Street Lights as Standard Candles
Understand standard candles using street lights.
Markus Pössel, Haus der Astronomie


Age
14+
Level
Secondary School, University, Informal
Time
3h
Group
Group
Supervised
Unsupervised
Cost
Low (< ~5 EUR)
Location
Outdoors
Core skills
Developing and using models, Planning and carrying out investigations, Analysing and interpreting data, Using mathematics and computational thinking, Constructing explanations
Type of learning activity
Full enquiry
Brief Description
Street lights of the same type will look brighter when they are close to you, and less bright when they are farther away. The same applies to astronomical objects: a given star will look brighter to a nearby observer than to an observer far away. In both cases, the difference in brightness can be used to deduce the relative distances of suitable objects. Standard candles, objects of constant intrinsic brightness or whose intrinsic brightness can be determined by careful measurements, are a key tool for astronomical distance determination. In this exploration, you will explore standard candles (and also effects that complicate distance measurements) in a simple everyday setting, namely that of street lights, using a digital camera and freely available software.
Goals
	•	Understand the concept of standard candle distance measurements in astronomy.
	•	Perform such measurements using everyday objects (namely street lights).
	•	Lay the foundations for understanding a type of distance measurement crucial for physical interpretation of astronomical observations of distant astronomical objects.
	•	Learn about important kinds of systematic error (obstruction, intrinsic variations) in astronomical observations.
	•	Learn the basics of digital image processing, including simple photometry (activity can thus serve as a first step in a development that includes more challenging astrophotography projects).
Learning Objectives
	•	Recognise the relation between an object's intrinsic brightness, apparent brightness and distance.
	•	Explain how this relation can be used to determine the distance of astronomical objects of constant (more generally, of known) brightness, namely standard candles.
	•	Understand how a digital camera can be used not only to take pictures, but to perform quantitative measurements of object brightness.
	•	Use a digital camera and image analysis software to measure the brightness of street lights, assumed to be standard candles.
Recognise and describe systematic errors that can (partially) invalidate the simple standard candle interpretation.
Evaluation
Overall success of the measurements can be tested by inspecting students' results, in particular linearity of the curve plotting distances derived by the standard candle method against distances measured by a conventional method (e.g. on Google maps or via direct measurement).
Some specific criteria:
	•	Have the images been taken correctly (in focus, no internal reflections, light sources not saturated)?
	•	Has the basic formula for the inverse square law been applied correctly?
Advanced: Have the students found suitable explanations for outliers that do not lie on the expected inverse-square curve?
Student understanding can be gauged by asking students about their derivation (which should start with a brightness measurement and use the inverse square formula) and about deviations between distances as measured by the standard candle and conventional methods. Sensible models for error sources (intrinsic brightness variations, [partial] obscuration) are indicative of advanced understanding.
Materials
	•	Digital camera (capable of taking raw format images)
	•	Computer with internet access (The cost estimate assumes that a camera and computer are already accessible.) 
	•	Software used for analysis: Basic image processing software allowing for the measurement of pixel brightness such as ImageJ (available for free at http://imagej.nih.gov/ij/) or AstroImageJ (available for free at http://www.astro.louisville.edu/software/astroimagej/)
	•	For calculating distances from brightness values and producing plots, spreadsheet software can be used, such as Microsoft Excel (available commercially), Open Office Calc (available for free at https://www.openoffice.org/), or Google Sheets (available for free at https://www.google.com/sheets/about/).
Background Information
Astronomical distances
 
Image: The constellation Orion. Each of the seven principal stars of this constellation, forming Orion's shoulders, belt, and feet, is between a few thousand and a few hundred thousand times more luminous than the Sun. Credit: Mouser, deep sky image of the constellation Orion, CC BY-SA 3.0 https://creativecommons.org/licenses/by/3.0/legalcode
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Astronomers are distant observers. With very few exceptions inside our own solar system, we cannot travel to our objects of study. Instead, we need to infer the properties of stars, nebulae and planets from our observations. Knowing an object's distance is key to such cosmic detective work. If all we knew were an object's apparent brightness in the sky, we couldn't distinguish between objects that are fairly near but not very bright and those that are far away but emit lots of light!
This is evident when it comes to some of the most basic celestial objects: stars. Our direct experience on a clear night is that stars are tiny pinpricks of light. A simple flashlight will give us much more illumination than all the thousands of stars we see in a starry night taken together. But the Sun is a star, too, and it is the brightest object most of us will ever experience – so bright that it poses a danger to our eyes, and we shouldn’t look at it directly! Yet some of the stars we see at night emit much more light than our Sun. The key factor that makes them appear much less bright, for an
observer here on Earth, is distance. The only difference is distance. Even the closest star, Alpha Centauri, is more than 265 000 times far away from us compared to the Sun.
Estimating cosmic distances is a difficult task. Even distances within our own Solar System are sizeable by everyday standards. The astronomical unit, corresponding to the average distance of the Earth from the Sun, is about 150 million kilometres. 
The nearest star, Alpha Centauri, is 4·1013 km away. Such giant numbers are unwieldy, and astronomers have introduced an alternative way of stating distances. Nothing moves faster than light, and astronomers have taken to using light travel times as their measure of the distances to the nearest stars  (parsecs, and its derivatives, as well as redshifts are used for greater distances). The Sun, for instance, is about 8 light-minutes away from us: light takes 8 minutes to travel from the Sun to us. Alpha Centauri is 4.2 light-years away. 
(Do not be confused by the occurrence of words like ‘minute’ or ‘year’ in these units. Light-minutes and light-years are measures of distance, not of time.)
The most distant objects we know are much farther away. Light takes billions of years to cover the distance between those objects and us, so these objects are billions of light-years away (corresponding to tens of sextillions, or 1022, of kilometres). No single method can cover this immense range of distances. Instead, astronomers rely on what they call the cosmic distance ladder: a set of complementary methods of determining distances, where methods applied to more distant objects are calibrated using methods applicable to less distant objects. 
Apparent brightness: inverse square formula
A number of key methods of measuring astronomical distances involve the following basic principle: Assume that we know how much light an object emits (this is called 'luminosity'). We can measure the object's apparent brightness in the sky. Comparison of luminosity and apparent brightness is directly related to the object's distance from us. Quantitatively, assume that the objects emits energy per second L, and that this emission does not favour any particular direction (isotropic emission). L is called the object's luminosity. At a distance d from the object, this total energy will have spread out over a spherical surface of area 4 pi d2. Imagine that our detector – for instance, our telescope mirror – covers an area A, as shown in the following figure, which is at a distance d from the radiating object O:
 

