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Effect of Distance on Brightness Lab

In this laboratory activity, you will use a Joly photometer to compare the intensity of light at a point. The goal will be to determine how the intensity of light changes with distance. But first, we will begin with a number of simple activities to help you develop a conceptual understanding of the effect that distance has on the apparent brightness of a light source.

1) You have undoubtedly been a passenger in a car at night. Think about the approach of an oncoming car that has its headlights on. What happens to the apparent brightness of the car’s headlights as the car approaches you?

While the apparent brightness of the car’s headlights might change, the true brightness does not. True brightness is not affected by distance. It’s a measure of how much light the headlights (or any other light source) actually put out. It’s just like a 60-watt light bulb where the 60-watt statement is an indication of its true brightness. A 60-watt light bulb is a 60-watt light bulb no matter how far away you observe it. 

2) What do you think the relationship is between the apparent brightness of the oncoming car’s headlights and distance?

The closer the car, the ( brighter / dimmer ) the apparent brightness of the headlights.

3) Take a flashlight and shine it on a wall. Now, move closer to the wall. Does the apparent brightness of the light on the wall appear to change as you move closer to it?

( yes / no )

4) How does the apparent brightness of the light on the wall appear to change as you move away from the wall?

The light appears to get ( brighter / dimmer ).

5) As you move first nearer and then farther from the wall, does the true brightness of the flashlight change?

( yes / no )

6) When the circle of light on the wall gets brighter, is the same amount of light being cast into a smaller or larger area?

( smaller / larger )

7) Complete the following statement:

Increasing distance between a light source and an observer will result in the light source appearing ( brighter / dimmer ). 

8) Explain in your own words why the above statement is so. 

Now that you have a better understanding of the relationship between apparent brightness and distance, it is time to figure out the precise relationship using a Joly photometer. 

In the Joly photometer a layer of aluminum foil separates two equal-sized blocks of paraffin. The photometer is positioned between two light sources, S1 and S2 in a darkened room. (The figure to the right shows us looking down on the photometer as it rests on a desk top along with two light sources.) If S1 appears just as bright as S2 at the position of the photometer, then paraffin block #1 is equally as bright as paraffin block #2 as seen by someone viewing the photometer from the top. Your task is to vary the distance and brightness of S2 so that appears equally as bright as S1 as measured with the Joly photometer. Distances L1 and L2 (measured from the source to the outer surface of the photometer) will also come into play.
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CAUTION: Open sockets are rated at 120 volts, enough to kill. Be certain to unplug the light socket when changing light bulbs! Light bulbs will be hot; be very careful when changing them.

Set up your experimental apparatus as shown in the figure. Set S1 to 25 watts and L1 to 10 cm. These values must remain constant throughout. Vary the brightness of S2 as indicated in the table below and adjust the distance L2 such that the brightness of block #1 equals block #2 in the Joly photometer each time. Complete the table below with your data.

	S2 (watts)
	L2 (cm)
	L22 (cm2)

	25
	10*
	100

	40
	12.6
	158.8

	60
	15.5
	240.2

	75
	17.3
	299.3

	100
	20.0
	400

	150
	24.5
	600.2


Compare S2 with L22. Do you see a pattern or relationship? You should. The relationship should be S2 = 4(watts/cm2)*L22. That is, S2/ L22 is a constant. (The value of the constant is unique to this experimental set up and has no real significance.) If the brightness of the bulb goes up by four times, the distance must increase by a factor of two times in order to decrease the apparent brightness of that light bulb as measured by the Joly Photometer. Such a relationship is known as an inverse-square relationship. That is, if the distance of a light-emitting object increases by a factor of 5 times, it will appear only 1/25 as bright (1/5 squared or 1/52). 

9) If a light bulb is viewed 2 times the distance as before, how much brighter or dimmer will it appear?



 times ( brighter / dimmer )

10) If a light bulb is viewed at 1/3 the distance as before, how much brighter or dimmer will it appear?



 times ( brighter / dimmer )

* Teacher: These data are expected values. Please delete these data before printing copies of this activity for your students.

