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Scientists develop scientific concepts in terms of quality and quantities through observations, experimentation, imagination, thought processes etc. Most importantly, they also use the then available knowledge and instruments as a frame-work for solving existing problems or for furthering knowledge.

People generally think that scientific investigations need elaborate scientific equipments and cost; this is true in some cases like a particle accelerator, space probe or oceanographic research vessel etc., but not for all the investigations. It depends upon the problems: the famous Albert Einstein needed pencil and paper, philosophers need mere thinking – brain work; Joseph Henry needed a bit of wire or metal to make an electromagnet whereas Gregor Mendel needed a garden for his studies on genetics; astronomers in the beginning needed telescopes to study stars and planets.
The Problem
This article discusses the problem of finding the amount of energy produced by our Sun, without elaborate equipments and cost. One may be wondering how the energy was measured, calculated, what sort of instruments or equipments were used and at what cost? But in this quest, everything was simple and elegant indeed!

Actually it was in the early nineteenth century the measurement of the energy of the Sun took place. In 1833 John Frederick William Herschel travelled to the Cape of Good Hope in South Africa on an astronomical adventure and completed the work of his father Frederick William Herschel. 
Scientific thinking – the application of old experience to new circumstance
It was a known fact that the Earth gets its energy from our Sun, which is 150 million kilometres away; and no man can reach even nearby. Then how to solve the problem of finding its energy? It was intriguing to calculate how much energy the Sun produces. Fortunately the knowledge of the concepts of energy, unit of energy, temperature measurement, and specific heat capacity were known and the required instruments – the thermometer etc. – were available by that time.
Sun’s radiation and Insolation
Think of the Earth as a perfect sphere and think of the atmosphere as a spherical shell around it. The average amount of the Sun's energy striking one square meter each second on the surface of the Earth's atmosphere is called the solar constant. This depends on the radiation by the Sun as well as the Sun-Earth distance. The solar energy falling on the Earth per unit time depends not only on the total area (since the solar constant measures the amount falling per square meter) but also the angle at which the rays strike the surface. This energy then flows through the atmosphere and reaches the surface of the Earth. The flow rate of incoming solar radiation on the surface of the Earth is called Insolation. It depends on the following factors:

1. The solar constant

2. Inclination of the Sun’s rays. The figure shows the different areas covered by the same sun beam when it falls on different parts of the Earth

3. The amount of insolation that is depleted while passing through the atmosphere
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                                         Dispersion of insolation
John Herschel knew that the radiation of the sun is minimal at Arctic and Antarctica; and the only place where maximum and direct vertical radiation is available on the Earth is at the Cape of Good Hope. John Herschel had taken care of all the above factors by choosing the place and time and clear sky and thus ensured the success of his experiment.
Experimentation
In the nineteenth century there were no facilities to perform his experiment above the atmosphere of the Earth. 

John Herschel started his plan in 1838 and waited until December of the same year, to conduct his experiment when the Sun would be directly overhead at the Cape. The requirements for conducting his experiment were only a thermometer, a tin of water and an umbrella and predictable blue sky (a clear sky). 

To calculate the energy of the Sun, he started his experiment by placing a tin full of water of known volume under the shade of an umbrella in the midday sun; once the tin containing water reached ambient (surrounding) temperature the umbrella was removed. And then he allowed the Sun to shine directly onto the tin to heat the water by one degree Celsius (or Kelvin) and noted the time taken. Thus the experimentation is over.
Energy received per square meter
Using this, he could calculate the exactly how much energy the Sun delivered into the can of water. How? The amount of energy required to raise the temperature of one kilogram of water by 1 degree is called its specific heat capacity and this was known to be 4187 Joules per kilogram per degree Kelvin for water. Since he knew the volume (and mass) of water in the can, he could find out the amount of energy that was needed to raise the temperature of this water by 1 degree, and this was just the amount of solar energy that had fallen vertically on the can in that time. From this calculation the solar energy delivered came out to be one kilowatt on one square meter surface of the Earth in one second.
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Role of imagination
The final touch lies in using the energy calculated to find the total energy produced by the whole of the sun. John Herschel’s imagination played its beautiful part. He knew that Sun’s rays are always in straight lines; the experiment was conducted with a clear sky, on a month, day and place to avoid diffraction. 

John Herschel imagined the sun as a ball sitting inside a bigger sphere or a ball whose radius is equal to the distance between the Earth and Sun (= 150 million kilometres). The radiation from the Sun fills up the entire surface of the bigger sphere since the Sun emanates its rays in all directions of space. Therefore the energy falling on one square meter of the Earth (actually top of Earth's atmosphere) by the vertically overhead rays of the Sun comes from a fixed surface area on the Sun; in fact the areas are proportional. Hence from knowing how much energy is falling on one square meter of the Earth, we can find out the total energy emitted by the Sun. 

Finally John Herschel was able to estimate the Sun’s output energy as 400 million million million million watts (Energy = 4 x 1026 watts) of power per second– that is a million times the power consumption of USA every year.
The average intensity of solar energy reaching the top of the atmosphere directly facing the Sun is about 1,360 watts per square meter (or total energy is 3.9 x 1026 watts), according to measurements made by the most recent NASA satellite missions.
Mass of (all planets + moons + Asteroids) is less than half percent of mass of the Solar System. 
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                           Sir John Frederick William Herschel
BOX on Sir William Herschel
Sir John Frederick William Herschel, 1st Baronet KH FRS was an English polymath, mathematician, astronomer, chemist, inventor, and experimental photographer, who also did valuable botanical work. -  Wikipedia
Born: 7 March 1792, Slough, United Kingdom
Died: 11 May 1871, Hawkhurst, United Kingdom
Spouse: Margaret Brodie Stewart (m. 1829–1871)
Education: University of Cambridge, St John's College, Cambridge, Eton College

In 1822 John Herschel published his first paper on astronomy - a minor work on a new method to calculate eclipses of the moon. In, 1824 he published a paper that was a catalogue of double stars in the Transactions of the Royal Society for which he received honours. 

He received the Paris Academy award, Gold Medal from the Astronomical Society, Smith's Prize (1813), Copley Medal (1821) and Lalande Medal(1825). He was knighted in 1831.
He served as President of the Royal Astronomical Society three times: 1827–29, 1839–41 and 1847–49.
As Tait wrote:-
Every day of Herschel's long and happy life added its share to his scientific services and Biot considered him the natural successor to Laplace.
END OF BOX
Among the many important scientific advances made by Herschel in South Africa were his observations of Halley's Comet. He recognised that the comet was being subjected to major forces other than gravitation and he was able to calculate that the force was one repelling it from the sun. This lead in some sense to constitute the discovery of the solar wind; the repulsive force discovered by Herschel. He also made the important discovery that gas was evaporating from the comet.
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