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The Space Age: The First 50 years

Newton’s gedankenexperiment from the Principia (Click in center of screen to run)

The first time anyone thought seriously about sending something into space is shown right here: this is an illustration from Philosophae Naturalis Principia Mathematica, Newton’s landmark work – which translates as The Mathematical Principles of Natural Philosophy.

C/F into: Newton animation

Basically, Newton came up with a theory – one theory – which allowed you to predict the motions of the Earth around the Sun, the motion of the Moon around the Earth, falling objects, comets, and cannonballs. He also figured out how to boil all these down to simple logical relationships.

Goddard and rocket

But it took about two hundred years before anyone started to figure out how one could actually do Newton’s experiment – Robert Goddard’s first rockets reached only a few hundred feet, but his engineering knowledge showed him that it was possible to launch something into orbit or beyond.

V-2

WWII brought the development of rockets capable of reaching altitudes hundreds of miles, and reaching speeds of four or five times the speed of sound – still far short of the Mach 25 needed for low Earth orbit.

IGY Seal

The International Geophysical Year was slated to run 18 months, from midsummer 1957 to the end of 1958. It was a coordinated examination of the Earth, nearby space, and the Sun. It included studies of the Earth’s subsurface, oceans, earthquakes, magnetic properties, the aurora, and the atmosphere. The stated purpose was to:

...to observe geophysical phenomena and to secure data from all parts of the world; to conduct this effort on a coordinated basis by fields, and in space and time, so that results could be collated in a meaningful manner

It was during the IGY that scientific support began to solidify around ideas requiring synthesis of data from many places and disciplines, the most famous example being plate tectonics, many methods for studying ocean currents and stratigraphy were pioneered, and the interconnected world of research and data that many scientists take for granted began to emerge.

Diagram of sounding rocket flight

Almost nothing was known about the actual conditions of the Earth’s immediate surounds beyond about 200 miles up. A few “sounding” rockets had gone this high, and experiments had been done to send radio waves sistematically toward the upper atmosphere to discover the altitude of layers which reflected the signals. In this way, several layers of the upper atmosphere had been discovered, some of which were transient, others permanent. But it was difficult to get a detailed 3-D view of this structure.

One misconception about the launching of Sputnik was that it was utterly unexpected, a complete surprise. As early as 1953 the idea was seriously floated that “artifical satellites” carying scientific instruments be sent into Earth orbit, that the technology existed – or soon would – and that it was the best way to learn about the environment around the Earth. In July of 1955 Eisenhower had approved a program to develop an American satellite program, already named Vanguard. The IGY had a committee intended to spearhead this project.

Colliers

The public had already been exposed to the idea of the rockets of WWII being used to launch astronauts into space, to orbiting space observatories and “extraterrestrial relays” – today’s communications satellites – and onto the Moon and Mars. In an interview on Canadian radio Soviet scientists had hinted that their program was far along and more capable than that of the Americans.

Sputnik

When the first launch took place, the public reaction suprised even most of the Soviets, who at first had printed only a tiny few paragraphs about Sputnik in Pravda: on the front page, but below the fold.

Vanguard & Explorer

The United States quickly had two satellite programs: Vanguard, at first organized under the aegis of the Navy, and Explorer, run by the Army. NASA, originally the National Advisory Committee for Astronautics, then an agency, eventually an administration, didn’t exist until a year after Sputnik.

Orbits

The first Explorer and Vanguard satellites were smaller than the Soviet satellites and so reached higher altitudes, which resulted in the discovery of the Van Allen radiation belts. In general, in those first years the Soviets had more firsts, and a higher political return. The Americans had more satellites, for a higher science return.

VanAllen Belts

Among scientists, the big space surprise of 1957/58 was the VanAllen belts (named after the plasma physicist James VanAllen, from the University of Iowa, who had helped organize the IGY, and engineered the orbited instruments which detected the radiation) and the suprising lack of meteoroids. Many engineers had suspected that they would need massive meteoroid shields for their spaceships – a great relief for them. However, the VanAllen belts are intense enough that long-term exposure to them is dangerous for a human. If you’re flying through them on your way to the Moon, that’s fine, but you don’t want to linger. So: no space station in an orbit 1000 miles high.

E-mag spectrum

The biggest change that the space age has brought to most astronomy is the ability to see wavelengths that are blocked by the Earth’s atmosphere. Before 1957, there was simply no way to directly study the rest of the universe in x-rays, gamma rays, millimeter waves, and several other broad swaths of the spectrum.

Objects in IR / Millimeter / Visible / UV / X-ray

Some things are too cool to give off much visible light, and visible light does not always travel easily through the dust and gases of interstellar space. But other types of light do, and by studying them we can see stars being born inside dense clouds of dust, and discern the shape of the far side of the galaxy, and look right into the heart of the Milky Way.

Mars photo

Views from the ground were at best like this – due to atmospheric motion, photos got blurred. The eye was often better at seeing and sketching detail on, for example, Mars, Jupiter and Saturn.

Drawings of Mars w/canals

But your eye could be fooled.

twinkling star demonstration (Live, w/zeiss)

Turbulent layers of air bend the rays of light coming in from space, distorting extended objects and making stars “twinkle.” For faint objects, photography was necessary, but the image blurred due to the motion of the atmosphere.

animation galaxy image (Click in center of screen to run)

Look at anything in the night sky through a telescope and you’ll see something like this: as the air on Earth moves around, the image of the object changes too. Here’s a comparison to a recent image from the hubble Space telescope. This shows why we went through all the trouble of putting a telescope in orbit; without air in the way, the image is much clearer.

Hubble galaxy image: zoom in (Click in center of screen to run)

This zoom gives a sense of how much detail can be seen with an orbiting telescope, compared to a ground-based one.

