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History
Radioactivity exists from the beginning of the universe when the stars and planets were formed billions of years ago. At that time, matter was to a large part radioactive. But the majority of atoms has since then reduced its excess energy, decayed, and become stable. Some are still radioactive and continue to decay as a reminder of the beginning of time. 
But for a long time people did not know about radioactivity, because they were not able to see, feel, hear or measure it.
The discovery of radioactivity and ionizing radiation came as a consequence of a couple of random occurrences. 
In 1895 Wilhelm Conrad Röntgen performed experiments with cathode ray tubes during which he discovered a new unseen phenomenon of rays, named X-rays, capable of passing through thick paper covering the tube. 
Radioactive material was discovered by Henri Becquerel in 1896 when he was investigating fluorescent minerals. He left a piece of uranium on a photographic film and even though the film was wrapped in light proof paper a picture of the uranium could be seen on it after development. 
Other scientists within this new area of research were Marie and Pierre Curie. Marie Curie named the phenomena that Becquerel discovered “radioactivity” and showed that this not was restricted to uranium compounds.  Curie later discovered other elements that were radioactive, polonium and radium.
Ernest Rutherford showed that radioactivity were emitting two different kinds of radiation, calling them alpha and beta. It was concluded that beta rays were cathode rays, electrons, and later it was to be found that alpha rays were particles. Based on his experiments, in 1909 Rutherford proposed that most of the atom’s mass and its entire positive charge are confined in a small core, called nucleus. The positively charged particle is called proton. The number of negatively charged electrons dispersed outside the nucleus is the same as the number of positively charge within the nucleus. It explains the overall electrical neutrality of an atom. He also proposed the existence of a neutral particle having mass similar to the proton, the neutron.
It was first in 1932 that James Chadwick experimentally found the neutron particle. Also in 1932 Cockcroft and Walton, while bombarding atoms with accelerated protons, could produce nuclear transformations. Other research by Enrico Fermi, and later Otto Hahn and Fritz Strassmann led to the discovery of nuclear fission in 1938.
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Research and development in nuclear physics resulted in development of nuclear weapons  
The development of the first nuclear weapons was made possible by a combination of the recent findings in the field of nuclear physics in the nineteen thirties and the financial and other resources provided by the US government. 
During World War II all the major countries involved had nuclear weapon programs at different levels of maturety, but it was only the US, in cooperation with the United Kingdom, which was successful.
Already in 1934 the Italian physicist Enrico Fermi bombarded different elements with neutrons but when his research group came to the element uranium they failed to correctly interpret the result, believing that the unknown element they observed as a result of the bombardment must be a new heavy element instead of the element barium, as we know today. A few years later, in 1938, the two German chemists Otto Hahn and Fritz Strassmann repeated the experiment and this time they correctly identified the element produced in the process. 
A few days later, during Christmas, the German born Lise Meitner, who had fled to Sweden, together with her nephew Otto Frisch managed to put all the pieces of the puzzle together and they developed the theory of nuclear fission where a fissionable nucleus, like uranium, is split by a neutron, releasing a substantial amount of energy and a number of neutrons, leaving a two lighter nucleuses, e.g. barium, as a sort of ash.
At the same time the Hungarian émigré Leo Silard spent his days in London thinking about how to create a new powerful weapon where a chain reaction would release more and more energy as it progressed but he lacked a suitable process where the “initiator” would be multiplied in each step, creating an avalanche which a huge destructive potential. When he read about nuclear fission in the scientific literature he knew that he had found his process. Silard soon got tired of the slow British progress so he turned to the US scientific community and especially Albert Einstein whom he convinced to cosign a letter to the president urging the US to develop nuclear weapons to stop the onslaught of the German war machine. 
The outcome is today well known but during the war the Manhattan project was kept secret despite the huge scope of the project. In the end the project involved more than 130 000 scientist, technicians and workers, at a total cost of over 26 billion dollars in 2014 dollars. The weaponization research, which took place at the then remote mountain lodge Los Alamos in New Mexico, developed different types of nuclear weapons and two of them were used over Japan in August 1945 (uranium nuclear bomb called „Little Boy“ dropped on Hiroshima and plutonium nuclear bomb called „Fat Man“ dropped on Nagasaki). These bombings resulted in the deaths of approximately 200,000 people and more victims had injuries sustained from the explosions.
A group of scientists at Los Alamos begun a dedicated effort to develop an even more powerful weapon which we today call the hydrogen bomb or fusion bomb. The efforts was driven by a fear that the Soviet Union soon would have closed the nuclear gap and also develop nuclear weapons.  In 1952, on the small Pacific island Enewtak, the first test of a fusion device was performed with a yield 500 times larger than the nuclear bomb used over Nagasaki.
The rest of the world didn’t stand idle while the US developed their nuclear arsenal. The Soviet Union also had a weapon development program that relied heavily on espionage with spies deep in the Manhattan project, but they also had excellent scientists who did all the necessary research in parallel without access to the material retrieved through espionage. Even though the first Soviet nuclear bomb, tested in August 1949, was a copy of the US bomb used over Nagasaki, the Soviet scientist managed to build a new type of weapon including H-bomb stage and it was tested in November 1955.
Late 50th and 60th were affected by feverish arms race between both supepowers and in 1961 the Soviet Union tested the most powerfull nuclear weapon in history. However, the test provoked an international tension and Nikita Khrushchev was blamed for threat to whole mankind and global environment. 
The search for lighter, more powerful and more efficient weapons begun resulting in fusion weapons and so called boosted fission weapons where a small amount of fusion fuel in placed in the center of a fission device. The size reduction enabled the usage of strategic nuclear submarines. 
Soon after the WWII United Kingdom (1952), France (1960) and China (1964) build the necessary infrastructure and joined the nuclear weapon club. These five countries were  the only nuclear weapon states when the Treaty on Non-Proliferation of Nuclear Weapons entered into force in 1970 giving them a special status as de-jure, legal, weapon states. Three other countries (India, Pakistan, North Korea) that have developed and tested nuclear weapons since then are not members of the NPT. Neither is Israel, a country which probably has a nuclear arsenal but Israel has chosen not to confirm or deny that claim. South Africa is the only country to have independently developed and then renounced and dismantled its nuclear weapons.
Civilian purposes: Today, radioactive substances and ionizing radiation are used for a vast number of applications. Radioactive sources are used in power engineering and industry for i.e. monitoring levels in drums, in medical applications for cancer treatment and sterilizing medical instruments, for food irradiation, in smoke detectors, in research.  
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Radioactivity is the spontaneous emission of energetic particles:

> directy from an unstable atomic nucleus.

> as a consequence of a nuclear reaction
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Radioactive decay (also known as nuclear decay or radioactivity) is the process by which an unstable atomic nucleus decays into more stable units and concurrently loses energy by emitting radiation. A material containing such unstable nuclei is considered radioactive. 
Such radiation affects live cells and may have serious health effects.
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Various types of ionizing radiation have different penetration properties.
Demonstration video: https://www.youtube.com/watch?v=dDZwJb-vaIY
Alpha particles: Because of its positive electrical charge and size, alpha particles are stopped quickly when they hit matter. In air, the range of alpha particles are only a few centimeters. The outer most layer of skin or a piece of paper is enough to stop alpha radiation. Because of this a purely alpha radiative nuclide is dangerous only if it gets inside the body through inhalation of radioactive dust or oral intake and may cause serious health problems. Radon-222 is an example of an alpha emitting nuclide.
Beta radiation: This type of radiation consists of much lighter particles – charged electrons or positrons and have therefore generally much longer range, a few meters in air. Beta radiation is able to penetrate through human tissues, however, it can be stopped by steel or aluminium plate, even glass or thick clothes are often enough to stop beta radiation outside the body. On bare skin high energy beta radiation can cause burn-like wounds. But as for alpha radiation the great risks are inhaling or oral intake. An example of a beta emitting nuclide is strontium-90.
In the case of neutron and gamma radiation range cannot be defined, rather the radiation will gradually decrease in intensity through the material. 
Gamma radiation, consisting of energetic photons, is eventually absorbed as it penetrates a dense material. 
Similar ro gamma radiation are X-rays used in medical diagnostics – the difference between X-rays and gamma radiation is how and where they are produced. Gamma radiation comes from the atomic nucleus during the radioactive decay, but X-rays comes from electron shell and they are produced artificially by X-ray tubes. For gamma radiation a higher density and materials with higher element number (e. q. lead) will yield in a more effective dampening. 
Neutron radiation consists of free uncharged neutrons and therefore they easily penetrate through many materials, however on their way they easily hit light atoms (such as C, N, S, O that builds important molecules e. q. in DNA or proteins in cells) and cause serious health problems. Neutron radiation is considered as the most dangerous radiation for human body. It can be dampened by materials containing light elements, like hydrogen (e. q. water, polyethylene, concrete binding water…) or boron (e. q. boron-impregnated plastic glass…)
Demonstration video – Alpha, Beta and Gamma Radiation - Ionisation and Penetration:
https://www.youtube.com/watch?v=BH2bKONkvFc
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There are three main aspects affecting the radiation exposure:
Time: The dose of radiation is related to the time spent in the source vicinity – the shorter exposure time is, the lower is the dose. 
Distance: Radiation intensity decreases sharply with distance according to an inverse square law. This means that increasing a distance by two times, the intensity of irradiation decreases by 4 times. Therefore, the greater distance from the source is kept, much lower dose would be acquired.
Shielding: Mechanical protection can significantly reduce the radiation exposure. The easiest situation is for alpha particles as they are shielded by a sheet of paper or any protective clothing. For most beta particles, thin aluminium or steel layers are sufficient. Bigger problem is for penetrating radiation (gamma, neutron, X-ray) – hiding behind concrete walls or special protective means has to be used. 
Source of images:
https://www.nrc.gov/about-nrc/radiation/protects-you/protection-principles.html
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