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Overview

• The Air Density Explorer Satellites and van Allen’s Cosmic 
Detector 

• Some “Space Science” personnel

• Major Langley Discoveries
▪ Solar Activity Dependence
▪ The Winter Helium Bulge
▪ North-South Asymmetry (Reid Award)
▪ Earthshine effect on Satellite Orbits
▪ PAGEOS Hydrogen Measurement
▪ Highest atmospheric rotation measurement
▪ Venus Pioneer Orbiter Drag



Air Density/Injun satellites



Air Density Explorer – Explorer 24





Air Density Explorer series of aeronomy satellites

Dual
Satellites

Launch
Date

Measurement
Altitudes (KM)

Measurement
Techniques

Explorer 9, Hawkeye 2-16-61 330 to 880 Drag, Cosmic Detector

Explorer 19, Hawkeye 12-19-63 630 to 1100 Drag, Cosmic Detector

Explorer 24, Hawkeye 11-21-64 510 to 680 Drag, Cosmic Detector

Explorer 39, Hawkeye 8-8-68 720 to 880 Drag, Cosmic Detector

Scout 
Failed

Dual Air Density: 30-Inch 
Diameter Sphere

1975 400 to 1500 Drag and Mass 
Spectrometer

Scout 
Failed

Dual Air Density: 12-Foot 
Diameter Sphere

1975 700 to 1500 Drag and Mass 
Spectrometer



Langley Space Scientists Observe 
1970 Solar Eclipse



Major Discoveries from Langley’s Space Science Research

• Explorer 9 drag data discovered satellite altitude atmospheric density dependence on 
solar activity (Keating, Mullins, McDougal)

• Explorers 19, 24, 39 discovered the “Winter Helium Bulge,” “The most striking” result in 
Significant Achievements in Space Science, NASA Special Service Award for Science, cited 
by Space Science Board Report (Keating, Prior)

• North-South Asymmetry of the Thermosphere: received Reid Award; remains 
unexplained (Keating, Prior, McDougal, Levine)

• Langley’s PAGEOS drag revealed hydrogen exosphere levels 200 percent greater than US 
Standard, confirmed by Air Force 36 years later; required removing earth albedo 
radiation pressure orbit perturbations (Prior)

• Using Orbital data from Explorer 24, the average rotation rate of the earth’s atmosphere 
was determined at (what is still) the highest altitude, 550 km (.81 Earth’s, or average 
east-to-west winds of 200 mph) (Prior, presented at AGU, unable to publish due to 
Hearth termination)

• Venus Pioneer Orbiter Drag studies of Venus thermosphere (Keating, Taylor, Nicholson, 
Hinson) (Prior, Tolson, Mauersberger)



Atmospheric density variation



Neutral atmospheric constituents during average solar activity











Seasonal variation for 10° latitude increments



Langley’s 100 ft. Diameter PAGEOS Satellite



Radial Component of albedo radiation pressure for different models



Orbital Perturbations of PAGEOS due to components of 
albedo radiation force



Variation of mean motion for PAGEOS



Variation of mean motion for DASH 2



Mean neutral exospheric densities near 0600 hours LST at low 
latitudes April-May 1967





Orbital inclination of Explorer 24



Mean atmospheric rotation rates above 280 kilometers
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