Answers to last issue's Do You Know?

1. For detecting COVID-19 symptoms, people seem to be using a “temperature gun”. How does it work?
Answer:
 All objects, including humans, emit heat in the form of thermal radiation. This is a concept known as black body radiation. At room temperature, atoms are in a constant state of motion and possess kinetic energy. When the electrons in these excited atoms jump from one orbit (energy state) to another or when two excited molecules collide, energy in the form of electromagnetic radiation, called thermal radiation, is emitted. This radiation lies just beneath visible light in the electromagnetic spectrum, and is hence referred to as infrared radiation (IR). An infrared thermometer puts a number to the amount of thermal radiation given off.

When you point the temperature gun at something or someone and shoot, a laser is discharged from the thermometer. The laser, however, does not actually measure the temperature. It only helps to accurately aim at the object to be measured. Infrared radiation, like visible light, can be reflected, absorbed, and concentrated. Thus, IR emitted by a human is first focused onto what is known as “thermopile” inside the temperature gun using a converging (convex) lens. The thermopile is an electronic device that converts thermal energy into electrical energy. 

The temperature of the thermopile increases with the amount of radiation incident on it. However, the opposite side (the one facing the other side of the gun) of the thermopile stays at a slightly lower temperature, as IR is not directly incident on it. This difference in temperature leads to the development of a voltage difference, and thus electricity (called thermoelectric effect). The electrical reading is then amplified using an amplifier and the final temperature reading is displayed on an LED panel. 

Using a temperature gun for checking COVID symptoms reduces the risk of cross-contamination and spreading disease since it does not touch the person being tested. However, a temperature gun should only be used to screen patients for symptoms, not diagnose them for the disease.

2. If pi is a transcendental number its decimal expansion is infinite. How do computers calculate the digits of pi?
Answer: The first thing to remember is that pi represents the ratio of the circumference of a circle to its diameter. Of which circle? Any circle on the plane, however large or small. That this ratio is always constant, was discovered by ancient human beings, and the Greeks denoted it by a letter in their alphabet, which is pi.

We know that pi, like the square root of two, is also irrational. That is, it cannot be written in the form p/q, where p and q are positive integers with no common factor, and q > 0. The decimal expansion of such an irrational number is unending and non-recurring. But the square root of 2, while being not rational, is algebraic: it is the solution to the equation x2 - 2 = 0. But pi cannot even be written as the solution to such a “polynomial” equation. So it is transcendental: we can only write it using infinite sums: that is, summation of terms that goes on infinitely.

How then can anyone hope to calculate the digits of pi? How can computers do so? Computers use algorithms, which are fixed sets of instructions which the computer will perform. Therefore, if somehow we can figure out a set of instructions that generate the precise value of pi, then the computer can do the entire calculation by itself. It will keep calculating until we give the instruction to stop, thus getting an approximation to as many digits as we wish for.

The first thing is to write pi as the sum of an infinite series. But then will the sum not become infinite? Can we ensure that infinite sums yield finite values? For instance, consider the infinite sum: 1/2 + (1/4) + 1/16 + 1/32 + ... This adds to a finite value. The easiest way to see this is to arrange the fractions inside a square (see the figure). Can you calculate the value?

There are many infinite series available today to approximate the value of pi. One of the most well - known and simplest series is the Gregory- Leibniz Series:

pi/4 = 1 - 1/3 + 1/5 - 1/7 + ...

This is very simple, but not very efficient. We need to add a large number of terms to get an accurate value (around 300 terms in order to compute just 2 decimal places). 

In the 15th century, Nilakantha, a mathematician from Kerala, gave a beautiful series for pi: 

pi = 3 + (4 / (2.3.4)) - (4 /(4.5.6)) + (4/ (6.7.8)) - ....

In 1917 Srinivasa Ramanujan gave an astonishing series for pi (see figure). It was improved by Chudnovsky in 1987, and is one of the best approximations for pi till date.

Imagine an extremely efficient infinite series and a super-fast computer. That is how the value of pi has been calculated to trillions of digits today. The world record for calculating the most number of digits of pi is held by Timothy Mullican. He computed 50 trillion digits of pi on his personal computer (as of 30th January 2020).

4. Why does water stay cool in earthen clay pots?
Answer: On a scorchingly hot day, when we drink water from a clay pot that has been sitting in blazing sunlight, we find the water to be refreshingly cool. How does this happen?

The physical process that makes this possible is known as evaporation. When a liquid changes to a gaseous (or vapour) state without boiling, it is known as evaporation.

A clay matka (paanai) is made of mud and has many small pores (which are extremely small holes). No matter how tightly the mud is packed, pores remain. It is through these pores that the water placed inside the matka, oozes out. When water absorbs heat, it can evaporate.

The only way the water oozing out of the matka can turn to vapour is by absorbing heat from the liquid within the matka and the matka itself. Due to this process of continuous absorption of heat from the water inside the matka, in a few hours, this water becomes cool.

Glass and metal do not have any pores. So the water placed inside glass and metal vessels cannot seep out and evaporate. Therefore, the water inside remains hot.

It is the same principle that makes us feel cool under a fan. The sweat, oozing out of the pores in our skin, evaporates in the fan's breeze. The heat needed for sweat to evaporate is absorbed from our body and so we feel cooler.

It is also why a dog hangs its tongue out after running around. The saliva on its tongue evaporates and the tongue becomes cooler. In turn, the dog also feels cooler.

Sources: ScienceABC, Pitara Science for kids, Scientific American
