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Have you ever wondered how the thrown distance is measured in the javelin, discus or hammer events at the Olympic Games when there is not a tape measure in sight?
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Dr Jon Mills | 2001
	Traditionally these distances were measured by a conventional direct method using a steel tape. However, the need to increase speed and reliability of the measurements, and to reduce the number of officials close to the throwing area, led to the development of a method where the distances are determined indirectly from a combination of distances and directions measured electronically.

At the heart of the method is an instrument known as a total station (pictured), which is capable of measuring both angles and distances. It is positioned so that the person operating the instrument has a good view of the entire throwing area.

Prior to the start of the event, the relevant positions of the centre of the throwing circle and the instrument are measured and stored in a computer. After each throw, the point of impact is marked with a reflector and is sighted using the telescope of the instrument. 

<SPAN class=contentmetadata><< total station</SPAN> 

The instrument then measures the slope distance and horizontal and vertical directions to the reflector. From these measurements and the stored data, the on-line computer computes the distance thrown. The whole process typically takes 15-20 seconds.


	Calculation 

The equation used to determine the distance thrown is given below: 
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Where: 
D is the distance thrown and is quoted to the nearest centimetre in accordance with the International Rules. 
B is the horizontal distance between the instrument position and the centre of the throwing circle. 
C is the horizontal distance between the instrument position and the point of impact. 
ø is the horizontal angle between the centre of the throwing circle and the point of impact. 
r is the radius of the throwing circle.

>> A diagram of the distances and angles used in the calculation</SPAN>
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	Example calculation 

Determine the distance thrown when the following information has been recorded for a discus thrower:

Information about the throwing circle Throwing circle for discus has a diameter of 2.50 m 

Positional data, instrument position to centre of throwing circle: 
Slope distance: 60.753 m 
Horizontal angle: 043 54' 07" 
Vertical angle (from zenith i.e. vertically upwards): 091 36' 22" 

Positional data, instrument position to point of impact: 
Slope distance: 78.254 m 
Horizontal angle: 101 24' 56" 
Vertical angle (from zenith i.e. vertically upwards): 092 25' 34"

Solution 

First need to determine the horizontal distances from the instrument to the centre of the throwing circle and to the point of impact.

This is achieved using the vertical angle and slope distance: 

Horizontal distance = slope distance x cosine of the vertical angle (from horizontal) 

For the circle: 
HD = 60.753 x cos (091 36' 22" - 090 00' 00") 
HD = 60.729 m 

For the point of impact: 
HD = 78.254 x cos (092 25' 34" - 090 00' 00") 
HD = 78.184 m 

Now need to use the following equation given to compute the distance thrown:
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Where: 
B = 60.729 m 
C = 78.184 m = (101 24' 56" - 043 54' 07") = 57 30'49" 
ø = 57.51361111 
r = diameter of circle / 2 = 2.50/2 = 1.25 m
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D = 68.56 - 1.25 
D = 67.31 m

	Further teaching resources You can modify the raw data (slope distance, horizontal and vertical angles) to produce different solutions. If the students have not been taught degrees, minutes and seconds, simplify the angle reading to decimal degrees. The other parameter, the circle radius, will be different for other events (except the hammer, which uses the same circle). Remember to keep the answer sensible: the Men's World Record for discus is 74.08 m, thrown by Jurgen Schult of Germany in 1986; the Women's World Record is held by Gabriele Reinsch, also of Germany, who threw 76.80 m in 1988. 

You could also add additional data to determine whether or not the throw was legal or not. The discus is thrown from the circle into a sector of angle 40 degrees. If it lands outside this sector the throw is illegal. By providing data about the throwing circle/sector orientation, the student could determine whether or not the discus had landed in this sector. Rules on the discus can be found http://www.coolrunning.com.au/hclac/official/discus.html. 

Do you want to make measurements for real? If so, we would be delighted to attend your school's sports day with a total station instrument that the students could use themselves and provide data for your mathematics classes.


Dr Jon Mills, Dept. Geomatics at Newcastle | 2001


	Ideas | Sports measurement 

Have you ever wondered how the thrown distance is measured in the javelin, discus or hammer events at the Olympic Games when there is not a tape measure in sight?
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Traditionally these distances were measured by a conventional direct method using a steel tape. However, the need to increase speed and reliability of the measurements, and to reduce the number of officials close to the throwing area, led to the development of a method where the distances are determined indirectly from a combination of distances and directions measured electronically.
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	At the heart of the method is an instrument known as a total station (pictured), which is capable of measuring both angles and distances. It is positioned so that the person operating the instrument has a good view of the entire throwing area.

Prior to the start of the event, the relevant positions of the centre of the throwing circle and the instrument are measured. After each throw, the point of impact is marked with staff and is sighted using the telescope of the instrument. 

The instrument is then used to measure the distance and horizontal angle from the throwing position to the point of impact. Using these measurements and the previously recorded data, you can calculate the distance of the throw using the cosine rule.
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Calculation

	In this diagram:

D is the distance thrown
B is the horizontal distance between the instrument position and the centre of the throwing circle
C is the horizontal distance between the instrument position and the point of impact.
[image: image10]is the horizontal angle between the centre of the throwing circle and the point of impact.
r is the radius of the throwing circle.

The distances can be measured using stadia tacheometry and the horizontal angle can be read off the level's circle.

The equation you need is: 
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	Example Calculation 
Determine the distance thrown when the following information has been recorded for a discus thrower:

Information about the throwing circle
Throwing circle for discus has a diameter of 2.50 m 

Positional data, instrument position to centre of throwing circle:
Horizontal distance: 70.2 m 
Horizontal angle: 043 54' 07"

	Positional data, instrument position to point of impact: 
Horizontal distance: 65.8 m 
Horizontal angle: 101 24' 56" 

Solution 

We need to use the following equation given to compute the distance thrown: 
[image: image13.png]D=-fB*+C?* - 2BCcos #-r




Where:
B = 70.2 m 
C = 65.8 m
[image: image14.png]


= (101 24' 56" - 043 54' 07") = 57 30' 49" = 57.51361111 
r = diameter of circle / 2 = 2.50/2 = 1.25 m 
[image: image15.png]D=-7027 +658% - 2x70.2x65.8xcos 57.51361111° =1.25




D = 65.54 - 1.25 
D = 64.29 m 

If the students have not been taught degrees, minutes and seconds, simplify the angle reading to decimal degrees. The other parameter, the circle radius, will be different for other events (except the hammer, which uses the same circle).


Exercise is based on notes written by Dr Jon Mills, Dept. Geomatics | <!-- #BeginDate format:fcAm1 -->Monday, August 19, 2002

Ideas | Error measurement

As a follow on from the sports measurement exercise, why not look at how errors in your measurements could affect the final results? 

Question:

If the horizontal angle reading is incorrect by one degree, how much is the calculated distance affected?

Where:
D is the distance thrown
B is the horizontal distance between the instrument and the centre of the throwing circle
C is the horizontal distance between the instrument and the point of impact
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is the horizontal angle between the centre of the throwing circle and the point of impact.
r is the radius of the throwing circle

The equation needed is:
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	Example solution:
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Where: 
B = 70.2 m 
C = 65.8 m
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= 57 degrees
r = diameter of circle / 2 = 2.50/2 = 1.25 m 

[image: image20.png]1027 46587 2x70.2%65 8xcos 57° —1.25
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= 63.08 m
	Or using
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= 58 degrees

[image: image23.png]70,22 +6587 - 2x70.2x65.8x cos 58° —1.25

D,
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= 64.68m

The difference between the two is 1.60m!

This exercise demonstrates the importance of accuracy when taking measurements. 


rw & Megan Gilliard| <!-- #BeginDate format:fcAm1 -->Monday, August 19, 2002
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