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NIMBUS I was launched into a nearly polar orbit on 28 August 1964 from Vandenberg
Air Force Base, California. Because of a launch vehicle malfunction, an elliptic orbit
(perigee 423 km and apogee 933 km) instead of the planned circular orbit at 900 km, was
achieved. The inclination of the orbit provides for sun synchronism causing the satellite
to pass over most areas of the world twice every 24 hours: near local noon and near local
midnight. Two stations in the United States, one in North Carolina, the other in Alaska,
are used to command the spacecraft and to read out the stored telemetry and sensory data.
Of the 14 to 15 orbits in a 24-hour period, eleven were expected to pass within acquisition
range of one of the two stations. The existing orbit has, however, reduced the acquisition capability to eight to ten orbits per day. Nevertheless, day and night cloud cover
photographs have been obtained over 50 to 75 per cent of the world on a daily basis.
The spacecraft carries sensors to observe cloud cover and cloud structure over the entire globe during both day and night. The entire NIMBUS system, including a complex
array of about one dozen spacecraft subsystems (attitude control, power supplies, telemetry, etc.) as well as data transmission and handling facilities on the ground was designed
to demonstrate the capability of delivering the complete information sensed by the spacecraft into the hands of the meteorological analyst in a format suited for immediate application. Furthermore, since the entire engineering employed on NIMBUS has advanced
radically beyond previous meteorological satellites (TIROS), NIMBUS I was also intended
as a technological experiment. After three weeks of operation, this experiment has been
eminently successful: the three-axis, active control system has kept the spacecraft axis
(sensor axis) oriented toward the center of the earth at all times, generally within better
than one degree in all three axes; the solar cell power supply has continually delivered an
average power of about 300 watts to the spacecraft. The spacecraft data storage and
transmission system fully demonstrated the desired capability of handling in excess of
300,000,000 bits per orbit.
Of much greater interest to the meteorologist, however, is the successful performance of
the meteorological experiments. The sensors consist of three high resolution, Advanced
Vidicon Cameras (AVCS), one Automatic Picture Transmission Camera (APT) and one
High Resolution Infra-Red Scanning Radiometer (HRIR). The APT was programmed
upon request to transmit pictures directly to any of the 50 simple ground stations located
anywhere in the world operated by the United States Weather Bureau, the meteorological
services of the United States Armed Forces, foreign weather services and, in some cases, by
educational institutions. The resolution and overall quality of these directly transmitted
pictures are comparable to or better than the television pictures obained from TIROS.
A typical APT sequence received at the ground station at Goddard Space Flight Center
in Greenbelt, Md., is shown in the cover photograph; it ranges from the Venezuelan Coast
at the bottom to Hudson Bay at the top. In about three consecutive orbits, APT coverage was routinely obtained within a radius of about 2500 km from that station. Similar
areal coverage was reported by all APT ground stations. This areal coverage strongly
suggests that APT cloud pictures should meet almost all requirements for satellite cloud
data for local forecasts.
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FIG. 1. Sequence of triplets of
AVCS photographs from NIMBUS I
passing over the Near East near
noon on 15 September 1964, covering an area of from about ION at
the bottom to about 42N at the top.
Landmarks such as the Red Sea, the
Nile River, Suez Canal, the Islands
of Cyprus and Crete can be recognized with remarkable detail. T h e
black area in the Nile delta indicates the flooding present in this
area at that time. Since this portion of the orbit was below the
planned altitude, successive triplets
are not quite contiguous.
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Each of the three cameras of the AVCS has a field of view of 35 degrees and is arranged
such that all three cameras cover a strip nearly from horizon to horizon perpendicular to
the orbit track. As the satellite progresses in orbit, a row of thirty-two picture triplets is
accumulated and stored on tape to cover the entire daytime portion of the orbit. At an
altitude of 900 km, these triplets provide contiguous coverage. Since portions of the
NIMBUS I orbit are considerably below this altitude, the AVCS does not provide contiguous coverage over those portions (Fig. 1). As can be seen from the excellent detail
of the landmarks in Fig. 1, the spatial resolution (about 1/2 km) is adequate to observe
practically all phenomena of meteorological significance.
The HRIR senses emitted terrestrial radiation in the narrow spectral "window" between 3.6 and 4.2 microns. A rotating mirror scans from horizon to horizon perpendicularly to the orbital path with the satellite motion advancing each scan line by approximately the width of the sensor's resolution, which is about 6 km on the surface of the
earth. An entire nighttime half of the orbit is covered by about 2300 contiguous scans.
The HRIR has been outstandingly successful not only in providing continuous nighttime
cloud cover (Figs. 2 and 3) with a quality comparable to TIROS vidicon pictures, but
also in resolving equivalent blackbody temperatures of the radiating surfaces within about
± IK, thus permitting a detailed resolution of the heights of clouds. This latter feature
has truly added a "third dimension" to the observation of clouds from meteorological
satellites. In Figs. 2 and 3, low radiation intensities (cold temperatures) correspond to
white and high intensities (warm temperatures) to black shades. Although much of the
intensity resolution is lost in the photographic reproduction, a number of significant meteorological features may still be recognized (Fig. 2). The orientation of the low altitude
(grey), and high altitude (white), cloud streaks in the center of Fig. 3 indicate a wind
shear of about 30 degrees between the two levels. The HRIR is also capable of imaging
cloud patterns during daylight, but much of the altitude resolution is lost as in that case
the instrument responds primarily to reflected solar radiation masking the thermal emission. The geographic reference grid seen in Fig. 2 is automatically applied to the films,
both HRIR and AVCS, as the data are received at the ground station to facilitate immediate evaluation.
Because of the almost complete and continuous global coverage by NIMBUS I and because of the ability of the HRIR to provide an excellent vertical resolution of cloud-top
levels, the data from this satellite, when fully analyzed, will not only demonstrate new
tools for meteorological operations but will also provide new insight into the dynamics
of large scale meteorological events. Besides, the HRIR has already indicated prospective
avenues of investigation of additional geophysical features such as temperature gradients
in ocean currents, thermal emission properties of various terrains, the structure and thickness of continental and floating ice in the polar caps and many others. Undoubtedly,
these investigations based on the wealth of data resulting from NIMBUS will be the subject of a number of publications to follow.
[Editor's note: On the morning of 23 September 1964, shortly after this article went to
press, NASA announced that a solar-paddle malfunction had caused the NIMBUS I photo
systems to cease operation. Despite this unfortunate end, the exceptionally high quality
of results from all its systems has proven the value of the NIMBUS.]
FIG. 2. Orbital strip of cloud cover observed by NIMBUS I HRIR near midnight on 9 September 1964, with the satellite passing approximately along 90W longitude from Antarctica at
the bottom to the Arctic at the top. James Bay in Eastern Canada can be seen in the upper
left. A number of interesting meteorological features can be recognized: Hurricane Dora off the
East Coast of the United States with Chesapeake Bay and Delaware Bay visible just outside its
upper perimeter; a narrow band of high altitude clouds, possibly associated with the jet stream,
stretching along 56N; a mass of high altitude clouds over Central America near 15N indicating
the inter-tropical convergence zone; and the ice masses of the Antarctic continent showing very
bright at the bottom with very cold spiraling clouds streaming off into the South Atlantic, apparently marking the boundary between the cold Antarctic and warmer maritime air masses.
Large areas of the tropical Atlantic Ocean can be seen covered by very low altitude clouds.
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FIG. 3. Enlarged section of orbital strip from NIMBUS I HRIR observations of cloud formations in the North Pacific near midnight of 16 September 1964. The area shown is located just
to the northeast of the Hawaiian Islands with the bottom at about 25N and the top about 50N.
A variety of altitude levels for cloud tops can be distinguished from the various shades of grey.
T h e wide band of clouds extending across the center appears to be at the lowest altitudes, while
the narrow streamer originating apparently in a storm in the upper right corner as well as the
patch near bottom center indicate altitudes near or at the tropopause. The change of the appearance of the Pacfic Ocean from dark grey (warm) at the bottom to lighter grey (cool) near
the top indicates the change in water temperature going from the tropics to the subarctic.
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