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This presentation is an introduction to near space, which is a model space program but on a shoestring budget.
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This is how we get to near space.  There’s no noise and no smoke.  With a helium-filled weather balloon, we can send functioning models of satellites into a space like environment.  
At the top is a weather balloon.  The balloon is latex and weighs around three pounds.  Inside the balloon is 300 cubic feet of helium.  This makes the balloon seven feet tall and six feet wide.  

Connecting the balloon to the rest of the stack is a nylon string called the load line.  
A bearing swivel connects the load line to the top of the parachute, or recovery system.  The recovery system may include a flight termination unit to force a separation between the balloon and the rest of the stack.  
The recovery system connects to one or more tracking or experiment modules.  The modules, along with the parachute, form the near spacecraft.  
From top of the balloon to the bottom of the last module, the stack is between thirty and fifty feet tall.  The total weight of a near space stack is in the neighborhood of 16 pounds.  
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A near space mission begins around one week before launch, assuming the experiments are already completed and tested.  Flight predictions, based on predicted winds, are generated daily beginning several days before launch.  Weather reports for the launch day are also consulted to ensure that the surface wind is suitable for the launch.  

The Flight Readiness Review typically occurs the day before launch.  During the review, the team selects the launch site and reviews the mission and near spacecraft configuration.  

Saturday morning is crunch time, as a lot of things happen in a short period of time.  The Balloon Team lays a protective sheet on the ground and begins filling the balloon to the specified amount of lift.  After filling and weighing the lift of the balloon, it’s sealed with duct tape and cord.  Meanwhile the Close-out Crew finishes the final installs on the near spacecraft, performs the Styro-fill, and tests near spacecraft communications.  They ensure the onboard GPS has a lock and producing valid position fixes.  All cameras are powered up and their covers are removed.  

Some times lanyards and other times the load line raises the stack to its full height above the ground.  At the end of the count down, the lanyards or near spacecraft is released, letting the stack lift-off.  
In windy conditions a manual raising and Hail Mary launch is used.  After lift off it’s time to clean up and begin the chase.

Using APRS, chase crews monitor the position of the near spacecraft.  Since APRS creates moving maps that pinpoint the location of the balloon and chase crew, it’s merely a matter of ensuring that the balloon icon and the car icons match up at the end of the flight.  Oh, but the places you will go!

At touch down, the Chase Crew becomes Recovery Crew and makes that final hike to recover the capsule, parachute, and balloon, or what remains of it.  Sometimes Recovery Crews climb 1,000 foot peaks and ford streams get to the near spacecraft.  Balloon chasing is a road rally followed by a hiking trip.

After the recovery, the Recovery Crew celebrates another successful near space mission with lunch at a restaurant.  Meanwhile the film from the mission is processed.  ARHAB groups accomplish more on Saturday than most people do all weekend.  
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According to the United States Air Force, near space begins at an altitude of 60,000 feet.  It ends at the FAI definition of space of 328,000 feet.  So what’s it like this time of year in near space?  

At an altitude of 63,000 feet, water at body temperature boils.  This means your blood, if exposed to the air, would boil.  At the lower boundary of near space, the air pressure is approximately 7% of the air pressure in this room.  That’s low enough to kill even cockroaches.  At an altitude of 100,000 feet, near spacecraft measure air pressures as low as 1% of the air pressure in this room at 100,000 feet.  That’s 99% of a vacuum!

Air temperature drops as the balloon ascends.  At the boundary between the troposphere and the stratosphere, which is between 40,000 and 50,000 feet, the air temperature reaches a low of –60 degrees during the summer and –90 degrees during the winter.  Once in the stratosphere the temperature begins to rise again due to UV from the Sun.  At this point, the near spacecraft has entered the ozone layer.

The atmosphere is our last protection from cosmic radiation.  Cosmic rays are atoms from other stars, and some perhaps, from stars in other galaxies.  As cosmic ray primaries smash into air molecules, the collision reduces their energy by creating more subatomic particles called secondaries.  Air molecules absorb the energy of most secondaries before they reach the ground.  Some primary cosmic rays have the same energy as a fast ball!  Their energy is great enough to boil one cubic centimeter of water.  When a Geiger counter measures cosmic ray counts, it’s counting individual subatomic nuclei, most of which are protons.  The count rate in cosmic rays increases as the near spacecraft climbs above the shielding atmosphere.  Above 62,000 feet, the count decreases because we begin detecting primary cosmic rays, before they have a chance to create secondaries.

With so little air above the near spacecraft, the skies are no longer blue.  In fact the blue skies are located below the capsule!!  Instead, near spacecraft see the inky black of space above and a blue world below.

At the horizon, a near spacecraft sees a curved Earth, with horizons more than 300 miles away.  Compare that to what a typical adult sees, a flat horizon that’s just three miles away, that is, assuming you’re in Kansas where there are no mountains.  Above the horizon a thin blue band of atmosphere hugs the horizon.          
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Near space groups often perform amateur science on each flight.  Many of our instruments are built from scratch, in fact, right on the kitchen table.

Temperature, pressure, and relative humidity measurements are made with miniature weather stations.    

A Geiger counter designed for laptop use can measure the cosmic ray flux.

Past flights have tested light sensors, but have not been as successful as I would like.  However, that failure is just another reason to launch the next flight.

Photographs of the ground can be used to determine land forms, terrain elevations, and river flows.  Seasonal changes can also be detected.

Once in near space, near spacecraft are above the light pollution of the cities and towns below.  The light of the rising Moon doesn’t create light pollution, either.  Near space flights reach one-third of the way to meteors.  Perhaps one day, an ARHAB group will record a solar eclipse from 100,000 feet.  The solar corona will be awesome!

Do you want to know if your new Lego robot will function on Mars?  At 103,000 feet, the near space environment is identical to the surface of Mars, in both temperature and pressure.  Your Lego design can hitch a lift on a near spacecraft and be observed during the mission.  Have an idea for a new satellite design, or want to test how materials would behave in space?  Then board the next flight into near space.

Even life sciences have a place on near space flights.  Pictured here is a near space cabin for insects.  We know near space kill them, but can we now design a life support system for cockroaches?
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Near space missions are launched under the rules of FAR 101, the FAA’s rules concerning free flying balloons.  To keep the skies and ground safe for everyone, we fly under the following conditions.

The weights and materials of the near spacecraft are designed not to present a hazard to aircraft.  Styrofoam breaks into a zillion pieces if it bounces off an airplane wing.

To protect private property below, near spacecraft use a five or seven foot diameter parachute.  The parachute is carried in the deployed condition so it opens instantly when the balloon bursts.  The landing speed of the capsule is around 10 mph.

If you launch from, or fly through, controlled air space, you must ask the permission of the air space owner.  So just don’t launch from there.
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Here’s some near space sources that I write.  In addition, most ARHAB groups maintain a website.

Slide 8   
Any questions?

