Surface temperature of the Sun

-assignment for the “Catch a Star” competition
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Rødkilde Gymnasium, Denmark  

Purpose

The main purpose of this astronomical assignment is to estimate and calculate a value of the temperature on the surface of the sun by measuring values of the incoming solar radiation on the earth. The radiation and energy is a result of the nuclear processes and reactions between isotopes of hydrogen and helium. What happens is a fusion between either isotopes of two different elements or two isotopes of the same element. The result is - apart from other elements – energy, which is emitted as radiation. 
The radiation diffuses from the surface of the sun in circular orbits in every direction. When measuring the incoming radiation on 1 square-meter on the ground this energy is a very small percentage of the total amount of energy on the spherical surface of the sphere which the radiation has expanded to. The radius on this sphere is the distance from earth to the sun (a). The situation is illustrated below:
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We can calculate backwards and find the outgoing radiation on the surface of the sun: Fsun (F = flux). The ratio between Fsun and the temperature – T – in the fourth power (T4) is proportional. Are we able to measure F on the earth, we can also calculate Fsun and T.     
Lineup: 

Part 1:
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Part 2:
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Execution:

Part 1:

The objective is to measure the inbound magnetic radiation from the sun, in order to calculate the absolute light emission. For this task we use a solar panel. It is important for the reliability of the results, that the solar panel forms an angle of precisely 90° with the sun. We cover the silicium cell with a long cylinder, in order to obtain the necessary accuracy. By doing this, only the photons who have the same heading as the long cylinder are able to reach the solar panel. When pointed at the sun, it is very easy to determine if the angle is accurate. This way, we are also able to eliminate some of the background radiation, witch otherwise could interfere with our results. The intensity is noted by reading the effect produced by the solar panel.

Part 2:

By using a tall pole as shadow caster, we can establish the angle of the sun. This is used to obtain an estimate of how far the beams of light have to travel in our atmosphere. The length of the shadow as well as the height of the pole is noted.

Theory 

The ratio which we need to calculate T in the end is

Fsun = s ∙ T4
,                                             (1)
where s is the Stefan constant which is 5,67*10-8W/m2K4
The total intensity from the sun must be the flux multiplicated with the spherical surface of the sun:
Ltotal = 4πR2∙ Fsun = 4πR2∙ s ∙ T4                                (2)
where R is the radius of the sun.
When the solar radiation hits Earth, it has been expanded to a larger sphere with the distance from the Sun to Earth as the radius. As a direct mathematic consequence of this, the flux Fsun has been reduced to F0 – the flux on the surface of the atmosphere: 
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                                  (3)
We need an expression for T where we only need to know the angle of incidence – d and the flux F. Below we illustrate the proportion between d, the distance to the Sun a and the radius of the Sun R:
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It occurs that :
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But because of the fact that the angle of incidence is very small we approximate the expression to:
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If we insert this in (3) we get:

F0 = 
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We measure d and we are able to calculate the F0 from our measured F on the ground: 
We assume that the intensity of the radiation declines exponentially through the atmosphere with the distance in the atmosphere – z. We get the following exponential equation: 
F = F0 ∙ e –kz
By taking the logarithm on both sides of the equals sign, the equation is:
log(F) = log(F0) - k∙log(e) ∙z
In order to the illustration below, z can be replaced by 
[image: image16.wmf])

sin(

h

H

 :

[image: image17.wmf]F

0

H

z

h

F

atmosphere

Earth

beyond atmosphere

S


When inserting this in the equation, it is:

log(F) = log(F0) - 
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We can conclude that the proportion between F and 
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is linear. log(F0) is the intersection with the 2.axe (the y-axe) if the equation is mapped with log(F) as the dependent and 1/sin(h) as the variable:
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F0 is log-1 to the intersection value according to the equation. 
Data:
	Time of day
	Shadow length – S/m
	Angle of incidence – h / º
	Intensity – Flux – F/W/m2

	10:00
	6,90
	12,344
	740

	12:45
	3,38
	24,072
	950

	14:00
	3,49
	23,396
	917

	16:20
	7,00
	12,173
	735


Height of pole – Hp: 1,51m
The angle of incidence – h- is calculated with the equation: tan(h) = Hp / S, where Hp is the height of the pole. The other data have been measured directly. 
Processing data:
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We note that the dots generate a nice straight line and we can now calculate F0:
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Calculating the sun’s angle of incidence – d: d =
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Calculating the surface temperature of the sun: 
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Sources of error
Our calculated value of the Sun’s surface temperature – T – is based on the results of the measurements of the flux – F – on Earth. We have to be aware of uncertainties combined with these results because of the variation in the solar radiation when measuring the intensity in different angles towards the sun. We must approximate the angle which the radiation forms with the cell on the solar panel to 90º.  

We must assume that part of the radiation is being absorbed in the atmosphere by the elements and molecules, but we have taken this into account as well by computing the flux on the surface of the atmosphere (F0) and using this value in our proportional ratio with temperature in the fourth power - T4. 

When computing the F0 we assume that the flux declines exponentially through the atmosphere. Our assumption is based on the fact that radiation diffuses as waves, and waves (e.g. light and gamma-radiation) decline exponentially through the atmosphere. But this is a presumption and it ought to be mentioned in the sources of error. 

In the theory part we approximated the expression of d (the angle of incidence) by ignoring the tangent. We choose to ignore this because the angle is very small, but any approximation could affect our value of d and therefore also the value of the temperature.  
The number of influential ciphers used must also be estimated according to the inaccuracy of our measurements.       

Furthermore there will always be uncertainties and a risk of error when measuring physical 
data manually.
Conclusion
We can conclude that the scientific experiment gives us a realistic value of the temperature, which is close to the actual table-value. We know that the surface temperature in average is 6000 K. We
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