do not exist, place one piece of masking tape near the ceiling and another near the floor directly below the piece near the ceiling. Using a felt-tipped marker, draw horizontal lines on both pieces of tape.
2. With a measuring tape or yard stick, measure the distance from wall to the point where you will be standing to take measurements. This should be approximately 6 m or 20 ft from the wall.
3. Mark this point on the floor with a piece of masking tape. Record the horizontal distance that you measured on Worksheet A.
4. Using a meter stick or tape measure, measure the vertical distance between the points near the floor and the ceiling. Record this value on Worksheet A. 
· Experimental Procedure
1. Surveyor: Stand with the level at the point marked on the floor. Hold the level so that the semicircle on the protractor hangs below the straw and the weight at the end of the string hangs freely, but next to the protractor (Figure 1).
2. Surveyor: Rotate the transit upward. The point of rotation should be the end of the tube closest to you (Figure 2). Do not move your head. Your eyes should be directly above the mark on the floor. Look through the tube and align the edge of the marker near the ceiling with the horizontal wires in the tube.
3. Reader: Make sure that the surveyor is standing so that his/her eyes are directly above the tape on the floor.
4. Reader: Read the angle between the string and the 90° mark. This will be the absolute value of the angle measurement minus 90° (see Figure 3). Record this reading on Worksheet A.  DO NOT ALLOW THE SURVEYOR TO MOVE FROM HIS OR HER POSITION.
5. Surveyor: Without moving your head, rotate the transit downward in the same manner as before and direct the tube to the point where the floor and the wall meet. Align this point with the wires in the tube.

6. Reader: Make sure that the surveyor’s eyes are directly above the tape on the floor.
7. When everything is lined up, the Reader should read the angle between the string and the 90° mark, as shown in Figure 2, and record the value on Worksheet A. As before, the angle will be the absolute value of the angle measured minus 90°.
· Computations

1. Follow the steps outlined on Worksheet A to calculate the height of the ceiling. 
2. Perform error calculations shown on Worksheet A.
· Post-Laboratory Questions 

1. List sources of error for the measurements taken in a vertical plane. Estimate the range of error for each of the values listed. What is your greatest source of error?

2. The straight portions of roads have crowns, or high points, at the center of the road. If the curb is 5 m from the crown and the crown is 20 cm higher than the road at the base of the curb, what is the slope (called the cross slope) of the road?

3. A camper needs to know that the width of a river. Using a vertical fence post on the other side of the river that she knows is 2.8 m high, she sights an angle of 6° above the horizontal from a point on the post that she believes is 2.0 m from the top of the post. Using the same horizontal point on the fence post, she sights an angle of 2° to the bottom of the post. What is her best estimate of the width of the river?
WORKSHEET A: VERTICAL ANGLE AND DISTANCE MEASUREMENT
DATA:

x   = measured horizontal distance from wall to standing point = ________cm
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 = protractor reading for sighting ceiling =                            __________°
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 = protractor reading for sighting floor =                            ___________°

H   = measured height from floor to ceiling =                             _________cm
CALCULATIONS:
Height from eye level to ceiling: y1 = x tan 
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 = ________cm 

Height from floor to eye level: y2 = x tan 
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 = ________cm

Total height from floor to ceiling: Y = y1 + y2 = _________cm 

error = Y-H = __________cm 

relative error = (Y-H)/H * 100% = ____________%
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Surveying: vertical heights
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