Homework – Model Adaptation Activity 

Campus Lighting Design 

Students, Staff Hope to 'See the Light'
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WEST LAFAYETTE – University officials announced today plans to redevelop the outdoor lighting system on campus, a project many students, staff, and faculty believe is well overdue.  The results of a recent campus safety survey revealed that a primary concern of individuals is the lack of proper lighting on campus.  When asked, 64% of respondents said that they regularly walk through an area of campus in the evenings which they feel is poorly lit. Amir Patel, a graduate student, said “I often work on campus late at night and there are many dark areas near the buildings.”  Campus police agree.  Captain Friar of campus police stated, "An improvement to outdoor lighting would be in the best interest of all who cross campus at night."  Lighting improvements could help to reduce the number of nighttime accidents and thefts that have occurred in recent years.

        The decision to revamp the outdoor lighting system actually came three weeks ago, but more specific plans became available today.  Plans call to divide the main campus into six different areas that will be completed in succession.  The first area will receive its new lighting fixtures next semester, and the entire project is expected to be completed within two years.  Due to the age and inefficiency of the current lighting system, it has been determined that the entire lighting system will be replaced, with the exception of some fixtures which have historical significance to the university.  University officials have already selected fixture designs to be used on the project, chosen to complement building architecture and other outdoor features of campus.  Currently, officials are soliciting input from a team of experts on plans for designing the new lighting scheme.

        Other safety concerns expressed during the survey include the desire for additional emergency call boxes throughout campus, replacement of several deteriorating sidewalks, and improved snow removal during winter months.  University officials stated that these concerns will also be addressed in further meetings over the summer months.  "We want all individuals, whether they're students, faculty, staff, or visitors, to feel safe on campus twenty-four hours a day, seven days a week," said Dr. Cornelius, member of the campus safety task force.  "If more improvements are needed, we're going to make them."

Designing an Outdoor Lighting System

Lighting organizations such as the Illuminating Engineering Society of North America (IESNA) periodically publish guidelines for illumination levels in different locations and for different uses.  These guidelines are intended to ensure properly lighted areas that enable security and proper operation.  State and local governments also often pass ordinances that restrict the amount of light and the types of lighting fixtures allowed for installation.  Such governmentally-imposed restrictions help to prevent “light pollution,” excess light passing into the sky or into the land of neighboring properties.
Recommended luminance guidelines are a minimum of 0.9 footcandles on the surface of sidewalks and on the pavement of parking areas.  For roadways, a minimum of two footcandles on the road surface is suggested.  Local ordinances encourage fixtures designed to direct light in a downward direction, to reduce potential for sky pollution.  University officials have selected such fixtures.

Below are some important terms and units of measure related to lighting systems:

Efficacy - the ratio of light output (lumens) to input power (watts) expressed in lumens per watt.

Footcandles (FC) - The English unit of measurement of the illuminance (or light level) on a surface. One footcandle is equal to one lumen per square foot.

Illuminance - The amount of light that reaches a surface. Commonly called “light level.”  Illuminance is measured in footcandles (lumens/square foot).

Lamp - industry term for the replaceable bulb of a lighting fixture.

Lumen (lm) - a unit of measurement of the rate at which a lamp produces light. A lamp's light output rating expresses the total amount of light emitted in all directions per unit time. Ratings of initial light output provided by manufacturers express the total light output after 100 hours of operation. 
Luminaire - industry term for an entire lighting fixture, excluding the lamp, or bulb.
Luminaire efficiency - the ratio of the light emitted by luminaire to the light emitted by the lamp or lamps within it. Components of a luminaire, such as reflectors and diffusers, absorb some of the light from the lamps(s). A highly efficient luminaire emits most of the light that the lamp(s) emits.

Watt - a unit of power.  Power consumption of light bulbs is commonly measured in watts.
Laws of illumination are used in the planning of lighting systems.  The most important are the cosine-cubed law and the inverse square law:
The cosine-cubed law accounts for surfaces upon which the light shines at an angle Φ; that is, at a distance X along the horizontal from the light.  For the illumination E at the point A shown in the diagram, with H the height of the fixture pole, the equation becomes:
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.  This can be approximated by taking I to be the number of lumens of the light source.
The inverse square law is essentially a special case of the cosine-cubed law, when the angle Φ at which the light shines onto the surface is zero.  That is, the light shines onto the surface at a 90o angle. The inverse square law states that the illumination (E), measured in footcandles, at a point on a surface varies directly with the luminous intensity (I) of the light source, and inversely with the square of the distance D between the source and the point on the surface (provided the light shines onto the surface at a 90o angle); that is:   
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.  Again, this can be approximated by taking I to be the number of lumens of the light source.
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H = Mounting Height; the distance of the light above the surface. 

D = distance from the source to the point A, where the light hits the surface. 

Φ = angle between the vertical and the direction in question, that is, between the H and D lines. 
X = the distance from the position directly beneath the light source and the point where the light hits the surface.

Task:

Charles James University is replacing its outdoor lighting system in a manner similar to your university.  The university would like your team to develop and refine a methodology for its lighting project by lighting the area of Charles James University outlined by a dashed line in figure 2.  The method you develop will be later used in your university’s lighting project.
Officials have already decided that two different styles of lights will be used, as detailed in table 1.  They do not wish to incur further expenses by making additional changes to the campus landscape.  Therefore, no sidewalks or other features of campus may be removed or relocated.  All pre-existing outdoor lighting fixtures will be removed before new fixtures are installed.  To minimize operating expenses, the university would also like to minimize the number of new fixtures.
Your team is to deliver a report to university officials outlining plans for lighting the area of Charles James University under consideration, based upon the two-dimensional representation of the area given in figure 2.  Buildings in the area shown range between one and five stories in height.  Your lighting proposal should meet the minimum lighting guidelines previously discussed, while attempting to minimize the number of fixtures used.  
Your report should include the following:  
· The number required of each type of fixture
· A diagram indicating where each of the types of  lighting fixtures are to be located
· The reasoning for your conclusions
· A method and suggestions for officials to apply in the lighting project at your university.
· A list of any additional concerns you have or information you would need to improve the efficiency and quality of the lighting plan

	Table 1:  Lighting Fixture Data

	

	Lamp Type
	Primary Use
	Pole Height
	Watts
	Lumens/Watt

	Metal Halide
	Along Roadways
	22 ft
	250
	82

	Metal Halide
	Parking, sidewalks, all other areas
	12 ft
	150
	87
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A consideration for the new lights on campus











Figure 2


¼ inch = 22 feet 





Fig. 1








Copyright © 2004 Purdue University


_1117050358.unknown

_1115384295.unknown

