History of Space Travel – Note Set 1 – 1000BC to 1940’s


Underlined text students responsible for; non-underlined text supplementary info.
PowerPoint color coding – gold general info, red Russia, green Germany, Blue America.
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Slide 2                (1000 BC) Historians believe that armies began hurling combustible weapons toward one another as early as 1,000 B.C. At the time, fire pots were used to set fires. Fire pots were simply pots containing flammable materials like naphtha that were ignited and hurled by various mechanical devices. The concept was simple, yet effective as fire pots were able to be easily deployed and could set fires over fairly large areas. These were not rockets; however,  this does describe an defender/attacker’s need of putting weaponry on an enemy from a distance.
                                                                                                                       
Slide 3                  (200 BC) By about 200 B.C. it is believed that the Chinese mastered the mixing and use of gunpowder. Known as black powder until the invention of guns, gunpowder would prove to be the primary ingredient of the first true ballistic rockets.  The Chinese created the first gunpowder through the traditional mixing of charcoal, saltpeter and sulfur. While rocketry was still a long way away, the explosive nature of gunpowder was well demonstrated by the Chinese through the loading and detonation of firecrackers.










Slide 4-6               (100 A.D.)  Greek inventor, Hero of Alexandria, published notes of a reactionary device called an aeolopile in Pneumatica.  An ancient device based on the action-reaction (rocket) principle and used steam as a propulsive gas. It consisted of a specially-made sphere on top of a water kettle. A fire below the kettle turned the water into steam which traveled through pipes to the sphere. Two L-shaped tubes on opposite sides of the sphere allowed the gas to escape; in doing so gave a thrust to the sphere that caused it to spin.










Slide 7-12             (600 – 1200 AD  Tsung Dynasty) By about 600 A.D. it is believed that the Chinese had adapted the use of gunpowder from firecrackers to fireworks. Certain writings of the era indicate that the Chinese used small explosive charges to send other explosive charges into the air for entertainment.  In 1045, a Chinese government official named Tseng Kung-Liang wrote a complete account of the Chinese use of gunpowder, including its adaptation to weaponry.  Called "Wu-ching Tsung-yao" (Complete Compendium of Military Classics), the work detailed the use of ballistic fire arrows not launched by bows, but by charges of gunpowder.  While the date of their introduction is uncertain, the fire arrows launched by gunpowder are considered to be the first true rockets. These fire arrows were traditional feathered arrows propelled by ignited gunpowder housed in a tube tied to the arrow.  The first documented use of fire arrows was when the Chinese repulsed the Monguls in 1232.










Slide 13              (1600 AD)1649- Cyrano de Bergerac describes a staged rocket to propel to the heavens – only it was written within a satirical text…(i.e. dew in vials and lodestones/magnets). 










Slide 14            
(1600 AD)  1687 - Perhaps the most far reaching development in rocketry, if not in all of science, occurred when Sir Isaac Newton published "Philosophiae Naturalis Principia Mathematica" (Mathematical Principles Of Natural Philosophy) which detailed what became known as the "Universal Laws Of Motion"; or Newton’s three laws.










Slide 15              (1700 AD)  In 1788, Indian Hyder Ally formed a rocketeer contingent made up of 1,200 men. His son, Tippoo Sultaun, would soon have the opportunity to use rockets quite effectively against the British. At the Battle of Seringapatam in 1792, Indian soldiers launched a huge barrage of rockets against British troops, followed by an assault of 36,000 men.  Although the Indian rockets were primitive by modern standards, their sheer numbers, noise and brilliance were said to have been quite effective at disorienting British soldiers. Sharp bamboo was typically affixed to the rockets, which were designed to bounce along the ground to produce maximum damage.  Some of these rockets passed from the front of the British columns to the rear, inflicting injury and death as they passed. 











Slide 16-18         (1800 AD) William Congreve - The British had become interested in the concept following the use of rockets against their troops in India in the 1790s. Several inventors made attempts at replicating what had been witnessed in during the India-British war, but the design of Congreve was accepted following a successful demonstration in 1805. They were first used against the French fleet at Boulogne in 1806, fired from specially designed boats. 










Slide 19-22          (1800 AD) Rockets were used throughout the Napoleonic Wars although a specialist 'Rocket Troop' was not formed until 1812, first seeing action at the Battle of Leipzig.  The rocket was made up of a iron case of black powder for propulsion and either an explosive or incendiary "cylindro-conoidal" head. The warheads were attached to wooden guide poles and were launched in pairs from half troughs on simple metal A frames. Congreve designed several different warhead sizes from 3 to 24 pounds. The 24 pound type with a fifteen foot guide pole was the most widely used variant.   These were the first major use of rockets for the British army. 










Slide 23-26               (1800 AD) In 1806, 200 rockets were fired from 18 boats in 30 mins at Boulogne. In 1807 a massive 40,000 rocket attack did tremendous damage to Copenhagen mainly from fire. The rockets soon developed in sophistication with the fire rockets being used for sieges. A hollow iron head was developed which could be loaded with shell or rounds and the larger types with canister (musket balls with a charge behind them). Those used by the field artillery came in four sizes: 6, 9, 12 and 18lbs. Although other nations did develop rockets after the British model, only the British used them in action; with 2 rocket troops being shown as part of the Royal Horse Artillery (due to their speed) in 1813.The original rocket design had the guide pole side-mounted on the warhead, this was improved in 1815 with a base plate with a threaded hole. They could be fired up to two miles - the range being set by the degree of elevation of the launching frame, although at any range they were fairly inaccurate and had a tendency for premature explosion. It was Congreve’s rockets that created ‘rocket’s red glare’ that inspired Francis Scott Key to pen the “Star Spangles Banner” at Fort McHenry in 1814 during war.  The military use of rockets was in its infancy but the Congreve rockets, although of somewhat limited effectiveness in a field battle, paved the way for future developments which were to have a tremendous impact on modern warfare.










Slide 27
(1800 AD) During the early 1800’s rockets were first beginning to be used for humanitarian purposes instead of entertainment and military. – sea rescue and whaling.










Slide 28
(1800 AD) In 1844, by advancing Congreve’s design, British civil engineer William Hale invented the rotating/spinning rocket.  Just as a footballs and bullets fly farther and more accurately when spinning, so did Hale’s design.  Originally, the rotation was achieved by tangential holes drilled into outer casing allowing exhaust to spin rocket.  










Slide 29-31         Holes were replaced with the spiraling of three vanes placed over the exhaust orifices, thus inducing spin.  The United States made their first use of Hale rockets during the Mexican War of 1846-1848. Since the United States and Great Britain were allies by this time, Hale rockets were made readily available to U.S. troops.  Both the north and the south used Hale rockets during the civil war.  Rockets were in decline in military importance due to the increased accuracy of conventional artillery, most notably weapons with rifled barrels and breech loading; by the end of the Civil War in 1865, military rockets had all but disappeared. 










Slide 32         
(1800 AD) In 1865 Jules Verne writes De la terre a la lune (From earth to moon), where astronauts are shot inside a cannon shell to the moon, and accurately describes weightlessness and escape velocity.  (additional note:  to determine escape velocity, the student only needs to compare the energy needed by an object with the gravitational ‘binding’ energy that holds the object to the earth.  So, KE = GE; or, 1/2mv2 = GMm/D where G is the gravitational constant, M is the mass of the earth, m is the mass of the object, and D is the distance (in this case the radius of the earth).  To simplify, you v = sqrt(2GM/D))…which is about 25,000 mph.,or 11,100 meters/second.










Slide 33-36         (1800 AD) Konstantine Tsiolkovsky (born 1857) – a Russian math teacher, influenced by Verne’s book.  As a youth gets very sick and out of school for a year.  Reads Verne and others and begins to think of space travel. In 1895 writes Outside the Earth, which contains the description of a rocket propelled craft, cigar shaped, and 65-ft long.  It used unspecified liquid propellants that ignited on contact producing a continuous uniform blast through a series of pipe nozzles.  (here he anticipated hypergolics and exit nozzles).  Once he realized rockets were the answer he set aside fantasy and began theory and calculations.  In 1896, he began his ground breaking work published as Exploration of the Cosmic Space by Means of Reaction Devices.  Realized liquid propellant more dense, yields more energy per pound.  Moreover, he proved air ‘interferes’ with the expansion of rocket exhaust gases and that air resistance slows a rocket down; thus the rocket flies more efficiently in the void of space.  1897 arrives at fundamental formula for rocket motion – a rocket’s velocity is proportional to its exhaust velocity (again Newton’s 2nd and 3rd laws).  This formula also incorporated specific impulse (Isp) now a standard measure of the energy produced by rocket engines and propellants.  Specific Impulse is expressed in seconds and is equal to thrust in pounds divided by fuel consumption in pounds per second.  It is also equal to exhaust velocity divided by the gravitational acceleration.  In 1903 developed first space rocket design:  teardrop shape, regenerative cooling, Lox and Lhydrogen as propellants (Lhyd was just being discovered and would not be used as propellant until the 1960’s), with the rockets direction being determined by gyroscopes and vanes in the exhaust to control direction.  In 1911 he publishes Investigation of Universal Space by Means of Reactive Devices and confirmed escape velocity to be 25,050 mph.  He vividly describes gravitational forces during launch and sudden zero-gravity, proposed a method for steering vehicle into orbit (orbital insertion) by means of additional thrust, and correctly computed orbital velocity to be 17,900 mph.  Suggested launches take place at equator and computed time to moon to be 4.8 days (Apollo missions verified this) and worked out plans for establishing rockets into lunar orbit and devised soft lunar landing.  He was a theorist, he never built a rocket; but, is considered the father of Soviet rockety for his visions of space stations and colonies, manned asteroids, gravity assisted travel in space, and the possibility of extraterrestrial life.   










Slide 37

(1900 AD) In 1901 a Dresden civil engineer Alfred Maul develops first photographic rocket for military reconnaissance.  Fins attached to long guide stick to insure stability while gyroscope maintained the pointing of the camera. An 880 lb, 25 foot tall launcher was wheeled into position for launch.  At the far end of a 600 foot umbilical cable, a man cranked a generator to send an electrical impulse to drop a weight from the launcher.  The weight pulled a cord wrapped around the gyroscope axis, setting it spinning.  A second crank of the generator produced the current to ignite a pair of rocket motors.  In 8 seconds the 92 lb rocket reached an altitude of 2,600 ft.  As the rocket neared apogee, the farthest distance from the earth, an electro-pneumatic trigger fired the camera.  The rocket maintained in a vertical orientation to this point; the camera pointed downward within the nosecone to insure a view of the ground.  Azimuth pointing was maintained by a gyroscope.  The rocket then ejected the nose cone and parachute.  A 33 ft cord connected the upper and lower sections.  A minute later the lower portion of the rocket, including the gyroscope, rocket motors, and guide stick touched down.  Relieved of the weight of the components, the parachute brought the fragile camera and plate down gently.  Mauls invention was used in the Turkish-Bulgarian war of 1912.  Use thereafter was nill due to the advances of airplanes and balloons for observations.










Slide 38-39          (1800 AD) Robert H. Goddard born in 1882 in Massachussets.  Goddard, like Tsiolkovsky, was a great admirer of Jules Verne.  Tsiolkovsky’s publications were out of the reach of Goddard (in fact, they weren’t even interpreted until the 1940’s), but Goddard arrived at similar theories as Tsiolkovsky.  From 1906 to 1909 Goddard attempted to consider the rocket as a capable space flight vehicle.  But, always went in circles on the propellant. Investigated everything from:  explosive propulsion, to magnetic reactions with electromagnetic generators, radio waves, acoustic waves, solar energy, and other radioactive propulsion systems, atomic energy, repulsion of charged particles, repulsion of highly heated particles at the focus of a parabolic mirror…and in 1915 Goddard patented the earliest experiments on ion propulsion.  Began to realize early that solids not energetic enough versus liquids.  Started investigating liquid rocket using Lox and Lhyd – all the while unaware that an obscure Russian school teacher had already arrived at the same conclusion.  In 1909 also realized that exhaust velocity was the key to determining rocket performance.  In 1917, aided by the Smithsonian, Goddard published “Methods for Reaching Extreme Altitudes”.  This publication established Goddard as the preeminent researcher in the field of rocketry.  It also put him in the public eye concerning the last chapter of the book that talks of the possibility to fly a rocket to the moon.  Goddard was chastised in the news and papers, especially by the NY Times, for his ‘uneducated’ publication that ‘obviously lacked the understanding of what was taught in high school’ concerning the inability of a rocket to fly in space since there is no atmosphere for the rocket exhaust to push against.  This caused Goddard much distress and caused him to leave the public lime light and become reclusive with his studies.










Slide 40 - 41
(1800 AD)  Hermann Oberth was born in Rumania in 1894.  He was a German math teacher.  In the winter of 1905, when Goddard was cramming his notebooks with spaceflight schemes and Tsiolkovsky was refining his first liquid fueled rocket design, 11-year old Oberth was reading Verne’s From Earth to the Moon.  Oberth realized Verne’s book had flaws:  ie. the vehicle would have crushed before it left the barrel.  He used the laws of falling bodies to calculate escape velocity and saw Verne’s numbers were right…at the age of 13.  1909, at the age of 15, Oberth had designed his first manned, multi-staged rocket.  The original design was a solid propelled rocket.  He then concluded, like Goddard and Tsiolkovsky, that solids were too weak for interplanetary flight and began investigating liquids.  In 1912 he drafted his first plans for a vehicle fueled with Lox and Lhyd.  In 1923 he wrote “The Rocket into Interplanetary Space”.  This book covered the entire spectrum of manned and unmanned rocket flight:  liquid-fueled rocket construction, propulsion, inertial guidance and navigation, aerodynamics, thermodynamics, flight mechanics etc.  It discussed the construction of a ‘sounding rocket’ – a 16.5 foot, 22” diameter weighing 1200 lbs.  Oberth gave weight breakdowns, including those for propellants, engine, pumps, and fins.  Based upon propellant exhaust velocities, and expected combustion time of 40 seconds, nozzle ratios, and other parameters Oberth calculated a peak altitude of 1,220 miles.  In 1929, his book was expanded and republished as Ways to Spaceflight.  This book covered from electromagnetic guns to space telescopes and lunar mining.  All these aspects were being conceived by Tsiolkovsky and Goddard in different locations.  However, Oberth saw farther through conceiving multiple nozzles, reconnaissance rockets with movie cameral, cell growth in zero gravity, computerized guidance, and ablative cooling.
(Note – early 1900’s) Tsiolkovsky and Goddard were theorizing before Oberth.  All three developed their ideas without realizing the others work until the 1920’s.  Tsiolkovsky’s publications were not published or translated out of central Russia until the 1940’s.  And, Goddard, after the bashing he took in the papers after publishing ‘Methods of Reaching Extreme Altitudes’ became silent with his studies…no longer publishing his results or looking for support for his work through proposals with the military, etc.  Therefore, because Oberth was willing to be in the public’s attention, and actually attracted it to help bring in funding, Oberth has become known as the true father of the space age due to his publications. 











Slide 42             (1900’s AD) During the past 10 years, while Oberth published and received notoriety, Robert Goddard was testing his theories at Clark University in Massachusetts.  As a professor there, Goddard believed that solid propellants were the answer.  He applied this assumption using Army grants to develop small solid rockets – the bazooka.  But, his experimental results informed him that the efficiency he needed were in liquids (just as Tsiolkovsky had deduced).  He calculated that high theoretical exhaust velocity of Lox-Lhydrogen (about 17,000 ft/sec vs solids at 1,000 to 8,000 ft/sec) would work best.  Liquid hydrogen was just becoming available and was hard to get, so he substituted ether and then to gasoline.  His problem arose that lox in liquid form is -297 degrees F.  Goddard met with some success using simple piston pumps.  He replaced the pump system with a carbon dioxide gas-pressure system.










Slide 43-45             (1920’s) On March 16, 1926 Goddard was ready to test Nell…a 10-ft long, 11-lb rocket on his Aunt’s farm.  The rocket was fueled by Lox and gasoline with both tanks being at the aft end of the rocket and the nozzle at the forward end to ‘pull’ the rocket through the air.  The rocket was ignited using a blow torch on a pole…hesitating at first then building up enough thrust to overcome its weight, it soared 41-ft in 2.5-seconds at an estimated 60-mph landing approximately 180-ft across the cabbage patch.  Though he had a successful flight, Goddard would remain quite about the first liquid rocket to ever fly….it wasn’t until 10 years later that Goddard would present his results for proof.  During the testing of one of his motors…Goddard experienced an explosion at the farm that alarmed neighbors. Believing it was a crashing airplane, the local Fire Marshall banned Goddard from any further testing…all of this made it in the paper.  










Slide 46 - 55    (1920’s to 1940’s) Supported by Charles Lindbergh and the Guggenheim foundation, Goddard found a new home in Roswell, NM.  From the late 20’s through the early 40’s Goddard was very productive going from theory to application.  Goddard’s rockets became increasingly sophisticated.  Advancing designs in streamlined casings, remote control, gyroscopically controlled thrust vanes, and gimbaled steering, to name a few (1931-1937 the L and P series).  All of which he would not publish, but he did patent.  Overall, Goddard patented more than 200 rocket patents…so influential were his patents that his patent for pulse jet engines was translated and circulated in Germany culminating in the infamous V1 buzz bomb and V2 that terrorized Britain.  After Goddard’s early death in 1945 NASA purchased the rights of Goddard’s patents from his wife for over $1 million dollars.  The reason – it was obvious no one was going to reach space without infringing on Goddard’s patents.










Slide 56 
(1920’s and 30’s) As mentioned previously, rocket societies began to develop globally by the late 1920’s.  Some never to achieve more than day dreaming, others, to attempt true flight and influence the future of space travel.











Slide 57 - 58
(1920’s and 30’s) In 1927, a society in Germany, influenced by Oberth’s writings, developed - the VfR (or Verein fur Raumschiffahrt or Society for Space Travel)  The original president, Johannes Winkler, was interested in liquid propulsion as noted in the earlier publications.  In 1931, the VfR successfully tested the HW2 and the repulsior, a simple tear drop shaped rocket using lox and methane and a vehicle very similar to Goddard’s Nell, respectively.  The world thought this was first liquid propelled rocket to fly until Goddard revealed his 1926 test of Nell in 1936.  The society had a 17-year old engineering enthusiast working on their first rockets by the name of Wernher von Braun.  










Slide 59 - 60
(1920’s and 30’s) Russia, in 1929, begins a society titled the Group for the Study of Reactive Devices (GIRD) that began a program of liquid propelled rockets using jelled petroleum and lox.  In 1933 the GIRD-IX and X were successfully tested.  Again, the society had a young engineer, like von Braun,  by the name of Sergei Korolev who’s destiny was strongly tied to space travel from Russia.  Russia began a missile program in 1930 at the Gas Dynamics Laboratory (GDL) where Korolev’s boss, Glushko, worked.  Korolev left GIRD to join GDL.  In 1933 Russia merged GIRD and the GDL to form the Reaction Scientific Research Institute (RNII).  This was a time of Stalin.  Stalin had about 5 million people arrested and about 850,000 shot.  Notes were passed that the man supporting the funding for RNII was conspiring with the Germans.  He was shot and all were arrested…Glushko admitting all were enemies but himself.  Korolev spent 2 years in a labor camp.  He returned as a ‘prisoner’ of the military working in an aerospace lab for intellectuals.  Here they were pressured to calculate and design under the eyes of the Govt.  The early designs were the D-series:  D-1 carried a 30-kg warhead about 30 km and the D-2 carried a 30-kg about 70-miles.  The vehicles were being manufactured and tested on the outside – and were proving  to be successful.  It wasn’t until 1944 when he would be released and given a position in the military.  










Slide 61-62
(1930’s) In 1930, in the United States the American Rocket Society was developed.  The ARS was familiar with Goddard’s work on solids, but not liquids.  The group had to travel to Germany to visit the VfR to learn more on Germany’s liquid work.  They were not very successful with recreating the German rocket and became more of a discussion than design/test society due to concerns with safety issues.  The group was mainly instrumental in being training grounds for rocket engineers.  ARS would later evolve into today’s American Institute of Aeronautics and Astronautics (AIAA), the largest professional aeroengineering organization on the planet, after WWII.  Four members of ARS develop the Reaction Motors, Inc. that later produces the power plant for the X-1, X-15, and Viking Sounding Rocket (X-1 breaks the sound barrier [1947] flying on a 6,000-lbf thrust, regeneratively cooled, engine called the 6000C4).  










Slide 63-65
(1930’s and 40’s) The work of the ARS and Goddard were beginning to interest universities and their students.  A grad student by the name of Frank Molina talked a California Institute of Technology professor by the name of Theodore von Karman (the Father of Fluids) into allowing a group of grad students to begin designing and testing rocket motors.  Let by Frank Molina, the ‘Suicide Squad as it was called, would be forced to move to some empty, adjacent property near the university – due to destroying a couple of labs on campus.  This test area, called the Jet Propulsion Center by the Suicide Squad, will later become NASA’s Jet Propulsion Lab of today.  The CalTech rocket team would soon be designing and developing JATO (jet assisted take off) motors for the Army in such numbers that Dr. von Karman had to start a side company the titled Aerojet.  Today, Aerojet is the leading solid rocket motor company in the industry.   The Army was interested in Molina’s work and awarded him a grant to develop a good sounding rocket.  What resulted was the WAC Corporal (WAC – without attitude control – free flight).  The WAC was designed to carry 25-lbs to 100,000-ft.  Using hypergolic liquids, alcohol and red fuming nitric acid, the first test was successful to 43.5 miles.  In May 1946 a WAC flew to 50-miles, thus becoming the first U.S. vehicle into space.  The WAC was very reliable but was later replace by the Navy’s Aerobee sounding rocket.










Slide 66   
(1930’s) At the end of the WWI, Germany had been prohibited from developing heavy artillery by the Versailles Agreement (Treaty of Versailles).  By the 1930’s, the German army was interested in the VfR’s rockets and embarked on the development of liquid propelled missiles.  Talent was rounded up to start a rocket research program and the military approached academia, industry, and even the VfR society (the VfR would now be disbanded by the Govt).  Von Braun would join the Army and become the technical director for the project.  By the 1933, the military had produced their first line of rockets:  the aggregate1, or A-1 (a 4.5’ rocket) and the A-2.  The A-1 never flew but two A-2’s flew to over one mile in altitude.  These were liquid rockets, alcohol and lox, and paved way for funding to develop truly large rockets.  The A-3, a 21’ research rocket with guidance consisting of three operational gyroscopes and two integrating accelerometers with controlled vanes in the exhaust directing exhaust of a 3,300-lbf which could burn for 45-seconds (a great deal like the vehicles Goddard was developing in New Mexico – remember, Goddard might have been secretive, but he patented his ideas – not hard to get a patent copy - $0.25).  










Slide 67
(1930’s and 40’s) At this time, Hitler realizes the potential of both the Luftwaffe and his rocket program and moved both of the programs to a small island in the Baltic sea (north, central Germany), Peenemunde, where further development and testing could continue in secrecy.  What arose from the research and development was the Aggregate 4 (A-4).
Slide 68-76
(1940’s)  The A-4 had a bullet shaped design; a fin span less than the diameter of German train tunnels; it was 49.5’ in length, 5.4’ in diameter; had an initial weight of approximately 30,000-lbs; carried a warhead/payload of approximately 2,000-lbs; and had a thrust of approximately 60,000-lbf for 68 seconds.  By 1942, the A-4 had undergone approx. 65,000 design alterations and was ready for full testing.  On Oct. 3, 1942 the third test of the A-4 went flawless.  The vehicle had a max velocity of 3,500-mph (almost Mach-5), a range of 190-miles with an altitude of 60-miles.  This accomplishment allowed mankind to enter a new era….that of space travel.  Hitler was now beginning to realize the importance of the rocket, earlier he showed little interest (mainly due to arrogance of German war machine), however, now gave greatest priority (since war machine was now beginning to show weakness.  










Slide 77-78
(1940’s) Hitler dubbed the A-4 Vengence Weapon 2, or V2, following the naming of the V1, or buzzbomb – a pulsejet vehicle that was a blend of the Luftwaffe and the rocket program – based on Goddard’s pulsejet engine patent.  The V1 also went into mass production underground after Peenemunde was bombed in 1943.  The V1 was in production at Mittlewerks near Nordhausen.  By the end of the war, 900 V-2’s were being manufactured per month using prisoners of war as slaves at the Mittlewerks.










Slide 79-81
(mid-1940’s) With the A-4, or V-2, in production, Von Braun’s group was asked to design larger, more capable vehicles able to carry larger warheads greater distances.  The A4-B was a winged A-4 capable of being piloted…this evolved into the A-9.  By incorporating wings the range was increased from about 200 miles to 400 miles.  However, the glide velocity would make the A-9 interceptable.  The A-10 was a first stage booster that would give the A-9 (used as a second stage) greater velocity and range.  The A-10 was to be 65-ft in length and approx. 14-ft in diameter.  It would cluster six A-4 motors and was designed to produce 400,000lbf of thrust.  This configuration could carry 2,000lbs of warhead 2,500-miles…it could hit New York.  If built, this would have been the first intermediate-range ballistic missile.  The A-11 was a first stage that would incorporate the A-10 as a second stage and the A-9 as a third stage…this stack was to carry a man in the A-9 into space.  The A-12 was a powerful first stage producing 2.5 million pounds of thrust.  The A-12 would be configured with the A-11 as a second and the A-10 as the third, and the A-9 as a fourth.  Calculations determined this configuration would have carried 60,000-lbs into space.  Remember it for when we talk about racing for the moon.










Slide 82
Approximately 6,400 V-2’s were fired operationally; but, the V-2 had been introduced too late to have a decisive influence on the war.  By early 1945, the allies were converging on Germany from the East and the West. The Peenemunde facility, scientists, archives, rockets, and equipment were hidden; but, were later mostly captured by the Americans.  On the 2nd of May, Von Braun and other top staff members at Peenemunde surrendered to a special American task force there to grab German technology.  
Slide 83
The Russians, American allies at the time, were there also.  In fact, the Russians had a group present to grab German rocket technology – just like the Americans.  A particular pair was sent – Korolev and Glushko.










Slide 84
Of the 4,325 technical experts employed by the German Army, the United States acquired the elite German rocket scientist – this is due to the lead scientist feeling that America would offer the best opportunity for their desire to reach space.  In addition to the scientist, there were 100 operable rockets, numerous rocket components, and tons of scientific documents shipped under the noses of the Russians – the country the allies agreed would control the ground they capture.  This boondoggle would be brought to America under ‘Project Paperclip’ and would arrive at Ft Bliss, Texas in March of 1945.  At this time, at the Army’s new White Sands Proving grounds, where the Army’s ordinance dpt. was beginning to test the sergeant, the V-2’s were brought where Goddard could review – he was shocked.  A colleague quote:  “I don’t think he ever got over the the V-2.  He felt the Germans had copied his work and that he could have produced a bigger, better, and less expensive rocket.  If only the U.S. had accepted long range rockets.”  The U.S., at the time, might have been ignorant of long-range rockets; but this was mainly Goddard’s fault for being secretive and not proposing the idea.  The U.S. had considered, and made, thousands of wartime rockets, but most were small for bombardment or the bazooka.  
This ends Part 1 of the History of Space Travel.  At the time of closure, WWII is over.  Russia and the U.S. are allies and German technology has been divided between the two.  Both powers possess nuclear capabilities….and both powers have become interested in the rocket.
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