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Do it yourself: Find distance to a Star with a Candle 

 

Motivation: We would like to know how far the stars are away. We will assume that we 

are back in classical times or the Renaissance and limit ourselves to equipment available 

before 1600. In particular, we will not use a telescope.  Unlike Huygens, we will also 

keep things safe. 

We now have an insight that did not arise until the time of Giordano Bruno: the 

Sun is a star. We will make a reasonable (but somewhat inaccurate from what as been 

learned since 1600) assumption that all stars are as luminous as the Sun. There are lots of 

stars in the night sky, but we will pay attention to the brighter ones.  We will constrain 

the annual parallax as a byproduct of our exercise.  We also see how bright sunlight is on 

the other planets of our Sun. 

We lay out the project as we did it in class.  The readers and other teachers 

obviously have their own schedules. We will do day project first in the write up. 

 

Plan: We will start with the day part of the project at the end class of September 23. It is 

sometimes cloudy at 9:05 then but we have no control on the weather so a postponement 

is possible.  We will have matches and candles.  We will furnish rulers and cardboard 

sheets. You will estimate the distances to stars using equipment available to the Greeks.  

All you need is the concept that the Sun is a star.  We will get the distance to the stars in 

the unit AU (the distance A from the Sun to the Earth (including your location) in the 

drawing).  You can check the length of your pace in class for use at night. 
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Day project.  Using the pinhole to make a dim spot of sunlight.   Move the candle until it 

produces a spot a bright as the pinhole.  You will probably need to get the pinhole a few 

meters away from the spot to get it dim enough. Standing on a stair may help. 

Record in meters (1 cm = 0.01 m) 

Diameter of pinhole                        H = ____________________ 

Diameter of pinhole spot                 P = __________________ 

Distance of candle from its spot       C =  ________________ 

The color of the candlelight is not the same as the sunlight, but try to estimate the 

brightness of the spots anyway.  The color of different stars is an important field in 

astronomy. We would need a very hot source to get the same colors. Use the center of the 

candlelight where it is nearest the paper.  The candle will not make a well-defined spot. 

See the illustrations on the next page.  It is good to work in teams but everyone should 

see the measurements. 

We can tell how bright sunlight is on the other planets with the pinhole.  The 

planetary distances in AU are approximately: 

Mercury 0.4 
Venus  0.7  
Mars      1.5 
Jupiter    5 
Saturn      9.5 
Uranus    19 
Neptune    30 
Pluto          30 
Planet 10 97 
 

For example, the diameter of the spot needs to be 5 times the diameter of the hole to see 

how bright it is on the surface of the moon Europa of Jupiter and 30 times as wide to 



 3 

simulate Pluto.  Use a hand lens to narrow the spot to simulate Mercury and the cloud 

tops of Venus.  Pass your hand into the spots to feel the warmth, but do not linger. 
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Night project. Find a place where you have a reasonable view of the sky.  This time of 

year, clouds move in during the night so you will want to work soon after sunset.  Wait 

until your eyes can see the brighter stars.  Avoid the days around the full moon. Light the 

candle and have your assistant move away until the candle is a bright as the brighter stars, 

record this distance.  Pacing it off should be OK.  Use the meter stick to determine the 

length of your pace if you have one. Record the distance in paces and meters if you have 

calibrated your pace. Bring results to class week after day exercise. 

 

K = ________________________ 

 

Calculation.  The brightness of an object is proportional to it luminosity and inversely 

proportional to its distance squared.  At night, we have that candle brightness equals star 

brightness.  Both follow inverse square law. 

 

 Brightness = (Luminosity of star)/S2 =(Luminosity of candle)/K2 

During the day we have that the apparent distance to the Sun is the spot pinhole diameter 

ratio D=P/H in AU.   The inverse square brightness relationship is 

 

 Brightness = (Luminosity of Sun)/D2 =(Luminosity of candle)/C2 
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We assume that the star and the Sun are equally luminous.  This is the simplest guess to 

make.  This guess is not particularly good as the luminosity of stars covers a large range, 

but it is the one the must be made at first.  This is what Huygens, Bradley, and Newton 

did. 

Then (with a little math) the distance to the star in AU is 

 

 S = (K × P) ÷  (C × H) 

 S = ( ________ × _______ ) ÷  ( _________ × __________ ) =   _________ 

 

You now have the distance to the star in AUs.  You can now compare it with Newton’s 

Bradley’s, and Huygens’ estimates in the Web Book Chapter 2.  You did not need (nor 

use) a telescope.  In fact, this experiment could have been done in antiquity if anyone 

thought of it. 

We now return to the vexing issue from antiquity that the stars show no naked-eye 

parallax.  Should we expect to see annual parallax if the Earth in fact circles the Sun.  We 

can check with a little geometry.  The parallax angle in radians is 1/S.  You can convert it 

to arc seconds by 

 

Angle = 206300/S = 206300/ ________  =  _____________ 

You can marginally resolve 60 arc second.  Do you have any hope of see the annual 

parallax? 
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Scientists typically try to see the source of uncertainty in their experiments.  As you used 

your naked eye, it is hard to be quantitative, but your experience is relevant.  Which part 

of your measurement do you think was least accurate? 

Where could you use more modern equipment to advantage. 

 

 

 

 


