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On April 12, 1985 at 7:59 a.m. CST, the Space Shuttle Discovery transported eleven familiar motion toys into the weightless environment of space. In turn each toy carried along the questions of all the curious children, teachers, and parents who had suggested toy experiments and predicted possible results. Twenty dollars worth of toys and several hours of free time donated by five enthusiastic astronauts and one space-bound senator were destined to bring the experience of weightlessness and an understanding of gravity’s pull to science students of all ages.

This toy cargo gave the Shuttle one more role in extending human access to the space environment. Laboratories to explore the heavens, to experiment in zero gravity conditions and to photograph the earth can ride in Shuttle’s cargo bay and return with their data to earth. From the same cargo bay, astronauts can launch earth-orbiting satellites and space probes destined for other planets. Malfunctioning satellites can be repaired in space or brought back to earth. Eventually delicate drugs and special metal alloys will be manufactured in the neutral buoyancy conditions of space. With the addition of a few pounds of toys, Shuttle takes on another role -- as a space classroom where astronauts teach the nation’s children about life in space.

Final toy preparations began in a Building 4 conference room at the Johnson Space Center in Houston. The meeting was billed and properly scheduled as an astronaut training session for the crew of what was to become Shuttle flight STS-51D. Only a few short months remained for working out the demonstration equipment and camera angles of this unique experiment. The author arrived with a toy collection destined to earn her the title of Toy Lady or Mrs. Santa Claus. Closed doors kept the curious away as thirty toys rolled, flipped, slid and bounced across the conference table. Each of these miniature mechanical systems had proper credentials. Each had been duly selected by teachers and students as a toy that might do strange and mysterious things in space, and each did its best to earn a Shuttle birth.

This crew’s interest in toys began with Astronaut Jeff Hoffman’s slinky. His enthusiasm for observing the space antics of a slinky convinced the crew to volunteer for toy assignments.

The five astronauts began toy shopping - selecting old favorites as well as toys with thought provoking motions. A few toys required special astronaut training. The yo-yo became space hardware in the talented hands of astronaut Dave Griggs. The paddleball’s wayward motions required the pilot’s touch of Don Williams. A Japanese ball and cup toy remained unclaimed for lack of an experienced crew member. The Mission Commander, Karol Bobko, chose the spinning toys - a metallic Snoopy top and a traditional gyroscope - for his middeck demonstrations. Mission Specialist Rhea Seddon had played jacks as a young girl - never dreaming that she would one day redesign this familiar game for the weightless conditions of space. Operation of the slinky also became her responsibility. Astrophysicist and Mission Specialist Jeffrey Hoffman chose toys to challenge the child and physicist as well. A magnetic wheelo raised questions about angular momentum as it rolled along its metallic track. Small marbles holding tiny cylindrical magnets night behave like miniature orbiting planets spinning around each other in space. A friction-powered engine could leave its space-bound toy car totally powerless. As its tenth toy, the crew chose it mascot - a two inch tall pink mechanical flipping mouse to stow away on the mechanical computerized Shuttle. Its “trainer”, Don Williams, and the other crew members soon decided to call this mechanical creature “Rat Stuff” as a testimonial for what this miniature acrobat needed to journey into space.

Plans were made to film each toy as it behaved on earth and in zero gravity. The astronauts scheduled photography rehearsals in the fun size Shuttle trainer and elected to keep a training toy set to perfect their toy deployment techniques before the on-board performance.

While the astronauts became toy-certified, flight-ready versions of the toys began the testing procedures that were required for securing a place on Space Shuttle. Shuttles do not carry last minute cargo. Each toy took the long journey to White Sands, New Mexico where it was subjected to vacuum conditions. The toys were monitored for any escaping gases to see what potentially toxic fumes they might release into the closed environment of Shuttle. Plastic toys proved to be the worst offenders. Special bags were ordered to minimize contact with the crew’s air supply. Toys also had to be checked for possible damage to floating crew members and to Shuttle equipment. Promises from the crew were required to guarantee that all the tiny jacks and marbles would be carefully watched as they floated about and dutifully returned to their plastic bags. Once flight certified, the toys were packed in a NASA flight bag and stowed in a middeck locker to await the much-delayed launching of the mission.

But why take toys into space anyway?  Simply stated, motion toys are well-behaved, and their motions on earth are well-understood. Without exception, they obey the physical laws which fill science textbooks. Regardless of their owner’s wishes, toys will always play by the rules of physics. Toys are also familiar, friendly, and fun -- three adjectives rarely associated with physics courses. Through their comical motions, toys can bring physics to those who have never before had science presented in such a friendly format.

The physics of gravity, inertia, and momentum can be introduced and discovered using the bouncing balls, rolling cars, spinning yo-yos and flipping toy mice chosen by the astronauts, By changing a toy’s speed, direction, or surroundings, observers can see how toys and science concepts interact.

Of all introductory physical science concepts, only gravity cannot be easily manipulated. All toys and toy lovers an the earth’s surface experience a gravity force that is constant in strength and in direction. Its strength must equal the toy’s weight. Its direction is always toward the earth’s center.

The Shuttle astronauts of STS-51D volunteered to perform experiments in the weightless conditions of spaceflight where gravity’s, tug would no longer have an effect. Toy behaviors on earth and in space could then be compared to show how gravity shapes the motions of toys and of all other moving objects held to the earth’s surface.

The astronauts rejected many possible space toys. Some were one-of-a-kind, like Vincent, the walking tennis ball, or the teddy bear that hugs back. Others, like balls with tails, tops -with triggers, custom yo-yos and jumping beans, lacked the familiarity and availability of the more traditional toys that were chosen. Large toys, expensive toys, and battery powered toys were also inappropriate for a space mission. The crew selected toys made of metal and wood over plastic toys which might release harmful gases into the Shuttle’s closed air system.

Toys were chosen on their own merits without any commercial bias. Toy manufacturers were notified after their toy had been selected.

One last-minute recruit joined the toy ranks. After the ten toys were chosen, tested, and properly stowed, Senator Jake Garn became part of the flight. As an experienced pilot, he willingly accepted the task of flying a paper airplane in zero gravity. This air-supported toy could show air current effects better than any of the toys already selected.

 To lend an official air to the toy experiments, the project was entitled “Tests of Youth Science”. The eleven operational devices were labeled “miniature mechanical systems”. To emphasize the significance of the project, it was decreed that astronauts should appear quite serious for the duration of an experiments. According to the astronauts, any smiles that appeared on camera were completely simulated.

Accompanying each toy is an astronaut whose donated time made the first Toys in Space project a precedent-setting success. Brief thumbnail sketches reflect the crew’s background in conducting scientific experiments and experience in being parent-teachers.
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The lift-off was April 12, 1986 - exactly four years after the first Shuttle spaceflight. The Space Shuttle Discovery was packed, fueled. and targeted for space. The space toys of Shuttle flight 51D had waited through four delays, including a change of Shuttles, for this chance to flip and spin in weightless freedom. The five astronaut crew had been postponed so often that four different flight patches had to be designed, The action-reaction forces used by the moving toys also determine the dynamics of lift-off. Two solid rocket boosters, each carrying over a million pounds of explosives, crackled like giant fire crackers - spewing hot flaming gases toward earth below. The three main Shuttle orbiter engines gobbled hydrogen and oxygen from the external tank which dwarfs its payload spacecraft. A combined thrust of over six million pounds carried the rocket-spacecraft toward orbit. Expanding engine gases rushed from the nozzle, creating a downward action force. The equal and opposite reaction force sent the Shuttle skyward. The momentum of the fast-moving gas molecules was matched by the heavy Shuttle’s upward climb. Using a momentum boost from the earth’s rotation, the Shuttle soared upward and eastward over the Atlantic. The Shuttle orbiter and its crew rode suspended below the external fuel tank. Strong acceleration forces pulled harder than gravity’s downward tug. The astronauts sensed only their accelerating forward motion.

Earth-based toys can simulate this blast-off experience. Perhaps the water rocket is easiest and safest to use and to understand. Air fills the rocket’s plastic body. A little water is added near the nozzle and is held in place by the pump. As more air is pumped into the rocket, the air compresses. Pressure builds with each stroke, just as pressure builds inside a rocket engine when hot gases try to expand. With the rocket’s nose pointed skyward and its tail aimed safely to the side, the pump lever is pulled. Water rushes downward, producing the action force. The lightweight rocket responds by climbing over 50 feet (13 meters). For a higher flight, add more water. The extra water adds momentum to the escaping water and increases the action force. The rocket responds with a faster lift-off and a higher flight. Of course, a point is reached when additional water cannot escape through the nozzle, and the water-logged rocket crashes to the ground.

Life-size launches can generate unpleasant combinations of gravitational and inertial forces. Gravity pulls all passengers and cargo toward earth. The rocket’s thrust must overcome gravity while increasing the Shuttle’s speed. The upward acceleration results in additional forces pushing against the astronaut’s back. Earth-based riders experience a similar inertial force as they sink backward in their seats when their car accelerates rapidly forward.

A simple term, the “g”. describes the strength of this acceleration, Sitting comfortably in your chair, reading this book, you are “pulling 1 g”. The force you feel is your earth weight multiplied by the number “1”. In the early days of space travel, an astronaut could expect as many as “8 g”s of crushing force at lift-off - the equivalent of eight fellow astronauts piled on top. On Shuttle the commander can throttle the main orbiter engines to limit the total acceleration to a tolerable “3 g`s”. An abrupt screeching turn in a car can give a momentary “3 g” crush against the car door. A roller coaster pushed upward by a valley curve may deliver over “4 g’s” of momentary blastoff force.

During the Shuttle ascent, the full “3 g” force came only twice. Two minutes after lift-off, the two solid rocket boosters dropped from the external tank and fell into the Atlantic. Parachutes slowed their fall and allowed them to be collected and reused. Just before this separation, vertical forces reached the “3 g” mark. The second “3 g” experience came five minutes later when the Shuttle was over 100 miles (160 kilometers) above earth and just before the external fuel tank emptied. Once this tank was jettisoned and discarded into the Indian Ocean, Commander Bobko controlled the last few seconds of climbing and positioning in orbit by firing the Orbiter’s smaller maneuvering engines.

The journey from the normal “1 g” gravity of the earth’s surface through the “3 g” force of lift-off to the floating weightlessness of orbit took less than ten minutes. Astronauts describe this final free-floating feeling as “zero g” or “zero gravity”. Physicists also label it “microgravity” since small inertial forces do remain. When no maneuvering engines are in use, any force felt by an orbiting Shuttle passenger is less than “0.01 g”, For moving toys and floating humans, this is effectively zero gravity, Very sensitive experiments, however, can detect these small forces caused by crew members bouncing off walls and Shuttle’s on-board mechanical equipment.

It is not the Orbiter’s 200 mile (320 kilometer) elevation, but its 17,500 miles per hour (28,000 kilometers per hour) speed that frees its passengers and their belongings from the experience of gravity, The earth’s gravity force continues to exert a downward pull almost as strong as felt on earth’s surface. The Shuttle continues to fall as its orbital speed carries it sideways. The result is the curved circular motion of orbit. Gravity has become a centripetal force pulling inward on the circling Shuttle. Without gravity’s pull the Shuttle would race away along the straight line path specified by the inertia principle.

The orbiting Shuttle and its crew are free falling without any support force to slow their orbiting motion, Both fall at the same rate in their orbit. In effect, the free falling Shuttle surrounds the free falling astronauts.

In it similar manner earthbound astronauts can have a few moments of this weightless experience. A high diver turns and twists in weightless freedom until splash down in the pool. A sky diver captures a few moments of free fall before his parachute opens. A roller coaster hill is shaped like a parabola - the curved path that matches the trail of a falling ball or diving swimmer.

Remember die sensation as your coaster rolls over the first hilltop: the drop, the rapid acceleration, your body floating off your seat, your stomach climbing into your throat. This is weightlessness. Just as your senses adjust, a crushing valley curve spells the end of your fleeting flight. Each hilltop teases riders with a weightless moment said a mini-space flight. Each drop is almost frictionless as sets of coaster wheels float above and below the tracks. This free fall parabolic track shape is necessary to save coaster energy and is ideal for floating rider sensations.

A special airplane dive can mimic this free fall path for over 6,000 feet (1,800 meters) and 20 seconds of passenger weightlessness, Astronauts refer to this famous “zero-g” generating aircraft as the “Vomit Comet” in memory of those who have suffered the ups and downs of near spaceflight.

The free floating weightlessness of spaceflight affects all aspects of human activity including playing with toys. A curious mixture of awkwardness and playfulness plagues each endeavor of the novice astronaut. Each human adaptation hints at behavior changes that might be expected when the space toys are asked to perform weightless maneuvers.

Shuttle astronauts work and play in the cabin’s flight deck and middeck areas. Below these decks is a sub-floor filled with life-support and maintenance equipment. The flight deck has a two seater cockpit facing forward and a crew station looking backward into the payload bay. Six windows encircle the forward cockpit. Two face backward into the cargo area, and two face upward away from the middeck. The middeck below houses the food galley, sleeping compartments, a restroom, and storage areas. Here experiments, including toy demonstrations, can be performed. Although the 13 by 10 foot mid-deck area is too small for large fast-moving toys, it is much roomier than it appears. Sleeping, eating, and playing with toys can occur along the ceiling, floor, or against storage lockers. Without an up or down, astronauts can spread out in all directions - making best use of all available space.

All middeck articles share this lack of orientation. Tables and chairs are useless. Nothing remains in place unless it is tied, taped, clamped, hooked, or velcroed to the walls, floor, or ceiling.

Astronaut bodies gradually adjust to this free floating environment in unusual ways. Blood normally pulled toward the feet by gravity shifts upward. Astronaut faces fill out and wrinkles disappear. The swelling is sometimes uncomfortable -- producing a sensation similar to hanging upside down from monkey bars on a playground. The waistline may drop one to two inches (2.5 to 5 centimeters) and pants can become loose. Disks spread apart along the spine and the space fills with liquid, A space traveler gains up to two inches (5 centimeters) in height. In the first day, of the flight, Astronaut Jeff Hoffman grew in height from 6 feet 2 inches to 6 feet, 3 1/2 inches. A shorter Rhea Seddon gained two inches to become 5 feet, 3 1/4 inches tall. Space suits must be made to accommodate this astronaut growth spurt. Earth-based humans experience a minor form of this phenomenon each day. Spinal disks relax and spread during the night - resulting in an extra half inch (centimeter) or so of height in the morning.

In space relaxed joints assume the mid-joint position and the body naturally curves in a gentle arc. When not in use, arms may float out in front of the unsuspecting astronaut Unused leg muscles begin to atrophy. The heart, with no gravity pull to pump against, slows down. A treadmill with restraining straps is designed to provide exercise for the heart and lazy leg muscles so that astronauts will stay in shape for the return to earth. In the first few days of flight, astronauts lose fluid. The heart adapts to a smaller blood volume and lack of gravity to pump against by growing smaller. Using the American Flight Echocardiograph, Astronaut and surgeon Rhea Seddon measured heart changes during the flight and made pictures of the heart pumping blood.

Many astronauts develop a strange motion sickness called space adaptation syndrome. Nausea, vomiting, and general lethargy may result. Its cause seems related to the absence of any vertical orientation. The brain may need a day or two to adjust to the loss of earthly balance and sense of direction. One of Senator Garn’s on-board duties was to monitor his body’s reactions to this space sickness.

With three dimensions of floating freedom, simple behaviors become complex tasks. Astronauts quickly miss the firm grip of friction and the presence of a floor to collect all dropped or lost articles. On earth walking is an action-reaction process made possible by gravity and by friction between the foot and floor. Earth-based travelers push down and back on the floor. As a reaction, the floor pushes them forward and supports them against gravity’s tug. The strength of this forward push is predictable. Space locomotion, in the form of body gliding, takes practice. The novice has trouble deciding how much push in use when leaving a wall and often reaches his destination turned the wrong way and moving so fast that he bounces backward. Reaching down to grab something may result in a series of acrobatic somersaults. Rhea Seddon discovered this while trying to collect a wayward jack. Thrashing about to stop a spin may jar loose equipment already velcroed to the cabin walls. Practice soon teaches that slow motion is mandatory in weightlessnes. If an astronaut’s feet slip from their toeholds, he goes limp and waits for his momentum to carry him into something or, occasionally, somebody. Once touched. anything loose will float away. Tasks requiring coordination of many different pieces often take much more time and energy than the frustrated astronaut expects. To keep plugs, connectors, tools, and the astronaut in the same place long enough to finish a job can become a real chore.

Making a sandwich is an astronaut art requiring crew participation and dedication to task. Nothing rests obediently on the table. Packaged condiments surround the sandwich maker. Blobs of mustard or mayonnaise threaten to float away if shaken or pushed. Bread can drift in air currents if left aloft and unattended. Well-constructed sandwiches qualify as works of art

The perils of flying food hint of the challenges in store for some toy operations. In fact, the food itself can become a toy. Pilot Don Williams modified his terrestrial juggling skills with a collections of apples and oranges. Weightless juggling has it; good and bad points. Dropped fruit will not race to the floor. But tossed fruit will also not return to your hand. The would-be juggler must combine a lateral pitch and catch routine with grab and shift motions. Ever wary of wayward flying fruit, the space juggler must stay alert to all apple positions and velocities. Like many other space motions, the task is tricky. The astronaut’s only space advantage is that he can practice in slow motion until he gets it right. Fruit can be shifted from place to place at a leisurely- pace until toss and grab routines are perfected.

Weightless dining can inadvertently degenerate into playing with food. Meals are prepared in a galley equipped with hot and cold water dispensers, a pantry, food serving trays, a water heater and an oven. A crew member begins food preparation thirty minutes to an hour before each meal. The Shuttle menu features over 70 food items and 20 beverages. A few items such as nuts, cookies, and granola bars, fly into space in their natural form. Most, however, are dehydrated. The Shuttle’s fuel cells produce plenty of water to supply crew needs including the rehydration of foods and mixing of drinks. The astronaut chef must add hot or cold water to cereals, puddings, vegetables, and casserole-type foods. Foods to be served hot require a trip to the convection oven.

Beverages are consumed through straws. In weightlessness there is no gravity force to keep liquids in their containers. Any drink shaken from a glass floats about the cabin in large blobs. The thirsty astronaut must retrieve his wandering beverage before it splashes into a wall and scatters into a thousand little bubbles. Straws keep liquids under control. Straws must have clamps, however, to stop the drink from flowing once the astronaut has finished taking a sip. No gravity force is available to pull the liquid back into the bottle.

The crew of Shuttle flight STS-51D became the first to brew tea in space. The process required pumping hot water from one container to another and back. Then the final product had to be consumed through a straw. Both Rhea Seddon and Jeff Hoffman proclaimed the result to be well worth the effort.

